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Kikuchi-Fujimoto disease is mediated by an aberrant type I
interferon response
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Kikuchi-Fujimoto disease (KFD) is a reactive lymphadenitis of unclear etiology. To understand the pathogenesis of KFD, we
performed targeted RNA sequencing of a well-characterized cohort of 15 KFD specimens with 9 non-KFD lymphadenitis controls.
Two thousand and three autoimmunity-related genes were evaluated from archived formalin-fixed paraffin-embedded lymph node
tissue and analyzed by a bioinformatics approach. Differential expression analysis of KFD cases compared to controls revealed
44 significantly upregulated genes in KFD. Sixty-eight percent of these genes were associated with the type I interferon (IFN)
response pathway. Key component of the pathway including nucleic acid sensors, IFN regulatory factors, IFN-induced antiviral
proteins, IFN transcription factors, IFN-stimulated genes, and IFN-induced cytokines were significantly upregulated. Unbiased gene
expression pathway analysis revealed enrichment of IFN signaling and antiviral pathways in KFD. Protein–protein interaction
analysis and a molecular complex detection algorithm identified a densely interacting 15-gene module of type I IFN pathway genes.
Apoptosis regulator IFI6 was identified as a key seed gene. Transcription factor target analysis identified enrichment of IFN-response
elements and IFN-response factors. T-cell-associated genes were upregulated while myeloid and B-cell-associated genes were
downregulated in KFD. CD123+ plasmacytoid dendritic cells (PDCs) and activated T cells were noted in KFD. In conclusion, KFD is
mediated by an aberrant type I interferon response that is likely driven by PDCs and T cells.

Modern Pathology (2022) 35:462–469; https://doi.org/10.1038/s41379-021-00992-7

INTRODUCTION
Kikuchi-Fujimoto disease (KFD) is a disorder of unknown etiology
that usually presents with cervical lymphadenopathy and systemic
symptoms. Extranodal presentations in skin, joints, and solid organs
are not uncommon and are associated with recurrence1. Lympha-
denopathy and systemic symptoms raise the possibility of infectious,
malignant, or connective tissue disorders that can be distinguished
by pathologic evaluation of lymph node biopsies, laboratory testing,
and appropriate follow-up. Lymph nodes show histiocytic necrosis
that is characteristically devoid of granulocytes unlike acute
infectious lymphadenitis. Necrotic areas are surrounded by char-
acteristic crescentic histiocytes with cellular debris, T-cell immuno-
blasts, and plasmacytoid dendritic cells (PDC)2,3. The prominence of
activated and sometimes atypical-appearing T cells may mimic a
T cell lymphoma, which must be excluded by immunophenotypic
and genetic studies. KFD is sometimes histologically indistinguish-
able from systemic lupus erythematosus (SLE) lymphadenitis which
can be excluded by clinical findings and laboratory tests. Sjogren’s
Syndrome (SS) is also rarely associated with KFD2.
PDCs are myeloid lineage cells that secrete type I interferon

(IFN) in response to a viral infection. PDCs detect pathogen-
associated nuclei acids using cytoplasmic and endosomal sensors
that trigger the secretion of various IFNs. Type I and II IFN bind to

IFN α/β receptors on other cells and induce an antiviral state
through the transcription of antiviral IFN-stimulated genes (ISGs)
and proteins. IFNs also activate T and B cells to mount an adaptive
immune response against pathogens.
Dysregulation of the type I IFN pathway is a common

mechanism in many autoimmune disorders4. SLE is the prototypic
type I IFN-mediated autoimmune disease5 and shows a strong
type I IFN signature3. Although there are many reports evaluating
the transcriptome of SLE3,5–7, the gene expression profile of KFD
has not been studied due to the rarity and limitations of archived
material. Here, we evaluated the transcriptome of KFD in archived
formalin-fixed paraffin-embedded (FFPE) tissue. We used a
bioinformatics approach to show that KFD is strongly associated
with a type I IFN response.

METHODS
Cases and controls
KFD cases were identified from the pathology archives at the Children’s
Hospital of Philadelphia as previously described8. Cases of non-KFD reactive
lymphadenitis with necrosis were identified as controls. All samples were
lymph node resections. Clinical presentation and follow-up, laboratory
studies, hematoxylin and eosin (H&E) stained slides, and immunohistochem-
ical stains were reviewed to confirm the diagnosis. FFPE tissue sections were
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used for sequencing-based RNA expression analysis. Additional reactive
lymph node controls with follicular or interfollicular hyperplasia (n= 11)
without prominent necrosis or infectious etiology were also identified9 and
used for differential expression analysis (Supplementary Data).

