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INTRODUCTION
The pathogenesis of necrotizing lymphadenitis (NEL), a 

systemic reactive disease characterized by blastic transforma-
tion of CD8+ cells and apoptosis of CD4+ cells, remains 
unclear.   However, it may be related to viral infection, as 
inferred from clinicopathological findings.1-8   With NEL, 
innumerable plasmacytoid dendritic cells (PDCs) are 
observed in lymph nodes.   The PDCs produce large quanti-
ties of interferon-α (IFN-α).   In addition to antiviral reaction 
by IFN-α production, PDCs play a role in antigen presenta-
tion, tolerance, and cytotoxic function.   Although these func-
tions described above are recognized as innate-immunity 
mediated by Toll-like receptor7 (TLR7) and TLR9 in the 
PDCs, no study has examined the relationship between NEL 
and innate immunity.   We explain the roles of TLR7, TLR9, 
UNQ93B1, and MX1 in the PDCs of NEL as an approach to 
elucidating the etiology of NEL.

MATERIALS AND METHODS
Data of 70 cases of NEL during 1989–2016 were col-

lected at Iwaki Kyoritsu General Hospital in Japan.   All 
patient files kept at the hospital were used for this study.

Lymph node biopsy samples were divided into three: one 
was fixed in 10% formalin for routine diagnosis, the second 
was fixed in 2.5%-glutaraldehyde for conventional electron 
microscopy (EM), and the third was used for imprint cytol-
ogy, being fixed in 95% ethyl alcohol.   Sections cut from 
10%-formalin-fixed paraffin-embedded (FFPE) lymph node 
samples were stained with hematoxylin–eosin (HE), Giemsa 
stain, periodic acid-Schiff (PAS), silver impregnation, and 
elastica-Masson stain.   Imprint cytological specimens on 
slide glasses were stained with Papanicolaou and Giemsa 
stains.   For immunohistochemical analysis (IHC), FFPE tis-
sue sections (4 µm thickness) were deparaffinized in xylene, 
dehydrated through graded alcohols, and rinsed in distilled 
water.   Antigen retrieval was performed in medium using a 
pressure cooker (Panasonic Co. Ltd., Tokyo, Japan) for 20 
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min.   IHC was conducted using an automated stainer 
(Nichirei Biosciences Inc., Tokyo, Japan) according to the 
manufacturer’s instructions.   Regarding the dilution ratio of 
each antibody, it was diluted from the highest ratio specified 
in the instructions, and the dilution concentration was 
adjusted until the immune response of the tissue was opti-
mized.   In this study, it was diluted in antibody diluent 
(Dako, Inc., Tokyo, Japan).   As positive controls, a lymph 
node sample of NEL was used; CD123 antibody marked 
PDCs, Mx1 antibody marked interferon-producing cells, and 
TLR7, TLR9, and UNQ93B1 antibodies were used to mark 
organelles in PDC.   Correct responses were judged to be 
positive.   The final optimal dilution ratio of each antibody is 
shown in Table 1.   The negative control was confirmed by 
staining only with diluent.   As the activator, pH9 citrate buf-
fer was used for CD123, TLR7, and TLR9, pH6 citrate buffer 
was used for UNC93B1, and none was used for Mx1, as 
described in the manual.   The sections were mounted with 
Malinol (Muto Pure Chemicals Co. Ltd., Tokyo, Japan).   The 
panel of antibodies is shown in Table 1.

In five lesions and normal regions of the same tissue sec-
tions of 23 different temporal cases, 400 cells in each were 
counted using an attached meshed eyepiece.   The percent-
ages of CD123+, TLR7+, TLR9, UNC93B1+, and Mx1+ cells 
were recorded.

