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Abstract

Idiopathic multicentric Castleman disease (iMCD) is a rare lymphoproliferative disorder characterized by systemic inflam-
mation and lymphadenopathy. Two major clinical subtypes, idiopathic plasmacytic lymphadenopathy (iMCD-IPL) and iMCD 
with thrombocytopenia, anasarca, fever, renal dysfunction/reticulin fibrosis, and organomegaly (iMCD-TAFRO), have distinct 
pathophysiological mechanisms. While interleukin-6 (IL-6) is known to be elevated in iMCD, differences in the sources of 
IL-6 production between subtypes remain unclear. We examined the source of IL-6 production and its transcriptional reg-
ulation across iMCD subtypes using immunohistochemistry, in situ hybridization, and gene expression profiling. Immuno-
histochemistry and in situ hybridization revealed that plasma cells were the predominant IL-6-expressing cells in iMCD-IPL, 
whereas vascular endothelial cells expressed IL-6 in iMCD-TAFRO. Plasma cells exhibited stronger IL-6 protein expression 
in iMCD-IPL than in iMCD-TAFRO. Gene expression analysis revealed upregulation of XBP1, MZB1, DERL3, SSR4, FKBP11, FKBP2, 
PIM2, RABAC1, and SDF2L1 in iMCD-IPL, implicating endoplasmic reticulum stress and plasma cell differentiation in IL-6 
dysregulation. Our findings suggest that XBP1-mediated IL-6 production may contribute to the pathogenesis of iMCD-IPL, 
potentially explaining its favorable responses to IL-6 blockade therapy. In contrast, IL-6 production in iMCD-TAFRO may be 
predominantly from vascular endothelial cells, suggesting that elevated serum IL-6 is a secondary phenomenon of the cy-
tokine storm in this subtype. Future studies should clarify how proteomics and gene expression profiling could inform 
subtype-specific therapeutic strategies in iMCD. 

Introduction

Idiopathic multicentric Castleman disease (iMCD) is a rare, 
non-clonal lymphoproliferative disorder characterized by 
systemic lymphadenopathy and inflammation.1,2 Two clinical 
subtypes, iMCD with idiopathic plasmacytic lymphadenop-
athy (iMCD-IPL) and iMCD with thrombocytopenia, anasar-
ca, fever, renal dysfunction/reticulin fibrosis, and organo-
megaly (iMCD-TAFRO), display distinct clinicopathological 
features and responses to treatment.3,4 iMCD-IPL patients 
have an indolent clinical course, and exhibit plasmacyt-

ic lymph node histology and hypergammaglobulinemia. 
In contrast, iMCD-TAFRO is characterized by aggressive 
clinical symptoms with TAFRO features. Histologically, 
iMCD-TAFRO shows marked vascularization in atrophic 
germinal centers and the interfollicular area. Patients with 
iMCD-TAFRO often require intensive care unit admissions 
or renal replacement therapy. In addition, the high levels 
of inflammatory cytokines and gene expression patterns 
observed in iMCD-TAFRO suggest a pathological state of 
cytokine storm.5,6 
While interleukin-6 (IL-6) inhibitors have been the first-

Correspondence: Y. Sato
satou-y@okayama-u.ac.jp

Received:	 May 6, 2025.
Accepted: 	 August 29, 2025.
Early view: 	 September 11, 2025.

https://doi.org/10.3324/haematol.2025.288147

©2026 Ferrata Storti Foundation
Published under a CC BY-NC license 

Non-Hodgkin Lymphoma

Distinct interleukin-6 production in IPL and TAFRO subtypes of idiopathic multicentric Castleman disease

A. Nishikori et al.
https://doi.org/10.3324/haematol.2025.288147



Haematologica | 111 May 2026

1706

ARTICLE - IL-6 production in subtypes of iMCD  A. Nishikori et al.

