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Abstract
Objective
To uncover the specificities of autoantibodies to nuclear proteins (ANA) in patients with juvenile rheumatoid
arthritis (JRA).

Methods
Peptide ligands for ANA were selected by panning random peptide phage display libraries on antibodies binding
to HEp-2 cells. Positive phage clones were identified by the immunoscreening technique.

Results
Groups of peptides were identified, some of which share the core motifs of KTTTnPY, RVADNL/l or RNNSPL.
Perinuclear and nuclear staining of HEp-2 cells were obtained with patient serum antibodies binding to the
phage displaying the core peptide motifs. In contrast, no significant reactivity was seen with the antibodies
binding to the wild type phage. Antibodies to the phage displaying peptides containing some of the core motifs
were detected more frequently in ANA-positive as compared to ANA-negative JRA patients. Homology search
with the selected core motifs revealed a significant homology with a number of human nuclear proteins and
proteins from potential infectious agents that could serve astrigger in the breakdown of tolerance.

Conclusion
Panning of phage display libraries on antibodies reacting with cellular structures can lead to the identification
of their specificities. Thus, the peptide epitopes reported here constitute additional information that may lead to
the devel opment of diagnostic tests and the identification of the parental antigens that initiated the B cell
responsesin patients with JRA.
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Introduction

Antinuclear antibodies (ANA) are found
in many patients with juvenile rheuma-
toid arthritis, in particular in the early
onset pauciarticular form of the disease.
Notably, the presence of ANA isassoci-
ated with the high risk of developing iri-
docyclitis (1-3). Antibodies to specific
nuclear proteins, such as DNA topoiso-
merase |1, ribonucleoproteins and his-
tones have been detected in ANA posi-
tive JRA patients (4-6). Autoantibodies
to the high mobility group (HMG) nucle-
osomal proteins HMG1, HM G2 and
HMG-7 were also detected in the sera
of ANA positive patients with JRA (7,
8). In contrast, autoantibodies to DNA
and to intracellular antigens such as cen-
tromere proteins, scleroderma ScL-70
and Ro are rarely seen in patients with
JRA when compared to their high occur-
rence in patients with other rheumatic
diseases (1, 9). Although some ANA pa-
rental autoantigens have been identified,
very little is known about the antigenic
specificities of these autoantibodies at
the amino acid level to date.

Asan initia approach towards the iden-
tification of the target epitopes of ANA,
we have used peptide phage display li-
braries. This strategy can identify ligands
for monoclonal antibodies, whether or
not the antigens are known (10). By us-
ing autoimmune sera, we have demon-
strated that common antibody specifities
among the patients can be selected (11).
Thus, specific B cell responsesin patient
sera can be traced by the use of random
peptide phage display libraries (11-15).
In addition, the strategy can identify lin-
ear, conformational and mimic epitopes
(12, 16). To gain insight into the molecu-
lar characteristics of ANA specificities,
serum antibodies from a JRA patient
with homogenous pattern were captured
on slides containing HEp-2 cells, and
epitope mapped by a random peptide
phage library using a competition assay.

Materials and methods

Patients

Serum samples were obtained from 36
ANA positive JRA patients who fulfilled
the diagnostic criteria of the American
Rheumatism Association diagnostic cri-
teria (17). ANA were detected in sera
diluted 1/32 by indirect immunofluores-
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cence using HEp-2 cells as substrate.
Serafrom 25 ANA negative JRA patients
were included as controls. ANA slides
were purchased from Immuno Concepts
(Sacramento, CA, USA).

Biopanning experiments

ANA 18-well slides with HEp-2 cells
were incubated with 20 m/well of a1/
32 dilution of a ANA positive serumin
phosphate buffered saline (PBS) +1%
bovine serum abumin (BSA) for 30 min
at room temperature (RT) in a humidi-
fying chamber. The dlides were washed
4 timeswith PBS, rinsed with water and
adrop of 20 m of 1011 TU/ml of a15 mer
amplified random peptide library (18)
was added to each well and incubated
overnight in a humidifying chamber at
4°C. During this step phages displaying
ANA specificities would compete with
the nuclear antigens to bind the autoanti-
bodies. Following incubation, all drops
were collected and incubated with biotin
conjugated anti-human |g, pre-absorbed
overnight with fd phage, for 2-3 hours
at RT. The mixture was incubated for 10
min on aplate coated with streptavidin,
the phage solution was removed and the
plate was washed with PBS/0.2% Tween
over aperiod of 1 hour at RT. Streptavi-
din-binding phages were eluted by incu-
bation with 800 m of elution buffer (HCI,
0.1M pH 2.2, 1 mg/ml BSA) for 10 min
a RT. Eluted phages were removed, neu-
tralised with Tris base and then ampli-
fied by infecting logarithmic growing
Escherichia coli K91 cells. Amplified
phages were titrated and then used for
biopanning as described above. In some
experiments streptavidin coated beads
(Dynal, Odo, Norway) were used. In this
case the beads were captured on a mag-
net and phages were processed as above.