RESULTS

Clinical findings

Clinical features of the patients are presented in Figures 
1a–1d.   We examined 24 male and 46 female patients (M/F = 
1/ 1.92) who were 2–55 years of age (average, 25.8 years; 
median, 26.0 years; 71.4% younger than 30 years).   The 
peak of onset was in the 20s (25.7%) (Fig. 1a).   No seasonal 
occurrence was found.   Most patients complained of dull or 
acutely painfully swollen cervical (80.9%) lymph nodes (Fig. 
1b), most frequently on the left side.   In addition, initial ton-
sillar swelling, transient skin rash, and hepatosplenomegaly 
were observed.   A skin rash similar to rubella or drug-
induced eruption was common in febrile and severe cases.   
Fever seldom responded to antibiotics, but steroids and anti-
chloristics were effective.   The period of illness was almost 
invariably a single attack, although five cases (1.3%) recurred 
2–10 years later.   In cases with available peripheral white 

blood cell counts, 46.6% (27/58) of patients had a count 
lower than 4,000/mm3 (Fig. 1c).   In peripheral blood, CD8+ 
cells were more abundant than CD4+ cells from the onset of 
the disease, but CD8+ cells decreased gradually through the 
clinical course, producing an increasing CD4+ / CD8+ cell 
ratio (Fig. 1d).

Pathological findings

Surgical biopsies were performed 4 to 161 days after 
onset.   Lymph nodes, which were smooth and soft, had 
diameters as large as 3 cm.   Irregular yellowish foci were 
often observed on the cut surface (Fig. 2a).   Several cases 
exhibited periadenitis with capsular thickening.   Lesions 
appeared mainly in the paracortical area, where the lympho-
cyte depletion was greatest.   Lymph follicles remained spo-
radically in the lesion.   Histological features of involved 
lymph nodes included the presence of immunoblasts, PDCs, 
histiocytes, and macrophages, the latter with phagocytized 
nuclear debris originating mainly from apoptotic lympho-
cytes (Fig. 2b-c).   PDCs were distributed more irregularly in 
the immunoblastic predominant peripheral area than in the 
central necrotic and degenerated area.   The number of PDCs 
in lymph node lesions increased gradually with time.   The 
PDC morphology was slightly larger and more irregular in 
the lesions than in the non-lesion areas of lymph nodes (Fig. 
2d).   On EM, PDCs had linear chromatin located on the cell 
membrane.   Often, nucleoli were observed.   Many lamellar 
structures and long rough endoplasmic reticulum (rER), main 
cytoplasmic organelles, were aggregated on one side of the 
cytoplasm (Fig. 2e).   They have no phagocytotic function, but 
tubuloreticular structures (TRS) were sometimes observed in 
cytoplasm.   Numerous immunoblasts were located at the 
periphery rather than in the center of the lesions.   No granu-
locytes or bacteria were found.   The cell composition varied 
from case to case and over time.   Xanthomatous foamy mac-
rophages were noted in some cases.

TLR7+ cells increased over time and distributed more in 
peripheral areas than in the central lesions, which coincides 
with the distribution of PDCs (Fig. 2f).   Although TLR7+ 
cells localized to part of the cytoplasm in PDCs, there were 
few TLR9+ cells (Fig. 2g).   Furthermore, they were scattered 
in the peripheral area of the lesions.   Many UNC93B1+ cells 
were found in the lesion area, mainly in the vicinity of HEV, 
and also scattered between lymphocytes in the non-lesion 
area.   UNC 93 B1+ cells were consistent with PDCs (Fig. 

Antibody Clone Specificity Source Clonality Retrieval

CD123 6H6 Dendritic cells, myeloid precursor cells, macrophages Bio M PC (1:100)
Mx1 IFI-78K Interferon-induced GPT-binding protein Mx1(MxA) Therm P PC (1:1,000)
TLR7 66H3 Dendritic cells Novus M PC (1:50)
TLR9 5G5 PDCs, monocytes Abcam M PC (1:10)
UNC93B1 — Muscle contraction Abcam P PC (1:400)

Table 1. Table 1: Antibodies used for the immunohistochemical examination.