Immunohistochemistry and digital image analysis for CD123
and necrosis
CD123 staining and quantification were performed as described8. Stained
slides were digitally scanned at ×20 magnification on an Aperio CS-O slide
scanner (Leica Biosystems, Germany). Lymph node tissue and regions of
necrosis were manually identified and outlined in Aperio Image Scope to
determine the total lymph node area and total area of necrosis, which
were then used to calculate the percent of the lymph node that was
involved by necrosis (total area of necrosis/total lymph node area).

Gene expression analysis
Targeted RNA-sequencing analysis was performed on archived FFPE tissues
using the HTG EdgeSeq platform (HTG Molecular Diagnostics, Arizona)10. This
platform was chosen because it showed a high correlation with other RNAseq
platforms and a low failure rate with FFPE11,12. The immune-response panel
was used for the gene expression analysis of 2003 autoimmunity-related genes
and pathways (complete gene list provided in Supplementary File 1) as
described9. Briefly, FFPE lymph node tissue from KFD cases and controls were
used to prepare DNA libraries and sequenced using high output Next-Seq 500/
550 (single end, 75 bp, read length) (Illumina USA). FASTQ files were parsed
constructing a gene expression count matrix and analyzed using HTG EdgeSeq
Reveal, a web-based data analysis software (version 3.0, default parameters).
Differential expression was assessed using DESeq2 package (Python, within
Reveal software, 2020 version) and Limma-Voom13.

Pathway enrichment analysis
Pathway enrichment analysis was performed using Metascape, a web-
based tool that combines functional enrichment, interactome analysis,
gene annotation, and membership search of 40 independent knowledge
databases14. It uses the hypergeometric test with Benjamini–Hochberg
p value correction and clustering of similar enriched terms in core gene
sets: pathway [Reactome Gene Sets, Canonical Pathways, BioCarta Gene
Sets, Gene Ontology (GO) Biological Processes, Hallmark Gene Sets, and
Kyoto Encyclopedia of Genes and Genomes (KEGG)], functional set (GO
Molecular Functions), structural complex [GO Cellular Components, KEGG,
and Comprehensive ResoUrce of Mammalian protein complex], and
signature modules (immunologic signatures, oncogenic signatures, and
chemical and genetic perturbations). Terms with a p value of <0.01, a
minimum count of 3 and an enrichment factor of >1.5 (the enrichment
factor is the ratio of the observed count to the count expected by chance)
were collected and grouped into clusters based on their membership
similarities. The whole genome was the default enrichment background in
Metascape, but similar results were obtained using only genes of the
immune-response panel as the enrichment background.

Protein–protein interaction (PPI) network and module
analysis
PPI networks of differentially expressed (DE) genes were analyzed with the
threshold (combined score > 0.4) using the STRING tool, which can provide
interactions across matched proteins15. Cytoscape v3.8.2 was employed to
visualize PPI networks and modules16. Molecular complex detection
(MCODE) was applied to extract sub-networks in PPI networks with default
algorithms (degree cut-off of 2, node score cut-off of 0.2, K-Core of 2, and
max. depth of 100)17. DE genes with a degree centrality of >3.0 were
identified as hub genes by using the plug-in CentiScaPe18.

RESULTS
Clinicopathologic characteristics of KFD and controls
Fifteen lymph nodes involved by KFD, and nine controls were
selected for transcriptome analysis (Table 1) from a well-
characterized pediatric cohort8. The age range and median age of
KFD cases and controls were similar. KFD cases showed the
expected female predominance with a ratio of 2:1, while controls
were male predominant. KFD patients were of predominantly
African American ethnicity (53%) compared to controls (33%). EastTa
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Asian ethnicity was higher in KFD patients (20%) compared to
controls (11.1%). The cervical region was the predominant site of
involvement in both KFD (73%) and controls (67%). KFD cases
showed characteristic histiocytic necrotizing lymphadenitis that was
devoid of neutrophils (Fig. 1). Increased histiocytes, CD123+ PDCs,
and CD3+ T cells were noted adjacent to necrotic areas. Stains for
microorganisms and microbiology culture studies performed on KFD
cases were negative. Detailed clinicopathologic characteristics of this
cohort were reported previously8. Six KFD patients showed low titers
of screening antinuclear autoantibodies but confirmatory tests were
negative in four patients. One patient was initially thought to have
SLE, but symptoms resolved and antibodies were negative after a

