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Abstract

Background: To understand pathophysiology of systemic lupus erythematosus (SLE), we here tried to identify profiles of cell surface (CS) molecules of peripheral
blood mononuclear cells (PBMCs) using targeted proteomics.

Methods: PBMC:s prepared from 5 patients with SLE and 5 healthy donors (HLs), were subjected to live cell-biotinylation. Then the biotinylated CS proteins were
analyzed by 2-dimensional fluorescence difference gel electrophoresis (2D-DIGE). Protein spots that showed different intensity between the SLE and HL groups
were identified by mass spectrometry.

Results: In total, 468 protein spots were detected by 2D-DIGE, out of which 151 spots (32.3%) showed significantly different intensity between the two groups.
Among the 151 spots, 137 spots (29.3%) showed > +1.5-fold different intensity and 44 spots (9.4%) showed > +2.5-fold different intensity between the two groups.
Proteins in 17 out of the 44 spots were identified.

Conclusion: Our study comprehensively investigated CS protein profiles of PBMCs in SLE for the first time, to our knowledge. We found that CS protein profiles
of PBMC:s from patients with SLE were greatly different from those from HLs. Our study would provide a new strategy to investigate the pathophysiology of SLE.

Introduction

Systemic lupus erythematosus (SLE) is a prototype of systemic
autoimmune diseases, characterized by generation of various
autoantibodies. Patients with SLE display clinical features in multiple
organs such as kidney, skin, and central nerve systems and also display
various abnormalities in laboratory examinations like anti-nuclear
antibodies (ANAs) and low levels of serum complements. Since the
clinical features and abnormalities are considerably different among
patients with SLE, the diagnosis of SLE is made by referring the
revised classification criteria for SLE 1997 [1] or more recently by the
systemic lupus international collaborating clinics classification criteria
for SLE 2012 [2,3]. Only a limited part of autoantibodies such as SS-A
antibodies has been evidenced to cause damages of an organ [4,5].
However, direct roles of the remaining large part of the autoantibodies
in the clinical features have not been elucidated.

Although mechanisms for the autoantibody production in SLE
have not been fully understood, both B cells and T cells are thought
to be involved in the autoantibody production [6,7]. For example,
expansion of memory B cells has been demonstrated and thus SLE is
suggested to be characterized by frequent cycles of B cell activation
and differentiation [8]. T cells are thought to abnormally assist the
activation and differentiation of autoreactive B cells. Expansion of the
Th17 population and perturbation of T cell receptor (TCR) physiology
and downstream signaling of TCRs have been reported [9]. However,
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molecular mechanisms for the alterations in T and B cells have been
not fully understood.

In general, any type of cells possesses various molecules on
their surface. Cell surface (CS) molecules that receive extracellular
information mediate intracellular signal transduction. Thus, abnormal
expression or post-translational modification of CS molecules can be
directly linked to the pathophysiology of SLE. As a tool to analyze
CS proteins, fluorescence-activated cell sorting (FACS) analysis has
been established. In fact, FACS has provided various findings on
abnormalities of CS proteins of PBMCs in SLE [10-13]. However, FACS
can analyze only a limited kinds of CS proteins and thereby cannot
comprehensively analyze CS proteins. Based on these backgrounds,
we here tried to comprehensively analyze CS protein profiles using
targeted proteomics, the combination of live cell-biotinylation and
2-dimensional fluorescence difference gel electrophoresis (2D-DIGE),
to understand pathophysiology of SLE.
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Materials and methods
Clinical specimens

PBMCs were isolated by density-gradient centrifugation using
Ficoll-Paque Plus (Pharmacia Biotech, Uppsala, Sweden) from blood
samples of 5 patients with SLE and 5 healthy donors (HLs). All the
samples were obtained with written informed consent and this study
was approved by the institutional ethics committee of St. Marianna
University School of Medicine.

