NDT Advance Access published September 29, 2013
Nephrol Dial Transplant (2013) 0: 1–10
doi: 10.1093/ndt/gft399

Original Article
Clinical and immunological implications of increase in CD208+
dendritic cells in tonsils of patients with immunoglobulin A
nephropathy*
Hanako Takechi1,
Takashi Oda1,
2

Osamu Hotta ,
Kojiro Yamamoto1,
1

Naoki Oshima ,
3

Takeshi Matsunobu ,
Akihiro Shiotani3,
Hiroshi Nagura4,

1

Department of Nephrology and Endocrinology, National Defense

Medical College, Tokorozawa, Saitama, Japan,
2

Hotta Osamu Clinic, Sendai, Miyagi, Japan,

3

Department of Otolaryngology, National Defense Medical College,

Tokorozawa, Saitama, Japan,
4

Sendai Red Cross Hospital, Sendai, Miyagi, Japan,

5

Department of Laboratory Medicine, National Defense Medical

College, Tokorozawa, Saitama, Japan and
6

Department of Preventive Medicine and Public Health, National

Defense Medical College, Tokorozawa, Saitama, Japan

Hideyuki Shimazaki5,
Seiichi Tamai5,
Yutaka Sakurai6
and Hiroo Kumagai1
Correspondence and offprint requests to:
Hanako Takechi;
E-mail: DRI2437@ndmc.ac.jp
*
Part of this work was presented at the annual
meeting of the American Society of Nephrology in 2012.

A B S T R AC T
Background. The therapeutic effect of tonsillectomy for immunoglobulin A nephropathy (IgAN) has been widely recognized, but the mechanism by which tonsillar immunity leads
to glomerulonephritis has been unclear. We investigated subtypes and localization of dendritic cells (DCs) in tonsils and
looked for relationships between the tonsillar DCs and the
clinical features and renal histological changes of patients with
IgAN.
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Methods. We examined tonsils from 33 IgAN patients, using as
control tonsillar specimens from subjects without glomerulonephritis. Five distinct markers of DCs (CD303, CD1c, CD209,
CD208 and CD1a) were analyzed by immunohistochemistry
and ﬂow cytometry. The mRNA levels of these DC markers were
evaluated using real-time polymerase chain reaction. The clinical
data and histological results obtained evaluating renal biopsy
tissues were statistically compared with immunological data.
Results. Of the ﬁve subtypes of DCs, CD208+ DCs were signiﬁcantly increased in the tonsils of IgAN patients compared
with that of controls. Furthermore, the number of CD208+

So far, it has not been shown which subtypes of DCs take
part in the pathogenesis of IgAN. We therefore investigated the
subtypes and their localization in the tonsils of patients with
IgAN and looked for correlations between the types of tonsillar
DCs and the patients’ clinical and renal histological parameters.

DCs in the tonsils was positively and linearly correlated with
the proportion of crescentic glomeruli in renal biopsy tissues
and with the urinary protein level. Only few CD208+ cells,
however, were found in the kidney biopsy specimens of IgAN
patients.
Conclusions. These observations suggest that increased
CD208+ DCs in tonsils may play a directive role in the pathogenesis of IgAN. The present results support the therapeutic
signiﬁcance of tonsillectomy for IgAN patients.

