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IgG and IgM anti-snRNP reactivity in sequentially
obtained serum samples from patients with
connective tissue diseases

Ulf Nyman, Ingrid Lundberg, Eva Hedfors, Marie Wahren, Ingvar Pettersson

Abstract
Sequentially obtained serum samples from 30
patients with connective tissue disease positive
for antibody to ribonucleoprotein (RNP) were
examined to determine the specificities of IgG
and IgM antibodies to snRNP during the
disease course using immunoblotting of
nuclear extracts. The antibody patterns were
correlated with disease activity. The patterns
of antibody to snRNP of individual patients
were mainly stable during the study but
changes in levels of antibody to snRNP were
seen corresponding to changes in clinical
activity. These results indicate that increased
reactivity of serum IgM antibodies against the
B/B' proteins seems to precede a clinicaily
evident exacerbation of disease whereas IgG
antibody reactivity to the 70 K protein peaks
at the time of a disease flare.

(Ann Rheum Dis 1992; 51: 1307-1312)
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Autoantibodies reacting with different nuclear
and cytoplasmic constituents are characteris-
tically found in serum samples from patients
with connective tissue diseases. The presence of
some of these autoantibodies is associated with
particular clinical manifestations.' High serum
titres of IgG antibodies reacting with a ribo-
nucleoprotein (RNP) antigen was thus included
as one of the defining criteria of mixed conective
tissue disease in a group of patients with
connective tissue disease sharing clinical features
with systemic lupus erythematosus, progressive
systemic sclerosis, and polymyositis.2 Auto-
antibodies to RNP are also found in serum

samples from patients with SLE but usually in
lower titres and often associated with antibodies
of another specificity designated antibodies to
Sm.3

Antibodies to RNP and Sm react with
different protein components of the U snRNPs,
a group of small nuclear RNA protein complexes
involved in the splicing of hnRNA.' Antibodies
to RNP recognise the 70K, A, and C proteins
unique to the Ul snRNP RNA-protein com-
plex.57 The major RNP antigen is the 70K
protein."' Antibodies to Sm recognise epitopes
present on the B/B' and D proteins, which are
common to all the UsnRNPs."
With at least five different RNP and Sm

antigenic snRNP proteins identified, investi-
gators have re-examined the initially observed
associations between the presence of antibodies
to RNP and Sm in serum samples and certain
clinical findings.9 12-15 Statistically significant
correlations between reactivity against specific

snRNP proteins and the presence of certain
clinical symptoms and signs have been
reported.8 10 14 16-19 In one longitudinal study
decreasing titres of antibodies to RNP were
found in patients with connective tissue disease
in prolonged clinical remission following inten-
sive treatment with corticosteroids and cyto-
toxic drugs, indicating an association between
changes in clinical manifestations and changes
in antibody titre.9 In another longitudinal
study of patients with connective tissue disease
with mild disease and few occasions of exacer-
bation of disease a clearcut correlation between
changes in antibody titre and clinical activity
was not found.'7 This indicates that apart from
methodological differences in the detection of
autoantibodies patient selection is crucial and
greatly affects the outcome of different studies.
The aim of this investigation was to study the

specificities of antibodies to snRNP in sequen-
tially obtained serum samples during the
disease course of patients positive for antibody
to RNP. The patients were initially selected
only on the basis of being positive for antibody
to RNP and were then followed up regularly.
A further purpose of this longitudinal study was
to analyse whether changes in antibodies to
snRNP of both the IgG and IgM isotypes were
correlated to changes in disease activity.

Patients and methods
PATIENTS
Between 1980 and 1989 serum samples from
patients admitted to the department of rheuma-
tology, Huddinge University Hospital with
symptoms or signs indicating inflammatory
connective tissue disease were analysed for the
presence of antinuclear antibodies at the depart-
ment of clinical immunology, Huddinge
University Hospital. All serum samples showing
a speckled nuclear immunofluorescence pattern
were routinely analysed by counterimmuno-
electrophoresis for the presence of antibodies
reacting with ribonuclease sensitive ribonucleo-
protein. Serum samples positive by counter-
immunoelectrophoresis were sequentially
obtained from 30 patients (24 women and six
men). The table summarises clinical data and
the characterisation of the patients, which has
been reported previously. '5 Exacerbation of
disease or 'flare' was defined as the appearance
of new or deterioration of current clinical
manifestations, or laboratory tests indicating
additional or progressive organ disease-that is,
chest radiographs, haematological data, muscle
enzymes, kidney function tests, and urine
analyses.
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DETECTION OF snRNP POLYPEPTIDE ANTIGENS BY
IMMUNOBLOTTING
The various snRNP polypeptides were identified
as described previously20 on immunoblots with
nuclear extracts made from HeLa cells as the
antigen source.

