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FIGURE 4. A DC subpopulation that stimulated B47- and Cll-trans-
duced CD4™ T cells. A, LN cells were stained with CD8-FITC, CD11b-
PE. and CD11c¢-Tricolor and analyzed by FACS. A representative CD11c
gated dot plot is shown. B, Stimulation of B47 TCR-transduced cells with
ILN whole CD11c¢™ cells, CD8-depleted CD11c™ cells, and CD11b-de-
pleted CD11e™ cells. ¢, Stimulation of CII TCR-transduced cells with
ILNI whole CD1lc” cells, CD8-depleted CD11c’ cells, and CD11b-de-
pleted CD11c™ cells.

(Fig. 2D). B47-transduced CD4 " cells proliferated in the presence
of autologous CD11¢™ DCs of the spleen and draining lymph
nodes from naive mice (Fig. 2E). Though mock- and DO11.10-
transduced CD4 ™ cells were stimulated weakly by CD1lc¢™ DCs
from naive and arthritic mice, B47-transduced CD4 ™ cells prolif-
erated more strongly in the presence of CD11¢™ DCs from arthritic
mice (Fig. 2E). In addition, B47-transduced CD4™ cells did not
show increased proliferation in response 1o mCII and bCII (Fig.
2F). Therefore, B47 TCR was found to recognize an autoantigen
that 1s presented more efficiently in arthritic mice.

We next examined the kinetics of B47-transduced CD4™ cells in
the arthritic mice. Mock- or B47-transduced CD4" cells were la-
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FIGURE 5. B47 and TNFRIg cotransduced CD4* T e
cells suppressed CIA progression. A, Retroviral gene 52
transfer of B47 and TNFRIg in DBAT splenocytes. The Bz’
results shown are representative of three independent
experiments. The cells were triple stained for Vo2,
VB8.1/8.2, and CD4. CD4 gated dot plots are shown. B,
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beled for CFSE and transferred to arthritic mice via the tail vein.
These mice groups were designated as the mock group and the B47
group, respectively. Five days after transfer, the accumulation of
Va2"VB8.1/8.27CFSE*CD4™ T cells was similar in the spleen
ard lung of the mock group and the B47 group (Fig. 3, A and B).
In contrast, the accumulation of Va2 VB8.1/8. 2 CFSETCD4™ T
cells in the JLN and paws of B47 group was significantly greater
than that in mock group (Fig. 3, A and B). Moreover, Va2* V38.1/
8.27CFSE"CD4™ T cells in the ILN and paws showed lower
CFSE fluorescence than those in the spleen of the B47 group and
in the ILN and paws of the mock group (Fig. 30). Va2*Vg8.1/
8.27CFSE”CD4™ T cells in the TLN of the B47 group showed
higher expression of IFN-y than those in the spleen of the B47
group or in the spleen and ILN of the mock group (Fig. 3D). This
result indicated that transfer of B47 allowed CD4™ T cells to ac-
cumulate in the draining lymph nodes and arthritic paws.

In Fig. 3A, the Va2 V£8.1/8.2" population also increased in
these mice. In in vitro experiments using GFP-reported TCR o and
B expression vectors (pMIG-TCRa and pMIG-TCR), the expres-
ston of the transduced TCR B-chain was rather unstable compared
with that of the transduced TCR a-chain (K. Fujio, unpublished
deta). We suppose that this phenomenon was related to phenotypic
allelic exclusion of the TCR B protein, because internal ribosomal
entry site (IRES)-driven GFP expression was sustained despite a
decrease of TCR B-chain expression. We think that at least a part
of the Va2"VB8.1/8.27 population may have come from B47-
wransduced cells that Jost TCR B expression.

We next explored the subpopulation of CD11c¢™ DCs that can
present arthritis-associated autoantigens. CD1lc¢* DCs in ILN
can classified into three groups, CDI1c"CD11b"CDS™ cells,
CDI1c"CD11b*CD8™ cells, and CD11c*CD11b7CD8™ cells (Fig.
4A). We compared the Ag presentation of total TLN CD1lc™ DCs,
MACS-depleted CD8 " CD11c™ DCs. and CD11b"CD1lc™ DCs to
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FIGURE 6. B47 and Foxp3 cotransduced T cells suppressed CIA and expression of pathogenic cytokines. A, Foxp3-reconstituted cells showed sup-
pressive activity. A total of 1 X 10° naive CD4™ cells () and 1 X 107 CD11c™ cells (DC) in the presence or absence of anii-CD3 Ab (10 pg/mi) were
cultured with no cells, 1 X 10° mock (pMX-IRES-GFP)-transduced CD4™ cells, or Foxp3-transduced CD4™ cells. Representative results of three exper-
iments are shown. B, B47 and Foxp3 cotransduced T cells suppressed CIA progression. B47+Foxp3-transduced cells containing 0.5-1 X 10° of
Va2 VB8 GFP CD4" cells were transferred to bCH-immunized mice before the onscet of arthritis (day 23). Equivalent numbers of mock, B47. and
Foxp3-transduced cells were transferred as controls. Data are shown as the mean of clinical scores at the indicated time points after the bCI priming (n =
22 per each group). A, Mock: €, B47 Foxp3; [, B47+Foxp3. *, A significant difference (p << 0.05) compared with the mock-transduced cells. C,
The expressions of cytokine mRNAs were determined by quantitative PCR analysis. ¢cDNAs were syuthesized from the paws of each experimental group.
Cytokine expressions in the paws (upper panel) and ILN (Jower panel) are shown. D. The cellular infiltration and pannus invasion were scored for each
experimental group. Data represent the mean values and SEs, =, A 'signiﬁcunt difference (p << 0.05) compared with the mock group. E. Reconstituted
regulatory T cells were transferred to bCTl-immunized mice just after the arthritis score reached approximately two points. Data are shown as the mean
of clinical scores at the indicated time points after the bCII priming (n = 12 per each group). A, Mock: €. B47; B, Foxp3; [, B47+Foxp3. =, A significant
difference (p <¢ 0.05) compared with the mock group.

B47-transduced CD4™ cells. As shown in Fig. 48, CD11b-depleted These mock, B47, TNFRIg, or B47 plus TNFRIg transduced cells
CD1lc* DCs lost their autoantigen presentation to B47-transduced were 1.v. transferred to Cl-immunized niice via the tail vein just be-
CD47 cells. We next examined the autoantigen presentation to CHT- fore the onset of arthritis at day 28. These mice groups were desig-
transduced CD4™ cells. CD11b-depleted CD1lc™ DCs from ILN nated as mock group, B47 group. TNFRIg group. and B47 plus
cells of CIA mice also lost their autoantigen presentation to CII-spe- TNFRIg group, respectively. The arthritic score of B47 plus TNFRIg
cific T cells (Fig. 4C). These results indicated that CD11b "CD11c” group was evidently suppressed compared with those of the mock and
DCs are important APCs in arthritis. B47 groups (Fig. 5C). The arthritis score of the TNFRIg group was

slightly suppressed. In terms of the incidence of severe arthritis, the
B47 plus TNFRIg-transduced cells suppressed CIA B47 plus TNFRIg group clearly showed the lowest rate.

We next attempted to use paw-directed B47-transduced CD4™ cells
as a vehicle for therapeutic molecules. We constructed a TNFRIg-
expressing vector by fusing the murine p75 TNFR and Fc domain of

Accunlarion of TNFRIg rranscript in the paws was Important
for arthritis suppression

T2G2a. TNFRIg-producing paw-directed cells were generated by tri- We next examined the kinetics of the transduced TNFRIg gene.
ple gene transfer of B47 TCR and TNFRIg. We prepured three groups Because the titers of anti-CIT IgG at day 38 were equivalent in all
receiving controlled gene transfer of either mock vector. B47 alone, or- experimental groups, TNFRIg did not directly affect the humoral
TNFRIg alone. The clonotypic transduction efficiency was ~30% on immune response (Fig. D). The serum concentrations of TNFRIg
average (Fig. 54). Though we could not divectly detect the transduc- protein in the B47 plus TNFRIg group were equivalent to those in

tion efficiency of TNFRIg, the TNFRIg protein concentrations in the the TNFRIg group at day 38 (Fig. 5F). This result indicated that
culture supernatant of B47 plus TNFRIg-transduced CD4™ cells were the serum concentration of TNFRIg was not the main determinant
equivalent to those of TNFRIg (Fig. 5B). Therefore, the transduction of arthritis suppression in the B47 plus TNFRIg group.

efficiency of the TNFRIg gene was considered to be almost equal in We then checked the accumulation of TNFRIg transcript in the
these two groups. lymphoid organs and paws. The amount of TNFRIg transcript was
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determined by real-time PCR of ¢cDNAs from tissues of day 46
(Fig. 5F). The amount of TNFRIg transcript was equivalent be-
tween these iwo groups in the spleen and ILN. This result was
consistent with the equality of the serum concentration of TNFRIg,
In contrast, the amount of TNFRIg in the paws of the B47 plus
TNFRIg group was significantly higher than that in the paws of the
TNFRIg group. Therefore, local accumulation of the TNFRIg tran-
script suppressed arthritis in the B47 plus TNFRIg group.

