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Abstract

Introduction: Castleman disease (CD) represents a spectrum of heterogeneous lym-

phoproliferative disorders sharing peculiar histopathological features, clinically sub-

divided into unicentric CD (UCD) and multicentric CD (MCD) and presenting with

variable inflammatory symptoms. Interleukin (IL)-6 and other cytokines play a major

role in mediating CD inflammatory manifestations. Although the local microenviron-

ment seems to be among the major sources of hypercytokinemia, the precise cellular

origin of IL-6 production in CD is still debated.

Methods: A series of five nodal CD of different subtypes (one UCD, two idiopathic

MCDs [iMCDs], one HIV-negative human herpesvirus 8 (HHV8)-associatedMCD, and

one HIV-positive HHV8-associated MCD) and a non-CD reactive control were tested

using RNAscope analysis and a dual in situ hybridization (ISH)/immunohistochemistry

technique, in order to quantify IL-6 expression and its spatial distribution.Quantitative

analyses of in situ mRNA were performed on digitalized slides using the HISTO-

QUANT software (3DHISTECH) and differences between cases were evaluated by the

Kruskal-Wallis test.

Results: RNA-ISH documented increased IL-6 expression in all CD lymph nodes, inde-

pendently from clinical and pathological subtypes, however, the highest levels were

found in HHV8+ cases and statistically significant differences in IL-6 expression were

foundonly betweenHHV8+MCDand control case.Dual RNA-ISH for IL6 coupledwith

immunohistochemistry analysis showed that IL-6was overexpressed in CD31-positive

endothelial cells in 5/5 CD tested cases but not in the control case.

Conclusion: Our findings suggest that nodal IL-6 expression seems to be significantly

upregulated in HHV8+ MCD, but a trend toward increased nodal IL-6 expression

was noticed also in UCD and iMCD-not otherwise specified. CD31+ endothelial
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cells probably represent one of the major sources of IL-6 production in the nodal

microenvironment.
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1 INTRODUCTION

Castleman disease (CD), recently included by the World Health Orga-

nization (WHO) lymphoma classification among the tumor-like lesions

with B-cell predominance, identifies a spectrumof heterogeneous lym-

phoproliferative disorders sharing peculiar histopathological features

[1].

Clinically, CD is distinguished into unicentric CD (UCD) and multi-

centric CD (MCD) [2].

UCD usually involves a single lymph node site, with no/minimal

and/or local symptoms, excisional surgery being often curative [3].

MCD presents as a systemic lymphadenopathy, with constitutional

symptoms, systemic inflammation, and multi-system organ dysfunc-

tion often requiring immunotherapy and/or chemotherapy [4]. By

etiologic driver MCD is subdivided into human herpesvirus 8 (HHV8)-

associatedMCDwithorwithoutHIVcoinfection (HIV±); polyneuropa-
thy, organomegaly, endocrinopathy, monoclonal plasma cell disorder,

and skin changes (POEMS)-associated MCD; and idiopathic MCD

(iMCD) furtherly distinguished into iMCD-not otherwise specified

(iMCD-NOS) [5], often associated with thrombocytosis and hyper-

gammaglobulinemia, and iMCD-TAFRO (thrombocytopenia, anasarca,

reticulin fibrosis, renal dysfunction, and organomegaly) [6].

Histopathologic features of CD vary from a hyaline-vascular

(HV)/hypervascular (HyperV) subtype, a plasma cell (or plasmacytic)

subtype, andmixed forms that are in between [7, 8].

The vast majority of UCDs have hyaline vascular histology with fol-

licular dendritic cells-enriched atretic follicles, fusedmantle zones, and

prominent interfollicular vascularity with hyalinization [9]. MCD may

also contain atretic follicles but is usually associated with hyperplastic

ones, increased interfollicular vascularity, and variable plasmacytosis,

resulting in hypervascular, plasmacytic, or mixed patterns [10, 11].

The CD histopathologic features are well known, but the putative

cellular andmolecular pathways responsible for theheterogeneousCD

clinical behavior and clinical course remain poorly understood [12–14].