Isolation of CS proteins by biotin labeling

CS proteins were isolated by a commercially available CS protein
isolation kit (Thermo Fisher Scientific Inc., Waltham, MA, USA),
according to the manufacturer's instructions. Briefly, CS proteins of
live PBMCs were biotinylated with sulfo-NHS-S-S-biotin, which was
a cell-impermeable and cleavable biotinylation reagent. After the
biotinylation, PBMCs were lysed and the biotinylated CS proteins were
recovered by avidin beads (Thermo Scientific NeutrAvidin Agarose
Resin). Then CS proteins were released from the avidin-bound biotin
by cleavage of the S-S bonds using a reducing reagent.

2-dimensional fluorescence difference gel electrophoresis
(2D-DIGE)

The isolated CS proteins were separated by 2D-DIGE. 2D-DIGE
was performed as described previously [14]. Each of the CS protein
samples was labeled with Cyanine dye 5 (Cy5, Cy Dye DIGE Saturation
dye; GE Healthcare, Buckinghamshire, UK). An internal control
“standard sample” was prepared by mixing an equal amount of each
of the samples. The standard sample was then labeled with Cyanine
dye 3 (Cy3, GE Healthcare). Then, each of the Cy5-labeled protein
samples (2.5 pg) were mixed with the Cy3-labeled standard sample (2.5
ug). The mixture was applied onto an isoelectric focusing (IEF) gel (pH
3-11, GE Healthcare). Subsequently, proteins separated by IEF were
further separated by 12.5% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). The separated proteins were scanned
using an image analyzer (Typhoon 9400 Imager, GE Healthcare).

Table 1. Clinical information of enrolled patients with SLE.

Patients SLE1 SLE2
Sex/Age (y.o.) F/23 F/45
Disease duration (y) 9y 17y

Clinical manifestations
at the onset and
during the course

Malar rash, Pericarditis,
Nephritis, Anti-Sm(+),
ANA(+), Plateletpenia,
Psychosis

Non-erosive arthritis,
Malar rash, Nephritis,
Fever, Skin ulcer,
Hyper-CK-emia,
Hypocomplementemia
Malar rash,
Photosensitivity,

Clinical symptoms
at the day of sampling

Malar rash, Discoid rash,
Photosensitivity, Psychosis,

Nephritis Non-erosive arthritis
Laboratory examinations*
WBC (/uL) 7,000 7,900
Lymphocytes (/uL) 210 893
Hemoglobin (g/dL) 11.9 13.7
Platelets (x10°/pL) 200 196
CH50 (U/mL) 14.9 53.7
Anti-dsDNA-IgG (IU/mL) 29.7 <10
(negative<10)
ANA 1:320 1:2560
SLEDAI* 18 10
Treatment™® PSL (8mg) PSL (40mg)

*Findings and drugs at the day of sampling are shown.
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Intensity of the separated protein spots was quantified by Progenesis
program (PerkinElmer, MA, US). To compare protein spot intensity
between the SLE patient group and the HL group, Cy5-fluorescent
intensity of each protein spot was normalized by Cy3-fluorescent
intensity of the identical spot. The normalized Cy5-intensity was used
for the comparison.

Protein identification

Protein spots of interest, excised from the 2D gels, were digested by
trypsin as described previously [15]. Produced peptides were subjected
to matrix-assisted laser desorption ionization-time of flight/time of
flight mass spectrometry (MALDI-TOF/TOF-MS) (Ultraflex, Bruker
Daltonics, Bremen, Germany). Determined peptide masses were
compiled to allow searches of the National Center for Biotechnology
Information (NCBI) protein database using Mascot software program
(Matrix Science, London, UK).

Results

Analysis of CS proteins of PBMCs from patients with SLE
and HL by 2D-DIGE

To identify SLE-specific CS protein profiles of PBMCs, we
comprehensively compared CS proteins of PBMCs between 5 patients
with SLE and 5 HLs using 2D-DIGE of isolated CS proteins by cell
surface biotinylation. Clinical features of the 5 patients with SLE are
described in Table 1.