line treatment for iMCD over the past decade,7 patients 
with different iMCD subtypes exhibit variable responses to 
treatment.3,8,9 As previously reported, patients with iMCD-IPL 
usually have favorable responses to IL-6 blockade therapy 
with siltuximab or tocilizumab,3,10 with sustained remissions 
over time.11,12 However, patients with iMCD-TAFRO are more 
likely to show marginal responses to IL-6-directed therapy13 

and often require combined high-dose glucocorticoids, rit-
uximab, or either lymphoma- or myeloma-based systemic 
chemotherapy.3,14,15 Furthermore, there are reports that tumor 
necrosis factor (TNF) inhibitors and Bruton tyrosine kinase 
(BTK) inhibitors are effective.16,17 The divergent treatment 
outcomes suggest underlying subtype-specific pathogenic 
differences, potentially related to the role of IL-6 and the 
cells producing it in each subtype.
Despite the differences in clinical responses, patients with 
iMCD-IPL and iMCD-TAFRO often exhibit similarly elevated 
serum IL-6 levels.3,18 A recent study in Japanese cohorts 
revealed that one-quarter of patients with TAFRO symp-
toms do not have lymphadenopathy.19 The pathological 
differences between TAFRO without lymphadenopathy 
and TAFRO with lymphadenopathy (including iMCD-TAFRO) 
remain unclear, but they may be due to differences in the 
expression of inflammation-related genes in the lymph 
nodes. Furthermore, a recent gene expression study revealed 
significant enrichment of the PI3K-Akt signaling pathway 
in iMCD-TAFRO, suggesting that non-IL-6 cytokines may be 
the primary disease driver of its pathogenesis.20 Previous 
studies identified vascular endothelial cells or B cells as a 
source of IL-6 in iMCD lymph nodes, but did not compare 
subtypes.21-24 Thus, the present study aimed to elucidate 
and compare the cellular sources of IL-6 and associated 
transcriptional regulators in iMCD-IPL and iMCD-TAFRO 
using immunohistochemistry, in situ hybridization, and 
gene expression analysis. 

Methods

Patients and definitions of subtypes of idiopathic 
multicentric Castleman disease
Sixty-four patients with iMCD-IPL (N=50) or iMCD-TAFRO 
(N=14) were included in the study. All cases were retrieved 
from pathology consultation files at Okayama University, 
Japan, and met the diagnostic criteria for iMCD.1 IgG4-related 
disease was ruled out in all cases based on established 
exclusion criteria.25,26 Currently, three sets of diagnostic 
criteria are used for iMCD-IPL,4,27-29 and these criteria differ 
slightly. In this study, iMCD-IPL was diagnosed according 
to the criteria defined by Kojima et al., including: (i) promi-
nent polyclonal hypergammaglobulinemia (gamma globulin 
>4.0 g/dL or serum IgG level >3,500 mg/dL), (ii) generalized 
lymphadenopathy, (iii) absence of definite autoimmune 
disease, and (iv) sheet-like infiltration of mature plasma 
cells.28 There are several diagnostic criteria for iMCD-TA-

FRO,30,31 and this study used the international definition31 
through which iMCD-TAFRO is diagnosed in those cases 
with iMCD-consistent lymph node pathology meeting at 
least four clinical criteria (thrombocytopenia, anasarca, 
fever/hyperinflammatory status, and organomegaly), in 
addition to supplementary criteria, including renal dys-
function, or pathological features in the bone marrow 
such as reticulin fibrosis or megakaryocyte hyperplasia.31 
Furthermore, histological subtypes of iMCD were clas-
sified based on international criteria.13 All patients were 
serologically or immunohistochemically negative for Kapo-
si’s sarcoma-associated herpesvirus/human herpesvirus 
8. This study was approved by the Institutional Review 
Board of Okayama University (protocol number 2007-033) 
and was performed in accordance with the tenets of the 
Declaration of Helsinki.

Histology, immunohistochemistry, sample quantification, 
and in situ hybridization
All lymph node specimens were fixed in 10% formaldehyde 
and embedded in paraffin. Formalin-fixed paraffin-em-
bedded (FFPE) tissue blocks were sliced into 3-μm thick 
sections and stained with hematoxylin and eosin. Immuno-
histochemical staining for IL-6 was performed in all cases, 
and H scores were calculated. Additionally, IL-6 and IL-6 
receptor (IL-6R) mRNA expression was visualized in two 
iMCD-IPL and two iMCD-TAFRO cases (Online Supplemen-
tary Appendix).

