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Abstract
Objectives:We evaluated the association between anti-ribosomal P antibody (anti-RibP) titres and disease activity in Japanese SLE patients.

Methods: Eighty patients admitted and treated in Niigata University Hospital for new-onset or flare-up of SLE were included in this retrospective
cross-sectional study. Clinical data were obtained from medical records at admission. The anti-RibP index, and cytokine and tryptophan
metabolite levels were determined by ELISA.
Results: Of the 80 SLE patients, 30 had anti-RibP. Anti-RibP presence was associated with a greater prevalence of skin rash and more severe in-
flammatory responses, demonstrated by higher inflammatory cytokine levels, hypocomplementemia, and accelerated tryptophan metabolism, in
younger patients. The serum anti-RibP index was correlated with age at diagnosis, clinical indicators, initial prednisolone dose, and cytokines and
tryptophan metabolite levels in univariate analysis. Multivariate analysis showed that the anti-RibP index was independently associated with the
initial prednisolone dose and the prevalence of skin rash. The anti-RibP IgGs were mainly the IgG2 and IgG3 subclasses, and anti-RibP IgG3 was
associated with hypocomplementemia, higher DAS, accelerated kynurenine pathway activity, and higher proinflammatory cytokine production.
The coexistence of anti-dsDNA IgG and anti-RibP IgG2 or IgG3 accompanied higher IL-10 and IFN-a2 levels; furthermore, anti-RibP IgG3 coexis-
tence with anti-dsDNA antibody contributed to the requirement for higher initial prednisolone doses and accelerated kynurenine pathway
activity.
Conclusion: Anti-RibP was associated with clinical manifestations and parameters in SLE, and its index might be a useful indicator of disease se-
verity. Anti-RibP IgG3 was the IgG subclass most strongly associated with the pathogenesis of SLE.
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抗リボソームP抗体 (anti-RibP antibody)

• 細胞質内の60Sリボソームサブユニット内に存在する3つのリン
酸化タンパクと反応する抗体。
• ANA(IIF)ではfine granular cytoplasmic stainingである。
• SLEの10-47%で検出されるとされるが、様々なアッセイにより

感度が異なる。
• ⽩⼈やアフリカ系アメリカ⼈と⽐べ、アジア⼈で陽性率が⾼い

と報告されている (15% vs 36%)

Duboisʼ Lupus Erythematosus and Related Syndrome 9th ed.
Autoimmun Rev 2020;19:102463.



2.4. Lupus nephritis

LN had the highest overall heterogeneity (I2 = 63.4%).
Stratification by antigenic target revealed that only P0, P1, P2 based
immunoassays remained significantly associated with anti-RibP with
low heterogeneity (I2 = 13.7%). The C22 peptide assays demonstrated
a trend towards an association with anti-RibP and it had no hetero-
geneity. There were 4 studies that did not report antigenic targets with
significant heterogeneity (I2 = 87.3%). For detection methods, ELISA
alone (pooled OR 2.04 (95%CI: 1.23–3.40)) and ELISA with DID and IB
(pooled OR 5.19 (95%CI: 1.10–24.43)) were strongly associated with
anti-RibP. ELISA alone had significant heterogeneity (I2 = 64.9%), as
well as when combined with DID and IB (I2 = 71.4%).

2.5. Lupus hepatitis

Out of all the SLE features, LH had the strongest association (pooled
OR 8.44 (95% CI: 3.16-22.53)) with anti-RibP and lowest heterogeneity
(I2 = 28.2%). There were very few studies to stratify by antigenic
targets and assays. Nevertheless, ribosomes had the strongest associa-
tion (OR 12.70 (95%CI: 2.13-75.60)) with no heterogeneity. Similar to
LN, ELISA alone was significantly associated with anti-RibP, but only
when combined with DID and IB did it also have low heterogeneity
(I2 = 6.1%).

2.6. Disease activity

Disease activity was stratified by disease activity index. The most
commonly used index was the Systemic Lupus Erythematosus Disease

Table 3
Pooled Odds Ratio for anti-Ribosomal P Antibodies: Study heterogeneity, and number of antibody target or assays examined
stratified by SLE manifestation.
SLE manifestation Studies (N) Pooled OR (95%CI) I2 (%) Antibodies or

Combination
of Targets (N)

Assays or
Combination
of Assays (N)

NPSLE (Combined) 60 1.95 (1.52, 2.50) 49.6** 10 7
CNS 18 1.64 (1.23, 2.18) 16.6 8 7
Depression 12 3.03 (1.32, 6.95) 64.0* 6 3
Psychosis 14 3.08 (1.94, 4.87) 23.7 5 5
Lupus Nephritis 24 1.55 (1.13, 2.14) 63.4** 7 8
Hepatitis 8 8.44 (3.16, 22.53) 28.8 5 5
Disease Activity 11 – – 7 4
SLEDAI 6 2.47 (1.13, 3.81) 0.0 – –
SLEDAI-2 K 2 4.76 (−0.19,9.72) 92.9 – –
MEX-SLEDAI 1 2.75 (0.91, 4.59) – – –
ECLAM 2 1.14 (0.52, 1.75) 42.0 – –

For heterogeneity, ** means p < .001, * means p < .01.
Abbreviations: CI, confidence interval; CNS, central nervous system; ECLAM, European Consensus Lupus Activity
Measurement; I2, heterogeneity; N, number; OR, odds ratio; NPSLE, neuropsychiatric systemic lupus erythematosus; SLEDAI,
Systemic Lupus Erythematosus Disease Activity Index; SLEDAI-2 K, Systemic Lupus Erythematosus Disease Activity Index-
2000; MEX-SLEDAI, Mexico- Systemic Lupus Erythematosus Disease Activity Index.

Fig. 2. Forest plots for combined NPSLE (A), CNS (B), depression (C), psychosis (D), lupus nephritis (E), and hepatitis (F), stratified by antigenic target and testing
method. Abbreviations: Ag, antigen; ALBIA, addressable laser bead immunoassay; C22, carboxy terminal 22 amino acid peptide; CNS, central nervous system; DID,
double immunodiffusion; ELISA, enzyme-linked immunoassay; IB, immunoblot; LIA, line immunoassay; LN, lupus nephritis; NPSLE, neuropsychiatric systemic lupus
erythematosus; TM, testing method.

Fig. 3. Forest plot for disease activity stratified by disease activity indices.
Abbreviations: ECLAM, European Consensus Lupus Activity Measurement;
SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; SLEDAI-2 K,
Systemic Lupus Erythematosus Disease Activity Index-2000; MEX-SLEDAI,
Mexico- Systemic Lupus Erythematosus Disease Activity Index.
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• 抗RibP抗体と臨床症状、⾎清学的所⾒との関連をみたメタアナリシス
• 62の観察研究が組み⼊れられ、pooled ORが算出された
• 抗RibP抗体陽性 NPSLE (抑うつ, 精神病)、LN、ループス肝炎のリスク
• ただし異質性が⾼い



抗RibP抗体のNPSLEに対する診断的価値は限定的

using ELISA (Table 2). In the random-effects model,
the overall weighted sensitivity and specificity esti-
mates for the diagnosis of NPSLE were 26% (95% CI
15–42%) and 80% (95% CI 74–85%), respectively
(Table 2).

Diagnostic performance for neuropsychiatric dis-
ease appeared to be somewhat better in studies that
used Western blotting to detect anti-P antibodies (sum-
mary sensitivity 36% [95% CI 16–63%]; summary
specificity 84% [95% CI 70–92%]), but significant
between-study heterogeneity was still present (P !
0.0001 for heterogeneity in sensitivity estimates and
P ! 0.0007 for heterogeneity in specificity estimates),
and data were too limited to be conclusive (4 studies;
424 patients). Test performance was poor for NPSLE
in Asian patients (4 studies; 317 patients, yielding a
summary sensitivity of 55% [95% CI 45–65%] and a
summary specificity of 68% [95% CI 59–76%]). The
weighted specificity tended to be higher in all other
lupus patients, which were mostly of European descent,
but there was low sensitivity (9 studies; 1,023 pa-
tients, yielding a summary sensitivity of 17% [95% CI
9–32%] and a summary specificity of 85% [95% CI
81–88%]).