As aresult, in total 468 definite protein spots were detected (Figure
1A). We then compared intensity of the 468 protein spots between the
SLE patient group and the HL group. We found that 151 (32.3%) out of
the 468 protein spots showed significantly different intensity between
the two groups (Table 2). Among them, 137 spots (29.3%) showed
>+1.5-fold intensity differences between the two groups. Furthermore,
44 spots (9.4%) showed >+2.5-fold intensity differences (Table 2). This
study revealed that CS protein profiles of PBMCs in SLE patients were
greatly skewed compared to those in HLs.

SLE3 SLE4 SLE5S
F/46 F/36 F/54
ly 11y 33y

Non-erosive arthritis,
ANA(+), Malar rash,
Anti-DNA(+), Nephritis

Fever, anti-DNA(+),
ANA(+), Pancytopenia,
Nephritis, CNS lesion

Malar rash, Fever,
Pleuritis, Nephritis,
ANA(+), Anti-DNA(+)

Hypocomplementemia,

Malar rash, Malar rash Non-erosive arthritis
Non-erosive arthritis

11,100 8,100 6,300

2142 599 762

12.2 12.3 133

204 317 209

<10 40.9 439

323 23.5 <10

1:1280 1:160 1:320

12 8 4

PSL (20mg) PSL (10mg) PSL (12mg), Tacrolimus (3mg)
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Figure 1. 2D-DIGE analysis of CS proteins of PBMCs from patients with SLE and HLs.
A) CS proteins were extracted from PBMCs obtained from 5 patients with SLE and 5
HLs and then were subjected to 2D-DIGE. Each protein sample labeled with Cy5 and an
internal control "standard sample" labeled with Cy3 were mixed and applied onto an IEF
gel. The protein samples were separated on 24 cm pH 3-11 non-linear IEF strips and further
separated by 12.5% SDS-PAGE. Results from the patients with SLE (Cy5, SLE1-5) and
HLs (CyS5, HL1-5) are shown. MW, molecular weight. B) 44 protein spots that showed
significantly different intensity between the SLE patient group and the HL group were
subjected to the MS/MS analysis to identify proteins. Proteins in 17 out of the 44 protein
spots were identified, as summarized in Table 3. Positions of the 17 spots on the 2D gel are
shown by circles with spot numbers.

Table 2: Numbers of protein spots that showed significantly different intensity between the
SLE patient group and the HL group.

Total number of Number of spots Fold difference Number of spots
detected with different (X,SLE/HL)

protein spots intensity
(p<0.05)

X=>35 6

3.5>X>25 23

25>X>15 41

468 151 1.5>X>-15 14

-1.5>X>-25 52

-25>X>-35 13

-3.5>X 2

Identification of proteins with significant intensity differences
between the SLE patient group and the HL group: The 44 protein
spots that showed > +2.5-fold intensity differences were subjected to
MS/MS analysis to identify protein names (Figure 1B). As a result,
proteins in 17 out of the 44 spots were identified as summarized in
(Table 3).

Thirteen out of the 17 identified spots showed higher intensity in
the SLE patient group than in the HL group (no. 649 of myeloblastin,
no. 899 of cyclin-L1, no. 485 of leukocyte elastase inhibitor, no. 897 of
DNA-directed RNA polymerase IT subunit RPB11-b2, no. 900 of POTE
ankyrin domain family member F, and nos. 651, 582, 734, 913, 560, 914,
637, and 621 of actins) (Figure 2, upper and middle). The remaining 4
spots showed lower intensity in the SLE group than in the HL patient
group (no. 421 of meiosis 1 arrest protein, no. 376 of heterogeneous
nuclear ribonucleoprotein H, no. 391 of pyruvate kinase PKM and no.
356 of tubulin alpha-4A chain) (Figure 2, lower).
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Figure 2. Representative protein spots that showed significantly different intensity between
the SLE patient group and the HL group.