Bio, BioLegend, CA, USA; Therm, Thermo Scientific, IL, USA; Novus, Novus Biologicals, CO, USA; Abcam, Abcam Co. 
Ltd., MA, USA; Bioss, Bioss Co. Ltd., Cambridge, UK; M, monoclonal; P, polyclonal; PC, pressure cooker; Non, non-treated
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2h).   Mx1+ cells included PDCs, macrophages, immuno-
blasts, and endothelial cells, but no small lymphocytes (Fig. 
2i).   The numbers of CD123+, TLR7+, UNC93B1+, and Mx1+ 
cells in affected lesions increased over time, but those of 
TLR9+ cells did not change.   In non-affected lesions, the 
numbers of these cells were mostly unaltered (Fig. 3a-b).

DISCUSSION
NEL is a systemic reactive disease with characteristic 

clinical features, such as high fever, painful cervical lymph-
adenopathy, and leukopenia, without seasonal occurrence.   
Although the pathogenesis of the disease remains unclear, it 
may be associated with viral infection, as inferred from the 
following: antibiotics are ineffective,1,2 no granulocytes are 
found in lymph node lesions,3,4 tubular inclusions, such as 
TRS and parallel tubular array (PTA), are frequently 
observed;1,2,5 and increased 2′-5′ oligoadenylic acid-synthe-
sizing enzyme6 and IFN-α induces Mx1 protein expression in 
lymph node lesions.7   In addition, CD8+ cells transform into 
immunoblas ts  and CD4 + ce l ls  undergo apoptos is . 8   
Macrophages and PDCs play an important role in the 
immune response of NEL patients.9,10

In NEL, innumerable PDCs, consistent with Mx1+ cells, 
surrogate markers for IFN-α, are observed not only in intact 
areas, but also in lesions, including those in and around high 

endothelial venules (HEV) of lymph nodes.7   Indeed, PDCs 
are characteristic cells.   Their morphology resembles that of 
immunoglobulin-secreting plasma cells.   They can be 
uniquely identified in blood and affected lymph nodes of 
NEL by their high levels of interleukin-3 receptor α chain 
(CD123) combined with other cell markers such as CD45RA, 
CD68, and HLA-DR.7,11-15   PDCs are continuously produced 
from bone marrow.   After leaving the bone marrow, they 
migrate into T-cell-rich areas of the lymphoid tissues through 
HEV in lymph nodes.16   The PDC morphology is slightly 
larger and more irregular in lesions of lymph nodes,7 which 
may reflect their maturation.   Moreover, they produce large 
amounts of IFN-α when triggered by certain viruses and bac-
terial stimuli.12,17-20   They present antigens: CD8+ cells trans-
form into immunoblasts and CD4+ cells undergo apopto-
sis.7,8,21-25   The density of these cells correlates well with the 
high number of Mx1+cells, suggesting that PDCs produce 
IFN-α in lymph node lesions.7,26   Consequently, PDCs have 
important functions, such as innate immunity and adaptive 
immunity, as described above.   Mx1+ cells are significantly 
more abundant than TLR7+ cells and CD123 + cells from the 
early stages of the disease, which suggests that the produc-
tion of IFN-α for host defense is rapid and powerful against 
pathogens in this disease.

