Clin Exp Immunol 1998,112139-143

Anti-ribosomal antibodies bind the Sm proteins D and B/B’
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SUMMARY

In order to analyse the specificity of human anti-ribosomal P protein antibodies, anti-ribosomal P
protein antibodies were affinity-purified from the sera of lupus patients. Their binding capacity towards
recombinant SmD protein and recombinant SniBiBtein was evaluated by immunoblot and ELISA.
Epitope mapping of SmD was performed by means of synthetic peptides. Anti-ribosomal P protein
antibodies bound recombinant SmD (5/10) and SMBABLO) on immunoblot; 6/10 showed binding
capacity to SmD on ELISA. Inhibition experiments using ELISA confirmed the specificity of this
binding. Our data indicate the cross-reactivity of spontaneously developed anti-ribosomal P protein
antibodies with the B/Band D constituents of the Sm complex. The coexistence of anti-Sm and anti-
ribosomal antibodies in lupus sera may therefore be due, at least in part, to the reactivity of a single
autoantibody population.
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antibodies anti-P antibodies

INTRODUCTION MATERIALS AND METHODS

Systemic lupus erythematosus (SLE) is characterized by th&era from SLE patients
presence of various autoantibodies directed against a larg€en sera containing anti-P antibodies from 10 different SLE
number of intracellular antigens [1]. Among the antinuclear anti-patients were considered for analysis. SLE diagnosis was made
bodies, anti-dsDNA (anti-double-stranded DNA) and anti-Smaccording to ARA criteria [5]. Out of 10, seven reacted with Sm
antibodies are highly specific for the disease. Some autoantibodiemntigens either in counterimmunoelectrophoresis or in immunoblot
are directed against cytoplasmic antigens, among which thosen rabbit thymus. Three SLE sera containing anti-Sm antibodies
antibodies directed against ribosomal P proteins show a higlbut negative on P peptide were also tested.
degree of specificity for lupus [2]. The main targets of anti-
ribosomal antibodies are the three P proteins, PO, P1 and P2,
with molecular weights of 38, 19 and 17 kD, respectively. They ELISA for anti-P protein antibodies
are located in the large ribosomal subunit and share the sam@nti-P antibodies were detected by a previously described ELISA
C-terminal amino acid sequence. This sequence represengssay [6]. Briefly, we used a multiple antigen peptide (MAP)
the dominant epitope in the anti-P protein response [3]. Thus, thearrying four copies of the antigenic sequence shared by the
reactivity of sera with the three P proteins is explained by thethree ribosomal P proteins (Glu-Glu-Glu-Asp-Glu-Asp-Met-Gly-
sharing of a sequence which forms the target of the autoantibodie®he-Gly Leu-Phe-Asp) as antigen for the coating of plates (Nunc
Both in humans and in murine models of SLE, the anti-P Maxisorp F96; Roskilde, Denmark) atu@j/ml in PBS. Saturation
protein antibodies appear more frequently in sera containing antiwas carried out with gelatine 1% in PBS for 1 h at room tempera-
Sm antibodies; conversely, anti-Sm antibodies are more ofteture. The serum samples were diluted 1:300 in PBS—gelatine
detected in sera containing anti-ribosomal antibodies [4]. How-0-5%—Tween 20 0-05%. Purified antibodies were diluted in the
ever, the reasons for this association are unknown. We addresseédme medium and tested at different concentrations (2Q:g0-3
this issue by analysing the specificity of affinity-purified anti-P ml). The samples were incubated for 3 h at room temperature, then
antibodies and found that some of them cross-react with proteingashed and anti-human IgG (Rafbagment) labelled with alkaline
forming the Sm complex. phosphatase was used as the second step antibody for 3 h at room
temperature or overnight at@. After a new washing step, plates
Correspondence: Laura Caponi, Clinical Immunology Unit, Istituto di were developed with freshly prepargenitrophenyl-phosphate
Patologia Medica, University of Pisa, Via Roma 67, 56126 Pisa, Italy. ~ substrate.
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Purification of anti-P protein antibodies sample buffer containing SDS, were run on a 10% polyacrylamide
Cyanogen bromide (CnBr)-activated Sepharose (Sigma Chemicael and then electrically blotted on a nitrocellulose sheet.
Co., St Louis, MO) was conjugated with the ribosomal MAP Anti-P antibodies were tested on rabbit thymus extract. Briefly,
(16 mg/g resin), and the residual active groups of the resin werd00mg of rabbit thymus (rabbit thymus acetone powder; Pel-
blocked by glycine 0-&. Immunoglobulins from 10 sera contain- Freeze) were dissolved in 2ml of PBS with NaCl raised to
ing anti-P antibodies and from three sera negative for anti-F0-35v and PMSF 2m and sonicated; it was centrifuged for
antibodies were precipitated with ammonium sulphate. 15min at 7000y in Microfuge, the supernatant was run on a
The precipitates were dissolved in PBS buffer, dialysed, andl5% polyacrylamide gel and then electrically transferred to a
applied to the column. For each serum the flow-through wasitrocellulose sheet in Tris—glycine—methanol buffer.
collected, and the antibodies binding to the column were eluted The same immunoblotting procedure was applied for all the
by 0-1v glycine buffer pH 2-8, neutralized and dialysed in PBS. antigens: nitrocellulose strips were cut, quenched by 5% non-fat
The eluates containing anti-P antibodies were tested on ELISA andhilk in Tris-buffered saline (TBS) for 1h at room temperature,
on immunoblot (IB) using ribosomal proteins purified as describedthen incubated with anti-P antibodies diluted in casein 2% in TBS
elsewhere [6]. After each elution the column was washed with highat 25ug/ml for 3 h at room temperature on a gentle rotating shaker.
salt acid and alkaline buffers, as recommended by theAfter extensive washing, the strips were incubated with anti-