On histologic examination. although the control groups showed
severe inflammation, the B47 plus TNFRIg group showed only
marginal inflammation (Fig. 5G). We graded mononuclear cell in-
filtration and cartilage/bone destruction by histopathological de-
termination of the pannus invasion. Mononuclear cell infiltration
and pannus formation were significantly suppressed in the B47
plus TNFRIg group (Fig. 5H).

We next evaluated the gene expression profiles of the paws and
[LN by quantitative PCR. Among the cytokines important for ar-
thritis progression, the expression of TL-17A was significantly sup-
pressed in the paws, but not in ILN (Fig. 5/). In contrast, the
expressions of TNF-a and IL-18 were not significantly suppressed
in either the paws or TLN.

B47 plus Foxp3-transduced T cells suppressed CIA

We next tried to generate paw-directed regulatory T cells by co-
transfer of B47 and Foxp3. It has previously been shown that ret-
roviral transduction of Foxp3 confers a regulatory function onto
CD4™ T cells (5) (Fig. 6A). We generated B47 plus Foxp3-trans-
duced cells (B47 plus pMX-Foxp3-IRES-GFP); three groups re-
ceived conlrolled gene transfer of either the mock vector (pMX
plus pMX-IRES-GFP), B47 alone (B47 plus pMX-IRES-GFP) or
Foxp3 alone (pMX plus pMX-Foxp3-IRES-GFP). These gene-
transduced cells were i.v. transferred to bCli-immunized mice be-
fore the onset of arthritis (day 23). These mice groups were des-
ignated as mock group, B47 group, Foxp3 group, and B47 plus
Foxp3 group, respectively. B47 plus Foxp3 group showed a sig-
nificant suppression in the development of arthritis (Fig. 6B).
Foxp3 group showed only a marginal suppression of arthritis.

The titers of anti-CII Abs did not differ among these experimen-
tal groups (data not shown). When we evaluated the gene expres-
sion profiles of the paws and ILN by quantitative PCR, TNF-q,
IL-17A, and IL~1 8 were found to be significantly suppressed (Fig.
6C). A suppressive cytokine, [L-10, was not up-regulated in the
B47 plus Foxp3 group (data not shown). In ILN, the expression of
TNF-a, IL-17A, and IL-18 was not suppressed in the B47 plus
Foxp3 group (data not shown).

On histologic examination, although the control groups showed
severe inflammation, the B47 plus Foxp3 group showed only mar-
ginal inflammation (data not shown). Mononuclear cell infiltration
and pannus formation were suppressed in the B47 plus Foxp3
group (Fig. 6D). These results suggest that regulatory T cells at
arthritic sites suppress bone destruction as well as inflammation. In
contrast, Foxp3-transduced T cells without Ag specificity were not
sufficient for arthritis suppression. Reconstituted regulatory cells
also showed effective suppression when transferred after the onset
of arthritis, at which time the average arthritic score reached
around two points (Fig. 6F).

Discussion

We demonstrated the therapeutic efficacy of T cells transduced
with an arthritis-associated TCR and a soluble and intracellular
molecule. To obtain these paw-homing T cells, we cloned TCR
from T cells expanded in the arthritic paws using a combination of
single-cell sorting and TCR-SSCP. This method enabled us to
identify the TCRs expanded in the inflamed tissues.

TCR GENE THERAPY FOR ARTHRITIS

In response to the treatment with TNFRIg, T cells coexpressing
B47 and TNFRIg exhibited suppressive activity associated with
local accumulation. This result suggested that the main determi-
nent of therapeutic efficacy in anti-TNF therapy is local accumu-
lation, not serum concentration. Therefore, the conventional sys-
temic administration of an anti-TNF drug that depends on seram
cencentration may not be a reasonable therapy. An elevated serum
concentration is associated with systemic immunosuppression and
high cost of treatment. Local injection of an anti-TNF drug is
arother approach to avoid a systemic suppressive effect (23, 24).
However, this approach is not ideal due to the polyarthritic nature
of RA. In contrast, T cells that produce TNFRIg and accumulate in
the paws at the arthritic sites can reach multiple paws with reduced
systemic effect.

The TCR transfer was also effective in the treatment with intra-
cellular Foxp3 expression. Though suppression of murine arthritis
with polyclonal regulatory T cells have been reporied (23), the
importance of T cell specificity has not been addressed. In the
Foxp3 transter experiment, Foxp3-expressing T cells with arthri-
tis-associated TCR were effective. Once activated, regulatory T
cells exhibit suppression in an Ag nonspecific manner (26). How-
ever, Ag specificity is important in the migration and expansion of
regulatory T cells (27, 28). Indeed, Ag-specific regulatory T cells
are efficient in suppressing various autoimmune diseases. The
problem is how to obtain a sufficient amount of organ-Ag-specific
regulatory T cells for therapeutic transfer. TCR and Foxp3 gene
transfer is one possible approach to overcome this problem. Many
mice spleens may be required to obtain 0.5-1.0 X 10° of
CD47CD25" regulatory T cells, which is reguired to treat one
mouse in the prior CIA treatment (25). In contrast, in vitro-ex-
pended cells derived from a quarter of a spleen were sufficient to
treat one mouse in our experinent.

Several groups have reported that regulatory T cells are accu-
mulated in the joints of arthritis patients (29, 30). These joint-
accumulating CD4* CD25™ T cells display a greater ability to sup-
press arthritis than blood CD47CD25™ T cells. However, the
precise role that these accumulating regulatory T cells play in the
pathology of arthritis has not been clarified. Our experiments sug-
gest that regulatory T cells in arthritic joints have the capacity to
suppress pathogenic cytokine expression and bone destruction.
Moreover. it is noteworthy that reconstituted regulatory T cells
suppressed ongoing arthritis (Fig. 6E). There are several evidences
that blocking of 2 specific inflammatory cascade ameliorates CTA
after the onset. IL-10 und anti-1L-17A have been reported to inhibit
ongoing CIA (31, 32). Our results suggested that regulatory T cells
suppress arthritis by blocking the continuous inflammatory pro-
cess. Therefore. regulatory T cells or Foxp3 therapy may be
feasible approach for established RA patients.

In therapeutic experiments for autoimmune diseases, use of a
TCR without specificity to the disease-priming Ag can be an ad-
vantage. In our experiment, transfer of B47-transduced cells did
not exacerbate arthritis. If Cll-specific TCR is used for treatment,
there is a possibility that the arthritis will be exacerbated due to
erhancement of anti-CII immunity. This potential risk is important
for the priming Ag-specific T cell-based treatment of other auto-
immune diseases or humun diseases that last for a significantly
longer period than the diseases in mouse models. Indeed. it is
necessary to clarify the specificity of these TCRs associated with
arthrits or other autoimmune disorders before clinical application.
Despite epitope screening with synthetic combinatorial peptide {i-
braries in a positional scanning format (PS-SCL) (33), the precise
autoantigen for B47 has not been determined.

We confirmed the clonal expausion of autoreactive CD4™ T
cells that were not specific to the priming Ag in the arthritic paws
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of this mouse model. This result may have important implications
for the (reatment of autoimmune inflammation. Because
CD11c"CD11b " DCs present both CIT and an Ag recognized by
B47, this DC population may be associated with copriming of B47
upon CIT immunization.

In summary, we identified a TCR that 1s expanded in arthritic
paws by a combination of TCR-SSCP and single-cell sorting. This
arthritis-associated TCR that was not specific to the disease-prim-
ing Ag was used as a highly effective therapeutic vehicle for both
soluble and intracellular molecules.
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minoacyl-tRNA synthetase antibodies in clinical course
prediction of interstitial lung disease complicated with idiopathic
inflammatory myopathies

HAJIMB YOSHIFUII', TAKAO FUJI', SHIO KOBAYASHI', YOSHITAKA IMURA',
YOSHIMASA FUTITA?, DAISUKE KAWABATA!, TAKASHI USUI!, MASAO TANAKA!,
SONOKO NAGAT, HISANORI UMEHARAY, & TSUNEYO MIMORI*

Department of Rhsumalogy and Glinical Immunology, Ryoto University, Graduats School of Mediving, Eyow 606-8507,
Fapan, *Depariman: of Rheunatology, Navional Ueano Hospital, Ryoro 616-8255, Yapan, * Deparenans of Respivatory
Medicing, Kyoto University, Graduate Sehool of Medicine, Kyoto 606-8507, Sapan, and *Division of Hemaiolopy and
Ininunology, Depariment of Intsrnal Medicing, Kanvaewa Medical University, Ithikawa 9320-0293, Fapan

Absiact

In the trestment of polymyesith and dermatomyositis (FM/DM), the complication of nterstitial lung disease (ILD) is an
important proguostic factor, It hao been reported that autoantibodies against aminoacyl-RINA synthetases {ARS) aze stwongly
associated with ILD. The sim of this study Is to examine the correlation between anti-ARS and the clinical cousse of ILDS, We
investigated 41 cases of PM/DM with TLD, The reaponse of ILD to corticosteroids (CS) was determained according o the
change In respiratory syraptoms, image findings, and pulmonary function between, before and 2 months after the treatment,
And-ARS (ant-Jo-1, PL-7, FL~12, BJ, OF and K8) entbodies wers screened with the BINA Inmmunoprecipitation aseey. In the
swatification imo ILD-preceding, eimultaneous and myopathy-preceding types, anth-ARS antibedies were gignificantly
frequent i the ILD-preceding type (» < 0.05). In the stratification into and-ARS-positive and negative groups, the reapones
of ILD o 8 was slgnlficandy berter in the peoaldve moup (» < 0.08). Howeves, tecurrence of TLD was slgmficanily more
frequent in the posltive group (2 < 0.01), and 2 year prognoses of pulmonary function (%VC and %DLeg) Were not different
between the two groupa. In conclusion, scteening of anti-ARS may be useful to pradict late-onset wiyopathy in 1L D-preceding
patients and to predict the clinical course of ILD in PM/DM patients.