M AT E R I A L S A N D M E T H O D S
Patients and controls
The study protocols were approved by the Ethical Committee
of National Defense Medical College.
Thirty-three of the biopsy-proven IgAN patients who had
undergone tonsillectomy from January 2008 to September
2012 in the National Defense Medical College Hospital participated in this study. They were selected by excluding
patients tonsillectomized >1 year after renal biopsy, patients
suffering from diabetes, neoplasm, inﬂammatory diseases or
other systemic diseases and patients who had received corticosteroids and/or other immunosuppressive agents. Also participating were nine control patients who had no history of
renal, liver, systemic diseases and active infectious diseases. All
control specimens were taken from the chronic tonsillitis
patients without glomerulonephritis (without proteinuria or
renal dysfunction). Written informed consent was obtained
from each patient in accordance with the principles of the Declaration of Helsinki. Characteristics of both the IgAN and
control patients are listed in Table 1.
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INTRODUCTION
Immunoglobulin A nephropathy (IgAN) is the most common
primary glomerulonephritis in the world [1, 2] and has been
found to have a worse renal prognosis than had originally
been expected [3]. There is, therefore, a need for the effective
treatment, which results in remission of the disease in its early
stage.
Hotta (an author of this manuscript) et al. [4] ﬁrst advocated
the effects of treating IgAN patients with a combination of tonsillectomy and steroid pulse therapy not only on reducing hematuria/proteinuria, but also on long-term remission regarding
renal function. A recent prospective randomized controlled
study also showed 2-year favorable effects of the combination of
tonsillectomy and steroid pulse therapy on proteinuria and
renal function [5]. Moreover, efﬁcacy of tonsillectomy for the
recurrence of IgAN after kidney transplantation has been reported [6, 7]. Although these clinical observations strongly
suggest a relationship between the tonsillar immune system and
the pathogenesis of IgAN, the mechanism by which tonsillar
immunity leads to glomerulonephritis is unclear.
Dendritic cells (DCs) are the most potent antigen-presenting
cells, and their participation in the pathogenesis of IgAN has
been suggested in some reports. Deterioration of renal lesions
was observed after mucosal activation of DCs in the animal
models of IgAN [8], and the expression of B-cell activation
factor on DCs has been reported to have been signiﬁcantly
higher in IgAN patients than that in controls [9]. These reports
indicate that DCs play key roles in the pathogenesis of IgAN.
Different subtypes of human DCs have been classiﬁed according to their phenotypic characteristics. All DCs derive
from hematopoietic stem cells, which differentiate into various
subtypes of DCs along two main branches: a series of lymphoid precursors and a series of myeloid precursors. The lymphoid precursors give rise to the plasmacytoid DCs ( pDCs)
expressing blood DC antigen 2 (BDCA2), alias CD303 [10],
whereas the myeloid precursors give rise to conventional DCs
expressing blood DC antigen 1 (BDCA1), alias CD1c, monocyte-derived DCs (moDCs) expressing DC-speciﬁc intercellular adhesion molecule 3 grabbing, non-integrin (DC-SIGN),
alias CD209, and Langerhans cells expressing CD1a (mainly
localized in skin) [11, 12]. Interdigitating DCs (iDCs), expressing DC lysosome-associated membrane glycoprotein (DCLAMP), alias CD208, mainly localize in the interfollicular area
of lymphoid tissues. CD208+ DCs are thought to be derived
mainly from moDCs [13].

Histological evaluation
Sections (3 μm thick) of formalin-ﬁxed, parafﬁn-embedded
tonsillar tissues were stained with hematoxylin and eosin
(HE). For the immunostaining of CD209 and CD208, twostep indirect immunoperoxidase staining was performed using
the secondary antibody conjugated with the horseradish peroxidase-labeled polymer (Envision; DAKO Corp. Carpinteria,
CA, USA) and developed with 3,30 -diaminobenzidine reagent
(Thermo Fisher Scientiﬁc, Inc., Waltham, MA, USA). We performed immunostaining of CD208 with the use of antigen retrieval process of proteinase K (DAKO Corp.) digestion for 10
min and subsequent heating at 95°C in citrate buffer ( pH 6.0)
for 20 min. The counterstaining was performed with Mayer’s
hematoxylin (Wako, Osaka, Japan).
Direct immunoﬂuorescence (IF) staining for CD303, CD1c
or CD1a was performed on acetone-ﬁxed, frozen tonsillar

Table 1. Characteristics of IgAN patients and
control patients
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Controls

