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Abstract: Drug discovery for autoimmune diseases is recently recognized to be an important task. In this study, we try to
perform structure prediction of proteins whose gene promoter regions were previously reported to be specif-
ically methelysed or demethylased commonly for three autoimmune diseases, systemic lupus erythematosus,
rheumatoid arthritis, and dermatomyositis. FAMS were employed for this purpose and we can predict three
dimensional structure with significantly small enougtvalues. Most of them are suggested to be self im-
munology related proteins and will be important drug target candidates. We also found some proteins which
form complex with each other. The possibility of a new drug target, i.e., suppression of protein complex
formation is suggested.

1 INTRODUCTION For example, O’Hanloret al recently showed that
there are common pathways which contribute to
Autoimmune diseases are recently recognized as seri-multiple systematic autoimmune diseases (O’Hanlon
ous symptom. For example, systemic lupus erythe- et al., 2011b), based upon gene expression analy-
matosus (SLE), which is known to be one of sys- sis. More recently, they have confirmed their findings
temic autoimmune diseases, most often harms theusing proteomic analysis (O’Hanlon et al., 2011a).
heart, joints, skin, lungs, blood vessels, liver, kidneys, However, Zhouet al (Zhou et al., 2005) found that
and nervous system. The cause of this disease is ununaffected monozygotic (MZ) twins share fibroblast
known. The lack of the knowledge about basic mech- gene expression with systemic sclerosis (SSc) pa-
anism of the disease prevents us from generating ef-tients (counter parts). SSc is also believed to be re-
fective drugs to cure this disease. SLE is the secondlylated to autoimmune diseases. On the other hand,
frequent connective tissue disease, while the most fre-Gervin et al (Gervin et al.,, 2012) recently found
guent one is Rheumatoid Arthritis (RA), which is also that combined analysis between gene expression and
known to be one of autoimmune diseases. Although methylation enables them to detect slight difference
there are some proposals about the cause of RA, it hadetween affected and unaffected twins. Their find-
not yet been fully understood. In RA, the arthritis of ings are not contradict to the study by Javieete
joints known as synovitis is inflammation of the syn- al (Javierre et al.,, 2010) who could not find any
ovial membrane that lines joints and tendon sheaths.shared methylation patterns among multiple autoim-
Joints become swollen, tender and warm, and stiff- mune diseases. Thus, at the moment, it is a little bit
ness limits their movement. Another example of au- confusing what kind of aspects can be shared with
toimmune disease is dermatomyositis (DM), which is multiple autoimmune diseases.
also a connective-tissue disease related to polymyosi- A few years ago, we reanalyzed (Taguchi, 2010)
tis that is characterized by inflammation of the mus- Javierreet al’s data (Javierre et al., 2010) using prin-
cles and the skin. Its cause is unknown, too. cipal component analysis (PCA) and found that some
In spite of the lack of basic understanding of dis- genes’ methylation are commonly and significantly
eases’ causes, there is a general belief; there should bdifferent from healthy controls. In this paper, we try
a common cause of autoimmune diseases. Followingto validate our findings using Full Automatic Model-
this line, in accordance with the recent development ing System (FAMS), which is protein structure pre-
of genome science, several conjectures are proposeddiction program that perform comparative modeling
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with database search and simulated annealing. Using
FAMS(Umeyama and Iwadate, 2002), we can predict
functionality of genes by comparing them with the
proteins whose function and structure are known. We
also validate if these genes can form complex and find
many candidates to form protein complex. The possi-
bility that they can be a drug target will be discussed.

2 MATERIALS AND METHODS

2.1 Selection of Candidate Genes

Although details are reported previously(Taguchi,
2010), here we briefly describe how we have selected Figule 1:  CompariSon. between reference protein
candidate genes. Javiereal (Javierre et al., 2010) : -

measured promoter methylation patterns using mi- 20Q0(Green) and model protein AIM2(Cyan).

croarray technology (lllumina GoldenGate Methyla-

tion Cancer Panel I) for SLE, RA, and DM. Their

expression patterns are deposited to Gene Expressiol8 RESULTS

Omnibus with the accession number of GSE19033.
We downloaded seriematrix.txt from there, applied