Keywards: Polymyosivis, devinasomyosivss, auroaniibody, ansi-synthetase syndyoms, corticosssroid, prognosis ‘

Abbreviatlones A-aDg,, alveolar~arterial oxygen temsion difference; ADM, amyopathic dermatomyosits; ARS,
aminoacyl-tRNA synthetases; CK, creating kinasg; CS, corvicosteroids; Dlco, diffusing capacity of the lung for carbon
monostde; DM, dermatomyositls; 1BM, inclusion body myoaitls; 110, idiopathic inflammatory wyopsthies; ILD, interstitial
lung dlsense; MAA, myositis-associated antibodies; MSA, myositis-specific antibodies; PM, polynyositle; PSL, predwisolons;
SAILD, seropositive amyopathic interstitiol lung diseass; SRE, slgnal vecognition particle; VC, vital capacity

Introduction

Idiopathic inflammatory myopathies (IIM) including
polymyosids and dermatomyositls (PM/DM) are
recognized 28 & heterogemous category of various
disease subsets, among which clinical properties,
vesponses to  tremtment, and progposes ate
different [1,2). Sin types of sutoauntibodies sgainst

uminoacyl-RNA syathetases (ARS) have been ident-
ified in padents with PM/DM and/or intersiitlal lung
disense (TLD): antl-Jo-1, PL-7, PL~12, B, O] and KS
sntibodies [3]. Anti-ARS-positive patients devslop
common cheracteristic symptoms known gs and-
synthetase syndrome, such a8 myopsthy, ILD,
Raynaud’s phesomenon, polyarthrits, high fever,

Correspondence; H, Yoshifuji, Depssiment of Rhenmetology and Chnleal Enmunology, Graduate School of Mediclne, Kyoto Univardey,
54 Shogein-Fawebera-cho, Sakyo-bu, Kyoto 808-8507, Japan. Tel: 81 75 751 4580. Fax: 81 73 751 4336, B-mail: yoshifuj@luhp. kyoto-u.ee.jp
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end mechanic’s hand [2], Slnce sn sssocistion
between snd-ARS and specific MEC alisles has
been algo reposted [2,4), snd-ARS-positive patients
are congidered 1o form s homogeneous diseass subset.

The disgnosis and management of TLID is important
in the treatment of T, since ITM petents with LD
have poorer prognosss then those without ILD [5,6]. I
hes been reporied that and-ARS antibodies are
strongly associated with ILD [7,8], Love et al, [2]
reported that the resurrence of myopsethy was fraquent
in snd-ARS-posidve PM/DM petents, If antd-ARS-
positive patients have similar dlinicg] propertes of ILD,
©information an anti-ARS may be useful in the
treatment of ILD complicated with IIM, In the present
study, we egamnined whether these antibodles are
predictive of the elinical course of ILD in TIM patents.

Pedents snd methoda

Diggnostic crivavia

. We examined 140 patients who were suspecied of
having TIM or related disssses and consulted our
Department in Kyoro University Hospital from May
2001 to Seprember 2004. Patients satlafying at least
three of the five Peter-Bohean’s criteria were disgnosed
8% having PM/DM [1], while obvious secondsry
myopathies were excluded, Amyoparhic dermatomyo-
sitle (ADM) was diagnosed, when a patient fulfilled
both of the following iteme: (1) hellotrope rash and/or
Gorron’s sien and (2) no muscle weakness with normal
serum muscle enzyme levels for the entize observaton
period, Inclusion body myositis IBM) was dingnosed
based on Calabrese—Mitsumoto-Chow’s criteria [9].
“Seropositive amyopsthic interstitial lung disease

(BATLD)" was dingoosed using 'our original eriteris, -

when a patent fulfilled all of the following items: (1)
positive anti- s (2) ILD, (3) no muscle weakness
with normal seriim muscle enzyme levels for the entire

ohservadon period and (4) no specific skin symptoms
during the observation perlod. Serum muscle enzyme
levels were considered elevated if creatine kinase (CI)
levels were 2001UA or above at least twice consecu~
tively, while elevations cavsed by other factors were
excluded. TLD was disgnosed by radiologists according
ter H-ray photos and/or OT images.

Boaluation of cla'fjss'cai courss

Diate were collecied from medical records, retrospes-
tively. The standard protocol for high dose corticostes=
oids (C8) was defined as an inltal dosage of at least
30mg/day of prednisclone (PSL) for 2-4 weeks and
tapering by less than 10% of the former dosage every L -
2 weeks. In the analysis of the response 1o C8, patients
weated with less than 30mgiday of PSL or the
eguivalent dosage of other CS were excluded. If &
patent had received plural courses ofhigh dose CS, the
apleode with the mazinym dosage of CS was adopted.
To analyze the response of ILD to €8, we compared
respiratory symptoms, image findings, and pulmonary
functipn betwsen, before snd 2 months afier the
inidation of high dose CS, The changes in the theee
lterns were graded according to five ranks as indicated in
Table L In the evaluadon of pulmonary function, the
item most changed smong BVC, %Dlco mad A-aDgz
wat chosen, An ILD patient was defined a8 a responder
to 8, if at least one of the three ltems were remackably
improved or at Jeast two of the three were slightly
improved. Otherwise the patient was defined as a non-
sesponder. A padent who bad died of ILD within 8
weels was defined us 8 non-responder. In the analysis of

“the response of myopathy to G5, patients whose seruip
R levels were less than 200 TUA 4t the Indvation ¢fhigh

dose CS wese excluded, A patient with myopethy was
defined a5 8 responder to CS, if serum CK levels
decressed below 200 IU/ by the eighth week from the

Thblel. Evaluation etlreria for vesponsg of ILD o meatrnent,

Grade Rewpisatory symptoms

Imags fndings Pulmonszy function

Remariably fmproved
Blightly irnproved Ienpraved eovgh and/or dyapnes
o change Mo change
Slightly worsened Worumed sough and/or dyspaes

Remarkably womened

Imppoved in Fleteher-Hugh=Jones’ criterls

Worsened in Fletcher=Hugh=Jones' erlteria

AWVE = 4 20%
A%DLgo = 4 20%
Lb-aDgn B~ 20Tz
A%VCE + 10%
A%DLeao & + 10%
AA=aDgs 8 — 10Tarr
JA%VC] < 10%

1A% DLonl < 10%
|8A~sDasl < 10T
ARVC s - 10%
A%DLop = = 10%
AA“EDQ; =z 4+ 10T
AUVC = = 20%
A%DLea & — 20%
AA=aDgs & <0 20 Torr

Obviowly impsoved R-zay photos
Improved OT lmages

Ko changs

‘Wozesned CT (mages

Olbwviously woresned H-ray photos

ILD, interstitial lung dizease; VC, vital capacity: DLao, diffistog capacity of the lng for carbon monoxide; A-aD g, elveolar—arterial oxygen

tengion differenca, .
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initiation of high dose C8, Otherwise the patient was
defined as & non-responder, Bffects of methylpredniso-
lone pulse therapy were not analyzed in this study.

The patients were classified into four types

according to the course of ILD: (1) single rush then
static or very slow, (2) recurrent, (3) static or very slow
and (4) rush and fatal, “Rush” means that the patients
needed high dose CS. “Recusrent” means that the
patients needed plural courses of high dose CS or
additonal immunosuppressants 1o treat the flare-up of
ILD, The patients were aleo classified into four types
according to the course of myopathy: (1) moaocydlic,
- (2) recurzent, (3) continuous and (4) hypoenzymatic,
Remission was defined as continuously low serum CE
levels (lesa than 200IUM) for at least 3 months.
Monocyclic type means that  remission was observed
within 12 months afier the fret high dose €8, and the
serum CK levels did not incresse again, Recurrent
type means that the serum CK levels increased again
to 200IU/1 or ghove afier a remigsion, Contoucus
type meens that a remission was not observed within

the first 12 months, Hypoenzymaetic type means that |

sthe serum CK levels stayed below 200113/ for the
entive observation period, although, other iteras of
Peter-Bohan's criterla were compatible and the
patient was disgnosed as. having PM/DM. The
hypoenzymatic-type patdents and patients with short
observation periods (less than 6 months) wers
excluded from the analysis.

RNA smmunaprecipization assey
Autoantibodies were screened with the RNA
immunopracipltation sssay established by Lermer

and Steitz [10]. and modified by Forman et al. [I1]..