manufacturers. human IgG antibodies conjugated with alkaline phosphatase, and
bound antibodies detected using 5-bromo-4-chloro-indoxyl-
ELISA for anti-SmD antibodies phosphate and nitroblue tetrazolium as substrate [12].

A recombinant SmD protein (rSmD) [7] (a kind gift from Prof. van
Venrooij) was used to coat polystyrene plates (Nunc Maxisorpimmunofluorescence
F96) at 1ug/ml in carbonate buffer. Plates were saturated withHuman mesangial cells grown on multiwell slides were fixed in 4%
PBS—bovine serum albumin (BSA) 3% for 1 h at room tempera-paraformaldehyde for 30 min and permeabilized with saponin
ture, and the samples were diluted in PBS—BSA 1%-TweerD-1%. After blocking with normal goat serum 1%, BSA 4%,
0-05%. The samples were incubated for 3h at room temperaturgaponin 0-1% in PBS, the cells were incubated with anti-P anti-
and after washing, incubated for 3 h either at room temperature doodies or control antibodies (5@/ml) for 3h at room tempera-
overnight at 4C with the detection antibody anti-human IgG (Fab ture. After three washings with PBS—saponin, the cells were
fragment) labelled with alkaline phosphatase. After a new washingtained with FITC-conjugated goat anti-human and A-chain
step, plates were developed with freshly prepgvedtrophenyl-  antiserum for 90 min at room temperature. After three washings
phosphate substrate. with PBS—saponin followed by three further washings with PBS,
Anti-SmD activity was also measured by an ELISA assaythe cells were mounted in glycerol.
employing seven synthetic peptides of 20 amino acids each, over-
lapping by four amino acids, and corresponding to the whole length RESULTS
of SmD [8]. The peptides were used atdfml in PBS for the
coating, and the ELISA assay was carried out as described abovene polyclonal anti-P antibodies, affinity-purified from anti-P-
for the recombinant SmD protein. When the C-terminal 95—-117positive lupus sera, were able to recognize the P protein C-terminal
peptide was used, 5% dry non-fat milk was substituted for BSA inpeptide on ELISA, and the PO, P1 and P2 proteins on immunoblot.
the saturation and sera dilutions in order to reduce the backgrounih contrast, no binding to a Gly-Ala peptide corresponding to the
caused by the strong positive charge of this sequence. repeats of the EBNA 1 molecule [13] was observed, thereby
All samples were tested in duplicate. One positive and oneexcluding the copurification of antibodies reactive with glycine-
negative control were included in each plate. All samples were alsoich sequences. The flow-through of the ribosomal MAP column
tested for non-specific binding to saturated, non-antigen-coatedhowed no anti-P activity (data not shown). No antibodies were
plates. The absorbance obtained on non-coated plates, which watited when immunoglobulins purified from Sm-positive, anti-
always <5%, was subtracted from the results obtained for theP-negative sera were absorbed on the ribosomal MAP column.