DETECTION OF 70K RECOMBINANT ANTIGEN BY
IMMUNOBLOTTING
An Escherichia coli extract containing a recom-
binant 70K fusion protein corresponding to
amino acid residues 63-194 in the 70K sequence
was used as a source of antigen for immuno-
blotting.20

DENSITOMETRY OF IMMUNOBLOT STRIPS
To measure the differences in staining intensity
seen on the immunoblot strips they were

scanned using computed image analysis for
densitometry. Each series of serum samples was

used to generate at least three sets of immuno-
blot strips and each set was analysed on more

than one occasion. Staining with the same

serum sample on different occasions and
rescanning immunoblot strips gave reproducible
results. The intensity of staining on the immuno-
blot strips was registered by a Pasecon video
camera (Grundig). The signal was transferred to
and processed in a Zeiss/Kontron IBAS image
analysis computer. Briefly, sections of each
individual band on the immunoblot strips were

laterally limited ensuring a uniform measurement
of the staining intensity. Within the square
formed, the area was measured, and the number
of pixels and the grey value of each individual
pixel was determined. The summarised grey

value was computed, expressed in arbitrary
units (A.U.) and used in graphs as a quantitative

measurement of the staining. The range from a

barely visible to a maximally strong band
corresponded approximately to a difference
between 50 and 1000 A.U.

Results
DETECTION OF snRNP POLYPEPTIDE ANTIGENS BY
IMMUNOBLOTTING OF SEQUENTIALLY OBTAINED
SERUM SAMPLES POSITIVE FOR ANTIBODY TO RNP
Most of the serum samples contained IgG and
IgM antibodies reacting with one or several of
the snRNP proteins on some occasion. A
characteristic discrepancy in the recognition
pattern of the two isotypes was seen in most
samples, however (figs IA and 1B).

REACTIVITY OF IgG ANTIBODIES TO snRNP
The Western blot results obtained showed that
26 of 30 series of serum samples reacted with
the 70K protein at some point. Serum samples
reacted less often with the A, B/B' and C
polypeptides (table).
The blots of each individual series of serum

samples showed a characteristic pattern recog-

nising one or several snRNP proteins (figs IA
and 1B). Immunoblotting with the same series
of serum samples against recombinant 70K
protein produced the same qualitative relation
between the different serum samples but the
signal obtained was much stronger (fig IC).

Seven series of serum samples did not change
substantially in levels of staining intensity or

recruitment of new specificities between the
observation points. The remaining series
showed more obvious changes with respect to
levels of reactivity towards the snRNP proteins.
Examples of three such profiles are shown (figs
2-4). An increasing reaction against the 70K

Summary of clinical and serological data on the 30 patients positive for antibody to RNP

Patient Diagnosis Length of No of Drugs Ig(i IgM
No study period observations

(months) 70K A BIB' C 70K A BIB' C

1 MCTD 70 12 X X X X X X X
2 MCTD 21 8 X X X X
3 MCTD 68 12 X X X X X
4 UCTD 38 9 X X X X X
5 MCTD 52 12 X X X X X
6 MCTD 16 2 X (X) (X) X X
7 JCA 10 2 X X X (X) X X X
8 MCTD 21 11 X (X) X (XJ
9 UCTD 41 13 X X X (X) X X X
10 MCTD 62 7 P X X (X) (X) X X (X)
11 MCTD 52 11 P X (X) X X X
12 Prim. SS 54 11 P X X X X X X X X
13 UCTD>SLE 85 12 Cy, P, A X (X) X X X X X
14 MCTD 66 7 Ch, P X X X X X X
15 MCTD 69 22 Ch, P X (X) (X) X X X
16 MCTD 34 13 P, A X X X X X X
17 MCTD 15 3 X (X) (X) (X) X X X
18 MCTD 9 3 Ch X (X) X X (X)
19 MCTD 7 4 Ch, P X X X X X X
20 RA+SS 30 4 P, A X X X X (X)
21 SLE+MCTD 40 9 X (X) X X X X X
22 MCTD 20 6 P X X X X (X)
23 MCTD 22 4 X X X X X (X) (X) X
24 Prim. SS 47 7 X
25 MCTD 47 10 (X)
26 SLE 31 3 P (X) X
27 Raynaud 59 7 X X
28 SLE 59 11
29 PSS 11 4 X
30 SLE 45 7 Ch, P X