I mmunoscreening

Following 3 rounds of biopanning, E.
coli K91 cells were infected with the
selected phages, plated on LB plates con-
taining tetracycline at 50 ng/ml, incu-
bated overnight at 37°C and then trans-
ferred to nitrocellulose membranes. The
membranes were washed twicein TNT
buffer (10 mM Tris HCI (pH 8.0), 150
mM NaCl, 0.05% Tween 20) for 15 min
and then blocked for 30 minin TNT/20%
fetal calf serum (FCS). Following block-
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ing, membranes were incubated with
ANA positive patient sera diluted 1/500
in TNT/20% FCS buffer for 2 hours at
RT with rotation. The membranes were
washed 2 timeswith TNT/0.1% BSA and
one time with TNT/0.1% BSA/0.1%
NP40 buffer and then incubated with
anti-human 1gG alkaline phosphatase
(AP) conjugate diluted 1/5,000 for 2
hours. Following 3 washes with TNT/
0.1% BSA buffer, immuno-reactive
clones were detected with the addition
of the BCIP/NBT premixed solution
(Zymed, San Francisco, CA, USA).

Isolation of the phage particles and
sequencing

Positive clones were grown and bacte-
ria cells were pelleted by centrifugation
at 8,000 rpm for 10 min. Phage particles
contained in the supernatant were pre-
cipitated with polyethylene glycol 6,000/
NaCl, resuspended in PBS, filtered
through a0.45 mm filter and then stored
a 4°C. For DNA preparation, the phages
were phenol extracted and processed as
described by Sambrook et al., (19). Se-
quencing of the DNA insert-coding pep-
tides was carried out using the Sequen-
ase version Il Kit (United States Bio-
chemical, Cleveland, OH, USA).

ELISA experiments with the phage-
displayed peptides

Serum antibodies reacting with phage-
displayed peptides were detected by en-
zyme-linked immunosorbent assay
(ELISA) as previously described (11).
Briefly, 96-well microtiter plates were
coated overnight with the phage parti-
cles (10° TU) in 100 m PBS buffer. Af-
ter blocking with 0.5% BSA in PBS
buffer for 1to 2 hours at RT and subse-
quent washing, the plates were incubated
with serasamples (1/100 dilutionin PBS/
0.2% Tween 20) for 1 hr at 37°C. After
additional washing, plates were incu-
bated with anti-human Ig AP conjugate
diluted 1/5,000 for 1 hr. The immune
complexes were detected by adding p-
nitrophenyl phosphate as substrate. In the
case of the competition assays, various
concentration of the phage displaying
SKTTTMPYTPGPTAL, APVDSRTYT-
RVADHI, PGRNNSPLGADSVQS or
the wild type phage were added to glass
tubes containing 100 mi of the patient

serum diluted 1/100 at 4°C overnight.
After incubation, the mixtures were add-
ed to phage displaying SKTTTMPY -
TPGPTAL, APVDSRTYTRVADHI or
PGRNNSPL GADSV QS-coated micro-
titer plates. Results were expressed as
percentage of inhibition.

Affinity purification of the peptide
binding antibodies

Phages (1010 TU) were biotinylated with
alarge molar excess of biotin for 4 hours
at RT, and then free biotin molecules
were removed by centrifugation using
microsep microconcentrators (Filtron
Technology Corporation, MA, USA).
Biotin-conjugated phages were incu-
bated overnight at 4°C with 10 i pa-
tient serum diluted at 1/100 in serum
buffer. Following incubation, the mix-
tures were incubated with streptavidin
coated beads (Dynal, Oslo). The beads
were captured on a magnet, washed 3
timeswith PBS buffer and then antibody-
binding phages were acid eluted in 50

m and neutralised with Tris base (1 m).
Twenty m of the eluted antibodies were
incubated with HEp-2 cellsat RT for 30
min. Following washing with PBS, the
cell binding antibodies were detected
with FITC-conjugated anti-human 1gG.