PCA to them and picked up gene whose promot- 3.1 Biological Significance Figured out

ers’ methylation is significantly different from healthy by FAMS
controls.
In Table 1, we have listed genes (i.e., reference pro-
2.2 Structure Prediction of Selected teins) selected by PCA(Taguchi, 2010), together with
Genes the model proteins which are inferred to have sim-

ilar structure to each of them by FAMS. First of
all, FAMS has successfully listed model proteins for
most of reference proteins with very smBHvalues.
Fig. 1 shows a typical example of model proteins.
It is the model protein 20Q® for the reference
. ; protein AIM2. Alignment regions are 192 amino
2.3 PrOt_em_ Complex Formation acid sequence from total length of 209 amino acid
Prediction of 20QQB and 191 amino acid sequence from to-
tal length 343 amino acid sequence of AIM2. Se-
We checked if a pair of model proteins used for struc- quence similarity between two alignment regions is
ture prediction can form protein complex or not as 44 %. P-value attributed is 4 10-92. Although this
follows. First, PDB files which contains at least s only one example of typical relationship between
one model protein as a member of protein com- model/reference proteins, generally we could get this
plex are downloaded. Then, which model proteins quality of structural similarities. This means struc-
are included into the common PDB files is investi- tural similarity between models and references is reli-
gated. Thirdly, inter-atomic distances between pairs able. In addition to this, biological features attributed
of model proteins which belong to the same PDB file to the model proteins are often reasonable. Due to the
are computed. If there are at least a pair of atoms limitation of the space, we cannot explain all of them
whose distances are less than 8,5 pair of model one by one, we will point out some of these exam-
proteins is listed as a candidate to form protein com- ples. Then, modeling yields predictions that need to
plex. be experimentally verified.
TRIP6 is expected to have similar structure to
CRP1, whichisinferred as immune response(Latonen
et al., 2010). TM7SF3 is recognized as cytochrome
¢ oxidase, which was reported to bind to immune
gamma-globulins (Frey et al., 1978). TIE1, PECAM1

Selected genes’ amino acid sequences are down
loaded from SWISS Prot. Then their protein struc-
tures are inferred by FAMS.
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Table 1: Selected genes and model protein used for stryatedéction. Bold ID of PDB indicates that reference proieself

is detected in PDB.

Reference Model

gene symbol| PDBID P-value gene symbol

AIM2 20Q0B 4x 1092 GAMMA-INTERFERON-INDUCIBLE PROTEIN IFI-16

CARD15 3ClyB 7x10°% TOLL-LIKE RECEPTOR 4, VARIABLE LYMPHOCYTE (TLR4)
CD82 2BG9A 0.46 ACETYLCHOLINE RECEPTOR PROTEIN, ALPHA CHAIN
CSF1R 3B43A 5x 108 TITIN

CSF3 1GNCA 2x 1076 GRANULOCYTE COLONY-STIMULATING FACTOR

CSF3R 3DMKA  1x107 DOWN SYNDROME CELL ADHESION MOLECULE (DSCAM)
DHCR24 2Q4WA 1x10°15  CYTOKININ DEHYDROGENASE 7 (CKO7)

ERCC3 2W74D 1x1071%2  TYPE|RESTRICTION ENZYME ECOR124Il R PROTEIN (HSDR)
GRB7 3HKO.B 2x10°73 GROWTH FACTOR RECEPTOR-BOUND PROTEIN 10 (GRB10)
HGF 2F83A 1x10111  COAGULATION FACTOR XI

HOXB2 2D5V_A 9x 10724 HEPATOCYTE NUCLEAR FACTOR 6 (HNF-6)

IFNGR2 1FNFA 1x10°% FIBRONECTIN

LCN2 1X71A 1x 1051 NEUTROPHIL GELATINASE-ASSOCIATED LIPOCALIN (NGAL)
LMO2 2XJY A 2x10°% RHOMBOTIN-2

LTB4R 2KS9A 2x10°88 SUBSTANCE-P RECEPTOR

MMP14 1SU3B 1x107160  INTERSTITIAL COLLAGENASE (MMP-1)

MMP8 1SU3B 1x 10717t INTERSTITIAL COLLAGENASE (MMP-1)