Diagnoses: MCTD-mixed connective tissue disease, UCTD=undefined connective tissue disease, JCA= juvenile chronic arthritis,
Prim. SS=primary Sjogren's syndrome, SLE=systemic lupus erythertiatosus, RA=rheumatoid arthritis, SS=Siogren's syndrome,
Raynaud=Raynaud's phenomenon, PSS=progressive systemic sclerosis. Drug abbreviations: A=azathioprine, Ch=chloroquine
phosphate, Cy=cyclophosphamide, P=prednisolone. Western blot results using HeLa cell nuclear extract. Positive blot results against
snRNP proteins 70K, A, B/B', and C are indicated by X=strong signals and (X)=weak signals.
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protein was accompanied by an increasing
reaction against the other snRNP proteins and
sometimes by a recruit ofnew antibodies against
the other snRNP proteins. The reverse situation
with decreasing reactivity against the 70K
protein was paralleled by a decreased reactivity
or loss of reactivity against the other snRNP
proteins.

It was not possible to establish any obvious
correlation in terms of ordered increase or
decrease of A, B/B', and C staining intensity in
relation to fluctuations of the levels of activity
against the 70K protein.

REACTIVITY OF IgM ANTIBODIES TO snRNP
In contrast to the IgG results most serum
samples showed weak or no IgM reactivity
against the 70K protein. Almost all the serum
samples positive for antibodies toRNP contained

A B

IgM antibodies directed against predominantly
B/B' (26 of 30 samples) and also against A and
C snRNP polypeptides (table). As for the IgG
antibodies it was possible to distinguish between
series of serum samples with minor (fig 2) or
more pronounced (figs 3 and 4) variations in
total reactivity against the snRNP proteins. An
increasing reaction against the B/B' protein was
correlated with a shift in reactivity against the
other snRNP proteins and with recruitment
of new antibody specificities against the other
snRNP proteins. The reverse situation, with
decreasing reactivity against the B/B' protein,
was paralleled by a decreased reactivity or loss
of reactivity against the other snRNP proteins.
It was not possible to establish any ordered
correlation in terms of increased or decreased
70K, A, and C staining intensity in relation to
fluctuations of the level of reactivity against
B/B' protein.
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Figure I Detection ofsnRNP polypeptide antigens by immunoblotting. (A) IgG antibodies reactive with snRNP
polypeptide antigens in HeLa cell nuclear extract. (B) IgM antibodies reactive with snRNP polypeptide antigens in HeLa cell
nuclear extract. (C) IgG antibodies reactive with recombinant 70K antigen. Lane 1: serum samplefrom patient 2 (table).
Lane 2: serum samplefrom patient II (table). Lane 3: Serum samplefrom patient 16 (table). Lane 4: serum samplefrom
patient 4 (table).
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Figure 2 Detection ofsnRNP polypeptide antigens with sequentially obtained serum samples from patient 2 (table). (A) IgG antibodies reactive with snRNP
polypeptide antigens in HeLa cell nuclear extract. (B) IgM antibodies reactive with snRNP polypeptide antigens in HeLa cell nuclear extract. (B) IgM
antibodies reactive with snRNP polypeptide antigens in HeLa cell nuclear extract. (C) Plot ofdensitomet'y values in arbitrary units (arb. units) obtained by
scanning the blots shown in (A) and (B). (O) IgG antibodies reactive with the 70K protein; (*) IgM antibodies reactive with the BIB' protein. Arrow denotes
a timepoint when exacerbation ofthe disease was first noted. Patient 2 has a relatively mild disease and did not receive drug treatment during the observation
period.
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RELATIONSHIP BETWEEN ANTIBODIES TO snRNP OF
IgG AND IgM CLASSES
Antibodies to snRNP of IgG and IgM classes
were present in serum samples for an extended
period of time, often several years, but with
different specificities. Most serum samples
showed a high and longstanding IgG reactivity
against the 70K protein, but a low or absent
IgM reactivity. A minority of IgG antibodies
reacted against B/B', which was the major
specificity of the IgM antibodies. In addition to
being the most commonly recognised snRNP
antigen for IgM antibodies B/B' was also the
antigen against which IgM antibodies showed
the greatest variation in reactivity. IgM anti-
bodies towards B/B', A, and C protein could
exist independently or coexist with IgG anti-
bodies directed towards the same proteins
(table).