IgA nephropathy

Number of patients

9

33

Sex (male/female)

1/8

9/24

Age

41.7 ± 20.4

33.9 ± 17.7

Serum Cr (mg/dL)

0.61 ± 0.18

0.73 ± 0.22

Urinary protein (g/gCr)

<0.1

0.70 ± 0.98

Table 2. Antibodies used in this study
Antibody type

Clone

Labeling

Supplier

CD303

AC144

FITC

Miltenyi Biotec, Bergisch Gladbach,
Germany

CD1c

AD5–8E7

FITC

Miltenyi Biotec

CD209

120507

Unlabeled, PE

R&D Systems, Minneapolis, MN, USA

CD208

104.G4

Unlabeled, PE

Beckman Coulter, Brea, CA, USA

CD1a

HI149

FITC

Biolegend, San Diego, CA, USA

Human Lineage Marker/HLADR Antibody Mix (hLMAX)

–

Lineage; FITC, HLADR; PerCP-Cy5.5

Imgenex, San Diego, CA, USA

HLA-DR

MEM-12
YE2/36HLK

PE
Unlabeled

Exbio, Prague, Czech Republic; GeneTex,
Irvine, CA, USA

CD3

Polyclonal

Unlabeled

DAKO Corp., Carpinteria, CA, USA

CD20

L26

Unlabeled

DAKO Corp.

IgA

106G

FITC

MBL, Nagoya, Japan

FITC, ﬂuorescein isothiocyanate; PE, phycoerythin; PerCP-Cy5.5, peridinin chlorophyll protein complex with cyanin-5.5.

[14]. The fresh tonsillar tissues were minced into small pieces.
After degrading them by adding 0.5 mg/mL collagenase
(Wako), tissue debris was removed using mesh and they were
incubated with various antibodies listed in Table 2. Double
staining was performed with antibodies for HLA-DR and
CD303, CD1c or CD1a. Triple staining was also performed
with antibodies for Human Lineage Marker/HLA-DR Antibody Mix and either CD209 or CD208. The lineage marker,
which includes antibodies for CD3, CD14, CD16, CD19,
CD20 and CD56, was used to exclude cell populations positive
for these markers from DCs in the analysis of CD208 and
CD209, because there have been reports that a low level of
DC-LAMP (CD208) mRNA expression was observed upon
activation in other antigen-presenting cells such as monocytes,
macrophages and B-cells [13], and that CD209 was also expressed on CD14+ cells [15]. The hemolysis procedure was
done using a Whole Blood Lysing Reagent Kit (Beckman
Coulter, Brea, CA, USA). Intracellular staining procedures for
the CD208 staining were performed using a BD Cytoﬁx/Cytoperm Fixation/Permeabilization Kit (Becton Dickinson and
Company, Franklin Lakes, NJ, USA) after staining cellular
surface markers according to the manufacturer’s instructions.
Stained cells were analyzed by using the EPICS XL ADC
System (Beckman Coulter). Data were analyzed using an
EXPO32ADC software (Beckman Coulter). Antibodies used
for ﬂow cytometry are also listed in Table 2.
Real-time reverse transcription–polymerase
chain reaction
Extraction of total RNA, reverse transcription into complimentary DNA (cDNA) and real-time polymerase chain reaction (PCR) using the 7900HT Fast Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA) were performed