In Drosophila, Toll was first identified as a fundamentally 
important molecule for dorso-ventral patterning of the 
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Fig. 1. Clinical findings. (a) Age and sex distribution of 70 cases. Most patients were younger than 30 years old 
(71.4%, 50/70). (b) Site of affected lymph nodes in 66 cases. Cervical lymph nodes were the most common affected 
site. (c) White blood cells in peripheral blood in 58 cases. The white blood cell count is less than 4,000/mm3 
(46.6%, 27/58). (d) CD4+/CD8+ cell ratio of the peripheral blood in 8 cases (34 samples). The ratio is lower than 
1.0 in the early stage, but it gradually approaches 1.0.
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Fig. 2. Characteristic histological features of NEL: (a) Macroscopic cut surface of the affected lymph node shows soft and patchy 
hemorrhagic lesions. (b) Main lesions coincide with the pale area (HE). (c) Enlargement of (b) shows many immunoblasts, histio-
cytes, PDCs, lymphocytes, and macrophages phagocytizing apoptotic lymphocytes. (d) CD123+ cells coincide with PDCs. They are 
distributed throughout the lesions. (e) Electron microscopy of a PDC. PDCs have characteristic eccentrically distributed nuclei and 
lamellar rough ER in the cytoplasm. (f) TLR7+ cells distribute throughout the lesions. Their distribution pattern is almost identical 
to that of PDCs. TLR7 localizes to a part of the cytoplasm around the nuclei of PDCs. (g) There are fewer TLR9+ cells than TLR 7+ 
cells. The reaction is weak. (h) Many UNC93B1+ cells are found in the vicinity of the HEV of the lesion. These are consistent with 
large, PDCs with irregularly shaped nuclei. (i) Mx1+ cells included PDCs, macrophages, immunoblasts, and high endothelial cells 
among small lymphocytes throughout lesions and non-lesions.
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embryo, and subsequently as a key molecule for the antifun-
gal immune response in adults.27,28   A homologous family of 
Toll receptors, termed Toll-like receptors (TLRs), exists in 
vertebrates, including humans.29-31

Ten types of TLRs have been found in humans.   They are 
classified largely into two subfamilies based on their localiza-
tion, cell surface TLRs and intracellular TLRs.   Cell surface 
TLRs include TLR1, TLR2, TLR4, TLR5, TLR6, and 
TLR10, whereas intracellular TLRs are localized in the endo-
somes and endolysosomes, and include TLR3, TLR7, TLR8, 
and TLR9.32-34   Cell surface TLRs mainly recognize micro-
bial membrane components such as lipids and proteins.   
TLR4 recognizes bacterial lipopolysaccharide.   TLR2 along 
with TLR1 or TLR6 widely recognizes microbial pathogens, 
including lipoproteins and peptidoglycans, and mycoplasma 
lipopeptides.32   TLR10 can also sense influenza A virus 
infection.35   TLR10 collaborates with TLR2 to recognize 
ligands from listeria.36   TLR5 recognizes bacterial flagellin.27   
Intracellular TLRs recognize nucleic acids from bacteria and 
viruses, and also recognizes self-nucleic acids in diseases 
such as autoimmunity.34   TLR3 recognizes viral double-
stranded RNA (ds-RNA), small interfering RNA, and self-
RNA from damaged cells.33,37-39   TLR7/8 is predominantly 
expressed in PDCs.   It recognizes single-stranded RNA (ss-
RNA) from ss-RNA viruses such as vesicular stomatitis 
virus, influenza virus, or Newcastle disease virus.40-43   It also 
recognizes RNA from streptococcus B bacteria in conven-
tional dendritic cells.44   TLR9 in PDCs recognizes bacterial 
and viral DNA that is rich in unmethylated cytidine-phos-
phate-guanosine DNA (CpG-DNA) motifs.45   Among the 10 
TLRs described above, PDCs are a subset of DCs with the 

capacity to secrete vast amounts of IFN-α in response to viral 
infection via TLR7 and TLR9.

TLR7 and TLR9 are synthesized in the ER and migrate 
through the Golgi into endosomes and endolysosomes.   
Resting PDCs predominantly express TLR7 and TLR9, and 
reside in the ER in association with UNC93B1 and gp96.   
Within the ER in PDCs, chaperone proteins, such as gp96, 
ERCa2+, PRAT4A, and UNC93B1, are required for TLR7 
and TLR9 to exit the ER, although TLR7 and TLR9 compete 
for binding to UNC93B1.   Under normal circumstances, the 
N-terminal domain of UNC93B1 associates more strongly 
with TLR9, resulting in more robust signaling through TLR9 
but weak TLR7 responses.   Consequently, UNC93B1 con-
trols the trafficking of intercellular TLR7 and TLR9 from the 
ER to endosomes.   It regulates excessive TLR7 activation 
using TLR9 to counteract TLR7.