coated plates. The reactivity of anti-P antibodies with Sm antigens is pre-
sented in Table 1. Five out of 10 anti-P antibodies bound the SmD
Inhibition experiments recombinant protein on immunoblot (Fig. 1). Among the five

For the inhibition experiments, the amount of anti-P antibodies thapositive antibodies, three also bound rSmD on ELISA. Moreover,
gave 50% of the maximum binding on the solid phase wastwo antibodies that did not bind rSmD on immunoblot were
determined. This amount was then preincubated with differenpositive on ELISA assay with the same protein.
amounts of synthetic peptides or recombinant protein for 1h at When the antibodies were tested on the seven SmD peptides,
room temperature, before being transferred to antigen-coatefive out of 10 showed a strong binding capacity for the SmD C-
plates. The assay was carried out as for the direct binding assayterminal peptide. Three of them also bound the 75—-94 peptide. One
of these latter bound also the 1-19 peptide, while another one
Immunoblot bound the 60—79 peptide. However, binding to the N-terminal and
Anti-P antibodies were tested on rSmD protein. The lysates ofnternal sequences was always weaker than the binding capacity
untransfected and transfected bacteria were dissolved in sampte the C-terminal peptide. The five antibodies that bound the SmD
buffer containing SDS, gg/mn? was loaded, run on a 15% C-terminal peptide also bound the recombinant SmD on ELISA.
polyacrylamide gel [9] and then electrically transferred to a  In order to evaluate the specificity of this binding, inhibition
nitrocellulose sheet in Tris—glycine—methanol buffer [10]. experiments were performed using two polyclonal anti-P anti-
Recombinant SmB/Busion protein and its control [11] (akind bodies that demonstrated binding capacity to SmD both on ELISA
gift from Dr S. Hoch, Agouron Institute, La Jolla, CA), dissolved in and on immunoblot. The results obtained with one of the two
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Table 1. Reactivity of purified anti-P antibodies with Sm antigens

ELISA on

Anti-P antibody Immunoblotting on  Immunoblotting on  Immunoblotting on SmD peptides ELISA on C-terminal
number rabbit thymus rSmD rSmB/B ELISAon rSmD  other than C-terminal SmD peptide

1 B/B’ + + - ++

2 — + - - - -

3 D + - + 75-94 and 60-79 +

4 — — — — — —

5 B/B, D + + + 75-94 and 1-19 ++

6 B/B' - + + 75-94 ++

7 B/B' - + - - -

8 B/B and D + - - - -

9 Weak B/B - - + - ++
10 Weak B/B, weak D - - - -

polyclonal anti-P antibodies are shown in Fig. 2. When thethymus. The B/Bdoublet was detected on thymus extract by all the
antibodies were preincubated with rSmD, binding to the solid-antibodies reactive with the recombinant BAhd by three anti-
phase rSmD was inhibited (Fig. 2a). In contrast, preincubation wittbodies not reactive with the recombinant protein. Four anti-P
the ribosomal peptide did not result in more than 50% inhibition ofantibodies detected the D protein; three of them were also reactive
this binding (Fig. 2b). Moreover, preincubation with the control with blotted recombinant SmD (Table 1).