Whole transcriptome analysis
Whole transcriptome analysis was performed on 20 Jap-
anese patients with iMCD-IPL (N=12), iMCD-not other-
wise specified (NOS) (N=6), and iMCD-TAFRO (N=2) with 
frozen lymph node lesions. Patients who did not meet 
the criteria for iMCD-IPL and iMCD-TAFRO criteria were 
defined as having iMCD-NOS.6,20 However, all iMCD-NOS 
included in the study were iMCD-TAFRO-like cases that 
did not completely meet the criteria for iMCD-TAFRO, 
although they had pleural and/or ascites effusions and 
showed hypervascular histology. The details of the iMCD-
NOS patients included in this study are summarized in 
Online Supplementary Table S2. Total RNA extraction and 
sequencing are described in the Online Supplementa-
ry Appendix. Following this, deconvolution analysis was 
performed using the abs mode of CIBERSORTx32 (https://
cibersortx.stanford.edu) with transcripts per million values 
from whole transcriptome analysis.

Gene expression profiling
Gene expression profiling was performed using the nCounter 
platform (NanoString Technologies, Seattle, WA, USA) in 24 
iMCD-IPL and seven iMCD-TAFRO cases with sufficient FFPE 
tissue that passed the RNA quality check. RNA extraction 
from FFPE tissue and analysis are described in the Online 
Supplementary Appendix.
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Statistical analysis
For categorical data, we used the χ2 test. The Wilcoxon rank 
sum test was used to compare two continuous variables. 
All P values were calculated using two-sided tests, and a 
threshold of 0.05 was used to measure statistical signifi-
cance. Statistical analyses were performed using R version 
4.2.1 (https://cran.r-project.org).

Results

Clinical findings
Table 1 summarizes the clinical characteristics of the pa-
tients in this study. There was no significant age difference 
between patients with iMCD-IPL or iMCD-TAFRO (P=0.644). 

Consistent with previous reports and subtype definitions, 
iMCD-IPL patients had higher platelet counts and immu-
noglobulin (IgG, IgA, IgM) levels than iMCD-TAFRO patients 
(P<0.001). Serum IL-6 levels were comparable between 
subtypes (P=0.234).

Histological, immunohistochemical, and in situ 
hybridization findings
Histological findings of the iMCD-IPL and iMCD-TAFRO cases 
are shown in Figures 1 and 2, respectively. iMCD-IPL lymph 
nodes showed normal to hyperplastic germinal centers with 
an expanded interfollicular area featuring sheet-like plasma 
cell proliferation (Figure 1A); hemosiderin deposition was 
frequently observed (Figure 1B). In contrast, iMCD-TAFRO 
lymph nodes had atrophic germinal centers with promi-

Table 1. Comparison of clinical findings between subtypes of idiopathic multicentric Castleman disease.

Findings iMCD-IPL
N=50

iMCD-TAFRO
N=14 P

Age, years, median (IQR) 54.0 (62.0-44.5) 49.0 (65.5-41.8) 0.644
Sex, male/female, N 27/23 11/3 -

Laboratory findings,* median (IQR)
WBC, ×103/μL, N=43
Platelets, ×103/μL, N=56
Hemoglobin, g/dL, N=57
CRP, mg/dL, N=55
Serum IL-6, pg/mL, N=16
IgG, mg/dL, N=52
IgM, mg/dL, N=41
IgA, mg/dL, N=41

8.0 (9.6-5.7)
387 (439-286)
10.3 (11.5-9.1)
6.5 (8.8-3.4)

37.5 (52.5-23.6)
4,727.0 (6,014.5-4,274.3)

215.0 (271.2-154.0)
553.6 (686.0-450.0)

9.0 (12.4-5.7)
35 (54-22)

9.0 (11.3-7.5)
6.0 (16.1-1.9)

15.6 (26.6-10.7)
1,317.7 (1,560.3-1,193.1)

73.7 (96.3-63.0)
188.6 (227.3-169.0)