SROC analyses suggested similar performance
for identifying SLE-induced neuropsychiatric disease.
Weighted and nonweighted curves were practically
coincident (Figure 1A). Anti-P antibodies had an al-
most equally meager discriminating ability for the diag-
nosis of either psychiatric syndromes or other forms
of neuropsychiatric involvement in SLE (Table 2).
Weighted random-effects independent estimates stand

very close to the weighted SROC curves for these
comparisons (Figures 1B–D), suggesting that they are
appropriate approximations of the overall diagnostic
performance. Statistically significant asymmetry was
found in all these curves (Figure 1), indicating that an
improvement in specificity was accompanied by a dis-
proportionately large decrease in sensitivity.

Within the group with NPSLE (Table 2), anti-P
antibody testing could not accurately discriminate pa-
tients presenting with diffuse manifestations from those
presenting with focal events (summary sensitivity 26%;
summary specificity 70%) (Figure 2A) or patients pre-
senting with psychiatric disorders from those presenting
with any other diffuse symptom (summary sensitivity
28%; summary specificity 75%) (Figure 2B). Test char-
acteristics remained unchanged for the identification of
patients with psychiatric disorders compared with all
other lupus patients (with or without neuropsychiatric
dysfunction) (Table 2). Significant asymmetry was found
in the corresponding SROC curve (Figure 2C), implying
that an improvement in specificity was accompanied by
an uneven, large decrease in sensitivity.

Findings of additional analyses. Our search of
the 3 databases identified a total of 306 potentially
relevant articles, of which 243 studies were excluded
upon reading the titles and abstracts. Another 39 studies
were excluded after reviewing the complete reports: 8
were editorials, comments without original data, or
review articles, 11 were case reports, 7 studies presented
duplicate or overlapping data, 8 evaluated anti-P anti-
body testing for other SLE manifestations or other
autoimmune diseases, 3 focused on isolated neuropsy-

Table 2. Summary results of the collaborative meta-analysis*

Comparison
No. of
studies

No. of
subjects

Weighted sensitivity
(95% CI)

Weighted specificity
(95% CI)

NPSLE versus non-NPSLE 13 1,340 0.26 (0.15–0.42) 0.80 (0.74–0.85)
Psychosis and/or mood disorder versus non-NPSLE 12 1,024 0.27 (0.14–0.47) 0.80 (0.74–0.85)
Other diffuse neuropsychiatric manifestations

versus non-NPSLE
12 1,034 0.24 (0.12–0.42) 0.80 (0.73–0.85)

Focal neurologic events versus non-NPSLE 13 1,110 0.29 (0.15–0.48) 0.80 (0.74–0.85)
All diffuse neuropsychiatric manifestations

versus focal neurologic events
12 406 0.26 (0.14–0.43) 0.70 (0.50–0.84)

Psychosis and/or mood disorder versus other
diffuse neuropsychiatric manifestations

12 228 0.28 (0.15–0.46) 0.75 (0.57–0.88)

Patients with psychosis and/or mood disorder
versus all other lupus patients

12 1,322 0.27 (0.14–0.47) 0.80 (0.72–0.86)

* Weighted sensitivity and specificity were determined according to the random-effects model. Between-study heterogeneity was statistically
significant for all comparisons (P " 0.01). 95% CI ! 95% confidence interval; NPSLE ! neuropsychiatric systemic lupus erythematosus.

ACCURACY OF ANTI-P IN THE DIAGNOSIS OF NPSLE 317

Arthritis Rheum 2006;54:312-24.

• NPSLEに対する抗RibP抗体の診断特性をみた
14施設 1,537名のSLE患者のメタアナリシス

• 特異度は⾼い(80%)が、感度は低い(26%)
• フェノタイプの区別には有⽤ではない



⽬的

抗RibP抗体と疾患活動性、およびキヌレニン経路や
関連するサイトカインを含む炎症反応との関連性を
評価することを⽬的とした。

抗RibP IgGサブクラスの臨床的意義を⽇本⼈SLE患
者において検討した。



2008年から2022年の間に新規発症あるいは
再燃で⼊院加療を受けたSLE患者を対象とした
後ろ向き横断研究

研究デザイン



対象
•診断：1997 SLE分類基準に基づき診断
•疾患活動性：SLEDAI-2Kで評価
• NPSLE：けいれん、精神病、器質性脳症候群、視覚障害、脳神

経障害、ループス頭痛、脳⾎管障害のような神経学的症状が少
なくとも1つ認められた場合に診断
• LN：尿円柱、⾎尿、蛋⽩尿、膿尿など腎疾患に関連した症状が

少なくとも1つ認められた場合に診断
•肝病変：ALTが正常値を超えた場合



対象
• PSLの初回投与量：新規発症患者では初回投与量、再燃患者で

は再増量した量と定義。
• NPSLE, AIHA, TMA, 間質性肺炎, PAH, ループス腸炎, ループス

膀胱炎, ループス⼼筋炎の患者には、初期治療としてPSL 
1mg/kgを投与
•上記以外の臓器合併症を有する患者では、症状に応じてPSL 

0.5-1mg/kgを投与
• 関節炎のみの患者ではPSL < 0.5mg/kgを投与



−80℃で保存した⾎清サンプル中の抗RibP量をRibosomal 
P ELISA Kitを⽤いたELISA法で解析した。
(C末端22アミノ酸ペプチドを含む固相化リコンビナント
P0蛋⽩と反応させる)

抗RibP抗体の検出



- ⾎清サイトカイン濃度：ヒトIL-6, IL-10, IFN-α2, IFN-γ
Quantikine HS ELISAあるいはBAFF/BLyS/TNFSF13B 
Duoset kitsを⽤いて測定

- ⾎清キヌレニンおよびトリプトファン濃度：
kynurenine/tryptophan (K/T) ratio ELISAで測定

サイトカインとトリプトファン代謝物の測定



キヌレニン経路

Anderson EW, et al. Lupus Science & Medicine 2022;9:e000808. doi:10.1136/lupus-2022-0008082

Lupus Science & Medicine

that is readily induced by interferons (IFNs) that are also 
highly associated with SLE pathogenesis and possibly with 
disease subtypes.3 4 The objective of this study was to inves-
tigate whether serum levels of KYN/TRP pathway metab-
olites, including the potentially neurotoxic QA, correlate 
with peripheral blood type I (interferon alpha (IFN-α)) 
and type II (interferon gamma (IFN-γ)) interferon- 
stimulated gene (ISG) expression in SLE.