Representative results from nos. 899, 649, and 391 are shown. 3D image of the protein spot
(nos. 649, 899, and 391) was constructed by Progenesis program (Left panel). Normalized
intensity of the spot was compared between the SLE patient group and the HL group (Right
panel). An average of the normalized protein spot intensity in the HL group was defined as
1.0. A bar shows an average of the normalized protein spot intensity in each group.

Discussion

Our study revealed that CS protein profiles of PBMCs in patients
with SLE were greatly different from those in HLs. Of the differently
expressed CS proteins, 10 proteins from 17 proteins spots were
identified.

CS proteins have been generally analyzed by FACS. In FACS,
targeted CS proteins of live cells are labelled with fluorescence-
conjugated target-specific antibodies, after which intensity of bound
fluorescence are measured. It is well recognized that FACS is a very
effective tool to analyze CS proteins. In fact, FACS has been often used
in the analysis of the pathophysiology of SLE [10-13]. However, FACS
can analyze only limited kinds (usually 1-4 kinds, at most 8 kinds) of
CS proteins. FACS cannot comprehensively analyze CS proteins. In
comparison, biotin labeling of CS proteins combined with 2D-DIGE as
used here can comprehensively detect and quantitate CS proteins. This
is a great advantage of our method. Another point different from FACS
is that proteins that bind to biotinylated CS proteins are also isolated
together with CS proteins themselves, even if they themselves do not
exist on the outside of cell membranes. In this regard, the method used
here would be also adequate to analyze translocation of proteins from
cytosol or nucleus to the plasma membrane and vice versa. Our strategy
and FACS should be differently used depending on aims of studies.

Our study revealed that approximately one-thirds (32.3%) of
the detected protein spots showed significantly different expression
between the SLE patient group and the HL group. This indicates that
CS protein profiles of PBMCs of SLE patients skews very widely. Out
of the 44 protein spots with highly different intensity (> #2.5 folds),
proteins of 17 spots were identified, which were composed of 10 kinds
of proteins.
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Table 3: Protein identification from the protein spots with significantly different intensity between the SLE patient group and the HL group.

Spot MW pl | Difference Protein Accession MW pl | Matched | Mascot = Coverage Sequence confirmed by LID
no. Observed (SLE/HL) no. Theoretical | peptides = score (%) (Mascot ion score)
649 273 7.84 5.85  Myeloblastin (PRTN3 HUMAN) gi: 6174926 27.8 8.72 3 73 11 YLVNNVLGAHNVR®' (9)
28 FPDFFTR*(16)
2B6VALY VDWIR?* (26)
899 31.8 6.27 3.72  Cyclin-L1 (CCNL_HUMAN) gi: 74753368 | 59.6 10.7 6 72 13 “LPQVAMATGQVLFHR"?(17)
651 27.2 5.07 3.24 | Actin, cytoplasmic 1 (ACTB_HUMAN) gi: 46397333 | 41.7 5.29 5 161 21 2AVFPSOVGRPR¥ (10)
Actin, cytoplasmic 2 (ACTG_HUMAN) gi: 54036678 | 41.8 5.31 YHQGVMVGMGQK?™ (2)
SIWHHTFYNELR® (73)

“VAPEEHPVLLTEAPLNPK'? (49)

Beta-actin-like protein 2 (ACTBL_HUMAN)