0.456
<0.001
0.269
0.992
0.234

<0.001
<0.001
<0.001

Significance was calculated using the Mann-Whitney U test, with P values <0.001 considered statistically significant. *Normal 
ranges: white blood cells, 3.3-8.6×103/μL; platelets, 158-348×103/μL; hemoglobin, 13.7-16.8 g/dL (male), 11.6-14.8 g/dL (female); 
C-reactive protein, 0.00-0.30 mg/dL; interleukin-6, 0.0–4.0 pg/mL; IgG, 870-1,700 mg/dL; IgM, 31-200 mg/dL (male), 52-270 mg/
dL (female); IgA, 110-410 mg/dL. iMCD-IPL: idiopathic multicentric Castleman disease with idiopathic plasmacytic lymphadeno
pathy; iMCD-TAFRO: idiopathic multicentric Castleman disease with thrombocytopenia, anasarca, fever, renal dysfunction/retic-
ulin fibrosis, and organomegaly; IQR: interquartile range; WBC: white blood cells; CRP: C-reactive protein; IL-6: interleukin 6; Ig: 
immunoglobulin.

Figure 1. Histopathological features of idiopathic multicentric Castleman disease-idiopathic plasmacytic lymphadenopathy 
(iMCD-IPL). (A) Interfollicular areas are expanded, and germinal centers show normal to hyperplastic features. Scale bar = 200 
µm. (B) Sheet-like proliferation of mature plasma cells in the interfollicular areas and hemosiderin deposition. Scale bar = 50 µm.

A B



Haematologica | 111 May 2026

1708

ARTICLE - IL-6 production in subtypes of iMCD  A. Nishikori et al.

nent vascular proliferation (Figure 2A). “Whirlpool” vessels 
often appeared within the atrophic germinal centers (Fig-
ure 2B). iMCD-TAFRO cases also showed variable degrees 
of plasmacytosis; some cases had extensive plasma cell 
proliferation alongside marked vascularity. In iMCD-TAFRO, 
plasma cells are not arranged in sheet-like formations but 
are interspersed among proliferating blood vessels and 
lymphocytes (Figure 2C, D). 
Immunohistochemistry for IL-6 showed significantly stron-
ger IL-6 protein staining in iMCD-IPL than in iMCD-TAFRO 
(Figure 3). In iMCD-IPL, the interfollicular zones contained 
sheet-like mature plasma cell proliferation (Figure 3A) with 
granular cytoplasmic IL-6 staining (Figure 3C). Vascular 
endothelial cells in iMCD-IPL were also IL-6-positive, al-
though less intensely than the plasma cells (Figure 3E). 
In iMCD-TAFRO, some cases demonstrated interfollicular 
plasmacytosis (Figure 3B) with IL-6-positive plasma cells 
(Figure 3D), and IL-6 staining was likewise seen in vascular 
endothelial cells (Figure 3F). Quantitatively, the IL-6 H-score 
was significantly higher in iMCD-IPL than in iMCD-TAFRO 
(P<0.001) (Figure 3G).

In situ hybridization corroborated the immunohistochem-
istry results: IL-6 mRNA signals appeared primarily in 
plasma cells in iMCD-IPL, whereas in iMCD-TAFRO, they 
were detected in vascular endothelial cells (Figure 4A, B). 
Additionally, in iMCD-IPL, we observed slight signals in vas-
cular endothelial cells compared to those in plasma cells 
(Online Supplementary Figure S1). Similarly, IL-6R mRNA 
was localized to plasma cells in iMCD-IPL and endothelial 
cells in iMCD-TAFRO (Figure 4C, D).

Whole transcriptome analysis
The results of the whole transcriptome analysis showed a 
correlation of transcripts per million between iMCD cases 
(Figure 5). Notably, several iMCD-IPL samples (IPL1, 2, 4, 5, 
6, 8) clustered tightly together along with one iMCD-NOS 
and one iMCD-TAFRO case (NOS1 and TAFRO2), whereas 
the remaining iMCD-IPL cases (IPL3, 7, 9, 10, 11, 12) fell in-
to separate clusters. All iMCD-IPL cases classified in the 
separate clusters showed a distribution value of fragments 
≥200 nucleotides (DV200) of less than 95%. Non-hierarchical 
cluster analysis was performed to identify the upregulat-