Flow cytometry
Isolated cells of tonsils from four IgAN patients and three
controls were analyzed by using ﬂow cytometry as we reported
3
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sections (5 μm thick) using ﬂuorescein isothiocyanate (FITC)conjugated primary antibodies. Triple IF staining for CD208,
CD3 and HLA-DR and for CD20, CD3 and IgA were also performed on frozen tonsillar sections of several patients with
IgAN. In the process of triple staining, staining for IgA was
performed with a direct IF staining method, and staining for
CD208, CD3, HLA-DR and CD20 were performed with an indirect IF staining method using secondary antibodies; Alexa
Fluor 350-labeled goat antirabbit immunoglobulin G (IgG;
Molecular Probes, Eugene, OR, USA), Alexa Fluor 594-labeled
donkey antimouse IgG (Molecular Probes) or Alexa Fluor
488-labeled donkey antirat IgG (Molecular Probes). Indirect
IF staining for CD208 was performed on frozen sections
(3 μm thick) of renal tissues of patients with IgAN (n = 17)
using secondary antibody; Alexa Fluor 488-labeled goat antimouse IgG (Molecular Probes). Primary antibodies used in
this study are listed in Table 2.
To quantify the area of germinal centers of tonsils, we assessed HE-stained sections under light microscopy. Photographs of a random ﬁeld were obtained using a digital camera
(magniﬁcation; ×10), and germinal center area per total tonsillar area was measured by using the image analysis software
(Lumina Vision Ver.2.04; Mitani Corp., Fukui, Japan). For the
quantiﬁcation of the number of each subtype of DCs, positive
cells in the photographs of four consecutive ﬁelds (magniﬁcation; ×200) were counted and expressed as positive cell
numbers per square millimeter. Photographs of triple IF staining were taken with a confocal laser scanning microscopy
(LSM510; Carl Zeiss Co., Oberkochen, Germany).
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as previously described [16]. Total RNA from the tonsils of 23
IgAN patients and 8 controls was analyzed. We used TaqMan
Gene Expression Assays with primer/probe sets for human
CLEC4C (CD303), CD1c, CD209, LAMP3 (CD208), CD1a
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH;
Applied Biosystems). The relative amount of mRNA was calculated using comparative Ct (▵▵Ct) methods. All speciﬁc
ampliﬁcation products were normalized against GAPDH
mRNA, which for internal control was ampliﬁed in the same
reaction.

R E S U LT S
Histological characteristics of tonsillar tissues in IgAN
Light microscopic observation of HE-stained tonsillar
tissues revealed that the interfollicular areas were characteristically expanded, while germinal centers were reduced in tonsils
of IgAN patients compared with that of controls (Figure 1A
and B). This ﬁnding was quantiﬁed in HE-stained tonsillar
tissues by using an image analysis software to calculate the
proportion of germinal center area to total tonsillar area. The
proportion of germinal center area to total tonsillar area was
signiﬁcantly lower in IgAN patients than that in controls
(Figure 1C).

Clinical and renal histological data
Two pathologists evaluated the renal biopsy specimens independently. The diagnosis of IgAN was based on the demonstration by direct IF staining of mesangial immune deposits
that stain dominantly for IgA, on mesangial proliferation
evident by light microscopy and on the presence of mesangial
electron-dense deposits evident by electron microscopy. Correlations between the number of DCs in the tonsils and clinical
data such as levels of proteinuria, levels of hematuria, serum
creatinine and serum IgA at tonsillectomy were assessed.
Renal histological data such as proportions (to total glomeruli)
of crescentic glomeruli, sclerotic glomeruli, glomeruli with
adhesion and glomeruli with mesangial proliferation were also
assessed in each renal biopsy, and their relations with the
levels of tonsillar DCs were evaluated. Renal biopsy evaluation
and tonsillar tissue evaluation were done independently and in
blind to each other.