The enzyme IDO1 is present in most tissues and 
immune cells including monocytes, dendritic cells 
and microglia.5 IDO1 is most highly expressed during 
inflammation,5 and activation by IFN-γ, IFN-α, tumour 
necrosis factor alpha and interleukin- 66–8 stimulates 
TRP degradation to KYN.7 KYN is further metabo-
lised to QA and kynurenic acid (KA), an NMDAR 
antagonist with potential to protect neurons from 
excitotoxic damage2 (figure 1). Under inflammatory 
conditions, increased QA production relative to KA 
results in a potential neurotoxic imbalance,2 and 
an elevated serum QA:KA ratio may be a marker for 
central NMDAR activation and neurotoxicity. IDO1 
expression in monocytes is strongly induced by IFN, 
including IFN-α,9 10 and monocytes have been reported 
to be more potent QA producers than microglia.11 12

Both peripheral and central IDO1 activation by IFN may 
increase KYN/TRP pathway activation and contribute to 
elevated QA in the central nervous system (CNS). Some 
cytokines, including both type I and II IFNs, can cross an 
intact blood–brain barrier (BBB).2 13 KYN and TRP also 
easily cross an intact BBB, in contrast to the metabolites QA 
and KA that cross relatively poorly.2 14 Nonetheless, several 
human studies report positive correlations between QA 
levels in blood and cerebrospinal fluid (CSF).15–17 Recent 
evidence of a disrupted BBB in SLE18 19 suggests that 
peripheral molecules may more readily access the CNS 
with subsequent effects on neurons and/or microglia.2 20

An imbalance in QA relative to KA is implicated in 
the pathogenesis of CD in other neurodegenerative 
diseases, idiopathic depression and suicidal ideation, and 

depression related to IFN-α treatment for hepatitis C.2 21–24 
In subjects with SLE, elevated serum QA is reported,25–27 
which correlated with CSF levels.25 Additionally, we have 
reported a significant association between elevated serum 
QA:KA ratios and poor working memory performance 
in subjects with SLE when controlling for other factors 
known to affect cognition.26

The IFN pathway is recognised as a fundamental patho-
logical mechanism in SLE supported, in part, by the clin-
ical efficacy of an anti- type I IFN receptor monoclonal 
antibody.3 28 Due to the poor sensitivity and specificity 
of assays measuring IFN levels directly, most human SLE 
studies have measured IFN indirectly by quantifying ISG 
expression, collectively called the ISG signature. Multiple 
methodologies have been used to define the ISG signa-
ture in whole blood and specific cell types; however, there 
is no consensus as to which ISG best associates with func-
tional biological processes driven by IFN.3 There is also a 
significant overlap between type I and type II ISG signa-
tures in SLE.29 Pertinent to our study, it has been previ-
ously reported that serum KYN/TRP levels correlated 
with type I IFN activity measured by a WISH cell reporter 
assay.7

We have previously demonstrated elevated serum 
KYN:TRP and QA:KA ratios in SLE26 and speculated 
that this may have been a result of IFN- mediated 
IDO1 induction. Using RNA sequencing (RNAseq) 
for quantification of peripheral blood gene expres-
sion, we sought to determine relationships between 
whole- blood ISG expression and serum KYN:TRP 
and QA:KA ratios in subjects with SLE versus healthy 
controls (HCs). We hypothesised that ISG expression 
would correlate with KYN/TRP pathway metabolites. 
Given the results of in vitro studies revealing more 
effective IFN- mediated IDO1 induction in monocytes 
rather than lymphocytes,9 30–33 we also examined the 
relationship between ISG expression and elevated 
KYN:TRP and QA:KA ratios as a function of periph-
eral monocyte- associated gene expression.

Figure 1 The kynurenine/tryptophan pathway.1 This is a simpli!ed schematic of the KYN/TRP pathway, highlighting the 
intermediates and enzymes involved in the production of QA and KA. The enzyme IDO1 is stimulated by in"ammatory 
cytokines, such as IFN, that results in the breakdown of TRP into KYN. KYN may be further metabolised by KMO ultimately 
to QA, an NMDAR agonist, or by KAT to KA, an NMDAR antagonist. Since the enzyme KMO has higher af!nity for KYN than 
KAT, metabolism proceeds preferentially towards the production of QA in the setting of in"ammation.2 26 61 IDO1, indolamine 
2, 3- dioxygenase; IFN-α, interferon alpha; IFN-γ, interferon gamma; KA, kynurenic acid; KMO, kynurenine 3- monooxygenase; 
NMDAR, N- methyl- D- aspartate receptor; QA, quinolinic acid; TNF-α, tumour necrosis factor alpha.Lupus Sci Med 2022;9:e000808.

• キノリン酸 (QA) はNMDARアゴニストであり、神経細胞に対して過剰なグルタ
ミン酸作動性興奮毒性を引き起こし、SLEでの認知機能障害に寄与しうる

• 炎症の存在下では、KMOのキヌレニンに対する親和性がKATよりも⾼くなるた
め、キノリン酸の産⽣にすすむ



統計解析

• 2群間の連続変数の⽐較：Mann-Whitney U検定を使⽤

• 3群間の連続変数の⽐較：Kruskal-Wallis検定を⽤いた後に、

Bonferroni補正を加えたMann-Whitney U検定を使⽤

•単変量解析におけるカテゴリ変数：χ2検定

• 抗RibP抗体価と疾患活動性マーカーとの相関：

Spearmanの順位相関係数を使⽤



結果



anti-RibP (!) and anti-RibP Low patients, whereas IFN-c was
increased only in the anti-RibP Low group. A patient with an
exceptionally high IFN-c level (224.0 pg/ml) also had elevated
IFN-a2 (114.6 pg/ml), IL-10 (14.8 pg/ml), kynurenine (1.10
mg/ml) and K/T ratio (0.66). This patient had a high anti-RibP
index (124.1), severe liver injury (alanine aminotransferase
177U/l) and high IgG concentration (4664mg/dl). Another
patient with extremely high IL-6 (3.83 ng/ml) also demon-
strated high IL-10 (16.6 pg/ml), kynurenine (2.17 mg/ml) and
K/T ratio (0.98). This patient had a high anti-RibP index
(61.3) and a severe inflammatory response (CRP 20.48mg/
dl). A subset of patients with higher levels of cytokines and
tryptophan metabolites had severe clinical manifestations,
with a high anti-RibP index and cytokine profile. Disease
recurrence or death occurred in 9/41 patients in the anti-RibP
(–) group, 4/13 patients in the anti-RibP Low group, and 3/10
patients in the anti-RibP High group, and the differences did
not reach statistical significance.

Specific anti-RibP IgG subclasses and demographic
and clinical characteristics
To clarify which specific anti-RibP IgG subclasses were re-
sponsible for the effects of anti-RibP, we compared the demo-
graphic and clinical characteristics based on the anti-RibP

IgG subclasses. Of the 80 SLE patients, only 1 was anti-RibP
IgG1 positive, whereas 10, 18 and 2 patients had anti-RibP
IgG2, IgG3 and IgG4, respectively. All 10 patients with IgG2
also possessed IgG3. In the 13 patients with anti-RibP, whose
average anti-RibP index was 24.5 (11.8) (S.D.) and ranged be-
tween 13.1 and 53.0, no specific IgG subclasses of anti-RibP
were detected, and the average ratio of anti-RibP–specific im-
munoglobulin classes were IgG:IgA:IgM¼ 44.4:22.4:33.2.
The 18 patients with anti-RibP IgG3 included a patient cate-
gorized as anti-RibP negative, because their anti-RibP index
was 8.3. One patient with anti-RibP IgG1 was also positive
for IgG2, IgG3 and IgG4, and another patient with IgG4 was
positive for IgG2 and IgG3. Therefore, we focused on the
pathogenetic effects of anti-RibP IgG2 and IgG3 and con-
ducted further analyses. All 10 patients with anti-RibP IgG2
had anti-dsDNA IgG, and 8 patients developed a skin rash.
Patients with anti-RibP IgG2 were younger and exhibited
higher IgG concentrations, hypocomplementemia, and higher
SLEDAI-2K and IL-10, IFN-a2 and kynurenine levels.
Anti-dsDNA IgG titres were lower in patients with anti-RibP
IgG2 (Table 3). Of the 18 patients with anti-RibP IgG3, 17
were also positive for anti-dsDNA IgG, and 12 developed a
skin rash. Patients with anti-RibP IgG3 were also younger
and had higher IgG concentrations, hypocomplementemia,

Table 1. Demographic and clinical characteristics of patients with and without anti-RibP