Satistics

Differences between the numbers of pa-
tients and controls with increased anti-
body reactivity were tested for signifi-
cance with an unpaired t-test.

Results

Biopanning on HEp-2 cells

Totest if the ANA peptide specificities
could be determined by the peptide
phage libraries, ANA in the serum of a
patient with early onset polyarticular
JRA and early onset iridocyclitis were
captured on HEp-2 cells. After captur-
ing, the ANA specificities were deter-
mined by the use of a 15 mer random
peptide phage library using a competi-
tion assay asillustrated in Figure 1. Fol-
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Fig. 1. Schematic illustration of the biopanning experiments.

467



Selection of peptideligandsfor ANA /M.H. Hansen et al.

Fig. 2. Immunoscreening. (A) Reactivity of the
patient serum with random selected phage clones.
E. coli K91 cells were infected with the selected
phages from the third round of biopanning, plated
on LB plates, transferred to nitrocellulose mem-
branes and then immuno-screened with patient
serum 1/100 as described in Materials and meth-
ods. Some positive clones areindicated by arrows.
(B) Reactivity of the patient serum with random
non serum selected phage clones. Conditions are
asinA.

lowing 3 rounds of panning, E. coli cells
were infected with the selected phages,
plated on LB plates with tetracycline/
IPTG, and then incubated overnight at
37°C. Thereactivity of the phage clones
with the patient serum was tested by an
immunoscreening technique. This me-
thod allows the direct identification of
binding phages following a transfer to
nitrocellulose membrane filters (20). As
shown in Figure 2A, a high proportion
of the selected phages reacted with the
patient serum. In contrast, no positive re-
activity of the patient serum was seen
with random phages which were only
selected on HEpP-2 cells (without serum)
under the same experimental conditions
(Fig. 2B). This datawould indicate suc-
cessful panning experiments.

Tablel. Sequences of 71 phage-displayed peptides which are positive in the immunoscreening

test (Fig. 2A).
A Freq® B Freq®

SKTTTMP YTPGPTAL 12 KNAASERGSFTDLKS 4
SLNTADS KTTTFPAR 6 MAYVPPYEMIVRELK 3
TKTSNKTTTTPFLGP 3 QTRGFPSVERGYLSP 3
DSARNTFKTTTAPYS 2 GTYKAGNQHNHVKYG 2
HKTTTSPDYTTAVGT 2 MQTPPGNLENAVETL 2
QKTTTRP YPNLQIDP 1 ATNMKMSNMHTLIGA 1
GLEGODTKTITFDVS 1 PGRMTDNSGPORFSA 1
LTNSNAPS ITVQGLE 1
APVDSRTYTRVADHI 2 AVSNRPRLKDTTYRL 1
SPSDAKSHVRVADLI 2 NPQPNISLSQRGYPQ 1
DYANPRNTPRVADNL 1 KSQPNQTNNYHLLRT 1
RIADTIHANNSRHIL 1 EVLTNRPIDKTKAIS 1
MGTVLLPNGEFSIEN 1
PGRNNS PLGADSVQS 10 MSVPQTTYSKITELT 1
VQFKESNRLNS PLAL 3 MTQMPTNHAMOLILE 1

EIDGYNNQFKKS PLP 1

@The number of times each sequence occurred in the 71 phagesis given in the frequency column.

The structural characteristics of the
peptides displayed by the positive
phage clones

To investigate the structural character-
istic of the peptides reacting with the pa-
tient serum, peptide sequences derived
from 71 random positive clones were
determined (Table ). These peptide se-
guences were arranged into 2 groups, A
and B. The peptidesin group A showed
core motifs (indicated in bold letters),
whereas group B consisted of peptides
with no obvious homology. None of the
selected peptides were seen when the
patient serum was omitted from the pan-
ning experiment (data not shown). In-
terestingly, the peptides containing the
consensus (KTTTnP and RVADNL/I)
were also selected when the panning
experiments were performed with a pool
serafrom ANA positive JRA patients,
suggesting potential common ANA spe-
cificities. In addition, it is worth noting
that the RVADnNL core motif was also
selected from a hexamer library (data not
shown).