Various studies pointed out the pathogenetic role of nodal microenvi-

ronment in cytokines production [15]. Indeed, whereas UCD is likely

mediated by dysregulation of lymph node stromal cells,MCD is charac-

terized by a systemic hypercytokinemia that includes interleukin (IL)-6

[16], vascular endothelial growth factor (VEGF) and other chemokines

[17]. The source of hypercytokinemia depends on MCD subtype: in

HHV8-associated MCD, hypercytokinemia is driven by the virus that

produces a viral IL-6 (vIL-6), homologous of the human IL-6 (hIL-6)

[18–20], that exerts its effect bybinding thehIL-6 receptor andupregu-

lating hIL-6 production; in POEMS-associatedMCD, hypercytokinemia

is related to monoclonal plasma cells. IL-6 seems to be the most com-

mon pathological driver also in the iMCD in which most of the CD

systemic symptoms are linked to IL-6 hyperfunction [21]. The crucial

pathogenetic role of cytokines in CD, particularly including IL-6, is cor-

roborated by the reduction of symptoms in up to half of patients with

iMCD treated with targeting IL-6 monoclonal antibody tocilizumab or

siltuximab [22, 23].

In spite of this evidence, data concerning the IL-6 precise patho-

genetic contribution and source of production in CD are limited and

partially contrasting. Two previous studies analyzed the lymph node

transcriptome of UCD and MCD, providing different results about IL-

6 transcription/expression in CD nodal microenvironment. Wing et al.

[24] performed amulti-platform analysis using targeted RNA sequenc-

ing, RNA in situ hybridization (ISH), and adaptative immune receptor

rearrangements profiling in a series of UCD and MCD, demonstrating

IL-6 upregulation inMCD only.

In contrast, based on whole exome sequencing and immunohisto-

chemistry approach,Hornaet al. [25] reportedupregulationofCXCL13

but not IL-6, in both UCD and iMCD. With this background, we

employed RNAscope analysis [26] coupled with a dual ISH/IHC tech-

nique in a series of nodal CD of different subtypes, in order to quantify

IL-6 expression and its spatial distribution.

2 METHODS

Five CD cases (one UCD, two iMCDs, one HIV-negative HHV8-

associated MCD, and one HIV-positive HHV8-associated MCD) and a

non-CD reactive control were tested to assess IL6mRNA (RNAScope,

Biotechne) expression and quantification. Formalin-fixed paraffin-

embedded (FFPE) tissues were utilized for RNAscope and immuno-

histochemistry (IHC) analysis. The human IL-6 probe hybridization

(Cod. 310371) was performed using RNAscope 2.5 HD Detection

Reagent-BROWN (Advanced Cell Diagnostic) in accordance with the

manufacturer’s protocol. A dual ISH-IHC protocol was validated to

simultaneously stain selected FFPE tissue slides with immunohisto-

chemistry antibodies and RNAscope probes.

Human tissue sections were deparaffinized, rehydrated, and

unmasked using Novocastra Epitope Retrieval Solutions at pH = 6

and pH = 9 in a thermostatic bath at 98◦C for 30 min. Subsequently,

the sections were brought to room temperature and washed in

phosphate-buffered saline (PBS). After neutralization of the endoge-

nous peroxidase with 3% H2O2 and Fc blocking by 0.4% casein in

PBS (Novocastra), the sections were incubated with antibodies. For
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multiple-marker immunostaining, sections were subjected to sequen-

tial rounds of single-marker immunostaining, and the binding of the

primary antibodies was revealed by the use of specific secondary

antibodies conjugated with different enzymes. The following primary

antibodies were used for IHC on human tissues: rabbit anti-human

CD3 (1:100, pH = 9, Abcam), mouse anti-human CD68R/PGM1

(clone 514H12, ready to use, ph = 9, Leica Biosystems), CD138

and mouse anti-human CD31 (clone JC70A, ready to use, ph = 9,

Leica Biosystems). Double IHC staining was performed by applying

SignalStainBoost IHC Detection rabbit (cod. #18653, Cell Signaling

Technology) alkaline phosphatase-conjugated produced in horse and

Vulcan Fast Red as substrate chromogen; and SignalStainBoost IHC

Detectionmouse (cod. #8125S, Cell Signaling Technology) horseradish

peroxidase (HRP)-conjugated produced in goat and PolyDetector

HRP Green as substrate chromogen. Slide digitalization was per-

formed using an Aperio CS2 digital scanner (Leica Biosystems) with

the ImageScope software (Aperio ImageScope version 12.3.2.8013,

Leica Biosystems). Quantitative analyses of in situ mRNA were per-

formed by calculating the average percentage of positive cells in

five non-overlapping areas at medium-power magnification (x200)