few months resulting in a final clinical diagnosis of KFD. Another
patient was positive for anti-SSA antibodies but lacked symptoms of
SS. Controls showed neutrophilic necrotizing and/or granulomatous
(n= 8) or, EBV infectious mononucleosis (n= 1) lymphadenitis
patterns that were not consistent with KFD. Microbiology culture of
one control was positive for Mycobacterium Avium and Staphylo-
coccus Aureus. One control had a history of Crohn’s disease while
another was treated for presumed Kawasaki Disease after biopsy.

Gene expression signature of KFD
Targeted RNA sequencing of 2003 immune-response and
autoimmunity-associated genes was performed using FFPE tissue

Fig. 1 Characteristic histologic and immunophenotypic features of KFD. Representative KFD case with focus of necrosis surrounded by
histiocytes and tingible body macrophages. Low (50×) and high (400×) power images are shown. Inset (1000× oil) shows a crescentic
histiocyte. CD163 highlights histiocytes that were also aberrantly positive for myeloperoxidase (MPO). Necrotic areas show apoptotic bodies
but no granulocytes as shown by morphology or CD15 immunostaining.

Fig. 2 Gene expression signature of KFD compared to controls. A Heat map of all samples clustered by sample type and gene groups. DE
genes clustered at the top (highlighted by green and pink) distinguish KFD and controls. B Heat map focused on DE genes. IFN-related genes
are highlighted in red.
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sections from archived cases and controls. Twenty-three (of the
24) samples passed quality control requirements for RNA
degradation and read depth. The one KFD sample that failed
RNA quality and read depth metrics was excluded from further
analyses. Heat map analyses revealed that KFD cases could be
distinguished from controls based on the expression of 94 DE
genes (Fig. 2 and Supplementary File 2). Unsupervised clustering
analyses revealed that KFD cases were clustered together (Fig. 2B).
One reactive lymph node (with necrosis and neutrophils) was
clustered along with KFD cases. All laboratory studies for
microorganisms were negative and no definite etiology was
identified. Many of the genes upregulated in KFD appeared to be
IFN-associated and were evaluated in greater detail.

IFN pathway genes are strongly upregulated in KFD
Forty-four genes were significantly upregulated in KFD cases
compared to controls (Fig. 3A and Supplementary File 2). Sixty-
eight percent of these genes were associated with the IFN
pathway (Fig. 3B) noting that IFN-associated genes comprised only
3% of the entire 2003 gene panel (Supplementary File 1). The DE
genes spanned every step of the IFN-response pathway (Fig. 5).
They could be categorized as: 1. cytosolic nucleic acid sensors
(DDX58, IFIH1, ZPB1, and TLR7) that detect foreign viral or self-
antigens and initiate the type I IFN pathway; 2. key IFN regulatory
factors (IRF7 and IRF9) that mediate transcription of IFNA and B
family of genes; 3. IFN-activated transcription factors (STAT1 and
STAT2); 4. IFN-induced antiviral proteins (OASL, OAS2, OAS3, and
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RSAD2); 5. ISGs (ISG20, XAF1, CMPK2, HERC6, SP100, MX1/2, TRIM-
and IFIT-family members); 6. Cytokines upregulated by IFN
(CXCL10); and 7. miscellaneous genes such as LY6E, which is an
IFN-inducible protein that regulates T-cell proliferation19. Although
genes from every step of the IFN pathway were strongly
upregulated, IFNα and β and their receptors were not among
the significantly DE genes in KFD (Supplementary File 2). In
contrast to KFD cases, controls did not show strong upregulation
of genes of any single pathway (Fig. 3A).
Gene expression analysis also showed upregulation of T-cell-

associated genes (CD2, CD3ε, CD3γ, CD3ζ(CD247), CD8, granzymeB,
granulysin, and lymphoid activation markers CD38 and CD48) in
KFD (Supplementary Fig. 1). B-cell genes CD79a and CD1D and
granulocyte marker CD33 were downregulated in KFD. The gene
expression profile of immune markers confirmed the morphologic
and immunophenotypic findings in KFD (Fig. 3C, D).
PDCs are potent type I IFN producers while activated CD8 T cells

are type II IFN producers. Unbiased digital image quantification
using CD123 (Fig. 3C) showed increased PDCs in KFD (median
1.64%) compared to controls (median 0.37%). PDCs formed a
minor proportion of the overall cellularity in most KFD cases and
there were many KFD cases where proportion of PDCs were not
different from controls (Supplementary Fig. 3). However, all KFD
cases showed marked upregulation of IFN-associated genes
(Fig. 3A, B). We considered the possibility that differences in
proportion of necrotic areas could account for differences in gene
expression. However, proportion of necrotic areas was not
significantly different between KFD and controls (Supplementary
Fig. 7 left). Necrosis was also not correlated with CD123 levels