MPL 3L5HA 4x10°% INTERLEUKIN-6 RECEPTOR SUBUNIT BETA (IL6RB)

PAD14 2DEW_X 0.0 PROTEIN-ARGININE DEIMINASE TYPE IV

PECAM1 3DMKA  1x101% DOWN SYNDROME CELL ADHESION MOLECULE (DSCAM)
PI3 1ITWPA  2x101° WHEY ACIDIC PROTEIN (WAP)

RARA 3DZY A 4x10°% RETINOIC ACID RECEPTOR RXR-ALPHA

S100A2 2RGIA 4x10°1° PROTEIN S100-A2

SEPT9 3FTQA 1x10°%7  SEPTIN-2

SLC22A18 1PW4A 1x1071%  GLYCEROL-3-PHOSPHATE TRANSPORTER

SPI1 1GVviB 1x10°2 C-ETS-1 PROTEIN (ETS1)

SPP1 1D2TA 3x10°14 ACID PHOSPHATASE (ACP)

STAT5A 1Y1UA 0.0 SIGNAL TRANSDUCER AND ACTIVATOR OF TRANSCRIPTION (STAT5A
SYK 20Z0OA 1x1071%  TYROSINE-PROTEIN KINASE ZAP-70

TIEL 3DMKA  2x10% DOWN SYNDROME CELL ADHESION MOLECULE (DSCAM)
TM7SF3 [1AR1.A] 6 x 10788 CYTOCHROME C OXIDASE

TRIP6 1B8TA 2x10°% CYSTEINE-RICH PROTEIN 1 (CRP1)

VAMPS8 2KOGA 1x10°2% VESICLE-ASSOCIATED MEMBRANE PROTEIN 2 (VAMP2)

Figure 2: Ligand binding to MMP8. Magenta and Cyan
are reference and model proteins. Stick models are ligan
molecules binding to 95% homologous proteins with refer-
ence.

Figure 3: Ligand binding to MMP14. Magenta and Cyan
are reference and model proteins. Stick models are ligand

d molecules binding to 95% homologous proteins with refer-
ence.
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Table 2: The number of common PDB ID detected homology seaslits between two genes are listed. The threshold of
both searches set tox11019, that is enough low to conserve the protein tertiary stmectthen the model proteins is likely
to bind to other model proteins.