! 3 4 5 6 7 8 9 10

Serum samples with unchanged reactivity of
IgG antibodies also exhibited constant reactivity
of IgM antibodies. In the patients with variable
reactivity against snRNP antigens, however,
integrated optical density measurements of
Western blots were performed on the 70K and
B/B' bands visualised by IgG and IgM antibodies
respectively. These plots showed changing levels
of IgM B/B' staining intensity preceding a
corresponding change in IgG 70K staining
intensity. The IgM B/B' changes were manifest
several weeks before the IgG 70K changes (figs
2-4).

RELATION BETWEEN ANTIBODY PROFILE AND
CLINICAL STATUS
Minimal serological changes were observed for
seven patients. Six of these had a clinically low
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Figure 3 Detection ofsnRNP polypeptide antigens with sequentially obtained serum samplesfrom patient 11 (table). (A) IgG antibodies reactive with
snRNP polypeptide antigens in HeLa cell nuclear extract. (B) IgM antibodies reactive with snRNP polypeptide antigens in HeLa cell nuclear extract.
(C) Plot ofdensitometry values obtained by scanning the blots shown in (A) and (B). (O) IgG antibodies reactive with the 70K protein. (*) IgM antibodies
reactive with the BIB' protein. The closed arrow in the centre indicates the timepoint when exacerbation ofdisease was noted. The open arrows to the left and
right indicate occasions when myositis was observed. The open bars indicate periods oftreatment with prednisolone.
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Figure 4 Detection ofsnRNP polypeptide antigens with sequentially obtained serum samplesfrom patient 16 (table). (A) IgG antibodies reactive with
snRNP polypeptide antigens in HeLa cell nuclear extract. (B) IgM antibodies reactive with snRNP polypeptide antigens in HeLa cell nuclear extract.
(C) Plot ofdensitometry values obtained by scanning the blots shown in (A) and (B). (El) IgG antibodies reactive with the 70K protein. (*) IgM antibodies
reactive with the BIB' protein. The arrows denote timepoints corresponding to exacerbation ofdisease. During the study period patient 16 had an active disease
and was receiving continuous treatment with prednisolone. The firstflare, leftmost arrow, was also treated with azathioprine.
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activity of disease during the period of study. In
23 patients increases in antibody levels or the
appearance of new specificities were associated
with clinical activity, mainly myositis, arth-
ralgias, arthritis, leucopenia, thrombocytopenia,
sicca symptoms, and serositis. The specificities
with the most frequently occurring changes
were the IgG antibodies to the 70K protein and
the IgM antibodies to B/B' protein. Thus in 16
patients an exacerbation of disease was seen
coinciding with an increase in IgG reactivity
against the 70K protein. An increased IgM
reactivity against the B/B' protein was found to
precede the clinical aggravation in 11 of these
patients. Periods of decreased reactivity against
snRNP were observed in the immunoblotting
pattern from 21 patients. These occasions cor-
responded to periods of clinical remission,
either spontaneous or following drug treatment.