multiple antigen peptide liver-kidney-microsome antigen (LKM) The reactivity with nuclear proteins was further evaluated by
did not exert any inhibition, thereby excluding any reactivity of immunofluorescence. The two polyclonal anti-P antibodies that
anti-P antibodies with MAP backbone. A similar inhibition experi- demonstrated binding capacity to SmD both on ELISA and on IB
ment was performed using the C-terminal SmD peptide coated owere tested on cultured human mesangial cells. The two antibodies
the solid phase, and it was found that the binding of the anti-Pstained both the cytoplasm (mainly the perinuclear area) of
antibodies was effectively inhibited by the same peptide and lespermeabilized cells and, although more weakly, the nucleus (data
effectively inhibited by the ribosomal MAP (Fig. 3a). Conversely, not shown).
binding to solid-phase ribosomal MAP was fully inhibited by fluid-

phase ribosomal MAP and less effectively by the SmD C-terminal

peptide (Fig. 3b).

The anti-P antibodies were tested by immunoblot on theOur results show that a certain proportion of anti-ribosomal
recombinant SmB/Bprotein. Four out of 10 anti-P antibodies antibodies can also bind the D and/or B/@oteins of the Sm
showed binding capacity toward the recombinant protein (Fig. 4)complex. These conclusions are based on an analysis of the binding
Two of these positive antibodies also bound the rSmD protein. ability of affinity-purified anti-ribosomal antibodies to recombi-

The anti-P antibodies were also tested by immunoblot on rabbihant proteins of the Sm complex, to Sm proteins present in thymus

extract and to synthetic peptides of SmD.
Four polyclonal anti-ribosomal antibodies bound recombinant
SmB/B protein on immunoblot. Five out of 10 anti-P antibodies
bound the rSmD protein on immunoblot and five on ELISA. The
™ lack of full concordance between the results of the IB and the
( results of ELISA on rSmD was to be expected. IB is less sensitive

DISCUSSION
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Fig. 1. Binding of affinity-purified anti-P antibodies to rSmD protein. The Proteins (ug/ml) Peptides (ug/ml)

lysates from bacteria expressing SmD protein (a) and from untransfected

bacteria (b) were run on 15% SDS polyacrylamide gel and transferred té-ig. 2. Inhibition of binding to recombinant SmD protein (rSmD). Anti-P
nitrocellulose. The filters were probed with purified anti-P antibodies. Anti- antibodies were preincubated with rSmD (a) or ribosomal multiple antigen
P antibodies in lanes 1-3 detected a band of 18 kD (arrow) corresponding teeptide (MAP) (b) or appropriate controls and were then transferred to
rSmD. Lane 4 shows anti-P antibodies that did not bind rSmD. No reactivitrSmD-coated plates. Results are expressed as percentage inhibition: 100
with the control lysate was observed. (100x absorbance (antibody peptide)/absorbance (antibodybuffer)).
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a ribosomal MAP peptides. In cross-inhibition experiments, the ribosomal MAP
100 () 100 —(p,) ® SmD C-terminal only partially inhibited the binding of anti-P antibodies to rSmD,
5 go | ® ribosomal MAP 80 | 4 LKM and only at high concentrations. This suggests that the binding sites
3 e SmD C-terminal for the SmD and ribosomal P proteins are only partially overlapped
% 60 (— * LKM 60 — on the anti-P protein antibodies.
é 40 |- 40 |- The existence of cross-reactions among the various compo-
8 nents of the Sm/RNP complex is well known [14—17]. The B/B
& 20 20 [— and D proteins do not share any sequence homology, but there are
0 \ | . . examples of monoclonal and human antibodies that bind both
1 10 100 1 10 10 structures. The anti-Sm MoAb Y12 is able to recognize non-
Peptides (ng/ml) Peptides (pg/ml) homologous epitopes on the B/Bnd D proteins [16]. Affinity-