(Supplementary Fig. 7 right). Similar results were noted even when
reactive lymphadenitis controls with follicular or interfollicular
hyperplasia9 were used for DE analysis. Although CD123 (IL3RA
gene) expression levels were not different between KFD and
reactive nodes with hyperplasia (Supplementary Fig. 4), marked
upregulation of type I IFN-related genes were noted (Supplemen-
tary Figs. 5 and 6).

IFN-signaling pathways are enriched in KFD
We then used an unbiased bioinformatics approach to identify the
dominant signaling pathways that are upregulated in KFD.
Pathway enrichment analysis of DE genes identified core gene
sets of the IFN and immune-response pathways (Fig. 4A). The most
significantly enriched pathways were those of type I IFN and
antiviral response. Other pathways that were also enriched
included the adaptive immune response, TLR7 signaling, viral
pathogen response, and type II IFN-signaling pathways. Bacterial
and mycobacterial signaling pathways were also highlighted due
to the downregulation of associated genes in infectious and
granulomatous lymphadenitis controls. A network plot revealed
the major pathways by significance and the close connections
between them (Fig. 4B).

Protein–protein interaction (PPI) network analysis of DE genes
PPI enrichment analysis of DE genes identified networks of
physically interacting partners (Fig. 4B). Two densely interacting
networks were identified (Fig. 4C) by the MCODE algorithm.
MCODE1 comprised 15 genes with centrality degrees ≥13 (RSAD2,
OAS3, OAS2, OASL, IFI6, IFIT3, IFIT1, ISG20, STAT2, XAF1, MX1, IRF7,

Fig. 4 Type I IFN pathways are enriched in KFD. A Bar graph of enriched terms across input gene lists, colored by p values. B Network of
enriched terms colored by cluster ID, where hub genes that share the same cluster ID are typically close to each other. Size of hubs is directly
proportional to statistical significance. C Protein–protein interaction enrichment and MCODE analysis identify dense networks of key IFN
proteins. IFI6 was identified as a key seed gene.

E.Y. Li et al.

466

Modern Pathology (2022) 35:462 – 469



IFITM1, MX2, and IFI27). IFI6 was identified as a key seed gene for
this network. MCODE1 was enriched in Reactome gene sets of
type I IFN signaling (R-HSA-909733) and, IFN signaling (R-HSA-
913531), and the GO set of defense response to symbiont
(GO:014056). Another network MCODE2 with weaker centrality
degrees≥3 was identified. MCODE2 comprised 8 genes (DTX3L,
UBA7, HERC6, SOCS1, TRIM14, SP100, GBP1 and TRIM22). MCODE2
was enriched in Reactome gene sets of IFN signaling (R-HSA-
913531), IFN signaling (R-HAS-877300) and cytokine signaling
(R_HSA-1280215). Transcription factor analysis by Metascape
identified IFN-stimulated response elements and IFN-response
factors (Supplementary Fig. 2).

DISCUSSION
RNAseq of archived FFPE to investigate rare disorders
KFD is a lymphadenitis of hitherto unclear etiology. We previously
investigated the immune repertoire and potential viral etiology of
KFD using DNA and RNAseq8. Here, we successfully utilized
archived FFPE tissue to analyze the transcriptome of KFD. The
presence of necrosis and age of the archived sample were not
limiting factors for this probe-based targeted gene approach that

has a lower quality control failure rate compared to other RNA-
sequencing methods10. The lack of a separate RNA isolation step
also minimizes extraction or amplification bias. Ninety-nine
percent of samples passed manufacturer-recommended quality
metrics. Expected upregulation of CD3+ CD8+ T-cell markers and
downregulation of myeloid and B-cell markers20,21 served as
internal controls. We showed that KFD is associated with a type I
IFN-response akin to SLE. Similar methodologies can be used to
investigate the etiology of other rare inflammatory and auto-
immune disorders using FFPE tissue.