Discussion
In this work immunoblotting was used to
analyse sequentially obtained serum samples of
30 patients with connective tissue disease
positive for antibody to RNP. The presence of
antibodies of both the IgG and IgM isotypes
reacting with the various snRNP proteins
was examined. Semiquantitative data on
variations in titre were obtained by densitometry
of the blots. When probing for IgG antibodies
the 70K protein was detected by immunoblotting
ofHeLa cell nuclear extracts in 26 of 30 series of
serum samples. For 17 of the patients positive
for antibodies to the 70K protein the diagnosis
was mixed connective tissue disease (table).
This confirms previous studies showing
reactivity against the 70K protein as the reac-
tivity most strongly associated with antibodies
to RNP6 7and the diagnosis ofmixed connective
tissue disease."'0 14 Of the four serum samples
lacking reactivity against the 70K protein one
showed reactivity against the snRNP A protein
(table, No 29) whereas the remaining three
(table, Nos 27, 28, and 30) did not recognise
any snRNP protein.

All series of serum samples showed some
level of variability over time in their pattern of
IgG reactivity against the various snRNP
proteins. A recurrent observation was that some
serum samples showed modest changes in their
overall reactivity in samples obtained on different
occasions over several years. These serum
samples were from patients not receiving any
drug treatment during the observation period.
They were usually clinically inactive or had
manifestations not responsive to corticosteroids
or immunosuppressive drugs, such as Raynaud's
phenomenon or puffy hands.
More pronounced changes in IgG reactivity

against snRNP were noted in serum samples
from patients receiving constant or intermittent
drug treatment. In these patients, corticosteroids
and immunosuppressive drugs were mainly
used in the treatment of recurrent pulmonary
changes or relapsing polymyositis. The antibody
changes seen in treated patients were manifested
as an increased or decreased IgG reactivity
primarily against the 70K protein but could also
include changing IgG reactivity against the A,

C, and B/B' proteins. In a few patients recruit-
ment of new specificities was observed. In
neither instance was it possible to detect a
common order of appearance or disappearance
of specificities.

It appeared that an increased reactivity
against snRNP correlated with an aggravation
of the clinical status of the patient. In patients
with mild aggravation of clinical symptoms or
symptoms suppressed by drug treatment an
increased reactivity against snRNP could still be
observed. In no patient was a major change in
clinical status observed without concomitant
changes in antibody reactivity.
IgM antibodies reacting with snRNP proteins

were present in 26 of the 30 series of serum
samples tested. In contrast with the IgG results,
IgM antibodies to the 70K protein were only
detected in nine patients. The most commonly
observed specificity was antibodies to B/B'
(table). IgM antibodies against the A and C
proteins were also often represented, however.
Interestingly, these specificities were present
in some serum samples for seven years without
switching to the IgG isotype. In other serum
samples a coexistence between IgG and IgM
antibodies to snRNP directed towards the same
polypeptides was observed over a period of
several years.
As for the IgG antibodies, all IgM antibodies

to snRNP showed fluctuations in levels of
staining intensity. These variations were more
pronounced in patients with clinically active
disease. In addition, in most patients the
changes seemed to be correlated with major
disease activity by preceding exacerbation of
disease. In one patient (No 11, fig 3C) drug
treatment (prednisolone) was initiated when
myositis was observed and subsequently with-
drawn after a clinically calm period. At this time
the IgM reactivity against B/B' was increasing
but the IgG reactivity to the 70K protein was
still unchanged. At the next observation point
an increase in the level of the IgG reactivity
against the 70K protein was detected and
eventually a flare of disease developed. The
patient was treated with steroids again and
improved clinically. The reactivities of IgM
against B/B' and IgG against 70K had then
already peaked and were decreasing. From
our observations it seems that the variation in
the levels of antibody to snRNP rather than the
level per se is coupled to disease activity.
Especially noteworthy is the observation that
changes in the level of the IgM antibodies
against B/B' seem to precede the clinically
observed flares, even though they might also
reflect an increase in total IgM levels.

In conclusion, our observations suggest that
for certain patients positive for autoantibody to
RNP with an active connective tissue disease,
reactivity against the 70K protein by IgG
antibodies peaks at the time of exacerbation of
disease. In addition, increased reactivity by IgM
antibodies against the B/B' proteins seems to
precede the increase in reactivity to the 70K
protein as well as the clinically evident exacer-
bation in the individual patient. A larger
number of patients should be analysed prospec-
tively to establish these observations.
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