using the HISTOQUANT software (3DHISTECH) and the output was

expressed as “AREA %”. Differences between cases were evaluated by

the Kruskal-Wallis test, a two-sided p-value < 0.05 was considered

statistically significant

3 RESULTS

3.1 Clinicopathologic characteristics of cases

Five CD cases were extracted from the files of the Pathologic Anatomy

Unit of the University of Pavia/Foundation IRCCS Policlinico “San

Matteo,” Pavia for IL-6 RNA-ISH analysis, based on the availabil-

ity of histological samples obtained in the last two years. Selected

cases included one UCD, two iMCDs, one HHV8+/HIV- MCD, and

one HHV8+/HIV+ MCD. Histological CD diagnoses on nodal sam-

ples were made and reviewed by three expert hematopathologists

(Marco Lucioni, Marcello Gambacorta, and Marco Paulli) according to

the Castleman Disease Collaborative Network (CDCN) consensus cri-

teria [2, 5] and the recommendations contained in the most recent

WHOclassification of the tumors of hematolymphoid tissues [1]. Infec-

tious,malignant, and autoimmunedisorders that canmimic iMCDwere

excluded based on the correlation with clinical data.

The main clinical and pathological features of selected cases are

detailed in Table 1.

A non-specific reactive lymph nodewas also included in the study to

compare IL6 expression between CD a non-CD lymph nodes.

3.2 RNA-ISH analysis

RNA-ISH, which is more sensitive and specific than IHC, was used to

identify the lymph node structures and cells expressing IL6. Quantifi-

cation of IL6 mRNA was performed on 5 fields at 200x magnification

(Table S1) and revealed an increased IL6 expression in all tested

CD lymph nodes (median IL6 expression area % ranging between

0.25 and 0.77 in each individual case; mean IL6 expression area %

ranging between 0.28 and 0.86 in each individual case) in compar-

ison with reactive control lymph node (median IL6 expression area

% 0.13; mean IL6 expression area % 0.11). Increased IL6 expression

was observed independently from clinical and pathological subtypes

(Figure 1), however, the highest levels were found in HHV8+ cases,

whereas HV-UCD and iMCD hyperV showed lower IL6 expression.

Post-hoc analyses were also conducted, showing statistically signifi-

cant differences (p = 0.0005) in IL-6 expression only between HHV8

positive cases and control (Figure S1).

Serum IL-6 datawere available in four out of five cases. Comparison

between serum IL-6 and the median IL6 RNA-ISH expression in lymph

nodes confirmed that HHV8+ cases had a higher value of both serum

IL-6 and nodal IL6mRNA.

Since RNA ISH maintains the tissue histomorphological tissues,

we assessed IL-6 expression in different nodal regions, including

the germinal center, mantle zone, and interfollicular areas. Based on

this approach, we observed IL6 mRNA expression in scattered cells,

mostly dispersed in the interfollicular areas, both in UCD and MCD

cases. In particular, the cells expressing IL6 seemingly tracked along

hypervascular areas in the nodal interfollicular compartment.

3.3 Dual RNAscope/IHC analysis

In order to explain the peculiar histomorphological pattern of IL6

mRNA analysis, we conducted dual RNA-ISH/IHC stainings to identify

the nodal cellular subpopulations expressing IL-6 [26]. The dual stain-

ing did not reveal significant co-expression of IL6with T-cells (assessed

by CD3), macrophages (evaluated through CD68/PGM1), or plasma

cells (highlighted by CD138). On the other hand, dual RNA-ISH for

IL6 and IHC for CD31 staining showed that IL-6 was overexpressed

in CD31-positive endothelial cells in 5/5 CD tested cases but not in

the control case, where IL6 mRNA and CD31 protein did not colocal-

ize (Figure S2). These observations suggest that endothelial cells may

be the major local source of IL-6 in both UCD and MCD lymph nodes

(Figure 2).

4 DISCUSSION

Several studies highlighted the central pathogenetic role of IL-6 and

other cytokines in mediating the inflammatory manifestations of CD

[27, 28]. In particular, high levels of serum IL-6 in patients with iMCD

seem to be associated with increased disease activity [5, 29]. In

transgenic mice, overexpression of IL-6 or the HHV8-encoded vIL-6

leads to the development of clinic-pathologic syndromes reminiscent

of MCD [30]. Most importantly, antibodies that block IL-6 (siltux-

imab) [23] or its receptor (tocilizumab) [22] proved to be effective

in reducing symptoms in iMCD patients, and now represent frontline
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F IGURE 1 Interleukin (IL)-6 expression in an idiopathic multicentric Castleman disease (iMCD) case with HyperV histology at lower (10x) (A)
and higher (20x) magnification (B); and in human herpesvirus 8 (HHV8)+HIV-MCD case withmixed histology (C, 10x; D 20x).