485 40.6 62.7 2.90 |Leukocyte elastase inhibitor [ILEU_HUMAN) | gi: 266344 42.7 5.90 3 108 7 S"TFHFNTVEEVHSR® (57)
2°FKLEESYTLNSDLAR?”® (28)
582 32 526 2.82 | Actin, cytoplasmic I(ACTB_HUMAN) gi: 46397333 | 41.7 5.29 6 119 19 ZSYELPDGQVITIGNER* (74)
Actin, cytoplasmic 2 (ACTG_HUMAN) gi: 4501887 41.8 5.31 #CDVDIR* (5)
734 23.4 532 2.81 | Actin, cytoplasmic 1(ACTB_HUMAN) gi: 46397333 | 41.7 5.29 3 74 6 SYELPDGQVITIGNER** (59)
Actin, cytoplasmic 2 (ACTG_HUMAN) gi: 4501887 41.8 531 25CDVDIR* (2)

gi: 172046825 | 42.0 5.39

20SYELPDGQVITIGNER*? (59)
2%CDVDIR! (2)

HUMAN)
Actin, aortic smooth muscle (ACTA_HUMAN)

Actin, alpha skeletal muscle (ACTS HUMAN)

913 40.2 4.56 2.81 Actin, cytoplasmic 1(ACTB_HUMAN) gi: 46397333 | 41.7 5.29 4 265 14 2AVFPSIVGRPR* (37)
Actin, cytoplasmic 2 (ACTG_HUMAN) gi: 4501887 41.8 5.31 SIWHHTFYNELR®(74)
2%SYELPDGQVITIGNER?>* (127)
560 34 527 2.76 | Actin, cytoplasmic I(ACTB_HUMAN) gi: 46397333 | 4.17 5.29 4 96 14 ZSYELPDGQVITIGNER?** (83)
Actin, cytoplasmic 2 (ACTG_HUMAN) gi: 4501887 41.8 5.31 #CDVDIR* (6)
914 40 4.62 2.70 | Actin, cytoplasmic 1 (ACTB_HUMAN) gi: 46397333 | 41.7 5.29 2 110 7 ¥ AVFPSIVGRPR¥ (9)
Actin, cytoplasmic 2 (ACTG_HUMAN) gi: 4501887 41.8 5.31 ZSYELPDGQVITIGNER** (87)
Actin, gamma-enteric smooth muscle (ACTH_ | gi: 54036679 | 41.9 5.31 SYAVFPSIVGRPR* (9)

gi: 51316972 | 42.0 5.23
Actin, alpha cardiac muscle 1 (ACTC_HUMAN) gi: 54036697 | 42.0 5.23
gi: 61218043 | 42.0 5.23

2#08YELPDGQVITIGNER? (87)
3IAVFPSIVGRPR* (9)
2#1ISYELPDGQVITIGNER? (87)

(ACTBM_HUMAN)

Actin, cytoplasmic 1 (ACTB_HUMAN)

Actin, cytoplasmic 2 (ACTG_HUMAN)
Bate-actin-like protein 2 (ACTBL_HUMAN)
Actin, gamma-enteric smooth muscle (ACTH_
HUMAN)

Actin, aortic smooth muscle (ACTA_HUMAN)

Actin, alpha skeletal muscle (ACTS_HUMAN)

897 | 22.1 514 | 2.66  DNA-directed RNA polymerasell subunit gi: 74725032 | 13.1 5.88 4 56 27 ™FRTCLLPLR' (9)
RPB11-b2 (RPBIC_HUMAN)
900 | 30 5.57 2.66 | POTE ankyrin domain family member F gi: 153791352 | 121 5.83 3 67 4 *SYELPDGQVITIGNER®* (59)
637 | 279543 255 | Actin,cytoplasmic I(ACTB_HUMAN) - 46397333 | 41.7 5.29 3 101 6  *SYELPDGQVITIGNER>* (88)
Actin, cytoplasmic 2 (ACTG_HUMAN) gi: 4501887 418 531
Beta-actin-like protein 2 (ACTBL_HUMAN) gi: 172046825 | 42.0 5.39
621 | 287 545 253 Putative beta-actin-like protein3 gi: 74739412 | 42.0 5.91 2 62 4 >YELPDGQVITIGNER* (54)

gi; 46397333 | 41.7 5.29
gi: 4501887
gi: 172046825 | 42.0 5.39
gi: 54036679 | 41.9 531

gi: 51316972 | 42.0 5.23
Actin, alpha cardiac muscle 1 (ACTC_HUMAN) | gi: 54036697 | 42.0 5.23
gi: 61218043 | 42.0 5.23