Variable Anti-RibP (!) n¼50 Anti-RibP (þ) n¼30 P value

Age at administration (years) 46.6 (19.0) 34.5 (14.8) 0.005
Male/female (n, %) 6 (12.0)/44 (88.0) 6 (20.0)/24 (80.0) 0.332
Weight (kg) 53.8 (12.7) 56.4 (13.4) 0.315
White blood cells (/ml) 6421 (8278) 4336 (2576) 0.164
Haemoglobin (g/dl) 11.0 (1.9) 10.7 (2.2) 0.387
Platelets (104/ml) 18.9 (8.9) 15.9 (8.4) 0.087
Serum creatinine (mg/dl) 1.04 (1.42) 0.77 (0.41) 0.374
eGFR (ml/min/1.73m2) 77.2 (33.9) 95.4 (41.3) 0.050
Urinary protein (g/gCr) 1.49 (3.14) 1.63 (3.63) 0.449
CRP (mg/dl) 1.29 (3.38) 1.42 (3.85) 0.191
Aspartate aminotransferase (U/l) 35.2 (40.6) 91.9 (207.6) 0.237
Alanine aminotransferase (U/l) 32.6 (54.0) 40.9 (64.5) 0.588
IgG (mg/dl) 1752 (737) 2112 (889) 0.041
C3 (mg/dl) 62.3 (29.7) 43.9 (21.8) 0.004
C4 (mg/dl) 9.9 (9.2) 5.5 (7.8) 0.013
CH50 (U/ml) 26.7 (13.3) 15.7 (14.7) 0.004
SLEDAI-2K 14.2 (10.6) 15.4 (7.7) 0.179
Prevalence of NPSLE (n, %) 6 (12.0) 1 (3.3) 0.184
Prevalence of nephritis (n, %) 21 (42.0) 17 (56.7) 0.203
Prevalence of hepatic involvement (n, %) 17 (34.0) 7 (23.3) 0.313
Prevalence of skin rash (n, %) 17 (34.0) 18 (60.0) 0.023
Anti-Sm Ab positive (n, %) 17 (34.0) 16 (53.3) 0.089
Anti-RNP Ab positive (n, %) 23 (46.0) 22 (73.3) 0.017
Anti-SS/A Ab positive (n, %) 33 (66.0) 21 (70.0) 0.712
Anti-SS/B Ab positive (n, %) 11 (22.0) 4 (13.3) 0.336
Anti-dsDNA IgG positive (n, %) 29 (58.0) 25 (83.3) 0.019
Anti-dsDNA IgG titre (IU/ml) 494.5 (2094.6) 693.9 (2469.0) 0.800
Initial prednisolone dose (mg/kg body weight) 0.67 (0.29) 0.89 (0.20) 0.001
IL-6 (pg/ml) 62.9 (111.6) 306.2 (761.0) 0.027
IL-10 (pg/ml) 1.94 (3.03) 6.04 (3.91) <0.001
IFNa2 (pg/ml) 8.03 (18.52) 17.58 (24.63) <0.001
IFNc (pg/ml) 6.15 (11.80) 30.57 (51.91) <0.001
BAFF (ng/ml) 1.36 (0.95) 1.36 (1.13) 0.735
Tryptophan (mg/ml) 8.54 (3.18) 6.41 (2.64) 0.005
Kynurenine (mg/ml) 0.727 (0.466) 1.130 (0.657) 0.001
Kynurenine/tryptophan ratio 0.116 (0.130) 0.246 (0.249) <0.001

Univariate analysis comparison between patients with and without anti-RibP. Data are presented as the mean (S.D.) or the number and the percentage and
were evaluated by the Mann–Whitney U test or v2-test. eGFR; estimated glomerular filtration rate; SLEDAI-2K; SLEDAI 2000; BAFF; B cell–activating factor
belonging to the TNF family; anti-RibP: anti-ribosomal P antibody.
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anti-RibP (!) and anti-RibP Low patients, whereas IFN-c was
increased only in the anti-RibP Low group. A patient with an
exceptionally high IFN-c level (224.0 pg/ml) also had elevated
IFN-a2 (114.6 pg/ml), IL-10 (14.8 pg/ml), kynurenine (1.10
mg/ml) and K/T ratio (0.66). This patient had a high anti-RibP
index (124.1), severe liver injury (alanine aminotransferase
177U/l) and high IgG concentration (4664mg/dl). Another
patient with extremely high IL-6 (3.83 ng/ml) also demon-
strated high IL-10 (16.6 pg/ml), kynurenine (2.17 mg/ml) and
K/T ratio (0.98). This patient had a high anti-RibP index
(61.3) and a severe inflammatory response (CRP 20.48mg/
dl). A subset of patients with higher levels of cytokines and
tryptophan metabolites had severe clinical manifestations,
with a high anti-RibP index and cytokine profile. Disease
recurrence or death occurred in 9/41 patients in the anti-RibP
(–) group, 4/13 patients in the anti-RibP Low group, and 3/10
patients in the anti-RibP High group, and the differences did
not reach statistical significance.

Specific anti-RibP IgG subclasses and demographic
and clinical characteristics
To clarify which specific anti-RibP IgG subclasses were re-
sponsible for the effects of anti-RibP, we compared the demo-
graphic and clinical characteristics based on the anti-RibP

IgG subclasses. Of the 80 SLE patients, only 1 was anti-RibP
IgG1 positive, whereas 10, 18 and 2 patients had anti-RibP
IgG2, IgG3 and IgG4, respectively. All 10 patients with IgG2
also possessed IgG3. In the 13 patients with anti-RibP, whose
average anti-RibP index was 24.5 (11.8) (S.D.) and ranged be-
tween 13.1 and 53.0, no specific IgG subclasses of anti-RibP
were detected, and the average ratio of anti-RibP–specific im-
munoglobulin classes were IgG:IgA:IgM¼ 44.4:22.4:33.2.
The 18 patients with anti-RibP IgG3 included a patient cate-
gorized as anti-RibP negative, because their anti-RibP index
was 8.3. One patient with anti-RibP IgG1 was also positive
for IgG2, IgG3 and IgG4, and another patient with IgG4 was
positive for IgG2 and IgG3. Therefore, we focused on the
pathogenetic effects of anti-RibP IgG2 and IgG3 and con-
ducted further analyses. All 10 patients with anti-RibP IgG2
had anti-dsDNA IgG, and 8 patients developed a skin rash.
Patients with anti-RibP IgG2 were younger and exhibited
higher IgG concentrations, hypocomplementemia, and higher
SLEDAI-2K and IL-10, IFN-a2 and kynurenine levels.
Anti-dsDNA IgG titres were lower in patients with anti-RibP
IgG2 (Table 3). Of the 18 patients with anti-RibP IgG3, 17
were also positive for anti-dsDNA IgG, and 12 developed a
skin rash. Patients with anti-RibP IgG3 were also younger
and had higher IgG concentrations, hypocomplementemia,

Table 1. Demographic and clinical characteristics of patients with and without anti-RibP