To confirm that the selection of the
phagesin group A were dueto the reac-
tivity of ANA to the peptide displayed
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by the phages, the reactivity of phages
displaying SKTTTMPY TPGPTAL,
APVDSRTYTRVADHI or PGRNNS-
PLGADSV QS was analysed by compe-
tition experiments (Fig. 3A). In competi-
tive ELISA, the reactivity of the patient
serum to the phage-coated plates was
inhibited by the phageitself, but not with
the wild type phage. These results would
indicate that the ANA do bind to the
peptides displayed by the tested phages.
To see whether the binding of patient
serum to the phage-displayed peptides
reflected the existence of conventional
antibody-antigen reaction, titration ex-
periments were performed. In these ex-
periments patient serum was serialy di-
luted and then tested for binding (Fig.
3B). Typical antibody titration curves
were found.

Patient antibodies binding to the selected
peptides stain HEp-2 cells.

The term " antinuclear antibodies’ nor-
mally refersto a diverse group of auto-
antibodies which are directed against
antigens normally, but not exclusively,
found in the nucleus. To assess whether
the selected core motifs are present in
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Fig. 4. Immunostaining of HEp-2 cells with the affinity purified serum autoantibodies. Serum antibodies binding to phage displaying APVDSRTY TRVADHI
peptide or the wild type phage were affinity purified and used to stain HEp-2 cells as described in the Materials and methods section. (A) Cells stained with the
APVDSRTY TRVADH peptide binding antibodies. (B) Cells stained with the wild type phage binding antibodies. Bars represent 25 M.
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HEp-2 cell proteins, the peptide-binding
antibodies were affinity purified and then
used to stain HEp-2 cells (Fig. 4). A dis-
tinct punctuate fluorescence of the nu-
clear membrane was obtained with se-
rum antibodies binding to the phage dis-
playing the APVDSRTY TRVADHI pep-
tide (Fig. 4A). Some cells showed nu-
clear particul ates, while others showed
fluorecence at the outer edge of the nu-
clear membrane. A weak staining of the
nucleus was obtained with the antibod-
ies binding to the phage displaying the
SKTTTMPYTPGPTAL or PGRNNSP-
LGADSVQS peptide (data not shown).
In contrast, no significant reactivity was
seen with the antibodies binding to the
wild type phage (Fig. 4B). Taken to-
gether, these results would indicate that
the selected epitopes are more likely to
be present in perinuclear and nuclear pro-
teins. During these experiments FITC-
conjugated anti-human 1gG antibodies
were used for the detection. As can be
seen, astrong staining was obtained with
the antibodies binding to the phage dis-
playing the APVDSRTY TRVADHI pep-
tide. Thus, suggesting that peptides for
high affinity 1gG antibodies can be se-
lected.

The humoral response of ANA positive
and negative patients to some of the
peptides containing the core motifs

To investigate the biological relevance
of the selected peptides, we have as a
first step investigated the humoral reac-
tivity of ANA positive and negative pa-
tients to the phage displaying APVD-
SRTYTRVADHI, SKTTTMPY TPGP-
TAL, or PGRNNSPLGADSVQS pep-
tide. The relative reactivity of each pa-
tient serum to the phage-displayed pep-
tides was obtained by subtracting the
absorbency of the serum to a phage-dis-
playing arandom peptide (Fig. 5). There
were increased APVDSRTY TRVADHI
peptide specific antibodiesin ANA posi-
tive patients (mean=0.63 OD units) com-
pared to ANA negative patients (mean =
0.3 OD units) (p < 0.0024). There was
also asignificant difference in antibody
reactivity to the PGRNNSPLGADSVQS
peptide in ANA positive patients (mean
= 0.51 OD units) when compared to
ANA negative patients (mean = 0.31 OD
units) (p < 0.005). The mean reactivity

of ANA positive and negative patients
for the SKTTTMPY TPGPTAL peptide
was found to be 0.54 and 0.43, respec-
tively. Although the differenceis not sta-
tistically significant (p < 0.324), 7 out
of 36 ANA positive patients (19%) re-
acted strongly with the phage display-
ing the SKTTTMPY TPGPTAL peptide.
Patients with pauciarticular onset JRA
and polyarticular onset JRA recognised
the tested peptides with similar frequen-
cy. Four out of 5 ANA positive JRA pa
tients with iridocyclitis reacted with the
peptide sharing the core motifs. Further
studies on larger patient groups with iri-
docyclitis are needed to confirm the clin-
ical relevance of our observation.

