
Autoantibody against ribosomal protein L14 in patients with 
systemic lupus erythematosus

H. Hasegawa1, T. Uchiumi2, T. Sato3, A. Saito1, M. Nakano1, F. Gejyo1

1Department of Medicine (II), Niigata University School of Medicine, Niigata; 
2Institute of High Polymer Research, Faculty of Textile Science and Technology,

Shinshu University, Ueda; 3Sato Medical Clinic, Joetsu, Japan.

Abstract
Objective

To isolate a specific antibody against ribosomal protein L14 and to assess the relationship of this antibody with some
of the clinical features in patients with systemic lupus erythematosus (SLE).

Methods
We screened the sera of SLE patients by immunoblotting analysis using rat total ribosomal proteins as antigen to

determine whether sera had antibody activity against ribosomal proteins other than the P, S10, and L12 proteins. The
sera from 2 patients had antibody activity against a 30-kDa ribosomal protein. This antigenic protein was identified

to be ribosomal protein L14 by two-dimensional gel electrophoresis and immunoblotting, so the antibody against
L14 was tested by immunoblotting analysis using glutathione-S-transferase fusion human-L14 protein (GST-L14) as
the antigen. We examined sera from 126 patients with SLE, and as controls sera from 67 patients with dermatomyosi-

tis and polymyositis (DM/PM), 71 patients with systemic sclerosis (SSc), and 74 healthy donors.

Results
Antibody activity against GST-L14 was detected in 7 out of 126 SLE, but not in any of the DM/PM, PSS, or healthy

controls. 

Conclusion
Antibody against ribosomal protein L14 was specifically detected in sera from patients with SLE. Although this anti-
body activity was not so prevalent in the patients with SLE, it might be one of the useful tools for diagnosis of SLE.
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Introduction
Systemic lupus erythematosus (SLE) is
ch a ra c t e ri zed by the production of
diverse autoantibodies against nuclear
and cytoplasmic components (1, 2 ) .
Antibodies against ribosomal P, L 1 2
and S10 proteins are detected at various
levels specifically in patients with SLE
(3-6). Anti-ribosomal P antibodies have
been reported to be related to a specific
clinical manifestation, central nervous
system involvement (CNS lupus) (7),
although this association is still contra-
versial. We have investigated antibody
activity to ribosomal proteins in lupus
sera and have been aware of the pres-
ence of autoantibodies against riboso-
mal proteins other than P, L12 and S10
p roteins in some lupus sera. In this
study we identified one of these auto-
antibodies and demonstrated that it re-
cognizes L14 ribosomal protein. 

Materials and methods
Screening of antibodies against 
ribosomal proteins
Lupus sera were screened for antibody
activity against rat ribosomal proteins
other than the P, S10, and L12 proteins
by immunoblotting. Two SLE patient
(patient nos. 6 and 7) sera contained
antibody to a 30-kDa ribosomal pro-
tein. This antigenic ribosomal protein
was identified by two-dimensional gel
electrophoresis and immunoblotting.

Patients
Sera were obtained from 126 Japanese
patients (age range 15-58 years) with
systemic lupus ery t h e m atosus as de-
fined by the A m e rican College of
Rheumatology criteria (8). Sera from
67 patients (age ra n ge 15-71 ye a rs )
with poly myo s i t i s / d e rm at o myo s i t i s
( P M/DM) as defined by the criteria of
Bohan et al. (9), from 71 patients (age
range 16-65 years) with systemic scle-
rosis (SSc) defined by the A m e ri c a n
College of Rheumatology criteria (10),
and from 74 healthy donors (age range
18-59 years) were used as disease and
normal controls. All patients had been
treated in the Niigata University Hospi-
tal and serum samples were taken at the
time of admission and stored at -80°C
until use.

Ribosomal proteins
The total ribosomal proteins (TP80)
were prepared from rat livers by homo-
genization and discontinuous gradient
u l t ra c e n t ri f u gation as described by
Ogata & Terao (11). 

Electrophoresis and immunoblotting
One-dimensional polyacrylamide-SDS
gel electro p h o resis (12) and two - d i-
mensional gel electro p h o resis (13) we re
p e r fo rmed as prev i o u s ly descri b e d.
Immunoblotting was carried out as des-
c ribed prev i o u s ly (14, 6) using pa-
tients’sera diluted 1:100 as the primary
antibody, followed by horseradish per-
ox i d a s e - c o n j u gated anti-human IgG
diluted 1:800 as the secondary anti-
b o dy (DA KO, G l o o s t ru p , D e n m a rk ) .
The antibody-bound position was visu-
alized using a standard substrate solu-
tion.