IFN pathway activation in KFD and autoimmune disorders
IFN-response pathways are activated by the presence of nucleic
acids in the cytosol or endosome (Fig. 5). Type I and II IFNs
secreted by affected cells induce an antiviral state in adjacent cells
through the expression of ISGs. We found that many components
of the IFN-response pathway were strongly upregulated in KFD.
The results cannot be entirely attributed to necrosis, histiocytes or
PDCs since our controls showed the same features. Similar results
were obtained even when different reactive controls or analysis
methods were used, reflecting the strength of the association.
Among the significantly upregulated genes were DDX58/RIG-I and
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IFIH1/MDA5 which detect cytosolic double-stranded RNA, and
ZBP1/DAI which detects double-stranded Z DNA and Z RNA. TLR7,
a sensor of single-stranded RNA in endosomes, was also
upregulated. Cytosolic and endosomal nuclei sensors activate
IFN A/B transcription through IRF3 or IRF7. Though IRF7 was
upregulated in KFD, type I/II IFN (α,β,γ,ε) or their receptors IFNAR1/
2 were not among the upregulated genes. However, several
downstream members of the IFN pathway such as STAT1/2 and
their transcription factor IRF9 were upregulated. Signaling through
this pathway results in expression of many ISGs and antiviral
proteins. Our analysis showed that the upregulated genes formed
a densely interacting network with apoptosis regulator IFI6 as a
seed gene. The network included ISGs ISG20-, XAF1-, MX1/2-,
CMPK2-, TRIM-, and IFIT-family members, antiviral protein RSAD2,
and the OAS family of enzymes that sense double-stranded viral
RNA. These proteins amplify the IFN response through autocrine
and paracrine signaling.

Cell types underlying IFN signaling in KFD
PDCs are type I IFN-producing cells that are increased in KFD22

and may underlie upregulation of IFN-response pathway. How-
ever, they form just one component of the IFN-response pathway
that also involves other cell types such as histiocytes and
lymphocytes (Fig. 5). KFD contains increased histiocytes that
may play a role in the amplification of the IFN response. Activated
CD8+ cytotoxic T cells are type II IFN-producing cells that are
increased in KFD20. Our controls of reactive lymph nodes with
necrosis (ofinfectious etiology) were selected to control for
necrosis, lymphocytes, and PDCs. This allowed us to isolate the
signaling pathways that are specific to KFD. The upregulation of
several steps of IFN response that occur in different cells indicate
that several cell types are involved in upregulation of IFN-related
genes in KFD. Hence, histiocytes, lymphocytes, and PDCs may all
play a functional role in the pathogenesis of KFD in addition to
serving as morphological markers.

Etiology of IFN signaling in KFD and similarities with SLE
While it is clear that there is strong upregulation of IFN pathway in
KFD, the initiating signal could not be determined. The source of
nucleic acids that trigger cytosolic and endosomal sensors could
be exogenous or endogenous. We previously investigated the
possible role of infectious agents by RNA sequencing of KFD
lymph nodes8 but detect known or novel organisms in KFD. There
are strong similarities between genes upregulated in KFD and
autoimmune diseases such as SLE6,7. For example, cytosolic
sensors DDX58 and IFIH1 are upregulated in circulating mono-
cytes from childhood-onset SLE23. Defective clearance of apopto-
tic cells in SLE and release of nuclear antigens is also hypothesized
to be the basis of autoimmune inflammatory response in SLE24.
Hence, it is possible that apoptotic cells may be the cause rather
than the consequence of aberrant IFN response in KFD. Analyzing
KFD cases in early proliferative or late xanthomatous phase may
provide information on sequence of events. However, we did not
have sufficient cases with early or late morphology to perform DE
analysis.
In contrast to SLE, IFNα and β family members were not

upregulated in KFD. High serum IFN levels seen in SLE are
hypothesized to be from cutaneous PDCs3,25 or genetic poly-
morphisms26. The lack of IFN upregulation in KFD could be due to
the transient nature of the inciting event in KFD compared to the
chronic immune stimulation in SLE. Another intriguing possibility
is that KFD could be a ‘forme fruste’ of SLE27 and SS2 with weaker
activation of IFN pathway. The presence of antinuclear and anti-
SSA antibodies in two KFD cases who did not meet diagnostic
clinical criteria for SLE or SS supports this hypothesis. A larger
multi-institutional cohort of KFD and SLE cases is needed to
address this question.
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