Immunohistochemical stainings
The distribution of subtypes of DCs in tonsils did not basically differ between the IgAN patients and controls. In both,
CD303+ cells were found sparsely in the under-epithelial and
interfollicular areas (Figure 2A). CD1c+, CD209+ and CD208+
cells were mainly found in the interfollicular area (Figure 2B–
D). CD208+ cells were clustered in the interfollicular area
(Figure 2D). CD1a+ cells were localized in the under-epithelial
area (Figure 2E).
As shown in Figure 3D, the number of CD208+ cells in the
tonsils of IgAN patients was signiﬁcantly greater than that in
the tonsils of controls. The levels of tonsillar CD303+, CD1c+,
CD209+ or CD1a+ cells, however, did not differ between IgAN
patients and controls (Figure 3A–C and E).
Triple staining for CD208, CD3 and HLA-DR revealed that
CD208+ cells often existed in touch with CD3+ T-cells. Furthermore, around CD208+ cells, there were some activated Tcells that were double positive for CD3 and HLA-DR
(Figure 4A–D). In addition, IgA+ cells mainly existed in the Tcell abundant interfollicular area adjacent to the follicles
(Figure 4E–H).
Because we found that the increase in CD208+ cells was the
most characteristic feature in tonsils of IgAN patients, we investigated the CD208+ cells in renal biopsy tissues. The renal
biopsy specimens of all the 17 IgAN patients whose specimens

Statistics
All data were analyzed by using the JMP10 statistics
software (SAS Institute, Inc., Cary, NC, USA). Statistical analyses were performed using Student’s t-test to compare the
means of two groups and Pearson’s correlation coefﬁcient to
show the correlations between two variables. A P-value of
<0.05 was considered statistically signiﬁcant. Data are shown
as mean ± SE.

F I G U R E 1 : Histological structure of tonsils. Original magniﬁcation; ×10. (A and B) Representative photomicrograph of HE-stained tonsillar

tissue. (A) A patient with chronic tonsillitis. (B) A patient with IgA nephropathy (IgAN). Enlarged interfollicular areas and small germinal
centers are characteristic in the tonsils of patients with IgAN. (C) Germinal center area and total tonsil area were measured, and proportions of
germinal center area to total tonsillar area were calculated. Results are means ± SE for each group. The proportion of germinal center to total tonsillar area in IgAN patients was signiﬁcantly smaller than that in controls. *P < 0.01 versus controls. Control: n = 9, IgAN: n = 33.
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F I G U R E 3 : Quantiﬁcation analysis of different markers of subtypes of DCs in tonsillar tissues from controls and IgAN patients. Results are

means ± SE for each group. (A) CD303+, (B) CD1c+, (C) CD209+, (D) CD208+ cells. The number of CD208+ cells in the tonsils of IgAN patients
was signiﬁcantly greater than that in the tonsils of controls. *P < 0.05 versus controls. (E) CD1a+ cells. Control: n = 9, IgAN: n = 33.
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F I G U R E 2 : Various subtypes of DCs in tonsils (A–E) and kidneys (F) of patients with IgAN. Original magniﬁcation; A–C, E and F: ×200, D:
×100. (A) IF staining for CD303 (under-epithelial area). The arrows show epithelium. (B) IF staining for CD1c (interfollicular area). (C) Immunoperoxidase staining for CD209 (interfollicular area). The arrow shows a follicle. (D) Immunoperoxidase staining for CD208 (interfollicular
area). The arrow shows a follicle. CD208+ cells are clustered in the interfollicular area. (E) IF staining for CD1a (under-epithelial area). The
arrows show epithelium. (F) IF staining for CD208 in the renal tissue of an IgAN patient. CD208+ cells are observed in the renal interstitium.
Photograph shows CD208+ cells around a globally sclerotic glomerulus.

ORIGINAL ARTICLE

F I G U R E 4 : Triple IF staining of tonsils of patients with IgAN. (A–D) Triple IF staining for CD208 (Alexa Fluor 594: red), CD3 (Alexa Fluor

350: blue) and HLA-DR (Alexa Fluor 488: green). (A) CD208, (B) CD3, (C) HLA-DR. HLA-DR is known to be expressed on DCs, macrophages,
B-cells and activated T-cells. (D) Merged image of A–C. The arrows indicate activated T-cells (CD3+ HLA-DR+). (E–H) Triple IF staining for
CD20 (B-cells; Alexa Fluor 594: red), CD3 (T-cells; Alexa Fluor 350: blue) and IgA (FITC: green). (E) CD20. The arrows indicate follicles. (F)
CD3, (G) IgA and (H) merged image of E–G.

were stained for CD208 had CD208+ cells in the interstitium,
but in all samples the number of these was very small
(Figure 2F). There was no correlation between the number of
CD208+ cells in the kidneys and that in the tonsils.

tonsils of controls (Figure 6B and D). The mean value of
CD303, CD209 and CD1a mRNA tended to be higher in
IgAN patients than in controls, but the differences were not
statistically signiﬁcant (Figure 6A, C and E).