Variable Anti-RibP (!) n¼50 Anti-RibP (þ) n¼30 P value

Age at administration (years) 46.6 (19.0) 34.5 (14.8) 0.005
Male/female (n, %) 6 (12.0)/44 (88.0) 6 (20.0)/24 (80.0) 0.332
Weight (kg) 53.8 (12.7) 56.4 (13.4) 0.315
White blood cells (/ml) 6421 (8278) 4336 (2576) 0.164
Haemoglobin (g/dl) 11.0 (1.9) 10.7 (2.2) 0.387
Platelets (104/ml) 18.9 (8.9) 15.9 (8.4) 0.087
Serum creatinine (mg/dl) 1.04 (1.42) 0.77 (0.41) 0.374
eGFR (ml/min/1.73m2) 77.2 (33.9) 95.4 (41.3) 0.050
Urinary protein (g/gCr) 1.49 (3.14) 1.63 (3.63) 0.449
CRP (mg/dl) 1.29 (3.38) 1.42 (3.85) 0.191
Aspartate aminotransferase (U/l) 35.2 (40.6) 91.9 (207.6) 0.237
Alanine aminotransferase (U/l) 32.6 (54.0) 40.9 (64.5) 0.588
IgG (mg/dl) 1752 (737) 2112 (889) 0.041
C3 (mg/dl) 62.3 (29.7) 43.9 (21.8) 0.004
C4 (mg/dl) 9.9 (9.2) 5.5 (7.8) 0.013
CH50 (U/ml) 26.7 (13.3) 15.7 (14.7) 0.004
SLEDAI-2K 14.2 (10.6) 15.4 (7.7) 0.179
Prevalence of NPSLE (n, %) 6 (12.0) 1 (3.3) 0.184
Prevalence of nephritis (n, %) 21 (42.0) 17 (56.7) 0.203
Prevalence of hepatic involvement (n, %) 17 (34.0) 7 (23.3) 0.313
Prevalence of skin rash (n, %) 17 (34.0) 18 (60.0) 0.023
Anti-Sm Ab positive (n, %) 17 (34.0) 16 (53.3) 0.089
Anti-RNP Ab positive (n, %) 23 (46.0) 22 (73.3) 0.017
Anti-SS/A Ab positive (n, %) 33 (66.0) 21 (70.0) 0.712
Anti-SS/B Ab positive (n, %) 11 (22.0) 4 (13.3) 0.336
Anti-dsDNA IgG positive (n, %) 29 (58.0) 25 (83.3) 0.019
Anti-dsDNA IgG titre (IU/ml) 494.5 (2094.6) 693.9 (2469.0) 0.800
Initial prednisolone dose (mg/kg body weight) 0.67 (0.29) 0.89 (0.20) 0.001
IL-6 (pg/ml) 62.9 (111.6) 306.2 (761.0) 0.027
IL-10 (pg/ml) 1.94 (3.03) 6.04 (3.91) <0.001
IFNa2 (pg/ml) 8.03 (18.52) 17.58 (24.63) <0.001
IFNc (pg/ml) 6.15 (11.80) 30.57 (51.91) <0.001
BAFF (ng/ml) 1.36 (0.95) 1.36 (1.13) 0.735
Tryptophan (mg/ml) 8.54 (3.18) 6.41 (2.64) 0.005
Kynurenine (mg/ml) 0.727 (0.466) 1.130 (0.657) 0.001
Kynurenine/tryptophan ratio 0.116 (0.130) 0.246 (0.249) <0.001

Univariate analysis comparison between patients with and without anti-RibP. Data are presented as the mean (S.D.) or the number and the percentage and
were evaluated by the Mann–Whitney U test or v2-test. eGFR; estimated glomerular filtration rate; SLEDAI-2K; SLEDAI 2000; BAFF; B cell–activating factor
belonging to the TNF family; anti-RibP: anti-ribosomal P antibody.
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anti-RibP (!) and anti-RibP Low patients, whereas IFN-c was
increased only in the anti-RibP Low group. A patient with an
exceptionally high IFN-c level (224.0 pg/ml) also had elevated
IFN-a2 (114.6 pg/ml), IL-10 (14.8 pg/ml), kynurenine (1.10
mg/ml) and K/T ratio (0.66). This patient had a high anti-RibP
index (124.1), severe liver injury (alanine aminotransferase
177U/l) and high IgG concentration (4664mg/dl). Another
patient with extremely high IL-6 (3.83 ng/ml) also demon-
strated high IL-10 (16.6 pg/ml), kynurenine (2.17 mg/ml) and
K/T ratio (0.98). This patient had a high anti-RibP index
(61.3) and a severe inflammatory response (CRP 20.48mg/
dl). A subset of patients with higher levels of cytokines and
tryptophan metabolites had severe clinical manifestations,
with a high anti-RibP index and cytokine profile. Disease
recurrence or death occurred in 9/41 patients in the anti-RibP
(–) group, 4/13 patients in the anti-RibP Low group, and 3/10
patients in the anti-RibP High group, and the differences did
not reach statistical significance.

Specific anti-RibP IgG subclasses and demographic
and clinical characteristics
To clarify which specific anti-RibP IgG subclasses were re-
sponsible for the effects of anti-RibP, we compared the demo-
graphic and clinical characteristics based on the anti-RibP

IgG subclasses. Of the 80 SLE patients, only 1 was anti-RibP
IgG1 positive, whereas 10, 18 and 2 patients had anti-RibP
IgG2, IgG3 and IgG4, respectively. All 10 patients with IgG2
also possessed IgG3. In the 13 patients with anti-RibP, whose
average anti-RibP index was 24.5 (11.8) (S.D.) and ranged be-
tween 13.1 and 53.0, no specific IgG subclasses of anti-RibP
were detected, and the average ratio of anti-RibP–specific im-
munoglobulin classes were IgG:IgA:IgM¼ 44.4:22.4:33.2.
The 18 patients with anti-RibP IgG3 included a patient cate-
gorized as anti-RibP negative, because their anti-RibP index
was 8.3. One patient with anti-RibP IgG1 was also positive
for IgG2, IgG3 and IgG4, and another patient with IgG4 was
positive for IgG2 and IgG3. Therefore, we focused on the
pathogenetic effects of anti-RibP IgG2 and IgG3 and con-
ducted further analyses. All 10 patients with anti-RibP IgG2
had anti-dsDNA IgG, and 8 patients developed a skin rash.
Patients with anti-RibP IgG2 were younger and exhibited
higher IgG concentrations, hypocomplementemia, and higher
SLEDAI-2K and IL-10, IFN-a2 and kynurenine levels.
Anti-dsDNA IgG titres were lower in patients with anti-RibP
IgG2 (Table 3). Of the 18 patients with anti-RibP IgG3, 17
were also positive for anti-dsDNA IgG, and 12 developed a
skin rash. Patients with anti-RibP IgG3 were also younger
and had higher IgG concentrations, hypocomplementemia,

Table 1. Demographic and clinical characteristics of patients with and without anti-RibP

Variable Anti-RibP (!) n¼50 Anti-RibP (þ) n¼30 P value

Age at administration (years) 46.6 (19.0) 34.5 (14.8) 0.005
Male/female (n, %) 6 (12.0)/44 (88.0) 6 (20.0)/24 (80.0) 0.332
Weight (kg) 53.8 (12.7) 56.4 (13.4) 0.315
White blood cells (/ml) 6421 (8278) 4336 (2576) 0.164
Haemoglobin (g/dl) 11.0 (1.9) 10.7 (2.2) 0.387
Platelets (104/ml) 18.9 (8.9) 15.9 (8.4) 0.087
Serum creatinine (mg/dl) 1.04 (1.42) 0.77 (0.41) 0.374
eGFR (ml/min/1.73m2) 77.2 (33.9) 95.4 (41.3) 0.050
Urinary protein (g/gCr) 1.49 (3.14) 1.63 (3.63) 0.449
CRP (mg/dl) 1.29 (3.38) 1.42 (3.85) 0.191
Aspartate aminotransferase (U/l) 35.2 (40.6) 91.9 (207.6) 0.237
Alanine aminotransferase (U/l) 32.6 (54.0) 40.9 (64.5) 0.588
IgG (mg/dl) 1752 (737) 2112 (889) 0.041
C3 (mg/dl) 62.3 (29.7) 43.9 (21.8) 0.004
C4 (mg/dl) 9.9 (9.2) 5.5 (7.8) 0.013
CH50 (U/ml) 26.7 (13.3) 15.7 (14.7) 0.004
SLEDAI-2K 14.2 (10.6) 15.4 (7.7) 0.179
Prevalence of NPSLE (n, %) 6 (12.0) 1 (3.3) 0.184
Prevalence of nephritis (n, %) 21 (42.0) 17 (56.7) 0.203
Prevalence of hepatic involvement (n, %) 17 (34.0) 7 (23.3) 0.313
Prevalence of skin rash (n, %) 17 (34.0) 18 (60.0) 0.023
Anti-Sm Ab positive (n, %) 17 (34.0) 16 (53.3) 0.089
Anti-RNP Ab positive (n, %) 23 (46.0) 22 (73.3) 0.017
Anti-SS/A Ab positive (n, %) 33 (66.0) 21 (70.0) 0.712
Anti-SS/B Ab positive (n, %) 11 (22.0) 4 (13.3) 0.336
Anti-dsDNA IgG positive (n, %) 29 (58.0) 25 (83.3) 0.019
Anti-dsDNA IgG titre (IU/ml) 494.5 (2094.6) 693.9 (2469.0) 0.800
Initial prednisolone dose (mg/kg body weight) 0.67 (0.29) 0.89 (0.20) 0.001
IL-6 (pg/ml) 62.9 (111.6) 306.2 (761.0) 0.027
IL-10 (pg/ml) 1.94 (3.03) 6.04 (3.91) <0.001
IFNa2 (pg/ml) 8.03 (18.52) 17.58 (24.63) <0.001
IFNc (pg/ml) 6.15 (11.80) 30.57 (51.91) <0.001
BAFF (ng/ml) 1.36 (0.95) 1.36 (1.13) 0.735
Tryptophan (mg/ml) 8.54 (3.18) 6.41 (2.64) 0.005
Kynurenine (mg/ml) 0.727 (0.466) 1.130 (0.657) 0.001
Kynurenine/tryptophan ratio 0.116 (0.130) 0.246 (0.249) <0.001