Plasmid construction and recombinant
human L14 protein
A full-length complementary DNA
( c D NA) clone for human ri b o s o m a l
protein L14 (15) was a kind gift of Dr.
M. Tanaka (The National Institute of
Bioscience and Human-Te ch n o l ogy,
I b a ra k i , Japan). The region encoding
the whole L14 molecule was amplified
by poly m e rase chain reaction (PCR)
and inserted between EcoRI and XhoI
sites located downstream of the GST
sequence in the pGEX-KG expression
vector (16), which was kindly provided
from Dr. Robert A. Orlando (University
of California,San Diego,CA). The glu-
t athione S-tra n s fe rase (GST) fusion
protein was expressed in Escherichia
coli ( D H 5 ) and puri fied using Glu-
t athione Sep h a rose 4B (Amers h a m
Pharmacia Biotech AB, Uppsala, Swe-
den) as described (17).

Clinical and serological parameters in
the patients with antibody against L14
Clinical and laboratory findings at the
time of serum sampling were collected
retrospectively. Serum levels of immu-
nogloblins (IgG, IgA, IgM) and com-
plements (C3, C 4 , CH50) we re ob-
tained using standard hospital tech-
niques. Anti-ds DNA antibody wa s
examined by an indirect immunofluo-
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rescence test on the Crithidia luciliae ,
ra d i o i m mu n o a s s ay using the Fa rr, o r
e n z y m e - l i n ked immunosorbent assay
(ELISA). Anti-Sm, anti-RNP, anti-SS-
A (Ro), anti-SS-B (La), and anti-Scl-70
(Topo-I) antibodies were examined by
the double immunodiffusion method or
ELISA. Anti-histone H1 antibody was
measured by immunoblotting analysis
using purified histone H1 derived from
calf thy mus (Roche Molecular Bio-
ch e m i c a l s , M a n n h e i m , G e rm a ny) as
the antigen according to the method
described by Schett et al. (18). 

Statistical analysis
The difference between disease groups
in the prevalence of antibody against ri-
bosomal protein L14 was evaluated by
Fisher’s exact probability test. A level
of P < 0.05 was accepted as statistically
significant.

Results
Screening of antibodies to rat 
ribosomal proteins
We screened sera from patients with
SLE to detect antibodies against ribo-
somal proteins. Immunoblotting analy-

sis was performed using rat total ribo-
somal proteins as antigens. The sera
from two SLE patients (patient nos. 6
and 7) contained antibodies to a 30-
kDa ribosomal protein (Fi g. 1). To
identify this 30-kDa ribosomal protein,
we analyzed total protein from rat liver
ribosomes by two-dimensional ge l
electrophoresis, followed by immuno-
blotting with serum from SLE patient
(no. 7) serum. As shown in Figure 2,
this serum reacted with a specific ribo-
somal protein. This protein was identi-
fied as the large subunit protein L14,
according to the numbering system of
mammalian ribosomal proteins on two-
dimensional gel (13). Although the mo-
lecular weight of rat L14 is estimated to
be 23 kDa from its amino acid se-
quence (19), the molecular weight esti-
mated from mobility of this protein on
polyacrylamide-SDS gel was 30 kDa.

Reactivity of antibodies to human L14
ribosomal protein
G S T-L14 fusion protein (GST- L 1 4 )
was expressed, purified, and resolved
by 16 % polyacrylamide-SDS gel elec-
trophoresis. As shown in Figure 3, a
52-kDa protein corresponding to the
predicted size of GST-L14 was detect-
e d. Since it was re c og n i zed by both
rabbit poly clonal IgG anti-GST anti-
b o dy (Upstate Biotech n o l ogy, L a ke
P l a c i d, NY) and SLE patient seru m
(no. 7), this 52-kDa protein was con-
firmed to be GST-L14. Among serum
samples from 126 SLE patients, 7 had
reactivity against GST-L14 by immu-
noblotting (Fig. 4). 
To eliminate the influence of anti-ds
DNA antibody against DNA that may
bind to ribosomal protein L14, we per-
formed immunoblotting using these 7
sera pre-incubated with 50 units/ml of
DNase I (Nippon gene, Tokyo, Japan)
for 1 hour at 37°C. Antibody activity
against GST-L14 was still present in
these 7 sera after DNA digestion (not
shown). This suggests that the antibody
a c t ivity against L14 is not via L14-
binding DNA and anti-ds DNA anti-
body. 
In contrast, no GST-L14 reactivity was
detected in sera from 67 patients with
PM/DM, 71 patients with SSc, or 74
h e a l t hy donors by immu n o bl o t t i n g.