Flow cytometry analysis
To evaluate DC markers on isolated cells, we examined
fresh tonsillar specimens by ﬂow cytometry. Figure 5A–F
shows representative results of ﬂow cytometry of tonsils from
a patient with IgAN, whereas Figure 5G shows a result from a
control subject. For CD303, CD1c and CD1a, cells that were
double positive for HLA-DR and DC markers were identiﬁed
to be DCs (Figure 5A–C). For CD209 and CD208, a lineage
marker-negative population ( presented as lin− in Figure 5D)
was analyzed and is shown in Figure 5E–G. A population
which was a lineage marker− and HLA-DR+ and DC marker+
was identiﬁed to be DCs.
As shown in Figure 5K, the percentage of CD208+ cells in
the lineage marker− and HLA-DR+ population was signiﬁcantly greater in the tonsils of IgAN patients than that in the
tonsils of controls. The percentage of CD303+, CD1c+,
CD209+ or CD1a+ DCs did not differ between the tonsils of
controls and those of IgAN patients (Figure 5H–J and L).

Positive correlation of DCs with clinical and renal
histological features
The numbers of CD208+ cells in the tonsils were signiﬁcantly and positively correlated with the proportion of crescentic glomeruli in the renal biopsy tissues (R = 0.49, P < 0.05)
and with the urinary protein levels (R = 0.38, P < 0.05)
(Figure 7A and B). No correlation was found between the
number of CD208+ cells in tonsils and the level of hematuria,
serum creatinine, serum IgA level or the proportions of sclerotic glomeruli, glomeruli with adhesion or glomeruli with mesangial proliferation to the total glomeruli. CD303, CD1c,
CD209 and CD1a had no correlation with clinical or renal histological data.

DISCUSSION
In this study, we found that the number of CD208+ DCs was
signiﬁcantly increased in the tonsils of IgAN patients. The
number of CD208+ DCs in the tonsils was signiﬁcantly and
positively correlated with the proportion of crescentic glomeruli in the renal biopsy tissue and with the urinary protein level.

Real-time reverse transcription–PCR
The levels of CD208 and CD1c mRNA in the tonsils of
IgAN patients were signiﬁcantly greater than that in the
6
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In the present study, CD1a+ DCs were found under the epithelial area, CD303+ DCs were found sparsely in both the epithelial area and the interfollicular area. CD1c+, CD209+ and
CD208+ DCs were found mainly in the interfollicular area. We
therefore speculate that CD1c+, CD209+ and CD208+ DCs
play important roles in the expanded interfollicular area in the
tonsils of IgAN patients. CD208+ DCs were the most abundant
of these DC subtypes and are the characteristic cell type in the
interfollicular area of the tonsils of IgAN patients.
CD208, also known as DC-LAMP, is a member of the
LAMP family and known as a speciﬁc marker of iDCs [13, 22].
It is speciﬁcally expressed by human DCs upon activation and
maturation, and CD208+ DCs are generally located in the interfollicular area of lymphoid tissues. In human DCs, CD208 is expressed in the intracellular major histocompatibility complex
(MHC) Class II compartment just before the translocation of
MHC Class II molecules to the cell surface [13]. So, it is
suggested that CD208 participates in processing foreign