Fig. 3. Inhibition of binding to the SmD C-terminal peptide (a) o to the purified antibodies from human lupus sera have also been observed

ribosomal multiple antigen peptide (MAP) (b). Anti-P antibodies were to b'r_'d both the_B/Ba_‘nd D prOte'ns [15].
preincubated with either ribosomal MAP, or the SmD C-terminal peptide, ~ SiNCe cross-inhibition experiments were not performed, how-
or a control peptide, and were then transferred to plates coated with SmBVver, we could not determine whether the anti-ribosomal anti-
C-terminal peptide (a) or ribosomal MAP (b). Results are expressed abodies that bound both the SmD protein and the SrhpfBtein
percentage inhibition: 100 (100xabsorbance (antibodypeptide))  contained an antibody with triple specificity or two populations of
absorbance (antibodly buffer)). antibodies, one reacting with the SmD protein and the other
reacting with the SmB/Bprotein.

than ELISA, so it is reasonable that some antibodies would be The hypothesis of a cross-reactivity between ribosomal P
detected on ELISA but not by IB. On the other hand, the type androteins and the Sm antigen was first proposed in 1989, indepen-
degree of unfolding of the protein may differ in the two procedures.dently by two groups of researchers. Ellatral.[4] analysed lupus
Although in the transfer to the nitrocellulose sheet some proteinsera and reported a higher frequency of anti-P protein antibodies in
may be partially renatured, their conformation is less affected bythe anti-Sm-positive than in the anti-Sm-negative group. This same
coating to polystyrene plates than by gel separation and transfeassociation was found in MRL/Ipr mice, a murine model of lupus.
Thus, itis conceivable that the antibodies to linear epitopes may bAnti-Sm and anti-P antibodies had the same subclass distribution
better detected by IB. in lupus and in murine lupus. The existence of a cross-reactive

The reactivity of anti-P antibodies with Sm proteins was epitope was analysed by ELISA in two murine sera containing both
confirmed by IB on rabbit thymus and by immunofluorescenceautoantibody specificities. The authors used an affinity-purified Sm
on human mesangial cells. The anti-P antibodies that reacted withntigen and a synthetic peptide corresponding to the ribosomal P
recombinant Sm proteins detected the homologous protein also iprotein C-terminal amino acid sequence. Pre-incubation of the sera
rabbit thymus, with one exception (eluate 2). In three cases (eluatesith purified Sm antigen inhibited anti-Sm binding activity, but did
8, 9, 10), the anti-P antibodies reacted with Bf@ D from not inhibit anti-P activity, while preincubation with the P peptide
rabbit thymus, but not with the recombinant proteins, suggestingnhibited anti-P activity but did not inhibit anti-Sm activity. Based
that epitopes of the ‘natural’ antigen may be modified in theon these findings the authors excluded the presence of a cross-
recombinant one. reactive epitope.

The specificity of the SmD binding was verified by inhibition Instead of using purified anti-ribosomal antibodies, however,
experiments on ELISA. These experiments showed that antiElkon et al used unfractionated serum and an affinity-purified Sm
ribosomal antibodies can bind non-denatured rSmD and SmIantigen, which represents a complex of Sm proteins. The possible

a b a b a b a b a b

Fig. 4. Binding of affinity-purified anti-P antibodies to the recombinant SniBi®tein. The lysates from bacteria expressing recombinant
SmB/B protein (a) and from control bacteria (b) were run on 15% SDS polyacrylamide gel and were transferred to nitrocellulose. The filters
were probed with purified anti-P antibodies. Anti-P antibodies in lanes 1—-4 detected a band of 62 kD (arrow) corresponding to the recombinant
SmB/B. No reactivity with the control lysate was observed.
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presence in the serum of monospecific (e.g. not cross-reactive withd Elkon KB, Bonfa E, Lovet R, Eisenberg RA. Association between
ribosomal proteins) anti-Sm antibodies may have hampered the anti-Sm and anti-ribosomal P protein autoantibodies in human systemic
detection of the cross-reactive antibody population. lupus erythematosus and MRy mice. J Immunol 19891431549~