Briefly, HeLa cells were sonicated, and centrifuged
supernatants were incubaied with protein A-Sepha-
rose beads comted with the padent’s IgG. Then,
nucleic acids were emmacted from the Sephavose
purticles, separated by elesirophoresis In 8 M urea-
10% polyacrylamide gels, and visualized with silver

{RNA

" Amii-ARS and intersittinl ung disease 238
stain, According to the specific band patterns, anti-
Jo-1, PL~7, PL-12, EJ, O], KS, SRP snd Ul-RNP
were identified, Ant-Ku can be screened with this
assay, since it gives high moleculay weight emear
patterns (Pigure 1) [12]., Ant-Ku was further
confirmed with the protein immunoprecipitation
assay using >’S-methionine-labeled Hela cella
[10,12]. ‘

Swtisncal analysis

A stz enalysis was performed using the y? test.
Onset intervals, %VC and %DLeao were compared
with the Studeni-z test, » values less than 0.05 were
sonsidered significant,

Results
Prafiles of the patienss

We selected 88 out of 140 patients who were suspected
of having TIM or related diseases and consulted our
department (Table II). Seventy-four probable or
definite PM/DM patients were entered into the
study sccording ¢ Peter—=Bohan's criteris [1], while
five patients satisfying at least three of the five criteris
were congsidered secondary myopathy snd excluded:
two with hypothyroidism, two with graft vs. host
disease-associated . myopathy, and one with drug-
induced myopathy, Six ADM patients were selected as
deseribed in patients and methods. To define
“arnyopathic” status, Euwer-Sontheimer’s - criteria
required only a lack of muscle weakness and normal
gerum muscle enzyme levels, and allowed for minor

. Bndings of myopathy in the electromybgram or muscle .

biopsy [13], Accordingly, five of the six ADM patients
showed myogenic patterns in the present study, and
three of the four biopeied patients showed some
degenerative muscle fibers, however, without cellular
infiltradon, Thers was 2 biopsy-tonfizmed IBM case.
We also selected seven antd-ARS-positive ILD patients

78L-RNA

Figare 1, © RNA immunopraclpitation aseay. Bach ofthe anti-ARS entibodies presipirates plural bands, mainly because theze are several bage-
pair lengths of tRINA corresponding to an amine acld. Smearbands seen in the anti-Jo-1 and antl-K8 lanes are artifacts, whish appear whan an

overdose of ¢l lyiatg has been used. TNA, total nucleip aelds.
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Table II. Profiles of 88 1IM padent,

Subgroyp N Age (Madisn) MR Peter-Bohan’s eriterla Maz CE QU LD N Mez BL-6 (Umd)
PM/DM 74 25--83 (55) 16:58 =5 3361 £ 4104 {+) 41 20582 = 1997
(=) 33 342 + 185
ADM é 3166 (48) 13 -2 08 = 52 + 4 2478 £ 1495
i =) 2 Not teatsd
BM i 67 10 3 1268 (=) 1 351
SAILD 7 47-70 (64) B4 0 105 =43 +) 7 2725 £ 1479
Tatal g8 25-83 (55) 21:47 0=5 2832 & 3928 () 53 2186 = 1882
‘ =)y 36 342 & 152

PM/DM, polymyvsitidermatorayositl; ADM, amyopsthic dermatomyositls; TBM, Incluslon body myesitls; SAILD, swroposltive
myopathic interstitial lung disease; ILDY, interericlal lung dlssase; CK, creating kHnese, Laboratory data are means & 5D

without muscle lesloms, 28 having “essropositive
amyopathic intersuitdal lung disease (BAILID)”.

Myosits-specific antibodies (MBSA) and myosits-
sasociared antbodies (MAA) were screened with the
RNA immunoprecipliaton sssay (Figure 1). The
prevalence of MSA/MAA in each subgroup of TIM is
shown in Figure 2, And-ARS antibodles were detected
in 28% of PM/DM, ceses, among which anti-jo-1 and
anti-B] predominated. In the PM/DM patients with
111D, the frequency of and-ARS was as high 28 49%,
reflecting the sizong mesociation between anti-ARS and
ILD. One patent was positive for both anti-Jo-1 and
antd-PL~7. Such a case is very rare, although, there hag
besn a report of & patient positdve for antd-Jo-1 and
anti-0f [14]. All of the ADM and IBM patients were
negative for MSA/MAA.

To spalyze the clindes! propertes of ani-ARS-
positive patents, we stratified the 74 PM/DM patients

PM/DM (N = 74)

Ao 8%
Andl-PLT 8% | ARl
MBAMAAL) fe. - PL12
0% [V A 1%
_ Ani01) 2%
Jo-14RLT 1%
PM/DM with ILD (M =41} ADM
T \ {N=8)
SAILD (N=7)
K Maa/
ArdlePL-7 14% MAAL)
AnthPL-12 14% 100%
2
AntkEJ 28% B
Ant-0J 14% N=1)
Msa/
, ART-RS 20% MAA(L)
Anti-8RP 7% 100%

Figure 2. FPrevalence of MBA/MAA in gach subgroup of IIM.

o ant-ARS-positve and negative groups (Figure 3).
The prevalence of ILD was 28 high as 95% in the
anti-ARS-posidve PM/DM patlents, consistent with
previous repors [2,13]. ILD and mechanic’s hand
occurred significantly more frequently in the sndd-
ARE-positve group than in the negatve group.
Raynaud’s phenomenon, polyarthritis, and high fever
were also Feguent in the positlve group, slthough they
were not yare in the negative group and 2 significant
diffesence was not detected, When the patrienis were
siratified into a group positive for elther anti-ARS or
ant-U1-BNP, or & group negative for both, a
glenificant difference was detected for Raynaud’s
phenemenon (p = 0.002, data not shown).

Potern of onsat

n some PM/DM-ILD patents, the omset of ILD
precedes thar of myopathy. We stradfied the 41
PM/DM-TLID patients into thres types according to the
pattern of onset (Thble I end examined the frequency
of anti-ARS antibodies in each type (Figure 4(A)), Anti-
ARS andbodies were frequent In type I (ILD-preceding)

Irteratitlal

@ Artl-ARS()

(238°) | 0 ARt-ARSE)
Mechanic's
hangd p<0.01
0 80 100 (%)

Flgure 3. Prevalence of charactezistic symptoms of anvl-synihatase
syndromae. The 74 PM/DM patients weze stretified into antl-ARS-
positve (1 = 21) and negarlve (n = 53) groups, and the incidence of
sach symptom was compared between the two groups. p = 0.001,
0.071, 0.439, 0.228 and 0.001 for LD, Raynauds phenotmanon,
pc;!yaﬁhﬁtis. high faver and mechanic’s hand, respectively, with the
3 test,
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Table TIL.  Swavification of 41 PM/DM-ILD patlents aucording to the pattern of onset.

Opaes ntrvals
N(®) (medisn)
Lype I JLD-praceding) 13 {32) 10D ~ myopathy: 132-4 months (11)
Type II (Simuitansous) 18 (44) Defined as “within 1| month®
“Type 1T (Myopathy-preceding) 10 (24) Myopathy ~ [LD: 2-137 mouthy (24.5)
Total (PM/DM with ILDY) 41 (100) —~ 132~ + 187 monthe (0)

PM/DM, pulymyesitie/dermaromycsitiy; ILD: intersritiol lung disesse,

and rare in type I (myositis-preceding) with statistical
significance. We also analyzed the distribution of the
onget intervals between ILD and myopathy, steatifying
the patlents into anti-ARS-positive and negative groups
(Figure 4(B)). ILD preceded myopathy by 14 months on
average in the enti-ARS-positive group, while royopathy
preceded ILID by 11 months in the negutive group, witha
significant difference,

Clinieed course of ILD

To evaluate the response of ILD to CS, we prepared
criteria described in patents and imethods. The response
t0 C8 was significantly better in the ant-ARS-positive
group than in the negative group (Figure 5(A)). In the
steatification aceording to the pattern of onset, type I, I
and [T patients vended to show better, intermediste and
WOrse reaponses, respectively, although without statstical
significance (Figure 5(A)). To analyze the coure of TLD,
we classified the patients into four types a¢ described in

BAMFARS(+) 0 ANt-ARS() p<0.05
A Typs | 1
(ILD-preceding) | 8 @3%) |-
Tyos 1l
{Simuliansous) 10 (58%) h
Tyow

{Myopathy-precading) 9 (80%) -

0 50 00 (%)
6' B ]

{(ILD-preseding)
Onset intervals betwaen ILD and myopathy (months)

{Simuli’ansous)

DAREARS() 11 2 38 mo.