Histologically, tonsillar tissues consist of three microcompartments: crypt epithelium, interfollicular area and lymphoid
follicle [17, 18]. Immune responses against foreign antigens
arise in crypt epithelium with the uptake of the antigen by epithelial cells. The antigen is then processed and presented by
DCs to CD4+ T-cells under the epithelium. The activated
CD4+ T-cells then activate B-cells to induce differentiation of
antigen-speciﬁc B-cells in the follicles. B-cells ﬁnally differentiate into immunoglobulin-secreting plasma cells in the interfollicular area [19]. Thus, the interfollicular area is an
important place where the antigen-speciﬁc T-cell activation
and subsequent T-cell–B-cell interaction takes place. Hotta,
Takechi et al. [20] and Kawaguchi et al. [21] previously reported that the enlarged T-cell nodules in the interfollicular
areas of tonsils were characteristic of IgAN patients. In this
study, interfollicular areas were characteristically expanded,
while areas of germinal centers were reduced in the tonsils
of IgAN.
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F I G U R E 5 : Flow cytometry analysis of a patient with IgAN (A–F) and a control subject (G). (A–C) Isolated cells were double-stained with
antibodies for HLA-DR and either CD303, CD1c or CD1a. The HLA-DR-positive population was analyzed and is shown in graphs. HLA-DR+
and DC-marker+ cells in each staining were identiﬁed to be DCs. (A) HLA-DR and CD303 staining. (B) HLA-DR and CD1c staining. (C) HLADR and CD1a staining. (D–G) Isolated cells were triple-stained with antibodies for HLA-DR, lineage marker and either CD209 or CD208. The
lineage marker-negative population (indicated lin− in graph D) was analyzed and is shown in E–G. Lineage marker−, HLA-DR+ and DCmarker+ cells in each staining were identiﬁed to be DCs. (E) HLA-DR and CD209 staining in the lineage marker− population in a patient with
IgAN. (F) HLA-DR and CD208 staining in the lineage marker− population in a patient with IgAN. (G) HLA-DR and CD208 staining in the
lineage marker− population in a control subject. (H–L) Quantiﬁcation analysis results for the different subtypes of DCs in cells isolated from
tonsils of IgAN patients and controls. (H) CD303+ DCs, (I) CD1c+ DCs, (J) CD209+ DCs, (K) CD208+ DCs. The percentage of HLA-DR+ cells
in the lineage marker− population that were CD208+ was signiﬁcantly greater in the tonsils of IgAN patients than that in the tonsils of controls.
*P < 0.05 versus control. (L) CD1a+ DCs. Results are expressed as means ± SE for each group. Control: n = 3, IgAN: n = 4.
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F I G U R E 6 : mRNA expression for various markers of DCs. (A) CD303 mRNA, (B) CD1c mRNA, (C) CD209 mRNA, (D) CD208 mRNA and

(E) CD1a mRNA. The levels of CD208 and CD1c mRNA in the tonsils of IgAN patients were signiﬁcantly greater than that in the tonsils of controls. Results are expressed as means ± SE for each group. *P < 0.05 versus controls. Control: n = 8, IgAN: n = 23.

F I G U R E 7 : Correlation between the number of tonsillar CD208 DCs and clinical ﬁndings. (A) A signiﬁcant and positive correlation between
+

+

the number of CD208 cells in the tonsils and the proportion of crescentic glomeruli to total glomeruli in the renal biopsy tissues of patients
with IgAN (n = 33). (B) A signiﬁcant and positive correlation between the number of CD208+ cells in the tonsils and the urinary protein level
(n = 33). CD303, CD1c, CD209 and CD1a had no correlation with clinical or renal histological data.