5 w S z .CE TR ﬁ s TR ?Fé' 5 % 5w
ox LW 0 o L 24 < N odd
oY ol 299 YW o ey 3§ 4 o4 sSxodgsgge oo
=500 08 6oL 3 2 2938 5 5 ¥ UEESR6ZA56 5 » FREES
AIM2 _P624F 00 00 000 O OO OOOO O O OO 0000O0OO0OO0 O 0 0000
CARD15P302R O 0 2 0 5016 0 30 0000 O O OO 50000000 8 0 0000
CD82P557R 00 00 000 O OO OOOO O O OO 00000OO0OO0 O 0 0000
CSF1RE26F 0 20 0 186 0 0 10 25 0 5 800 O O 50 400020000 912231355 000
CSF3E242R 0 0O 0 520 0 0 00 42 000 O 0 280 10000000 O 0 0000
CSF3RP472F 0 5 0 186 52 0O 0O 0107 016648 03 O 011501177 0000000 O 0 204 000
DHCR24P652R 0 0 O 00 0 0O 0 00 OOOO O O OO 0000OO0OO0OO0 O 0 0000
ERCC3P1210R 016 O 00 00 0O 00 OOOO O O OO 00O0O0O0OO0OO0OO0O O 0 0000
GRB7.E71LR 0 00 10 O 00 O 00 0000 O O OO 000000O0OO0170 211 10000
HGF.E102R 0 20 25 0 1070 0 O 0140 200 O O OO 84 2000000 O 0 0000
HOXB2.-P99F 0 0O 0 0 00 0 O O 0000 O O OO 0000O0OO0O0O0O O 0 0000
IFNGR2.P377R 0 0O 542 166 0 0 0 140 O 000 O O 990 240000000 O 0 54000
LCN2_P8GR 0 00 4 0 2400 0 20 O 00 0O O 0O 160000000 O 0 0000O0
LMO2_E148F 000 00 000 O 0O OO 0O 0 0O O0O 00000000 O 0 0010
LTB4R_P163F 0 0O 0 0 300 0 00 O0O0O 0 0 0O 6 0000000 O 0 0000
MMP14_-P13F 0 00 0 0 000 O OO OO0O0OO 125 0 0 0000O0O0O0OO0O O 0 0000O0
MMP8_E89.R 000 00 00 0O O 0O O OO O0125 00 00000O0O0OO0 O 0 0000O0
MPL_P62F 0 0O 528 1150 0 0 00 92 000 O O 0 1903 00000 O 0 3000
PADI4_E24.F 0 0O 00 000 O OO OOOO O O O 00000O0O0OO0 O 0 0000
PECAML1E32R 0 50 410 11177 0 0O O 84 0 2432 06 0 0 190 0000O0O0OO0O O 1 129 00 0
PI3.P274R 0 0O 00 000 O 20 0000 O O OO 0 0000O0O0 O 0 0000
RARA_P1076R 0 0O 00 000 O 00O OOOO O O 30 00 00000 O 0 0000
S100A2E36R 0 0O 2 0 000 O OO OOOO O O OO 00O 0000 2 1 1000
SEPTAP374F 0 0O 00 000 O 00O OOOO O O OO 0000 000 1 0 0000
SLC22A18P216R 0 0 O 00 000 O OO OOOO O O OO 000O00O 00 O 0 0000
SPILE205F 0 0O 00 000 O 0O OOOO O O OO 0000O00O 0 0 0 0000
SPP1P647F 0 0O 00 000 O OO OOOO O O OO 0000O0O0O 0 0 0000
STAT5A_P704R 0 80 9 0 00 0170 00 O OOO0O O O OO 00021000 164 9000
SYK_P584F 0 0 01223 0 00 0212 00O O 0OOO O O OO 10010000164 1200 0 0 O
TIE1E66R 0 001355 0 2040 0 10 00 54 000 O O 340 1290010000 91200 000
TM7SF3P1068R 0 0 O 00 000 O OO OOOO O O OO 000O0O0OO0OO0OO0O O 0 0 00
TRIP6.P109QF 00O 00 000 O 00O OO10 O O OO 00000OO0O0OO0 O 0 00 0
VAMP8_P241F 0 0O 00 000 O OO OOOO O O OO 000O0O0OO0OO0OO0O O 0 00O

and CSF3R are recognized as DOWN SYNDROME (RAGE) ligands(Heijmans et al., 2012). RARA is
CELL ADHESION MOLECULE (DSCAM), which structurally similar to RXRa, which is reported to

is known to be immunoglobulin (Ig)-superfamily re- be involved in inflammatory responses(Selvaraj et al.,
ceptor in insect(Watson et al., 2005). SYK is rec- 2010). PI3 is as WAP, which is reported to play a
ognized as TYROSINE-PROTEIN KINASE ZAP-70 role in innate immune(Bingle and Vyakarnam, 2008).
and both SYK and ZAP-70 are reported to display dis- PADI4 is itself in PDB and is reported to be important
tinct requirements for Src family kinases in immune in RA(Abd-Allah et al., 2012). MPL’s structure is in-
response receptor signal transduction(Zoller et al., ferred to be similar to IL6RB. IL6R is reported to be a
1997). STAT5A itself is found in PDB, which is re- key mediator of RA(Cronstein, 2007). LCN2, which
ported to play critical role for cytokine responses and is also called as NGAL, is in PDB. NGAL is tried to
normal immune function(Lin et al., 2012). SPI1 is be used as a marker of inflammatory status for allow-
recognized as ETS1, which is known to be expres- ing an early diagnosis of inflammatory disease such
sive in SLE and play some function in immune sys- as autoimmune disease in DS patients(Dogliotti et al.,
tem(Pan et al., 2011). S100-A2 itselfisin PDB and is 2010). One of HOXB2's model proteins is HNF-
reported to be antibodies and inhibitors directed to- 6, which is known to cause immunologically distinct
ward receptor for advanced glycation end products feature(Samadani and Costa, 1996). AIM2 is struc-
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Figure 4: Protein complex formation candidates between
PECAM1 (Cyan) and CSF1R (Magenta) detectedPin

is recognized as SUBSTANCE-P RECEPTOR, which
is known to have immune response to respiratory syn-
cytial virus infection (Tripp et al., 2002).