BANt-ARS(+) -14 & 39 mo.
p=0.08 }

=

Type lil
(Myopathy-praceding)

Figure4. Relntionship berween ant-ARS antbodiss end pattern of disease ontet in 41 PM/DM-ILD patients. (A) Frequency of and-ARS in
each type. p = 0.023 with the ¥ % testwing 2 3 ¥ 2 matriz, (B) Cnset intervals berween ILD and myopathy in ant-ARS-positve and negative
padents. Valugs in the upper-zight cozner are means £ 8D of the onaet intervale. p = 0.046 berween the two groups with the Studenes pest.
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A Response of ILD o corllcostarsids e Courge of ILD p =001
Ant-ARB(+) | (8/17) [é‘? 0.06 Arti-ARB() 1
] B0,
Anti-ARS( [2/18] 13 PR
PREOM-ILD tetal | (10/32) ; 3
Eaaassame PM/DM-ILD totel
SAILD | (&/5) 100 -
Type || (5/10) |66 BAILD
Typall| (4/14) (28 =——— NS ADM-ILD
Typs M /84 18 =z
LD Total &
ADM-LD L (v/4y (28 P ;
ot m * . , Single rush then atstle or very slow
0 B 100 (%) @ Recurrant
0 Statie or very slow
Fush and fatal

Tigure 5. Clinical course of ILID and response to CS. (A) Percentages of reapenders 1o responders + non-respondess ase indicated, Some
patients were excluded from the analyals: patients treated with less than 30mg/day of prednisolons snd patients with uoknowa detaile.
¢ 0.040 betwesn the anti-ARS-positive and negative groups with the )2 test. p = 0.224 smong the types L, 1T and I with the 7 reor using 2
3 3¢ 2 matix. (B) Accozding to the cousse of ILD, patients wese classified into four types, » = 0.006 betwesn the snth-ARS-posldve and

negrtive grouge with the 2 test using e 2 % 4 snatin

padents and metheds, Recurrent type was remarkably

frequent in the and-ARS-pesitive group, while mot
observed in the negetive group (Figwe 5(B)). Stade
type predominated in the negatlve group. There was
8 denificent difference in the courge of ILD between the
anti-ARS-positive end negative groups, The tapering
gpeeds of the dose of CS were not significantly different
between the two groups (data not shown),

We examined the prognosis of pulmonary function
in PM/DM-ILD patients. In the anti-ARS-positive
group, %VC and %DLoo 2 years from the onset of
LD were 82 % 17 znd 52 = 20% (means * 8D),
respectively, and were not significantly different from
values, 93 = 26 and 62 + 18%, in the negative group
(p=0.238 and. 0.738). In the assessment of the
prognosis of life, thers was no significant difference in
the 2 year survival rate between the anti-ARS-positive
(95%) and negative groups (88%).

Clintcal course of myopathy

The response of myopathy to CS was evaluated
according to the change in sexum CK levels. Seventy-
four PM/DM patients were stiatified into ant-ARS-
positive and negative groups. The anti-ARS-positive
group chowed a better response than the negative
group, glthough s nignificant difference was not
detected (Flgure 6(A)). Tb analyze the course of
myopathy, we classified the patients Into monocyelic,

recurrent and contoucus types as described in:

patients and methode. Recurrent type predominated
in the anti~ARS-positive group, while monocyclie type

predaminated in the negative group, although without
a significant difference (Figure 6(B)). IBM and aoti-
SRP-positive PM/DM patients are known to develop
vefractary myopathy [9,16]. The snt-SRP-posidve
petients showed a eignificantly poarer response to CS
then the ant-SRP-negative patients (Figure 6(A));
and eontinuoue-type myopathy was significantly more
frequent in the ant-SRP-positive group (Figure 6(B)).
The TBM patient alse showed a poor response and
continuous-type myopathy. '

Discussion

"The prevalence of ILD in PM/DM was as high as 53%
in the present study (Table ID), although it has been
about 30% in Buropean studies [6,17). Since it has
reached 50% in other Japanese studies [15,18], the
discrepancy can be explained by ethnic difference,

Non-radicactive RNA immunoprecipitation assays
can be quickly carried out with minimal loss of
sensitvity and specificity to detect autcantdbodies
against ribonucleoproteins [11], and have been
gpplied to anti-ARS and anti-SRP [15,19-21]. This
method is not available for and-Mi-2 snd eni-
PM/Sel, which are also myoesitis-specific or asgociated
[22,23], so thet some patients positive for anti-Mi-2 or
anti-PM/Scl might be clagsified Into the MSA/MAA-
negative group in the present study. However, that
might not have affected the vesults, since antl-Mi-2-
positive patients do not tend to develop ILD [24] and
ant-PM/3¢] antibodies are very rvare in Japanese
patients [15].
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A Reasponse of myopathy 1o corticosteroids

Antl-ARS() | (13/15) 187 7 s,

Ant-ARS() | (18/28) |88

waret [l ), g
AM-SRPG | (31/28) |2z

PAVDM total | (32/43) |74

‘ 0 o 100 (%)

B Courae of myopathy

Anti-ARB(+) i
“
4
Ant-ARS(
Ant-ERP(+ &
%.
ARtl-ERP¢ B
PR/MM tetel
0 80 100 (%)
EMenooyellle BReswrent [ Centinuous

Flgwre ¢, Llinical coumse of myopathy. (8) The resposmse of
mayopathy 0 G5 wes evaluated sz deserbed In pardent snd
methods. Pereentages of responders to responders < non-
gespanders are indieated. Some potionts were exchuded from the
enalyeis: patients treated with less than 30 mg/day of prednisolons,
patienta whose serum CX levels were loss than 200700 et the
fnitistion of high doge €8, and pstlents with wnkoown deteils.
#=0.178 bitween ithe and-ARS-positive and negatlve groups
2= 0.003 berwesn the ant-8RP-positive and negadve groups, with
the y? veet. (B) Aecording to the cousse of myapathy, patients ware
classified into threa types, Four hypoenzymatic-type patlenta and siz
patients with short abservation pariods were encluded. » = 0.096
betwesn the ant-ARS-pasitve and negutive groups, 9= 0.002
betwean the ant-SRP-posidve and negative groups, with the 2 test,

When we siratified the PM/DM-ILD patients into
three types according o the pattern of onset
(Tuble M), 32% of PM/DM-ILD patlents were type
1 (ILD-preceding). Douglas er al, [25] heve also
reported that 30% of EM/DM-ILD patients were iype
I, slthough the clamsification criteria were unclear,
We demonsitated thar ant-ARS antibodies were
significanily associated with type I (Figure 4(A)).
An important concern is when the ant-ARS anti-
bodies have become positve in type I patients, or in
other words, whether there is a patient who bas shifted
from SAILD 1o PM/DM-ILD. Since MBA/MAA are
usually tested after the onset of myopathy, it is rare
that enti-ARS andbodies are checked during the
period of ILD in type I patients. In the present study,
one of the type I patients had been proven anti-Jo-1-
positive at the inital manifestation of ILD, and 8
months later, developed definite PM, Two similar
cases were reported in 1984 [8]. Apparently, anti-ARS
andbodies can be a predictive factor of late-omset
myopathy in type I cases. Another concern is that type
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T patients tend to be misdiagnosed as having
theumatoid arthrids due to the high frequency of
polyarthritis (57%, Figure 3) and positive rheumatoid
factore (30%, data not shown) in anti~ARS-positive
patients. Indeed, three of our 13 type I patients
were initially diagnosed as having rheumatoid arthrits
(with TLD) and weated with antd-rheumstc drogs.
The early screening of ant-ARS is important in
such cages, ,

Thkizawa et al, [26] evaluated the response of ILD
to treatment in DM patients according to the changes
in respivatory symptoms, X-ray fndings, and
pulmonsry funetion, Marde et al. [6] used slmilar
criteria, Since those criteria were not precisely
designed, we prepaved original criteris (Table I).
Marlie ex al. [6] reported a better response of ITLD 1o
treatment in anti-Jo-1-positive PM/DM patients than
in megative patients, however, without 8 aignificant
difference. This might be becsuse other anti-ARS
antibodies had not been examined in their study, sinece
we observed a significantly beter response of ILD 1o
CS in padents with any anti-ARS sntibodies than in
patients negative for and-ARS (Figure 5(4)). The
resson why the yesponse to CF was better in the type I
patients than in the type I patients (Figure 5(A)) is
explained by the associaton between type I and ang-
ARS (Figure 4(A)). However, as to the course of ILD,
recurrence was remarkably frequent in the and-ARS-
positive group, while not obsesrved in the negative
group (Figure 5(B)). Moreover, the pulmonary
function 2 vears from the onset of ILD was almest
the same in both groups, Consequently, although the
anti-ARS-positive patients showed a good responss
{8, they tended 1o suffer from recurrent ILD, and the
prognosis did not differ from thet of the and-ARS-
negative patients,

In the smady of Love et al. [2), fequent recurrence
and & moderate response of myopathy o CS was
reported in anti-ARS-positive FM/DM patients,
although the definitdon of the response to treatment
was unclear, In the present study, frequent recurrence
of myopathy was confirmed, whereas the response 1o
€S was relavively good in the ant-ARS-positive group
(Figure 6). We aleo found that anu-ARS-positive
patients with & good sesponse of ILD to C8 tended to
show a good response of wmyopathy (p=0.121)
and thet ant-ARS-positive patlents with recurrent
ILD developed recurrent myopathy (p = 0.003, daw
not shown).