F IGURE 2 Dual RNAscope/immunohistochemistry (IHC) showing that CD31+cells (red) are themajor source of IL-6 (brown) in Castleman
disease (CD); unicentric CD hyaline-vascular (UCDHV) (A, 20x); idiopathic multicentric CD (iMCD)mixed histology (B, 20x); human herpesvirus 8
(HHV8)+HIV+MCDmixed histology (C, 20x); higher magnification of UCDHV (D, 40x), iMCDmixed (E, 40x), and HHV8+HIV+MCDmixed (F,
40x).
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TABLE 1 Main clinical and histological features.

N Age Sex

UCD versus

MCD Histology

Increase in

CD8+cells
Serum IL-6

(pg/mL) HHV-8 HIV Therapy Outcome

1 75 M MCD CD

mixed

No 67.7 + - Rituximab Dead for

complications

disease-related

2 43 M UCD CDHV Yes 6.02 - - Surgery Alive

3 57 M MCD CD

HyperV

No n.a. - - LFU

4 54 M MCD CD

mixed

Yes 42.7 + + Doxorubicin

+Rituximab

Alive

5 56 F MCD CD

mixed

Yes 24.7 - - Siltuximab Alive

Abbreviations: CDHV, Castleman disease hyaline-vascular type; CDHyperV, multicentric Castleman disease hypervascular type; HHV-8, human herpesvirus

8; IL, interleukin; LFU, lost to follow-up;MCD, multicentric Castleman disease; UCD, unicentric Castleman disease.

therapies. Although data accumulated indicating the local microenvi-

ronment among the major sources of hypercytokinemia, the precise

cellular source of IL-6 production in CD is still debated. Investigations

using ISH and or quantitative real-time polymerase chain reaction to

detect IL6 overexpression in lymph nodes or lung biopsies involved

by iMCD, demonstrated increased IL6 mRNA expression only in a

minority of cases, suggesting that IL6 could be produced outside the

affected organ [31, 32]. Two recent studies focusing on CD transcrip-

tome and cytokine microenvironment provided contrasting results

about IL-6 increased expression in CD lymph nodes. Wing et al. [24]

reported nodal upregulation of IL-6 expression in MCD, whereas anal-

ysis of cytokine transcripts byHorna et al. [25] showed upregulation of

CXCL13 but not IL-6 in UCD and iMCD. Spatially resolved in situ anal-

ysis of biomarkers is highly desirable in molecular pathology because

it allows the examination of biomarkers’ status within the histopatho-

logical context of clinical specimens [33]. On such bases, we employed

the transcriptomic analysis in order to evaluate the expression and

quantification of IL6 RNA-ISH in nodal biopsies from different CD sub-

types including HHV8-related form. RNA-ISH was used to assess IL6

expression in respectively five lymph nodes encompassing different

clinico-pathological subtypes of CD (HV-UCD, HyperV-iMCD, iMCD-

mixed, HHV8+/HIV+MCDmixed, HHV8+/HIV- MCDmixed) and one

control reactive hyperplastic lymph node. In contrast with Horna et al.

[25] our findings seem to confirm the observation by Wing et al [24]

documenting IL-6 up-regulation in CD lymph nodes in comparisonwith

the control case.

Nevertheless, whereasWing et al [24] demonstrated IL-6 increased

expression in MCD cases only, we observed a variable increased IL-6

expression in all tested CD cases, irrespectively from their clinical pre-

sentation (unicentric vs. multicentric) and histologic subtype, although

the comparison with control case IL-6 expression reached the thresh-

old of statistical significance only for HHV8+ cases. The variability in

IL6 mRNA in situ analysis results between different studies could be

ascribed in part to the different used methods, in part to the fact that

RNA stainability depends on the RNA quality at the time of testing,

the latter being related to the age and storage conditions of paraffin

blocks. In order to optimize the probability of detecting good-quality

RNA, actually we restricted our analyses to the cases with histological

samples obtained in the last two years.

Many types of cells (both immune and stromal cells) but mainly T

cells and macrophages, can produce Human (h)IL-6. Previous studies

using immunohistochemistry on CD lymph node biopsies alternatively

suggested IL-6 expression in germinal center B cells, plasma cells,

monocytes, follicular dendritic cells, and endothelial cells [24].