antigens in the early stage. In addition to the close relation with
MHC Class II molecules, CD208+ DCs strongly express costimulatory molecules such as CD80, CD83 and CD40, which are
associated with the adhesion and activation of T-cells [23, 24].
Furthermore, the expression of CD208 is correlated with that of
other maturation markers, such as CD86 [24]. We therefore
speculate that CD208+ DCs have a strong ability to activate Tcells. Our observation of an increased number of CD208+ DCs
accompanied by surrounding activated T-cells in an enlarged
interfollicular area suggests that T-cell activation is accelerated
in the tonsils of patients with IgAN. We think that the reduction
of relative germinal center areas is a result of the expansion of

interfollicular areas (T-cell areas) that is brought about by the
chronically increased number of CD208+ DCs having a strong
ability to activate T-cells.
Previous reports have shown that, in IgAN, the predominant subset of IgA in mesangial deposits is IgA1, the O-glycan
chains in the hinge region of glomerular and serum IgA1 are
highly underglycosylated [25, 26] and the IgA1 molecules produced by tonsillar lymphocytes are also underglycosylated
[27]. In the present study, IgA+ cells were found in enlarged
interfollicular areas near follicles. We suspect that, in the development of IgAN, CD208+ DCs may activate the immune
system and lead to aberrant IgA1 production in tonsils.
8
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Increases in CD208+ DCs in the lesions associated with
dermal diseases such as psoriasis [28] and in various types of
cancer, such as colorectal cancer or uterine cervical cancer,
have been reported [29, 30]. In the present study, we found
that the number of tonsillar CD208+ DCs was positively correlated with the proportion of crescentic glomeruli in the kidney
and with the level of proteinuria. We, however, found few
CD208+ cells in the renal biopsy tissues of IgAN patients. We
suspect that the increased CD208+ DCs in the tonsils do not
themselves migrate to the kidney, but may play a directive role
by activating T-cells. Then, the activated T-cells themselves
and/or subsequently produced immunoglobulins from activated B-cells may eventually cause kidney injury in IgAN. The
alternative possibility is that some CD208+ DCs may migrate
from tonsils to the kidney and cause inﬂammation there, but
they can hardly be identiﬁed by the usual histochemical staining of renal biopsy tissues, because there are so few of them in
the kidney.
Several reports suggest that toll-like-receptors (TLRs),
especially TLR9, play important roles in the pathogenesis of
IgAN. One study reported a correlation between the tonsillar
TLR9 expression level and the therapeutic efﬁcacy of tonsillectomy and steroid pulse therapy [31]. Another study reported that the expression of TLR9 and that of its ligand,
MyD88, in spleen were correlated with the glomerular injury
in animal models of IgAN [8]. Because the CD303+ DC
( pDC) is the main DC that expresses TLR9 [32], it had been
expected that CD303+ DCs would be increased in the tonsils
of patients with IgAN. In the present study, however, we did
not ﬁnd such an increase. Since TLR9 is also on B- and T-cells
besides CD303+ DCs in human [33, 34], in IgAN it may be
overexpressed on these cells rather than CD303+ DCs.
The numbers of myeloid-related DCs in nasal-associated
lymphoid tissue were previously reported to be increased in
patients with IgAN: the numbers of CD1a+ DCs and CD209+
DCs were increased in the nasal biopsy samples of patients
with IgAN [35]. We, however, did not ﬁnd increases of CD1a+
or CD209+ DCs in the tonsils of IgAN patients. This is
probably due to the difference between the DC populations
of tonsillar tissues, which are lymphoid tissues, and nasal
mucosa.
In summary, CD208+ DCs were signiﬁcantly increased in
the tonsils of patients with IgAN, and the number of tonsillar
CD208+ DCs was positively correlated with the proportion of
glomerular crescent formation and the level of proteinuria.
The present results suggest the possibility that increased
myeloid-related mature DCs, CD208+ DCs, reinforce the
innate and adaptive immunity, thereby resulting in deterioration of renal lesions. The present results, thus, may support
the therapeutic signiﬁcance of tonsillectomy for IgAN
patients. Further studies are required to ﬁnd out how tonsillar
CD208+ DCs induce renal lesion in patients with IgAN.
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