Figure 2. Histopathological features of idiopathic multicentric Castleman disease with thrombocytopenia, anasarca, fever, renal 
dysfunction/reticulin fibrosis, and organomegaly (iMCD-TAFRO). (A, B) iMCD-TAFRO without plasmacytosis. Atrophic germinal 
centers and severe vascularization. Scale bar = 200 µm (A). Proliferation of whirlpool vessels within the germinal centers. Scale 
bar = 100 µm. (B). (C, D) iMCD-TAFRO with plasmacytosis. An atrophic germinal center with a whirlpool vessel. Scale bar = 100 µm 
(C). In the interfollicular area, prominent vascular proliferation and plasma cells admixed with lymphocytes can be seen. Scale 
bar = 50 µm (D).
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ed genes in these case groups. Focusing on the dominant 
iMCD-IPL cluster, we identified 105 genes significantly up-
regulated in iMCD-IPL (Online Supplementary Figure S2). 
By contrast, clustering of the 105 genes showed a mixed 
gene expression pattern in iMCD-TAFRO and iMCD-NOS 

cases. The 105 genes included plasma cell-related genes 
such as XBP1 and MZB1. Considering the possibility that 
the gene signature characteristic of iMCD-IPL depends on 
the amount of plasma cells in the constituent cells, we 
performed deconvolution analysis (Online Supplementa-

Figure 3. Interleukein-6 immunohistochemical staining in idiopathic mul-
ticentric Castleman disease subtypes. (A) Idiopathic multicentric Castle-
man disease-idiopathic plasmacytic lymphadenopathy (iMCD-IPL). Sheet-
like proliferation of mature plasma cells in the interfollicular area. Scale 
bar = 50 µm. (B) Idiopathic multicentric Castleman disease with throm-
bocytopenia, anasarca, fever, renal dysfunction/reticulin fibrosis, and or-
ganomegaly (iMCD-TAFRO). Marked vascularization with plasmacytosis in 
the interfollicular area. Scale bar = 100 µm. (C) Interleukin-6 (IL-6) immu-
nostaining in iMCD-IPL. The cytoplasm of the plasma cells in the interfol-
licular area shows a granular staining pattern. Scale bar = 50 µm. (D) 
iMCD-TAFRO. IL-6 protein expression was detected in plasma cells, weak-
er than in iMCD-IPL. Scale bar = 50 µm. (E) Vascular endothelial cells in 
iMCD-IPL show weaker IL-6 protein expression than plasma cells. Scale 
bar = 50 µm. (F) iMCD-TAFRO. IL-6 protein expression was detected in the 
cytoplasm of vascular endothelial cells. Scale bar = 50 µm. (G) Comparison 
of IL-6 H-score between iMCD-IPL and iMCD-TAFRO. The IL-6 staining 
pattern was calculated on a four-point scale (0-3). The H-score was cal-
culated for cell staining using the following formula: H-score = (% at 0) × 
0 + (% at 1+) × 1 + (% at 2+) × 2 + (% at 3+) × 3, as described previously.33 

The IL-6 H-score was significantly higher in the iMCD-IPL group (P<0.001). 
iMCD-IPL: median (interquartile range): 162.1 (115.7-196.0); iMCD-TAFRO: 
median (interquartile range): 36.4 (17.7-58.3).
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ry Figure S3). As a result, no significant difference in the 
amount of plasma cells was observed between iMCD-IPL 
and iMCD-TAFRO (P=0.536).

Gene expression profiling
Targeted gene expression profiling (nCounter) was per-
formed on all available cases for the 105 genes to validate 
the RNA-sequencing findings. The top ten most highly 
expressed genes across all samples were IGLL5, XBP1, 
MZB1, DERL3, SSR4, FKBP11, PIM2, FKBP2, RABAC1, and 
SDF2L1 (Online Supplementary Figure S4). Notably, nine 
of these genes (XBP1, MZB1, DERL3, SSR4, FKBP11, FKBP2, 
PIM2, RABAC1, and SDF2L1) were expressed at significantly 
higher levels in iMCD-IPL than in iMCD-TAFRO (P<0.05 for 
each with varying levels of significance as shown) (Figure 
6). The rank order of gene expression by subtype is shown 
in Online Supplementary Figure S5. 