Ten SATLD cases weye fizst reported by Friedman
et al. [27], and seven cases were analyzed In the
present study. Although this subset can be recognized
as type I (ILD-preceding) “before late-onset myo-
pathy”, some patents stay free from myopathy for a
long period: 6,8 years in our study and 13,5 years in
the former study. In the present study, characteristic
gymproms of anti-synthetase syndrome were observed
in the SAILD patdents (dats not shown), and the
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clinical properties such as & response to €8 and &
course of JLD were gimilar to the anti-ARS-positive
patents with tuyopathy (Figure 5). Priedmean et al.
also reported g good response of ILD 1o C§, distnet
from other subsets of idiopathic ILD. Afrer
Frledman's report, Hirakata ¢t gl [21] discoversd
and-K$ antbodies in three SAILD cases. Consist-
eatly, anti-KS antibodies were detected omly in
SATLD patients in the present study (Figure 2),
Although ant-KS are not “myopathy”-specific snti-
bodies, anti-K8-positive patients manifested chazac-
teristic symptoms of enti-synthetase syndrome in both
Hirakata’s and our studies. These clinical properties
pupport that antl-KS should also be included in the
anti-ARS group,

Considering the clinical slgnificance of antd-ARS in
PM/DM and TL.D shown in the present study, the
relationship among disease categories can be shown a3
Figure 7. We speculate that ant-ARS antbodies may
be pritnarily related with ILD, and the relationship
with myopathy comes next, followed by the other
characteristic symptoms, ‘The incidence of SATLD in
idiopathic TLD may be more than 6%, since the
frequencies of antl-Jo-1 end anti-K§ in idiopathic ILD
have been reported as 3%, respectively [8,21). Alarge-
scale progpective study is required,

There iz incressing imtevest in ADM, since 3
proportion of ADM patients develop acute snd fatal
LD [28,26], Sonthelmer [30] steted that such
patients are rare but disproportonstely frequent in
TJapan. In the present study, two of the four ADM-ILD
padents developed weatment-resistant ILD and died
within 3 monthe (Figure 5). However, Buwer—
Sonthelmer’s eriterls cannot cover such earasivophic
cases, gimce they require = 2-year observation
*¢onsidering the posaibilicy of late-onget myopathy.
Therefore, we diagnosed ADM if a patlent showed no
sign of myopathy “for the entire observation peried®
instead of “for 2 years”. It has been postulated thet
anti-Jo-1 is not sssocisted with ADM [31], and all
of our six ADM patlents were negative for not only
anti=Jo-1 but elso other MSA/MAA (Flgure 2).
Such Information 15 alpo usefial 1o undererand the
disease subset.

In conclusion, screeming of ant-ARS sntibodies
may be useful vo predict late-onset myopathy in ILD-

Figure 7, Relatdonship among disesss categories.

preceding patients and to predict the clinical course of
muscle and lung diseases in IIM patlents. Although
anti-ARS-positive patients show a good response to
C8, the recusrence of disease is frequent. Slow and
careful tapering of the dose of C8 is recommended,
and early indicatons of sddidonal immunosuppres-
sants should also be conaidered,
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Introduction

Abstract

We previously reported that 12.5% of primary biliary drrhosis {PBC) sera
reacted with 2 95kDa cytosol protein (p95¢) that was subsequently identified
as a p97valosin-containing protein (VCP). The clinical features and course of
the six anti-p97/VCP-positive PBC padents with Scheuer’s smge 1 and 2 liver
biopsies were monitored for an average of 15 years. This group was compared
with 50 PBC patients that did not have detectable and-VCP. Autoantibodies to
a full-length srecombinant p97/VCP were assayed by immunoprecipiration. All
six PBC patients with anti-VCP had antibodies to the mirtochondrial pyruvate
dehydrogenase complex-E2 antigen as measured by an addressable laser bead
immunoassay. The first was 2 male with no evidence of fiver failure that died of
cerebral infarction at the age of 85. The second was a 73-year-old female with
Hashimoto’s thyroiditis who has remained clinically stable without ursode-
oxycolic acd (UDCA) weamment. Although the third had no HCV antibodies,
he developed hepatocellular carcinoma at the age of 76 and died of renal failure
ar 78. The fourth was a 50-year-old female who remained clinically stable during
follow-up and the fifth with Hashimoto’s thyroiditis and stable liver function
following UCDA treatment. The sixth was a male patient presenting a mild
clinical course. The clinical course of these patients was in contrast to the 50
comparison group PBC padents who did not have anti-p97/VCP. As the six
PBC padents with anti-p97/VCP amtibodies had slowly progressive liver disease
and no morality related to autoimmune liver disease, our observations suggest
that this aurcantibody might be an indicator of a favourable prognosis.

PBC patdents [7]. Of interest in the context of the present

Patients with autoimmune diseases produce a variety of
autoandbodies [1]. Antimitochondrial antibodies (AMA),
are a serological hallmark and are found in 85% of the
primary biliary cirrhosis (PBC) patients, bur they are not
considered to be pathogenic [2, 3]. In addidon ro AMA,
other autoantibodies that are detected in PBC padients
indude anticenwomere [4), anti-SP100 [5], andbodies to
nuclear envelope components gp210, p62 complex and
Tpr [6-8] and the high mobility group (HMG) proteins
HMG-1 and -2 [9]. Except for anti-HMG-1 and -2, the
prevalence of these antibodies in PBC sera is less than
30%. Alchough there is no evidence thar these antibodies
are responsible for pathogenesis, they are considered help-
ful in the diagnosis of PBC in the subser AMA-negative

376

study, antibodies to the nuclear pore complex proteins
gp210 and/or p62 are reported to be a marker for pro-
gressive PBC and a relatively poor prognosis [10, 11].

In 1990, Kiein and Berg [12] reported that the anti-M9
antibodies were a marker for mild and slowly progressive
PBC. In that study, the antd-M9 auroantigen was estimated
to have a molecular mass of 97 kDa by immunoblot and was
reported to be identcal tw glycogen phosphorylase.
Subsequently, we smdied a2 PBC serum and immuno-
precipitated a cyrosolic 95kDa autoandgen (p95¢) from
Hela cell lysates [13]. As the p95c auroantigen was not
detected by immunoblot, we conduded thar p95¢ was not
identical to M9 and that anti-p95c¢ antibodies reacted with a
conformational epitope of the cognate cyrosolic andgen {14],

3 2006 Blackwell Publishing Led. Scandinavian fournal of Immunology 63, 376-382
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More recently, we became aware that p97/VCP (valosin-
containing prozein), a member of the extended AAA
ATPase family of proteins, plays an important role in
homotypic assembly of endoplasmic reticalum (ER), the
Golgi complex and the nuclear membrane [15, 16]. In
addition, it has been shown that p97 also participates in
endoplasmic reticulum-associated degradation (ERAD) of
aberrant proteins in the searetory pathway [17]. Based on
observadons that human and-p95¢ anibodies inhibited
in vitro nudear assembly in a Xemgpus oocyte assay and
immunoprecipitated human recombinant p97/VCP, we
concluded that p95¢ was idendcal to p97/VCP [18]. In
the present study, we report on the clinical significance of
anti-p97/VCP found in PBC patients that were followed
for an average of 15 years. Our study suggests that anti-p97/
VCP is a marker for a more favourable clinical course in
PBC patients.

Materials and methods

Patients. In an earlier study, 30 PBC patients were identi-
fied with anti-p95c/p97/VCP autoantibedies, but only 13
were initially available for detailed analysis [18], of which,
six patients had liver biopsies. However, the detailed his-
topathological report could not be retrieved in one patient,
and she was excluded from the analysis. The remaining
five patients were followed for a longer period (9-21 years,
mean 14 years), and adequate sera and demiled clinical and
laboratory data were available. In addition, one patient
(no. 14) [18] became available for this study after the
patient’s consent was received from the atending physi-
cian. One padent with a Scheuer stage 1 biopsy was
symptomatic. As a comparison group, we included
a random cohort of 50 PBC patients from a speciality
hepatology clinic who had been followed for a minimum
of 1year. All patients were evaluated routinely as dicrated
by standards of clinical practice and had documented
clinical features and outcomes.

Immunoassays:  immunodiffusion, immunoprecipitation
and addressable laser bead immunoassay. The Ouchterlony
double immunodiffusion method was used to screen for
anti-p97/VCP antibodies [13, 14, 18]. Briefly, the proto-
type serum and 20 mg of rabbit thymus extract or rat
liver supernatant were used as antigen source w detect
autoantibodies as previously described [13, 14, 18].

Hela cells were cultured in monolayers in methionine-
free medium, radiolabelled for 20h with 370kBg/mi of
[#S}-methionine (ICN Radiochemicals, Irvine, CA, USA)
and reactive proteins were immunoprecipitated from the
cell lysates and identified as previously published [19, 20].