IHC analyses revealed the existence of many UNC93B1+ 
cells in NEL, as described above.   UNC93B1 can bind 
strongly to TLR7, but not to TLR9, in NEL.   A UNC93B1 
deletion mutant lacking this N-terminal domain associates 
more tightly with TLR7 and less tightly with TLR9.   Indeed, 
TLR7-dependent diseases, such as NEL, may be induced.34,47,48   
Overexpression of TLR7, which represents an imbalance 
between TLR7 and TLR9, may engender disorders, such as 
NEL and systemic lupus erythematosus (SLE), and even the 
presence of TLR9.16,33,34,46   UNC93B1 is ultimately necessary 
for intracellular TLRs responses, as it regulates trafficking 
from the ER to the endolysosomes and responds to the 
ligands.34   TLR7 of PDCs in NEL may be a recognition sen-
sor of ss-RNA from ss-RNA viruses.16,40-43

In B cells and PDCs of SLE, TLR7 is activated by 

Fig. 3. Temporal changes in the proportions of CD123+, TLR7+, TLR9+, UNQ93B1+, and MX1+ cells in the lymph 
node. (a) Lesions: The number of TLR7+, CD123+, and UNC93B1+ cells increase gradually with time, but the num-
ber of Mx1+ cells sharply increased from the early stages. The number of TLR9+ cells was unchanged. (b) Non-
lesions: No changes were detected.
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RNA-containing immune complexes; TLR9 is activated by 
DNA-containing immune complexes.   After sensing these 
TLRs, cytokine secretion and T cell activation by B cells and 
PDCs are observed.   In addition, B cells are in charge of 
antigen production, whereas PDCs are in charge of IFN-α 
secretion.33,36   Signaling pathways of TLR7 and TLR9 in 
NEL and SLE are dependent on myeloid differentiation pri-
mary-response gene 88 (MyD88).   The adaptor molecular 
complex (MyD88-TRAF6-IRAK4) then activates interferon-
regulatory factor 7 (IRF7) and propagates the downstream 
signals.   Following ubiquitination and phosphorylation, 
IRF7 translocates to the nucleus and induces IFN-α produc-
tion, which affects innate and adaptive immunity.   The signal 
pathway described above explains IFN-α production exclud-
ing other cytokines (Fig. 4).34,49

Although IFN-α are induced via TLR7 and TLR9 in 
PDCs of NEL and SLE, there are different pathogens 
between these diseases such as nucleic pathogens (ss-RNA 
and CpG-DNA) in NEL and immune complexes in SLE.   In 
SLE, high rates of cell death, lack of clearance, impaired 
phagocytosis, decreased or absent DNase, and TLR7 and 
TLR 9 imbalance are observed.3,33,34   In NEL, apoptotic cells, 
not necrotic cells, which are present in SLE, are rapidly 
phagocytized by macrophages.   They do not release their 
intracellular contents.   As a result, PDCs in NEL do not pro-
duce proinflammatory cytokines.   In addition, they do not 
attract neutrophils, which is an important characteristic of 
NEL.50   In NEL, although microbial pathogens differ from 

SLE, it is similar to the overexpression of TLR7, with abun-
dant IFN-α production (Fig. 5).

Future studies are required to elucidate the underlying 
regulatory mechanisms, and roles of TLR7 and TLR9 in the 
complex pathogenesis of NEL.

In conclusion, SLE is an autoimmune disease, whereas 
NEL is a systemic non-autoimmune disorder.   The influence 
of TLR7 may be greater than that of TLR9 on the production 
of IFN-α in NEL.   Although the pathogenesis of NEL is 
unclear at present, this study moved us one step closer to 
clarifying the pathogenesis.

When diagnosing NEL, it should be noted that the clini-
cal course of the disorder is markedly diverse and a variety of 
treatments may be administered before biopsy of the lymph 
nodes.   Therefore, the pathogenesis of NEL should be exam-
ined in detail taking these points into consideration.
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