Homology between of the selected
peptide motifs and proteins found in
SwissProt databank

In order to identify potential putative
autoantigens, a SwissProt databank
search was performed with the peptide
core motifs (Tablell). The motif KTTT-
MPY is present in some nuclear proteins
such as the centromere DNA-binding
protein complex CBF3 subunit and the

DNA binding protein RFX3 (21, 22).
Homology search with the RVADHI and
GRNNSPL motif gave homology with
the major centromere autoantigen B and
the transcription factor AP1. As shown
in Tablell, the homology search also led
to the identification of a number of hu-
man pathogens that could act as puta-
tive trigger of B cell activation. This ob-
servation would support the notion that
some pathogenic microorganisms may
contribute to autoimmunity through
“molecular mimicry” as discussed else-
where (23).

Discussion

In this investigation, we have demon-
strated that the panning of peptide phage
libraries on ANA reacting with HEp-2
cdlls can lead to the identification of their
peptide specificities. Although some of
the selected peptides need to be further
investigated, the demonstration of asig-
nificant humoral reactivity in ANA posi-
tive patients when compared to ANA
negative patients towards the selected
peptides is encouraging.

The ANA selected peptide motifs were
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Fig. 5. Reactivity of 36 ANA positive and 25 ANA negative patient sera to phages displaying
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the phages displaying the peptides by ELISA as described previously (11). The reactivity of each serum
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Tablell. Examples of matches between the peptide core motifs and proteins found in the SwissProt databank.

ETTTnPY Zelected motif

RTTTYFY
KETTTnFY

Selected motif

KTPTDEY Major capaid protein (HPW)

ETTTnPY Zelected motif

ATTTYPFY Centromer DNA-binding

cofnfplex CBE3#

KETTTnPY Selected motif

ITTEEFY Glycoprotein B (HSV)

DHA-binding REXS protein ¥

RVADHI Selected motif GERMNSFPL Selected motif

REVADHI O0ORF3 protein (Archas) GRSNSPL Trahzcription factor (4P-13#%

RVADHI Selected motif GRNNSPL Selected motif

RVARHTI APO-2 ligand#* GRENSP Futizgal carboxvlase

RVADHI Selected motif GRNNSPL Selected motif

RVOSHI Major centromer GRVNEFPL Flagellar protein Yersinia E.

autoatitigen B¥

RVADHI Selected motif GRNNSPL Selected motif

RVODLI DNA helicase (WZ2V) GRGAPPL Capsid protein B (HSV)
Selected motif

Tratzcription factor GATA-6%

- = Conserved substitution, * Human Proteins

found in, for example, some human nu-
clear proteins and proteins from infec-
tious agents. Such agents might contrib-
ute to the breakdown of tolerance, with
the subsequent generation of autoantibo-
diesto structural proteins. Since the Strat-
egy used in this study identifies linear,
conformational and mimic epitopes, the
identified candidate autoantigens found
in SwissProt databank should be consid-
ered as promising leads that need further
investigation. However, regardless of the
nature of the autoantigens, the data pre-
sented here prove that panning of pep-
tide phage libraries on autoantibodies re-
acting with cellular structures can select
specific antibody ligands. More impor-
tant, some of the investigated peptides
seem to be present in HEp-2 cells (Fig.
4A). Thus, the new panning protocol de-
scribed in this paper should be useful for
the characterisation of the specificities
of autoantibodies reacting with cellular
structures. Notably, the present strategy
relies upon the competition experiments
which are expected to be affected by the
number of each individual peptide se-
guence within the amplified library. If
such a number is low, the protocol may
lead to the selection of ligand for low
affinity antibodies. In principle, the pow-
erful enrichment technique based upon
successive rounds of phage growth and

selection would also alow the detection
of ligands for high affinity antibodies.
As shown in Figure 5, some patients
showed a strong humoral reactivity to the
tested peptides, while others showed a
moderate reactivity. These results would
suggest that epitopes for high and low
affinity antibodies have been selected.
The strong immunofluorescence pattern
obtained with the antibodies binding to
the APVDSRTY TRVADHI peptide (Fig.
4A) would further support the notion that
epitopes for high affinity 1gG antibod-
ies were selected.

The identification of serological auto-
antibodies reacting with cellular antigens
located in the nucleus or the cytoplasm
can be helpful in the classification of pa-
tients with rheumatic diseases. In this
respect, antibodies to DNA were found
in the circulation of the mgjority of pa-
tients with SLE and seem to be specific
for the disease (24). Therefore the iden-
tification of ANA specificities at the
amino acid level may lead to the identi-
fication of peptide epitopesthat can dis-
criminate between connective tissue dis-
eases with ANA. In this respect, panning
of the peptide phage libraries with ANA
from patients with SLE identified pep-
tides that are mostly recognized by SLE
patients when compared to patients with
JRA or RA (unpublished results).
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