The cDNA representing the full-length VCP (p97/VCP:
accession number CAA78412 a gift from Dr Gmaham
Warren, Yale University, New Haven, CT, USA) was
used as a template for the 7/ vitro transcription and transla-
tion reactions (TnT, Promega, Madison, W1, USA) in the
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presence of [?>S}-methionine as previously described [21,
22]. TnT incubations were conducted at 30 °C for 1.5-2 h,
and the presence of the translation products was confirmed
by subjecting 2-5 pl samples to SDS-PAGE and analysis
by autoradiography. The i vitro translated producs were
then used as antigen source. Immunoprecipitation (IP)
reactions were prepared by combining 100 pl 10% protein
A-Sepharose beads (Sigma, St Louis, MO, USA, catalogue
#p-3391), 10ul human semum, 500ul NET2 buffer
(50 mm Tris-HCl, pH 7.4, 150 mm NaCl, 5mmM EDTA,
0.5% Nonidet p-40, 0.5% deoxycholic adid, 0.1% SDS,
0.02% sedium azide) and 510 p! of labelled recombinant
protein obtained from the TnT reaction. After 1h of incu-
bation at 4-8°C, the beads were washed five times in
NET2, and the proteins eluted in 10 ul of SDS-PAGE
sample buffer. The reacive proteins were then analysed
by 10 or 12.5% SDS-PAGE.

An addressable laser bead immunoassay (ALBIA, developed
by INOVA, San Diego, CA, USA) was used to test for and-
bodies to pyruvate dehydrogenase (M2), soluble liver antigen
(SLA), chromatin and liver kidney microsome (LKM) antigen.

Nuclar assembly assay. Demembranated sperm chroma-
tin was prepared [23] and stored at — 80°C ar a concen-
wation of 40,000/ul. Xenopus luevis eggs were collected,
dejellied and lysed to prepare an interphase extract [24].
Nudear envelope assembly assays were then performed
essendially as described by Smythe and Newpor [25] and
published in our previous report [18].

Results

Immunoprecipitation

The heterogeneity and specificity of autoantibodies found
in patients with PBC were first identified by IP using
[°S]-methionine-labelled Hela lysates (Fig.1). All six
sera immunoprecipitated an approximately 95kDa pro-
win, which was previously shown to be identical to p97/
VCP [18] and three sera (lanes 3~6) also immunoprecipi-
tated a 74 kDa protein that comigrated with markers for
pyruvate dehydrogenase complex (PDC)-E2. One serum
(lane 4) bound an approximately 40 kDa protein, which is
presumed to be PDC-Ela.

IP of the full-length radiolabelled recombinant p97/VCP
protein was used o confirm the presence of anti-p97/VCP in
the six sera (Fig. 2). Serum from the index PBC patient [18)
was used as positive control (fane 7), and a normal human
serum was induded as a negatve conwol (lane 8). Five scra
immunopredpitated the recombinant p97/VCP protein
{lanes 1-4, 6) and although the fifth serum (lane 5) exhibited
a precipitin line of identity with the index serum in the
immunodiffusion assay and immunopredpitated p95c
from Hel.a cell lysates (Fig. 1, lane 5), it did not immuno-
precipitate the recombinant protein.

© 2006 Blackwell Publishing Ltd. Scandinavian Journal of Immunolegy 63, 376-382
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Figure 1 Immunoprecipitation of [#S]-methionine-labelled Hela cell
lysate by sera from PBC patienss with and-p95¢ antibodics. PBC sera
(lanes 1~6) immunoprecipitate an approximately 95kDa prowin but
normal human serum (lane N) does not. The 74 kDa prowin comigraced
with an antibody to PDC-E2, and the 40 kDa proezin is assumed w be
PDCEla. A ~45kDa protein is also immunoprecipitated by all sera
and is regarded as a nonspecific reacdon. Molecular weight markers (M1}
are shown on the left.

105 &

75 &~

50 &

Figure2 Immunoprecipitation of p97/VCP recombinant protcin with
human anti-p95 scra. The p97/VCP protein was expressed 25 2 *s}-
labelled in vitro anscription and translation (TnT) product and then
immunoprecipitated with human scra. Four sera from PBC padents
(lanes 1-4, 7) and the index anti-p95¢ sera (lane 6) immunoprecipireed
the approximarely 97 kDa recombinant protein, whereas normal human
serum (lane 8) and a PBC padent (lane 5) did not. The serum in lane 5
had immunoprecipitins by immunodiffusion but demonstrared weak
reactiviy in immunoprecipimtion of Hela cell lysaws (see Fig. 1.
Molecular weight markers are indicared on the keft.
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Clinical and serological features of 6 patients with anti-p97/
VCP antibodies (Tables 1 and 2)

Among the six patients with anti-p97/VCP antibodies,
there were three females and three males who had an age
range of 58-84 years (mean 72 years). Coincident morbid-
ity included two padents with Hashimoto thyroidicis and
two with Sjégren’s syndrome. All the six patients had
elevated levels of antibodies to pyruvate dehydrogenase
{M2, range 8404000 mean fluorescence units) but did
not have antibodies o SLA, LKM or chromatin as mea-
sured by ALBIA. All patdents had liver hisropathology
findings consistent with a diagnosis of PBC. The liver
biopsy specimens obtained from cases 1 and 2 showed
bile ducr destruction compatble with PBC Scheuer stage
2. Another specmen revealed chronic nonsuppurative
destructive  cholangitis (CNSDC), compadble with
Scheuer stage 1. The titre of serum anti-p97/VCP from
case 5 as determined by double immunediffusion was
relatively low and may explain why it did not immuno-
precipitate recombinant p97/VCP. The remaining four
sera all demonstrated moderate (++) to strong (+++)
IP reactions. Sera from the five patients demonstrated
varying degrees of inhibition of nuclear envelope assembly
(19--82%] in the én vitro assay, which was variably corre-
lated with the titre of anti-p97/VCP antibodies (Table 1).
The lack of complete correlation between these assays must
tzke into account the different nature of the two assays (IP
versus functional inhibition) and the possibility that other
related antibodies may also participate in the INA reaction.

Longitudinal laboratory findings of six patients with anti-p97/
VCP antibody {Fig. 3, Table 1)

Case 1 was a 69-year-old male previously diagnosed with
obstructive liver disease in 1978, AMA was detected by
indirect immunofluorescence at a dilution of 1:160, but
could not be detected by double immunodiffusion using a
rat liver miwochondrial fraction. This serum did exhibic a
strong immunoprecipitin reaction when tested against rat
liver supernatant. Abnormal liver functions as determined
in 1983 incduded GOT 601U/, GPT 551U/, ALP
1766 TU/, y-GTP 6141U/1 and IgM 915mg/dl. His
liver biopsy specimen obtained in 1985 revealed typical
chronic NSDC with histiocytes, including a multinu-
cleated one around a damaged bile duct that demonstrated
focal condensation of collagen at sites where the duct was
probably present. The limiting plate showed segmental
erosion and early short radiating septum, suggesting PBC
at Scheuer stage 2 (Fig. 4). Administration of ursodeoxy-
colic acid (UDCA) (300-600 mg/day) was cffective in
maintaining liver function, but at the age of 84, he died
of cerebral thrombosis (Table 1).

Case 2 was a 59-year-old female who visited the hospital
in 1990 for cvaluation and had liver funcion tests
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Table1 Clinical and scrological features of five patients with anti-p97/VCP

PBC with Anti-VCP Long Follow-Up 379

Primary Secondary AMA M2 Andi- Ant- INA
Number Sex diagnosis*® diagnosis ALBIA} p97/VCP} VCPt (96)
1 M PBC2 Sis 1256 128 s 82
2 F PBC2 Hashimoto 1191 64 ++ 45
3 M PBC1 None 840 64 4 44
4 F PBC1 By 4000 16 +4 70
5 F PBRC1 Hashimow 1136 1 - 19
6 M PBCI Choldithiasis 1404 4 4+ 43
ALBIA, add ble laser bead i y; AMA M2, antimitochondrial antbodies; ELISA, enzyma-linked immunosorbent assay; INA, inhibition of

nuclear assembly; IP, immunopredipination; PBC, primary biliary circhasis; $jS, Sjégren’s syndrome; VCP, valosin-conuining protwin.

*Arabic numeral indicates Scheuer stage.

TAMA M2 (pyruvate dehydrogenase complex) andbodies detected by ALBIA expressed as median fluorescence units (normal = < 124); anti-p97/VCP
demeted by immunodiffusion using liver cytosol extracs as antigen source; anti-VCP detected by IP of recombinant VCP.

with results as follows: GOT 49IU/A, GPT 301U/}
ALP 7981U/L, y-GTP 1801U/l and IgM 1360 mg/ml.
A liver biopsy performed in April 1990 showed Scheuer
stage 1-2 CNSDC and the follides were judged to be
normal. Although this patient was not treated with
UDCA, her bealth and liver status has remained stable
(Table 1).

Case 3, a 57-year-old male, inidally visited the hospital
in 1984 complaining of symproms of Liver dysfunction and
laboratory evaluation revealed GOT 421U/1, GPT 441U/
1, ALP 563 1U/, y-GTP 194 TU/ and IgM 997 mg/ml. A
liver biopsy was performed in February 1986, and histo-
logy revealed marked portal inflammatdion with numerous
foci of pieccemeal necrosis. There were also a few fod of
destructive duce lesions, compatible with florid Scheuer
stage 1 duct lesion. The patient was treated with UDCA
(150 mg/day) from 1989 w 1998 when the dosage was
increased to 600 mg/day. HCV andbodies and HBsAg
have been absent since 1990 onwards but hepatoceliular
carcinoma was detected in July 2003 (Table 1).