Univariate analysis comparison between patients with and without anti-RibP. Data are presented as the mean (S.D.) or the number and the percentage and
were evaluated by the Mann–Whitney U test or v2-test. eGFR; estimated glomerular filtration rate; SLEDAI-2K; SLEDAI 2000; BAFF; B cell–activating factor
belonging to the TNF family; anti-RibP: anti-ribosomal P antibody.
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抗RibP抗体価と臨床パラメータとの相関

Figure 1. Correlation between the serum anti-RibP index and other disease activity markers. Correlations between the serum anti-RibP index, clinical
parameters, and cytokine and tryptophan metabolite levels, as evaluated by Spearman’s rank correlation analysis. The solid line represents the regression
line. anti-RibP: anti-ribosomal P antibody; K/T: kynurenine/tryptophan; PSL: prednisolone
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Figure 1. Correlation between the serum anti-RibP index and other disease activity markers. Correlations between the serum anti-RibP index, clinical
parameters, and cytokine and tryptophan metabolite levels, as evaluated by Spearman’s rank correlation analysis. The solid line represents the regression
line. anti-RibP: anti-ribosomal P antibody; K/T: kynurenine/tryptophan; PSL: prednisolone
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higher SLEDAI-2K and IL-10 and IFN-a2 levels, lower trypto-
phan, higher kynurenine levels, and an elevated K/T ratio.
Patients with anti-RibP IgG3 exhibited higher titres of anti-
dsDNA IgG and required a higher dose of PSL as their initial
therapy (Table 3).

Additional effects of anti-RibP when coexisting with
anti-ds DNA antibody
Because all the patients with anti-RibP IgG2 and most of the
patients with anti-RibP IgG3 also had anti-dsDNA IgG, we
investigated the synergistic impact of anti-RibP IgG2 and
IgG3 when coexisting with anti-dsDNA IgG. Of the 54 SLE
patients with anti-dsDNA IgG, 10 and 17 patients were posi-
tive for anti-RibP IgG2 and IgG3, respectively. Patients with
anti-RibP IgG2 or IgG3 were younger. Serum levels of com-
plement factors, titres of anti-dsDNA IgG, and the SLEDAI-
2K were unaffected by the presence of anti-RibP IgG2 or
IgG3; however, IL-10 and IFN-a2 concentrations were higher
when coexisting with anti-dsDNA IgG and anti-RibP IgG2 or

IgG3. Moreover, when there was a combination of anti-
dsDNA IgG and anti-RibP IgG3, a higher PSL dose was re-
quired, and kynurenine pathway activity was accelerated. The
prevalence of skin rash was higher in patients with anti-RibP
IgG2 coexisting with anti-dsDNA IgG (Table 4). Considering
these results, anti-RibP IgG3 was the IgG subclass most asso-
ciated with the production of IL-10 and IFN-a2, activation of
the kynurenine pathway, and the size of the initial PSL dose
required, whereas disease activity, as shown by SLEDAI-2K
or hypocomplementemia, were influenced more by the coexis-
tence of anti-dsDNA IgG.

Discussion

Here, we revealed that the main anti-RibP IgG subclasses in
patients with SLE were IgG2 and IgG3. Almost all IgG sub-
classes of anti-RibP were accompanied by anti-dsDNA IgG,
and the presence of anti-RibP IgG3 and anti-dsDNA IgG was
linked to a higher initial PSL dose, higher IL-10, IFN-a2,

Table 2. Multivariate analysis with the prevalence of skin rash and initial PSL dose

Model A

Skin rash (positive¼1, negative¼0) B SE B Exp (B) 95% CI for Exp (B) P value

Anti-RibP index 0.021 0.011 1.022 1.011–1.043 0.043
Age at administration –0.021 0.017 0.979 0.948–1.012 0.207

Anti-dsDNA IgG titre (IU/ml) 0.001 0.001 1.001 1.000–1.003 0.099
Urinary protein (g/gCr) –0.445 0.258 0.641 0.386–1.062 0.084

Platelets (104/ml) 0.038 0.037 1.038 0.967–1.116 0.303
CH50 (U/ml) 0.004 0.021 0.585 0.963–1.047 0.842
Constant –0.536 1.007 0.585 Not applicable 0.594

Cox–Snell R2: 0.273; Nagelkerne R2: 0.367; Hosmer–Lemeshow test: P¼0.715

Initial dose of prednisolone (mg/kg body weight) B SE B b t P-value

Anti-RibP index 0.002 0.001 0.300 2.612 0.011
Age at administration 0.001 0.002 0.046 0.409 0.684

Anti-dsDNA IgG titre (IU/ml) 1.19 x 10–6 0.000 0.009 0.088 0.930
Urinary protein (g/gCr) 0.003 0.009 0.032 0.292 0.771

Platelets (104/ml) –0.008 0.004 –0.233 –2.094 0.040
CH50 (U/ml) –0.004 0.002 –0.186 –1.551 0.125
Constant 0.879 0.107 Not applicable 8.23 < 0.001
R2: 0.243; adjusted R2: 0.181; Durbin–Watson ratio 1.995; Shapiro–Wilk test for the residual error: P¼0.080

Model B

Skin rash (positive5 1, negative5 0) B SE B Exp (B) 95% CI for Exp (B) P-value

Anti-RibP index 0.017 0.008 1.017 1.001–1.033 0.038
Anti-dsDNA IgG titre (U/ml) 0.000 0.000 1.000 1.000–1.001 0.359
Anti-Sm antibody titre (U/ml) –0.002 0.004 0.998 0.990–1.006 0.600
Anti-RNP antibody titre (U/ml) –0.001 0.002 0.999 0.995–1.003 0.616
Anti-SS-A antibody titre (U/ml) 0.000 0.000 1.000 0.999–1.000 0.328
Anti-SS-B antibody titre (U/ml) –0.006 0.009 0.994 0.997–1.011 0.498

Constant –0.373 0.377 0.688 Not applicable 0.322
Cox–Snell R2: 0.218; Nagelkerne R2: 0.293; Hosmer–Lemeshow test: P¼0.095

Initial dose of prednisolone (mg/kg body weight) B SE B b t P-value

Anti-RibP index 0.002 0.001 0.333 3.152 0.002
Anti-dsDNA IgG titre (U/ml) 9.86"10–6 0.000 0.078 0.743 0.460
Anti-Sm antibody titre (U/ml) –3.91"10–5 0.000 –0.390 –2.733 0.007
Anti-RNP antibody titre (U/ml) 0.000 0.000 0.263 1.826 0.072
Anti-SS-A antibody titre (U/ml) –2.74"10–5 0.000 –0.139 –1.285 0.203
Anti-SS-B antibody titre (U/ml) 4.83"10–5 0.000 0.098 0.945 0.348

Constant 0.691 0.039 Not applicable 17.931 <0.001
R2: 0.226; adjusted R2: 0.163; Durbin–Watson ratio 1.985; Shapiro–Wilk test for the residual error: P¼0.060