Discussion

The present study provides the first direct evidence of dif-
ferential pathways of IL-6 production between iMCD-IPL and 

iMCD-TAFRO, as determined through immunohistochemis-
try, in situ hybridization, and gene expression analysis. This 
report describes the first direct evidence of distinct IL-6 
production mechanisms in iMCD-IPL versus iMCD-TAFRO. 
Previous reports noted IL-6 signaling in iMCD endothelial 
cells but did not differentiate between subtypes.21,23 We 
found that IL-6 production by vascular endothelial cells is 
far more prominent in the iMCD-TAFRO subtype. In iMCD-TA-
FRO, we observed activation of the PI3K-Akt pathway and 
upregulation of cytokine storm-related genes such as TNFA, 
IL1R, MTOR, and VEGFA;6,19 however, no significant differ-
ence in IL6 gene expression was observed. Therefore, the 
elevation of serum IL-6 in iMCD-TAFRO is suggested to be 
a consequence of the subsequent cytokine storm rather 
than a primary disease driver.5,34,35

In contrast, in iMCD-IPL, we detected IL-6 protein, as well 
as IL-6 and IL-6R mRNA, within the proliferating plasma 
cells, supporting the hypothesis of autocrine IL-6 produc-
tion. Notably, the gene expression data showing high XBP1 
in iMCD-IPL further reinforces an autocrine and possibly a 
paracrine mechanism, as XBP1 is known to drive IL-6 se-
cretion (Figure 7). XBP1 is a transcription factor implicated 
in multiple myeloma, in which it enhances IL-6 secretion, 

Figure 4. Interleukin-6 and interleukin-6 receptor in situ hybridization in idiopathic multicentric Castleman disease subtypes. 
(A) Idiopathic multicentric Castleman disease-idiopathic plasmacytic lymphadenopathy (iMCD-IPL). Interleukin-6 (IL-6) mRNA 
signals were observed mainly in plasma cells (yellow arrowheads). Scale bar = 50 µm. (B) Idiopathic multicentric Castleman dis-
ease with thrombocytopenia, anasarca, fever, renal dysfunction/reticulin fibrosis, and organomegaly (iMCD-TAFRO). IL-6 mRNA 
signals were detected in vascular endothelial cells (yellow arrowheads). No IL-6 mRNA signals were detected in the plasma cells. 
Scale bar = 50 µm. (C) iMCD-IPL. IL-6 receptor (IL-6R) mRNA signals were detected mainly in plasma cells (yellow arrowheads). 
Scale bar = 50 µm. (D) iMCD-TAFRO. IL-6R mRNA signals were observed in vascular endothelial cells (yellow arrowheads). No IL-
6R mRNA signals were detected in the plasma cells. Scale bar = 50 µm.
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plasma cell survival, and angiogenesis.36-38 Furthermore, 
XBP1 is an endoplasmic reticulum (ER) stress-related gene, 
and its expression is enhanced during the differentiation 

of B cells into plasma cells in lymph nodes.36,39 Given that 
vascular proliferation is not considerably pronounced in 
iMCD-IPL,20 XBP1 activation in iMCD-IPL may likely be driv-

Figure 5. Whole transcriptome analysis in idiopathic multicentric Castleman disease subtypes. Correlation analysis between 
cases of idiopathic multicentric Castleman disease based on transcripts per million using 750 highly variable genes. Strong pos-
itive correlations were observed in the cluster containing IPL1, 2, 4, 5, 6, 8, NOS1, and TAFRO2.