Fig. 1. Screening of antibodies against ribosomal proteins in lupus sera. Total ribosomal proteins were
electrophoresed on 16% polyacrylamide-SDS slab gels and transferred to nitrocellulose membranes.
Nitrocellulose membranes were incubated with 1/100 diluted lupus sera. Sera in lanes 2,4,and 7 con-
tained anti-ribosomal P antibody activity, and sera in lanes 9,10,12,and 13 contained antibody activi-
ty against a 20-kDa ribosomal protein that seemed to be either S10 or L12. Sera from patient no. 7 (lane
19) and no. 6 (lane 20) contained antibodies against a 30-kDa protein (arrow).

Fig. 2. Reactivity of serum from an SLE patient (no. 7) with L14 ribosomal protein separated by two-
dimensional gel electrophoresis. Total ribosomal proteins were separated by two-dimensional poly-
acrylamide gel electrophoresis system with basic urea gel in the first dimension (1D) (pH 8.6) and sodi-
um dodecyl sulfate (SDS) gel in the second dimension. The separated proteins were transfer red from
the gel to a nitrocellulose membrane, followed by immunoblotting with patient serum. The position
corresponding to reactivity with L14 ribosomal protein is indicated by the arrow.
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Therefore, anti-GST-L14 antibody was
specifically found in the SLE patients
(P < 0.05). Although 6 of these 7 sera
samples contained reactivity to a 30-
kDa ribosomal protein that was as-
sumed to be rat ribosomal protein L14,
one serum sample (patient no. 2) did
not react with rat ribosomal pro t e i n
L14 by immunoblotting using rat total
ribosomal proteins as the antigen (Fig.
5). 

Clinical features of patients with 
anti-GST-L14 antibody
Table I shows clinical features of the
SLE patients with anti GST-L14 anti-
body. Although these 7 patients did not
h ave any common clinical fe at u re s ,
skin, joint, and hematological involve-
ment were frequently observed. Six out
of 7 patients had low complement lev-
els, and all 7 had anti-ds DNA antibo-
dy. Anti-histone H-1 antibodies were

detected in only 2 sera out of 7 (Table
II).

Discussion
Ribosomal components including P
proteins, S10 protein, L12 protein, and
28S rRNA (20) are known to be
autoantigens in lupus sera, although the
m a j o rity of autoantigens in SLE are
components of the nu cleus such as
D NA , small nu clear ri b o nu cl e o p ro-
teins, and histones. We have demon-
strated that a portion of anti-Sm anti-
bodies cross-react with the ribosomal
S10 protein (21,22). Tsuzaka et al. pre-
v i o u s ly rep o rted that some anti-ds
D NA antibodies cro s s - react with the
ribosomal S1 protein (23). Therefore,
antibody activity against some riboso-
mal proteins might result from cross-
reactivity against nuclear components.
In this study, we found a novel auto-
antigen that we identified to be the ri-
bosomal protein L14, and demonstrat-
ed that autoantibody against this pro-
tein was detected specifically in lupus
sera. At first we predicted that this anti-
body activity was due to cross-reactivi-
ty of the antibody against some nuclear
components. Comparison of the amino
acid sequence of human ribosomal L14
with the BLAST dat abase indicat e d
that L14 had amino acid sequence si-
m i l a rity to histone H1 (15, 2 4 , 2 5 ) .
However, in this study only 2 out of 7
s e ra had anti-histone H1 antibody
activity. It is not likely that all of the
a n t i b o dy activity against ri b o s o m a l
L14 was due to anti-histone H1 anti-
body cross-reactivity. However, histone
proteins are one of the main targets of
lupus autoantibodies, and are also basic
proteins like ribosomal L14 (26). Anti-
bodies against other histone pro t e i n s
might also thus be expected to cross-
react with ribosomal L14. 
We used GST-L14 fusion protein as the
a n t i gen to detect antibody aga i n s t
human L14 protein. As shown in Fig-
ure 3, GST-L14 protein solution con-
tained certain amount of GST, t o o .
However, none of the 7 sera that were
re a c t ive with GST-L14 reacted with
GST protein alone (Fig. 4). This find-
ing strongly suggests that the antibody
activity against human L14 protein is
specific and GST is not antigenic. 