In the other study, Nojimat al.[18] affinity-purified autoanti- . i“' EM. Cohen AS. Fries J8t al The 1982 revised criteria. for th
bodies directed against another acidic ribosomal protein, RP21, an =i, Lohen As, Fries J& a. 1he revised criteria for the

. . . . classification of systemic lupus erythematosus. Arthritis Rheum 1982;

that apparently has no structural relationship with the P proteins. 2512717
They observed that the e_mtn-RPZl antibodies rer_:lcted on a blqttecg Caponi L, Pegoraro S, Di Bartolo V, Rovero P, Revoltella R,
nuclear extract with proteins whose TT'OleCU'ar weight was identical  gompardieri S. Autoantibodies directed against ribosomal P proteins:
to that of the B/Band D of the Sm antigen. Moreover, two MoAbS,  use of a multiple antigen peptide as the coating agent in ELISA. J
one directed against the SmD antigen and the other able to bind Immunol Methods 1995179193-202.
both the SmD and the SmB/Bntigens, recognized RP21 on IB. 7 Studier FW, Rosenberg AH, Dunn JJ, Dubendorff JW. Use of T7 RNA
On the basis of inhibition experiments, the authors concluded that polymerase to direct expression of cloned genes. Methods Enzymol

there was a cross-reaction between protein antigens of the Sm 1990;18560-89. . . S
complex and RP21. 8 Sabbatini A, Dolcher MP, Marchini B, Bombardieri S, Migliorini P.

In conclusion, our work demonstrates for the first time that Mapping of epitopes on the SmD molecule. The use of multiple antigen

purified anti-P antibodies can cross-react with either the SmD gi‘::ﬁ;g gz%szlgiéuggggnbomes In systemic lupus erythematosus. J
protein or with the S.,mB/Bprotem. Our re.sult.s agree W'th. preylous 9 Laemmli EK. Cleavage of structural proteins during the assembly of the
observations showing that the autoantibodies developing in Spon- head of bacteriophage T4. Nature 19207:680—5.

taneous autoimmune diseases often react with various autoantigemns Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of proteins
located in the cell or on the cellular surface. Since the C-terminal  from polyacrilamide gels to nitrocellulose sheets: procedure and some
peptide of the ribosomal P proteins does not show any sequence applications. Proc Natl Acad Sci USA 19786:4350—4.

homology with the SmD and SmB’/E)roteinsl a conformational 11 Rokeach LA, Jannatipour M, Hoch SO. Heterologous expression and
rather than a sequential determinant is probably involved in this €pitope mapping of a human small nuclear ribonuclein-associated
cross-reactivity. Our results suggest that, at least in some cases, the SMB/B autoantigen. J Immunol 1990441015-22. _
presence of multiple specificities in the sera of patients Withlz Blake MS, Johnston KH, Russell-Jones GJ, Gotschlich EC. A rapid,

toi di be due t limited b f ) sensitive method for detection of alkaline phosphatase-conjugated
au 0|mmun§ ISeases m",iy € due 1o a imited number or cross anti-antibody on western blots. Anal Biochem 198486:175-91.
reactive antibody populations.

13 Baboonian C, Venables PJW, Williams DG, Williams RO, Maini RN.
Cross reaction of antibodies to a glycine/alanine repeat sequence of
Epstein—Barr virus nuclear antigen-1 with collagen, cytokeratine, and
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