Figure 6. Gene expression analysis in idiopathic multicentric Castleman disease subtypes using a custom panel. Comparison of 
expression levels between idiopathic multicentric Castleman disease-idiopathic plasmacytic lymphadenopathy (iMCD-IPL) and 
idiopathic multicentric Castleman disease with thrombocytopenia, anasarca, fever, renal dysfunction/reticulin fibrosis, and or-
ganomegaly (iMCD-TAFRO) for the top ten expressed genes (IGLL5, XBP1, MZB1, DERL3, SSR4, FKBP11, PIM2, FKBP2, RABAC1, and 
SDF2L1). *P<0.05, **P<0.01, ***P<0.001, NS: not significant.
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en by factors other than angiogenesis, consistent with an 
alternative mechanism of IL-6 upregulation in this subtype.
The constitutive, XBP1-driven IL-6 cycle may explain clinical 
features in iMCD-IPL patients, including hypergammaglob-
ulinemia and thrombocytosis. While the role of XBP1 in 
promoting plasma cell survival may also contribute to the 
chronic nature of iMCD-IPL, further investigation is need-
ed to identify the trigger for XBP1 activation that leads to 
excessive plasma cell differentiation and IL-6 production. 
Furthermore, gene expression analysis in this study revealed 
that iMCD-IPL was associated with increased expression 
of ER stress-related genes, including XBP1. ER stress is 
closely related to plasma cells in lymph nodes, and it is 
crucial to determine whether the enhancement of this gene 
signature is dependent on the component cells of iMCD-
IPL and iMCD-TAFRO. Deconvolution analysis revealed no 
significant difference in the estimated number of plasma 
cells between iMCD-IPL and iMCD-TAFRO, suggesting that 
the difference in IL-6 activity between the two groups 
may be attributed to their distinct characteristics rather 
than the quantity of plasma cells. Histologically, plasma 
cells in iMCD-TAFRO were observed to be mixed with vas-
cular cells and lymphocytes, in contrast to the sheet-like 
proliferation observed in iMCD-IPL. The distribution areas 
and appearance patterns of plasma cells in iMCD-IPL and 
iMCD-TAFRO are considered to be different.

We noted that IL-6 protein staining in iMCD-IPL was mark-
edly stronger in plasma cells than in vascular endothelial 
cells. Additionally, IL-6 staining was more intense in plasma 
cells in iMCD-IPL than in iMCD-TAFRO. The discrepancy 
likely does not reflect the sheer overproduction of IL-6, 
but rather that intracellular, autocrinally produced IL-6 is 
retained within iMCD-IPL plasma cells, rather than being 
secreted. Such a chronic autocrine IL-6 signaling mech-
anism could sustain ongoing plasma cell proliferation 
and related symptoms in iMCD-IPL, which needs to be 
verified in future studies. Conversely, the predominance 
of endothelial-derived IL-6 in iMCD-TAFRO may reflect a 
different pathophysiology and explain why IL-6 inhibitors 
have limited efficacy in some patients with iMCD-TAFRO. 
It is worth noting that immunohistochemically determined 
IL-6 H-scores were significantly higher in iMCD-IPL; one 
may need to consider that this could be influenced by the 
greater number of plasma cells in iMCD-IPL tissues, which 
may not truly reflect the actual amount of IL-6. However, as 
most iMCD-TAFRO cases did have various degrees of plas-
macytosis with weak IL-6-positive cells, and we quantified 
H-scores in hotspots for each case, differences in staining 
intensity likely account for the higher H-scores in iMCD-IPL.
We found similarly high IGLL5 expression in both iMCD-IPL 
and iMCD-TAFRO, but the significance of this observation 
may differ by subtype. In iMCD-IPL, IGLL5 upregulation is 