Fig. 3. Expression and identification of GST and GST-L14. Samples containing purified GST (lanes 1,
3, and 5) and GST-L14 (lanes 2, 4, and 6) were separated on SDS-PAGE. The gel was stained with
Coomassie Brilliant Blue (lanes 1 and 2). The separated GST and GST-L14 were transferred from gel
to nitrocellulose, followed by immunoblotting with anti-GST antibody (lanes 3 and 4) as the primary
antibody and anti-rabbit immunoglobulins (DAKO, Glostrup, Denmark) as the second antibody, and
with serum from patient no. 7 (lanes 5 and 6). In lanes 4 and 6,a 52-kDa protein was reactive with both
anti-GST antibody and patient serum.

Fig. 5. Immunoblotting of total ribosomal pro-
teins (TP80) from rat liver with lupus patients’
s e ra. TP80 was re s o l ved by 16% polya c ry-
lamide-SDS slab gel electrophoresis and trans-
ferred to nitrocellulose membranes. Nitrocellu-
lose membranes were incubated with 7 lupus
sera samples containing antibodies against GST-
L14 (lanes 1 to 7) and serum from a healthy
donor (lane 8). Arrowhead indicates the molecu-
lar weight of L14.

Fig. 4. Immunoblotting of GST-L14 with lupus
p atients sera. GST-L14 was re s o l ved by 16%
p o lya c rylamide-SDS slab gel electro p h o re s i s
and tra n s fe rred to nitrocellulose membra n e s .
Nitrocellulose membranes were incubated with
1/100 diluted sera from 126 patients with SLE,
67 patients with PM/DM, 71 patients with SSc,
and 74 health donors. 7 lupus sera contained
antibody activity against GST-L14 (lanes 1 to 7).
Serum from a healthy donor (lane 8) did not
react with GST-L14. 
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Interestingly, all 7 patients who were
positive for anti-GST-L14 antibody had
anti-ds DNA antibodies. The effect of
anti-ds DNA antibody to ri b o s o m a l
L14 should be considered in two possi-
bilities. The first is that anti-ds DNA
antibodies can react with the DNA
bound to basic proteins such as histone
proteins. Ribosomal L14 is also a basic
protein and may bind to DNA in sera.
However, in the present study DNase-
treated sera retained antibody activity
against GST-L14 equivalent to non-
D N a s e - t re ated sera. Th e re fo re, it is
u n l i ke ly that anti-ds DNA antibody
reacts with L14 via L14-binding DNA.
Anti-ds DNA antibody is often detect-
ed in the sera from patients with SLE,
and some anti-ds DNA antibody has
been reported to cross-react with ribo-
somal protein S1 (23). The other possi-
bility is that some anti-ds DNA anti-
bodies might cross-react with riboso-
mal protein L14. Although this hypoth-
esis is interesting and fascinating, the

d i rect cro s s - reaction of anti-ds DNA
antibody against L14 has not been con-
firmed in this study and should be elu-
cidated. 
Ribosomal protein L14 is a basic pro-
tein, and its molecular weight is 23.6
kDa in humans. A significant identity
for human ribosomal protein L14 is ob-
served with rat ribosomal protein L14
(85% identity), with the exception of
the C-terminal region. The cDNA of
human L14 has a trinucleotide-repeat
( G C T; alanine) region at nu cl e o t i d e s
465 to 509 (15), and there are some
allelic poly m o rphisms in the tri nu-
cleotide repeat length (27). The main
epitopes of L14 may be located in the
N-terminal region of this protein in the
majority cases, although the serum of
one SLE (no. 2) reacted only with GST-
L14, and not with rat L14: no. 2 serum
might detect a neoepitope that wa s
yielded by the fusion of GST and
human L14 ribosomal proteins. Further
epitope analyses of L14 and cross-reac-

tion studies are necessary to better cha-
racterize this antibody.
Although anti-P antibodies have been
reported to be associated with central
nervous system involvement, no spe-
cial clinical features were found to be
a s s o c i ated with antibodies aga i n s t
other ribosomal proteins. Anti-L14 an-
tibody may not be related to any specif-
ic clinical features; however, in our pa-
t i e n t s ’ group with anti-L14 antibody,
clinical findings such as skin, joint, and
hematological involvement, hypocom-
p l e m e n t e m i a , and anti-ds DNA anti-
body were frequently observed. In stu-
dies on the Japanese population, these
clinical findings were observed in ac-
tive disease at a similar rate (28, 29) to
those in the patients’ group with anti-
GST-L14 antibody in this study. The
appearance of anti-L14 antibody may
reflect the disease activity in SLE pa-
tients. 
In summary, some ribosomal proteins
a re autoantigenic in lupus sera and
ribosomal protein L14 was found to be
one such autoantigen in this study.
Although the prevalence of anti-L14
antibody is low, it is detected specifi-
cally in patients with SLE and may rep-
resent another useful diagnostic marker
of SLE. 
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