These are only a part of immune system related
features which are attributed to each gene by FAMS.
Although more examples can easily be listed, we omit
the rest of them because of length limitation. Anyway,
it is clear that FAMS based feature attribution works
very well for genes selected by PCA(Taguchi, 2010).

3.2 Possibility of Drug Discovery

Although it is interesting enough to find that FAMS

value 1e-53 and 4e-68, based upon protein structure of PDBcan be used for the validation of genes selected by
27JS. Green region are excluded from matching between gther bioinformatic method, it will be better if we can

model and reference proteins.

turally similar to IFI16. AIM2 and IFI16 are reported
to play critucal role in immunology (Jin et al., 2012).
CARD15 is inferred to be similar to TLR4 which play
a role in cell antiviral response together with TLR3:
TICAM1-specific signaling pathways(Meylan et al.,
2004). CD82 is known to be ACETYLCHOLINE
RECEPTOR PROTEIN which often play a critical
role in immune system(Quek et al., 2012)CSF1R

is assigned to be TITAN, which is known to be in-
volved in to immune response(Skeie et al., 1998).
SPP1 is recognized as ACID PHOSPHATASE, which
is known to be related to be autoimmune prostati-
tis(Fong et al., 1997). LMO2, which is also known to
be RHOMBOTIN-2, is known to be related to ZFAT
(a zinc-finger gene in autoimmune thyroid disease
susceptibility region / an immune-related transcrip-
tional regulator containing 18 C2H2-type zinc-finger
domains and one AT-hook)(Tsunoda et al., 2010).
DHCR24 is regarded as CYTOKININ DEHYDRO-
GENASE. Cytokine has, not to mention, been used
to refer to the immunomodulating agents. SEPT9 is
homologousto SEPTIN-2, which is reported to be up-
regulated in cytoskeletal and immune function-related
proteome profiles (Gabr et al., 2007). IFNGR?2 is re-
garded as FIBRONECTIN, which play a role in im-

make use of FAMS for the drug discovery.

3.2.1 Ligand Binding to "Pocket”

The most popular method to find drug is to find a
small molecule to bind a "pocket” of each protein. If
FAMS can find or suggest such a candidate for each
of genes in Table 1, it will be very useful.

For example, there are two proteins, MMP8 and
MMP14, in Table 1. They are known to coregulate
target genes(Silva et al., 2012). Both of them are
recognized as members of matrix metalloproteinase
(MMP) family, which is inflammation related protein
family. For MMPS8, using 1XUCA, which is MMP-

13, as a template, FAMS successfully showed that
there are many ligands likely to bind MMP8 (Fig.
2). Similarly, for MMP14, using 1BQ@B, which is
MMP-3, as a template, FAMS successfully showed
that there are many ligands likely to bind MMP14, too
(Fig. 3). Although it is not a finding of a new drug,
this shows the potential for proteins listed in Table 1
which can be new drug targets. Further researches
following this line will be waited.

3.2.2 Termination of Protein Complex
Formation

mune responses in organ transplant recipients(CoitoOther and new possibility of drug target is interrup-

etal., 2000). CSF3itself isin PDB, which is known to
have relationship with immune system (Sarkar et al.,
2012). GRBY7 is also recognized as GRB10, which
play an important role in immune system, although it
isin cancer(O-Sullivan et al., 2008). HGF is related to
COAGULATION FACTOR Xl, which is known to be
related to immunology(Bouma et al., 1983). LTB4R

LAlthough P-value attributed to CD82 is not small
enough, reliability of this assignment turns out to be rea-

tion in protein complex formation. Many proteins
cannot work as a single substance but can work only
with forming protein complex with other proteins.
Thus, if we interrupt the protein complex formation,
we can also interrupt the function of protein complex.
In Table 2, we have listed protein complex candidates
inferred by FAMS. Since FAMS uses a representative
protein within each cluster having more than 95 % se-
quence similarity as a model protein, there are some-
times more than a thousand model proteins which can

sonable after some more details consideration (not shown bind to other proteins. We can immediately recognize

here).

that the list includes many reasonable outcomes. For
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