The fourth patent initially visited the hospital for treat-
ment of hypertension in 1982 at the age of 54. Ar that

Table2 Comparison of dinical features of six PBC patients with and-
VCP and a cohort of 50 PBC patients withour anti-VCP andibodies

Anti-VCP(+) Anti-VCP(-)
Patient group (n=6) (n=150)
Male/Female 313 7143
Age range/median 58-84172 42-77160
Number of sympramatic/ 1/5 10/40
number of asympromatic
Follow-up year/mean year 92115 12017
Number of deaths because 0 8(16)
of hepatic failure number (%)
Number of deaths because 2(33) 5(10)
of other cause (%0)
Number of AMA pasitive (36) 6(100) 39(78)
Number of ACA positive (%) 1(16) 16(32)

ACA, anticentromere antibodies deweted by indirect immunofluores-
cence; AMA, antimitochondrial antibodics detected by indirect immuno-
fluorescence; VCP, valosin-conmining prowin,

dme, she complained of moming stiffness of her fingers
and xeropthalmia. She had a positive AMA but did not
have any dinical features of liver dysfunction. A liver
biopsy revealed CNSDC, and attending physicians clected
not to treat her with UDCA uniil October 1996, when
laboratory testing revealed an elevated IgM of 733 mg/dL.
She has since moved her residence and has been lost to
follow-up (Table 1).

The fifth case was a 53-year-old woman who was sus-
pected of having chronic liver disease since 1983 following
an employee health check-up. She visited a medical clinic
in March 1998, complaining of struma and pruritus, and
exhibited clinical and laboratory features consistent wich
obstructive liver disease: y-GTP 250 TU/l, ALP 454 1U/1
and IgM 671 mg/ml. Her liver biopsy revealed mild facty
deposition in liver cells, the limiting plate was not
destroyed and there was marked mononudear cell infilera-
tion into one of the Glisson’s areas, where CNSDC was
noted. Following administradon of UDCA (300 mg/day)
in July 1998, the liver funcrion tests returned to within
the normal range (y-GTP 291U/, ALP 24310/, IgM
108 mg/ml). The patient currently maintains a stable clin-
ical condition (Table 1).

The sixth case was a man who presented with epigastric
pain and icerus ac the age of 53 years in 1984, He was
suspecied of having cholelichiasis and the presence of AMA
suggested a diagnosis of PBC. Following surgical removal
of a common bile duct stone, obstructive liver impairment
continued. His liver biopsy done at 55 years revealed an
carly stage of PBC. Although recent IgM levels performed
at the present age of 72 years had increased from 569 mg/
dl on the first visit to 881 mg/dl, the AST (331U/), ALT
(46 TUA), ALP (2611U/) and v-GTP (99 IU/) were not
significantly changed.

Comparison with 50 patients without anti-VCP

The background of 50 PBC patients without anti-VCP is
summarized and compared with the five study patients in
Table2. Forty-three were females and seven were males
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Figure3 Longitdinal follow-up and laboratory findings of six patients with anti-p97/VCP antibodies. Normal ranges for laboratory wesis indude GOT
(AST) 10-40 IU/L; GPT (ALT) 5-45 TU/I, ALP 110--360 TU/L, v-GTP <75 1U/L and IgM 35-220 mg/dl indicates the year liver biopsy was performed.
The grey area indicates the period that the patient was observed by a hepatologist. The purple area shows the period over which liver dysfuncrion was

known.

with an age range of 42-77 years (median 60 years). The
ratio of symptomaric w asymptomatic patients (1:5) was
nearly identical to that of the antd-VCP group. Of not, 8/
50 (16%) patients without anti-VCP died because of
hepatic failure compared with none with and-VCP. This
is remarkable considering that the follow-up period of
the PBC patients without ant-VCP was shoreer than the
anti-VCP group {mean 7 versus 15years). Thirty-three
percent of death due to other causes in the p97/VCP-
positive patients was higher than 5% in the p97/VCP-

Figure4 Liver biopsy specimen showing marked mononudear cell infil-
tration associated with focal replacing fibrosis in Glison’s area and
CNSDC {oval right side). Mononudear cell infiltration into small inter-
lobular bile duce with vacuolated degenerating cpithelial cells was
observed. The limiting plate showed segmental erosion. A small arrericle
is identified by the oval on the left side of the figure (magnification
x 200).

negative patients. However, this was because the average
age of the p97/VCP patients (72years) was remarkably
higher than that of the PBC patients (60 years) without
anti-p97/VCP. In this comparison group, 39/50 (78%)
patients had AMA and 16/50 (32%) had anticentromere
antibodies.

Discussion

Previously, we reported a novel antbody in autoimmune
liver discase sera that reacted with a conformational epi-
wope of a cywsolic 95kDa protein, which we tentatively
named p95¢ [14]. These andbodies were found in 12.5%
of PBC and 9.8% of autoimmune hepatds sera. Recently,
we have provided evidence that the p95¢ andgen is iden-
tical to p37/VCP based on in vitro experiments which
showed anti-p95c antbody inhibiting nuclear assembly,
the major funcdon of p97/VCP, and reacting with the
97 kDa radiolabelled recombinant protein [18]. The clin-
ical features and outcome of patients became of interest
when it was noted that they might have a more favourable
clinical course. We originally gathered 30 sera over the
past 10years containing and-p97/VCP, However, most
sera were sent from the small hospital and private clinics
and detiled dinical information could not be obtained. A
few sera were gathered from large hospitals, but the
patients’ consent could not be obtained and as 2 result of
which, only sera of six patients were available for indusion
in this smdy.

The p97/VCP protein was first associated with the AAA
{ATPase associated with diverse cellular activities) family
of proteins and accounts for as much as 1% of the cellular
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protein [26]. The AAA family of proteins contain ~230
amino acid residues and common ATPase domains (i.c.
Walker motif) and a chamaceristic second region of
homology [27, 28]. The crystal structure of p97/VCP
has been reported [16] and was shown to play a key role
in postmitotic assembly of the ER, Golgi apparatus and
nudear membrane [29]. Furthermore, as an unfoldlase, it
is assodated with degradation of misfolded proteins in the
ER that are released into the cytoplasm (ERAD) {17].
Another important function of p97/VCP has been found
1o be augmentation of signals to nudear factor kappa B
(NF-xB) in carcinoma cells such as gastric cancer and
hepatocellular carcinoma [30, 31].

Using conventional diagnostic assays, AMA are found in
at least 85% of patients with PBC and is generally
regarded as a diagnostic hallmark for this disease (2, 3].
It has been noted, however, that the clinical manifestations
of PBC patients with AMA are almost the same as those of
PBC patients without AMA. In 1990, Klein and Berg [12]
proposed that anti-M4 was a marker for a poor prognosis
of PBC and that anti-M9 indicated 2 good prognosis.
However, these condusions have not been widely
validated.

In general, asymptomatic primary biliary cirthosis
(a-PBC) parients have a longer life expeciancy than those
who are symptomatic and have pruritus or/and sderal
icerus. For example, in one cohort of 250 patients
followed for 24 years, the median survival for a-PBC and
symptomatic primary biliary cirrhosis (s-PBC) was 16 and
7.5 years, respectivedy [32]. In Japan, the 5-year survival
rates following diagnosis with s-PBC and only pruritus,
and s-PBC with both pruritus and icrerus, were calculated
as 88 and 53%, respectively [33].

In this study, we have reported that six PBC patients
with and-p97/VCP antibodies had an overall survival rate
of 67% over a 15-year period. Notably, the first and third
patients who died during this period did not succumb 1o
autoimmune liver failure. In contrast, the survival rate of
the 50 comparison PBC patients was 74%, with 16%
dying of liver failure. It is not clear why the PBC patients
with anti-p97/VCP appeared 10 have a milder clinical
course but because our number of patients is admiwedly
small, multicentre studies will be required to validate these
impressions. Unfortunately, liver biopsies were performed
only at dinical presentation in each of our six patients,
which makes it difficult to confirm the histopathological
status of relevant tissues later in their dinical course. It was
noted that ALP, y-GTP and IgM levels were more stable
and the clinical course was thus considered o be less
aggressive than patients without ant-p97/VCP.

In light of our observation that padents with anti-p97/
VCP have a stable dinical course, it is intriguing to pos-
rulate that anti-p97/VCP antibodies have a protective role
Most autoantibodies are not able to bind the cognate
intracellular antigen of living cdls. However, the and-

PBC with Anti-VCP Long Follow-Up 381

p97/VCP antibody could be unique in another way by
gaining entry into certain cells through receptor-mediated
endocytosis and a clathrin-binding protein such as Vsp25/
SKD [34]. If this occurs in some mononudear cells that
infiltrate and surround the small bile ducts, obstructive
liver impairment may be diminished or delayed via
mechanisms as previously described [35, 36)]. Relevant wo
these considerations is our observation that anti-p97/VCP
antibodies were detected at presentation and at an early
stage of PBC. Currenty, we are trying to explore this
hypothesis in cell culture assays.
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