41.8 5.31
20YELPDGQVITIGNER? (54)

2IYELPDGQVITIGNER?® (54)

421 47.7 8.28 -2.75 | Meiosis 1 arrest protein (M1AR_HUMAN) gi: 74730556 | 59.3 6.40 7 72 17 SIPASTFY VIMPSHSLTLLVK*® (22)

376 558 6.29 -3.09 | Heterogeneous nuclear ribonucleoprotein H gi: 1710632 49.2 5.89 7 77 24 SWATENDIYNFFSPLNPVR?!¢ (26)
(HNRH1_HUMAN)

391 52.9 6.19 -3.21 | Pyruvate kinase PKM (KPYM_HUMAN) gi: 20178296 | 57.9 7.96 10 92 21 SYEAEAAIYHLQLFEELR* (13)

356 59 4.92 -3.40 | Tubulin alpha-4A chain (TBA4A_HUMAN) gi: 55977476 | 49.9 4.95 11 104 30 AVFVDLEPTVIDEIR” (27)

Peptides recovered from the 17 protein spots after in-gel digestion with trypsin were subjected to MALDI-TOF/TOF-MS analysis. MW; molecular weight, p/; Isoelectric points, LID; laser-

induced dissociation

First, spot no. 649, which showed 5.85-fold higher intensity in the
SLE patient group than in the HL group, was identified as myeloblastin.
It is also known as proteinase 3 (PR3). PR3 is a serine protease that is
mainly located in granules of neutrophils and eosinophils [16]. PR3
is also known as a target of anti-neutrophil cytoplasm antibodies
(ANCA) [17]. It was reported that mRNA for PR3 in monocytes was
increased in patients with SLE compared to HL [18]. Furthermore,
it was reported that amounts of cell surface PR3 were increased by
TNF-a stimulation in neutrophils of patients with SLE and monocytes
of patients with ANCA-associated vasculitis [19,20]. In addition,
serum TNF-a. levels were reported to be increased in patients with SLE
[21]. Taking our data together with these reports, both PR3 expression
and its translocation to the plasma membrane fraction would be
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increased in PBMCs of patients with SLE. Roles of the increase in the
pathogenesis of SLE should be investigated in the future.

Second, spot no. 899, which showed 3.72-fold higher intensity in
the SLE patient group than in the HL group, was identified as cyclin
L1. Cyclin L1 is usually located in cytoplasm. It was reported that
cyclin L1 was involved in the splicing of mRNA [22,23]. In T cells of
patients with SLE, abnormal splicing of TCR zeta chain was reported
[24,25]. Our data and their reports indicate possible involvement of
translocation of cyclin L1 in the abnormal splicing in T cells of patients
with SLE. This point should be also investigated in detail in the future.

Third, spot nos. 560, 582, 621, 637, 651, 734, 913, and 914, intensity
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of which was 2,53~3,24-fold higher in the SLE patient group than
in the HL group, were assigned to members of the actin family. The
existence of multiple spots would indicate different isoforms of actin
and/or different post-translational modification of actin. Since actin
is an important component of cytoskeleton, PBMCs in patients with
SLE would alter the structure of cytoskeleton, reflecting functional
abnormalities of lymphocytes. Further studies are needed to clarify the
relation between the actin alteration and functional abnormalities of

lymphocytes.
Conclusion

In conclusion, our study comprehensively investigated CS protein
profiles of PBMCs from patients with SLE for the first time, to our
knowledge. We found that CS protein profiles from PBMCs from
patients with SLE are greatly different from those of HLs. Our study
would provide a new strategy to investigate the pathophysiology of
SLE.
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