PSL: prednisolone; anti-RibP: anti-ribosomal P antibody. B: partial regression coefficient, SE B: standard error of B, b: standardized partial regression
coefficient, Exp (B): estimated odds ratio, t: t-value.
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Model A：疾患活動性評価に必須でありPSL初期投与量の
決定に影響する臨床的パラメータを⽤いた多変量解析



抗RibP抗体価による臨床症状の違い

Figure 2. Differences in the clinical manifestations of patients with a high anti-RibP index. SLE patients were divided into three groups: patients without
anti-RibP [anti-RibP (!), n¼ 50], with an anti-RibP index of #60 (anti-RibP Low, n¼ 17), and an anti-RibP index of >60 (anti-RibP High, n¼ 13). The
Kruskal–Wallis test was used for comparisons among the three groups, followed by the Mann–Whitney U–test with Bonferroni correction. Graphs show
the means (S.D.). anti-RibP: anti-ribosomal P antibody; K/T: kynurenine/tryptophan; PSL: prednisolone
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Anti-RibP high ≧ 60

抗RibP抗体⾼値と関連

・診断時の年齢
・PSL初期投与量
・⾎清IgG値
・⾎清キヌレニン濃度
・低補体⾎症
・抗dsDNA抗体値
・SLEDAI-2K
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Figure 2. Differences in the clinical manifestations of patients with a high anti-RibP index. SLE patients were divided into three groups: patients without
anti-RibP [anti-RibP (!), n¼ 50], with an anti-RibP index of #60 (anti-RibP Low, n¼ 17), and an anti-RibP index of >60 (anti-RibP High, n¼ 13). The
Kruskal–Wallis test was used for comparisons among the three groups, followed by the Mann–Whitney U–test with Bonferroni correction. Graphs show
the means (S.D.). anti-RibP: anti-ribosomal P antibody; K/T: kynurenine/tryptophan; PSL: prednisolone
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特異的抗RibP IgGサブクラスと患者の特徴
• SLE 80名のうち、

- 抗RibP IgG1陽性 1名, IgG2陽性 10名, IgG3陽性 18名, IgG4陽性 2名
- IgG2陽性の10名は全員IgG3も陽性
- IgG1陽性の1名は、IgG2-4全て陽性
- IgG4陽性の患者は、IgG2, 3が陽性

抗RibP IgG2とIgG3の病態への影響に着⽬



tryptophan and kynurenine levels and higher K/T ratio com-
pared with anti-dsDNA IgG alone, suggesting that anti-RibP
IgG3 is a major pathogenic IgG subclass associated with se-
vere disease activity.
IgG consists of four subclasses, IgG1, IgG2, IgG3 and

IgG4, which are distinguished by differences in their constant
region, resulting in different affinities for FccRs and C1q [15].
IgG1 is normally the most abundant subclass, whereas IgG2
antibodies are induced by polysaccharide antigens in the ab-
sence of T cell help. IgG3 antibodies are particularly effective
in the induction of effector functions and function as proin-
flammatory antibodies because they have the highest affinity
for all FccR subclasses and C1q [15]. We hypothesized that
hypocomplementemia and the production of several cyto-
kines, including IL-6 and IFN-c, might be sufficiently induced
by the existence of anti-dsDNA IgG alone, whereas the addi-
tional presence of anti-RibP IgG3 might trigger the produc-
tion of other cytokines, including IFN-a2, and tryptophan
metabolism through the kynurenine pathway.
As described above, the presence of anti-RibP IgG3 was

closely associated with higher IFN-a2 levels. IFN-a belongs to
the family of type I IFNs and stimulates IDO1, resulting in the

acceleration of kynurenine pathway activity. Tryptophan is
an essential amino acid and precursor of serotonin, and the
degradation of tryptophan causes a lack of serotonin in the
brain, inducing a depressive state. IFN-a treatment of patients
with chronic illnesses was reported to be associated with de-
creased tryptophan, increased levels of kynurenine, and a
higher K/T ratio, along with depression [19]. The association
between anti-RibP, especially anti-RibP IgG3, and kynurenine
pathway activity acceleration may be a secondary effect in-
duced by IFN-a2 elevation in addition to IFN-c stimulation.
Although the present study did not show any differences in
the prevalence of NPSLE, including depression, insomnia and
fatigue, the presence of anti-RibP IgG3 might be a factor that
causes SLE patients to be preliminarily vulnerable to a depres-
sive state.
Type I IFN was also reported to be associated with leuko-

penia, low complement levels, skin rash, arthralgia, and seros-
itis in SLE patients [20]. A meta-analysis reported that the
presence of anti-RibP was also associated with malar rash,
oral ulcer, and photosensitivity [6]. Anifrolumab, an anti-
IFN-a-receptor monoclonal antibody, had a significant effect
on skin disease in SLE patients [21, 22]. The anti-RibP index

Table 3. Demographic and clinical characteristics of patients with and without anti-RibP subclasses

Variable Anti-RibP IgG2 (!) n¼70 Anti-RibP IgG2 (þ) n¼10 P-value

Age at administration (years) 43.9 (18.7) 29.5 (9.4) 0.022
Anti-dsDNA IgG positive 44 (62.9) 10 (100.0) 0.019
Anti-dsDNA IgG titre (IU/ml) 583.6 (2377.7) 469.4 (504.4) 0.003
Prevalence of skin rash (n, %) 27 (38.6) 8 (80.0) 0.013
IgG (mg/dl) 1832 (820) 2268 (662) 0.040
C3 (mg/dl) 58.7 (28.7) 32.4 (8.5) 0.002
C4 (mg/dl) 9.2 (9.1) 1.8 (2.8) 0.004
CH50 (U/ml) 24.4 (14.3) 9.8 (11.3) 0.003
SLEDAI-2K 13.9 (9.6) 20.1 (8.0) 0.017
Initial prednisolone dose (mg/kg
body weight)

0.73 (0.29) 0.90 (0.17) 0.089

IL-6 (pg/ml) 156.3 (504.1) 138.8 (329.5) 0.816
IL-10 (pg/ml) 3.06 (3.75) 6.42 (3.91) 0.001
IFNa2 (pg/ml) 9.81 (20.42) 24.23 (24.78) 0.003
IFNc (pg/ml) 16.54 (37.07) 6.68 (7.25) 0.490
Tryptophan (mg/ml) 7.82 (3.22) 7.22 (2.65) 0.590
Kynurenine (mg/ml) 0.816 (0.486) 1.312 (0.927) 0.029
Kynurenine/tryptophan ratio 0.155 (0.180) 0.232 (0.268) 0.097

Variable Anti-RibP IgG3 (2) n5 62 Anti-RibP IgG3 (1) n5 18 P-value

Age at administration (years) 45.1 (19.1) 31.9 (10.9) 0.010
Anti-dsDNA IgG positive (n, %) 37 (59.7) 17 (94.4) 0.006
Anti-dsDNA IgG titre (IU/ml) 429.9 (1887.7) 1049.5 (3160.1) 0.003
Prevalence of skin rash (n, %) 23 (37.1) 12 (66.7) 0.026
IgG (mg/dl) 1754 (714) 2346 (970) 0.014
C3 (mg/dl) 60.9 (29.3) 36.2 (12.0) 0.001
C4 (mg/dl) 9.9 (9.3) 2.6 (3.4) 0.001
CH50 (U/ml) 25.8 (14.1) 11.6 (11.7) 0.001
SLEDAI-2K 13.5 (9.9) 18.6 (7.6) 0.007
Initial prednisolone dose (mg/kg
body weight)