Since IL6 mRNA expression was observed in the interfollicular

areas of our CD cases, we performed IHC/ISH dual stainings using

various cellular markers including CD3, CD68R CD138, and CD31,

in order to detect the different cellular subpopulations that might

be responsible for IL-6 release in nodal microenvironment. Based on

this approach we were able to evidentiate that IL-6 up-regulation

was predominantly detectable in CD31+ endothelial/lymphatic cells,

including the section from the case of HHV8-associated CD. Similar

observations were reported in previous studies, that suggested that

vasculature-associated cells may be a significant source of IL-6 pro-

duction in enlarged CD lymph nodes [24]; however, we cannot exclude

that endothelial cells may play a role in IL-6 secretion even in other

(extra-nodal) compartments. We noticed that the median IL-6 expres-

sion value was higher in HHV8+ cases, representing the only subset

in which IL-6 upregulation resulted to be statistically significant in

comparison with the control case. It might be postulated that such an

increase in HHV8-related CD could be ascribed to the release of vIL-

6. The latter can stimulate the production of hIL-6 with a paracrine

mechanism: similarly to hIL-6, vIL-6 up-regulates VEGF that can in turn

induce hIL-6 expression by endothelial cells [7]. A positive correlation

between IL-6 nodal tissue expression and IL6 serum levels was also

found inHHV8+CDcases. Since IL-6 is a growth factor for plasma cells

and can also induce VEFG secretion, its local upregulation may pro-

vide at least in part a biological explanation for the histological changes

associated both with HV/hyperV and PC or mixed CD subtypes, via

paracrinemechanisms.

Recently we reported some peculiar modifications in the T-cell sub-

set distribution occurring in CD, independently from clinic-pathologic
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subtype [34]. In particular, we noticed a decreased CD4/CD8 ratio

due to increased CD8+ T cells and a decreased number of FOXP3

regulatory T (Treg) cells. IL-6, often in combination with multiple other

cytokines, contributes to the generation and differentiation of CD8+ T

cell subsets [35].

Some recent studies about the neoplastic microenvironment in

murinemodels confirmed that IL-6mightmobilize a T-cell antineoplas-

tic immune response, promoting differentiation of naive CD8+ T cells

in specific CD8+ effectors [36].

With a similar mechanism we can hypothesize that increased IL-6

expression in CD nodal microenvironment could favor the expansion

of CD8+ T cells subpopulations that we previously detected in a sub-

set of CD cases. Actually, 3/5 cases we analyzed for IL-6 transcripts

expression in nodal biopsies showed a concurrent increased popu-

lation of CD8+ T-cells, including 1 HV-UCD and 1 mixed MCD, in

addition to the HHV8+/HIV+ MCD. IL-6 plays a role also in the com-

mitment of Treg cells [37]. Although the functional consequence of

IL-6 sensing by Treg cells seems to be context-dependent, overall IL-

6 acts as a suppressor of FOXP3 and other core signature genes

of Treg cells by transcriptional and post-transcriptional mechanisms

[38].

Our study has some limitations. The major limitation is represented

by the particularly small number of tested cases. This is due to the

fact that, in order to optimize the probability of detecting good qual-

ity RNA and the reliability of IL6 RNA-ISH, we restricted our analyses

only to patientswith histological samples obtained in the last two years

and processed at a single laboratory. This approach did not allow us

to include cases of iMCD-TAFRO and of so-called idiopathic plasma-

cytic lymphadenopathy (IPL). iMCD-TAFRO is a very rare variant, but

some recent studies suggest that VEGF, and the interplay of VEGF and

IL-6 in concert, rather than IL-6 as a single cytokine, may be drivers

for iMCD-TAFRO pathophysiology [39]. Therefore we can not exclude

different results in IL6 expression in this subset of patients. IPL is

an entity characterized by polyclonal hypergammaglobulinemia, plas-

macytic/mixed type lymph node histopathology, and thrombocytosis,

that was most recently proposed to represent a distinct subtype of

iMCD-NOS [40]. Patients with IPL also showed a significantly higher

increase in IL-6 level and inflammatory state but longer overall survival

if compared with other iMCD-NOS patients [41]. These observations

suggest that IL-6 may be a disease driver in this disease subgroup

and IL-6 expression analysis in lymph node samples would be useful

to confirm the role of IL-6 in IPL and its position in the entire iMCD

spectrum.

5 CONCLUSION

In conclusion, our findings seem to suggest that nodal IL-6 expres-

sion is significantly upregulated in HHV8+ MCD, but a trend toward

increased nodal IL-6 expression was noticed also in UCD and iMCD-

NOS. TheCD31+ endothelial cells probably represent one of themajor

sources of IL-6 production in the nodal microenvironment. Additional

studies, based on a spatially resolved approach to the analysis of the

upregulated genetic pathways, are needed to better understand the

role of IL-6 and other cytokines in the pathogenesis of CD.
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