Figure 7. Pathogenesis and gene expression of idiopathic multicentric Castleman disease-idiopathic plasmacytic lymphadeno
pathy. The pathological hypothesis of idiopathic multicentric Castleman disease with idiopathic plasmacytic lymphadenopathy 
(iMCF-IPL) is based on the results of immunohistochemistry, in situ hybridization, and gene expression analysis. An unknown 
trigger enhances B-cell differentiation into plasma cells and causes plasma cell proliferation. In this model, plasma cells pro-
duce immunoglobulins, resulting in the expansion of the endoplasmic reticulum (ER). Consequently, ER stress-related genes 
are upregulated, and XBP1 may be constantly activated, thereby becoming involved in interleukin-6 autocrine production by 
plasma cells. Immunoglobulin production may upregulate MZB1 and enhance ER stress. IL-6: interleukin-6; IL-6R: interleukin-6 
receptor.
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likely attributable to the abundance of plasma cells, as IGLL5 
is located in the immunoglobulin λ locus and is involved in 
B-cell development.40 In contrast, the unexpectedly high 
IGLL5 expression in iMCD-TAFRO might represent an intrigu-
ing paradox, suggesting that different cell types or signals 
drive IGLL5 in iMCD-TAFRO. Notably, IGLL5 expression is also 
upregulated in multiple myeloma and in tumor-infiltrating 
immune cells, suggesting a broad role in immune regulation 
and inflammation.41,42 One potential hypothesis is that IGLL5 
expression in iMCD-TAFRO might originate from non-plasma 
cell populations such as activated B cells, dendritic cells, 
or myeloid-derived suppressor cells, in the setting of wide-
spread endothelial activation and a severe cytokine storm. 
Future studies should employ single-cell RNA sequencing 
and spatial transcriptomics to pinpoint the cellular source of 
IGLL5 in iMCD and clarify its role in immune dysregulation. 
These approaches may also determine whether IGLL5 could 
serve as a useful biomarker or therapeutic target in specific 
iMCD subtypes. Several other genes were highly expressed 
in iMCD-IPL relative to iMCD-TAFRO, including DERL3, SSR4, 
FKBP2, and FKBP11. DERL3 encodes a Derlin family protein in 
the ER membrane activated by ER stress.43 SSR4 encodes a 
component of the translocation-associated protein (TRAP) 
complex, which helps translocate proteins across the ER 
membrane.44 FKBP2 and FKBP11 encode FK506-binding pro-
teins that are upregulated during ER stress; notably, FKBP11 
is induced during XBP1-driven differentiation of B cells into 
plasma cells.45 The expression patterns support the hypoth-
esis that ER stress-driven IL-6 production by plasma cells 
is a key feature of iMCD-IPL.
From a clinical standpoint, the present findings under-
score the need for subtype-tailored therapy in iMCD. IL-6 
blockade remains the first-line treatment, and the results 
validate its particular importance in iMCD-IPL, in which 
early anti-IL-6 therapy could interrupt the XBP1-driven 
autocrine IL-6 loop and plasma cell proliferation. However, 
for patients who have relapsed after or are refractory to 
IL-6 blockade, there is currently no standard second-line 
therapy.8,46 Rituximab, an anti-CD20 B-cell therapy, has a 
category 2 indication for iMCD in the USA; however, the 
level of evidence is limited by the retrospective nature of 
the data and small sample sizes.46 Given the potential key 
role of XBP1 in iMCD-IPL, further studies should explore 
whether advanced molecular profiling, such as proteom-
ics or gene expression profiling, could guide second-line 
or later treatment decisions or predict responses to novel 
targeted therapies. 
This study has a few limitations. First, the results of in situ 

hybridization staining were qualitative rather than quan-
titative because of the limited availability of the lymph 
node specimens. Second, due to the nature of bulk gene 
expression analysis, we were unable to identify the cells 
responsible for expressing each gene. Single-cell gene ex-
pression analyses may be beneficial in identifying cells with 
upregulated genes in iMCD-IPL, including XBP1 and MZB1. 
In the future, more experiments are required to investigate 
whether XBP1 inhibition suppresses IL-6 production. Third, 
the mechanism of action of IL-6 in vascular endothelial cells 
was not clear in this study. IL-6 has both trans-signaling and 
classical signaling pathways, and their effects are different. 
Since it has been reported that trans-signaling in vascu-
lar endothelial cells can amplify inflammatory responses, 
IL-6 trans-signaling may also be involved in iMCD-TAFRO. 
To clarify this point, future single-cell analysis is needed.
In conclusion, our study elucidates distinct IL-6-producing 
cells and hypothesized regulatory mechanisms in iMCD 
subtypes, with XBP1 potentially playing a pivotal role in IL-6 
overproduction in iMCD-IPL. Future studies are warranted 
to clarify the roles of ER stress and IL-6 and IL-6R in each 
iMCD subtype. These insights may advance our understand-
ing of iMCD pathogenesis and highlight potential molecular 
targets for subtype-specific precision therapies.
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