0.70 (0.29) 0.93 (0.17) 0.002

IL-6 (pg/ml) 71.4 (113.4) 439.0 (965.4) 0.053
IL-10 (pg/ml) 2.42 (3.02) 7.12 (4.48) <0.001
IFNa2 (pg/ml) 8.33 (16.91) 22.93 (30.39) <0.001
IFNc (pg/ml) 13.45 (28.41) 21.71 (52.00) 0.192
Tryptophan (mg/ml) 8.35 (2.97) 5.64 (2.89) 0.001
Kynurenine (mg/ml) 0.757 (0.459) 1.295 (0.740) <0.001
Kynurenine/tryptophan ratio 0.116 (0.117) 0.332 (0.293) <0.001

Univariate analysis comparison between patients with and without anti-RibP IgG subclass. Data are presented as the mean (S.D.) or the number and the
percentage and were evaluated by the Mann–Whitney U–test or v2-test. SLEDAI-2K: SLEDAI 2000; anti-RibP: anti-ribosomal P antibody.
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tryptophan and kynurenine levels and higher K/T ratio com-
pared with anti-dsDNA IgG alone, suggesting that anti-RibP
IgG3 is a major pathogenic IgG subclass associated with se-
vere disease activity.
IgG consists of four subclasses, IgG1, IgG2, IgG3 and

IgG4, which are distinguished by differences in their constant
region, resulting in different affinities for FccRs and C1q [15].
IgG1 is normally the most abundant subclass, whereas IgG2
antibodies are induced by polysaccharide antigens in the ab-
sence of T cell help. IgG3 antibodies are particularly effective
in the induction of effector functions and function as proin-
flammatory antibodies because they have the highest affinity
for all FccR subclasses and C1q [15]. We hypothesized that
hypocomplementemia and the production of several cyto-
kines, including IL-6 and IFN-c, might be sufficiently induced
by the existence of anti-dsDNA IgG alone, whereas the addi-
tional presence of anti-RibP IgG3 might trigger the produc-
tion of other cytokines, including IFN-a2, and tryptophan
metabolism through the kynurenine pathway.
As described above, the presence of anti-RibP IgG3 was

closely associated with higher IFN-a2 levels. IFN-a belongs to
the family of type I IFNs and stimulates IDO1, resulting in the

acceleration of kynurenine pathway activity. Tryptophan is
an essential amino acid and precursor of serotonin, and the
degradation of tryptophan causes a lack of serotonin in the
brain, inducing a depressive state. IFN-a treatment of patients
with chronic illnesses was reported to be associated with de-
creased tryptophan, increased levels of kynurenine, and a
higher K/T ratio, along with depression [19]. The association
between anti-RibP, especially anti-RibP IgG3, and kynurenine
pathway activity acceleration may be a secondary effect in-
duced by IFN-a2 elevation in addition to IFN-c stimulation.
Although the present study did not show any differences in
the prevalence of NPSLE, including depression, insomnia and
fatigue, the presence of anti-RibP IgG3 might be a factor that
causes SLE patients to be preliminarily vulnerable to a depres-
sive state.
Type I IFN was also reported to be associated with leuko-

penia, low complement levels, skin rash, arthralgia, and seros-
itis in SLE patients [20]. A meta-analysis reported that the
presence of anti-RibP was also associated with malar rash,
oral ulcer, and photosensitivity [6]. Anifrolumab, an anti-
IFN-a-receptor monoclonal antibody, had a significant effect
on skin disease in SLE patients [21, 22]. The anti-RibP index

Table 3. Demographic and clinical characteristics of patients with and without anti-RibP subclasses

Variable Anti-RibP IgG2 (!) n¼70 Anti-RibP IgG2 (þ) n¼10 P-value

Age at administration (years) 43.9 (18.7) 29.5 (9.4) 0.022
Anti-dsDNA IgG positive 44 (62.9) 10 (100.0) 0.019
Anti-dsDNA IgG titre (IU/ml) 583.6 (2377.7) 469.4 (504.4) 0.003
Prevalence of skin rash (n, %) 27 (38.6) 8 (80.0) 0.013
IgG (mg/dl) 1832 (820) 2268 (662) 0.040
C3 (mg/dl) 58.7 (28.7) 32.4 (8.5) 0.002
C4 (mg/dl) 9.2 (9.1) 1.8 (2.8) 0.004
CH50 (U/ml) 24.4 (14.3) 9.8 (11.3) 0.003
SLEDAI-2K 13.9 (9.6) 20.1 (8.0) 0.017
Initial prednisolone dose (mg/kg
body weight)

0.73 (0.29) 0.90 (0.17) 0.089

IL-6 (pg/ml) 156.3 (504.1) 138.8 (329.5) 0.816
IL-10 (pg/ml) 3.06 (3.75) 6.42 (3.91) 0.001
IFNa2 (pg/ml) 9.81 (20.42) 24.23 (24.78) 0.003
IFNc (pg/ml) 16.54 (37.07) 6.68 (7.25) 0.490
Tryptophan (mg/ml) 7.82 (3.22) 7.22 (2.65) 0.590
Kynurenine (mg/ml) 0.816 (0.486) 1.312 (0.927) 0.029
Kynurenine/tryptophan ratio 0.155 (0.180) 0.232 (0.268) 0.097

Variable Anti-RibP IgG3 (2) n5 62 Anti-RibP IgG3 (1) n5 18 P-value

Age at administration (years) 45.1 (19.1) 31.9 (10.9) 0.010
Anti-dsDNA IgG positive (n, %) 37 (59.7) 17 (94.4) 0.006
Anti-dsDNA IgG titre (IU/ml) 429.9 (1887.7) 1049.5 (3160.1) 0.003
Prevalence of skin rash (n, %) 23 (37.1) 12 (66.7) 0.026
IgG (mg/dl) 1754 (714) 2346 (970) 0.014
C3 (mg/dl) 60.9 (29.3) 36.2 (12.0) 0.001
C4 (mg/dl) 9.9 (9.3) 2.6 (3.4) 0.001
CH50 (U/ml) 25.8 (14.1) 11.6 (11.7) 0.001
SLEDAI-2K 13.5 (9.9) 18.6 (7.6) 0.007
Initial prednisolone dose (mg/kg
body weight)

0.70 (0.29) 0.93 (0.17) 0.002

IL-6 (pg/ml) 71.4 (113.4) 439.0 (965.4) 0.053
IL-10 (pg/ml) 2.42 (3.02) 7.12 (4.48) <0.001
IFNa2 (pg/ml) 8.33 (16.91) 22.93 (30.39) <0.001
IFNc (pg/ml) 13.45 (28.41) 21.71 (52.00) 0.192
Tryptophan (mg/ml) 8.35 (2.97) 5.64 (2.89) 0.001
Kynurenine (mg/ml) 0.757 (0.459) 1.295 (0.740) <0.001
Kynurenine/tryptophan ratio 0.116 (0.117) 0.332 (0.293) <0.001

Univariate analysis comparison between patients with and without anti-RibP IgG subclass. Data are presented as the mean (S.D.) or the number and the
percentage and were evaluated by the Mann–Whitney U–test or v2-test. SLEDAI-2K: SLEDAI 2000; anti-RibP: anti-ribosomal P antibody.
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Discussion
•抗RibP IgGの主なサブクラスはIgG2とIgG3だった
•どのサブクラスにおいても、ほとんどで抗dsDNA IgGも
陽性だった
•抗RibP IgG3 + 抗dsDNA IgGの患者は、抗dsDNA IgG単独陽性
と⽐べ、PSL初期⽤量, IL-10, IFN-α2, トリプトファン, キヌレ
ニン, K/T⽐が⾼かった。
→ 抗RibP IgG3が疾患活動性に関連した主要な病原性を有する

サブクラスであることが⽰唆された



Limitation

1. 単施設の研究で、患者数が少ない
2. 横断研究である
3. 抗RibP抗体の検出に⽤いるアッセイにより結果が異なりうる



結論

•抗RibP抗体はSLEの⽪疹やいくつかのパラメーターと関
連しており、抗体価は疾患重症度の指標となりうる。

•抗Rib IgGはSLEの病態と最も強く関連するIgGサブクラ
スだった。


