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Follicular Dendritic Cell Meshwork in Angioimmunoblastic
T-Cell Lymphoma Is Characterized by Accumulation of

CXCL13+ Cells

Haruo Ohtani,1,2) Takuya Komeno,3) Yoshiko Agatsuma,4)

Motohiro Kobayashi,5,6) Masayuki Noguchi,7) and Naoya Nakamura8)

Angioimmunoblastic T-cell lymphoma (AITL) is considered to originate from follicular helper T (TFH) cells. Currently,

neoplastic cells in AITL are considered to express CXCL13 as a tumor marker. However, the identification of CXCL13+ cells

remains unclear in terms of whether they are neoplastic cells (or TFH cells) or follicular dendritic cells (FDCs) in both AITL and

normal germinal centers. Therefore, the exact identification of CXCL13+ cells was performed using 33 cases of AITL and

normal germinal centers. Single-labeling immunohistochemistry and double-labeling immunofluorescent microscopy first

confirmed that CXCL13 was expressed mainly in FDCs in the normal germinal centers. In 28 of 33 AITL cases, CXCL13 was

expressed mainly in FDCs as a meshwork pattern, which was associated with CXCL13+ neoplastic cells. In the other five cases,

CXCL13 was expressed mainly in neoplastic cells, which were densely distributed in and around the FDC meshwork. These

findings indicate the abundance of CXCL13+ cells in the FDC meshwork irrespective of the cell type. Triple-labeling immuno-

fluorescent microscopy showed that the CXCL13+ FDC meshwork in AITL harbored both neoplastic cells and B cells. CXCR5,

the cognate receptor of CXCL13, was expressed in neoplastic cells in AITL. The present study suggests that neoplastic cells in

AITL preserve a certain level of TFH-cell function since neoplastic cells and B cells are closely enmeshed in the CXCL13+ cell-

rich FDC meshwork in a similar way as in normal germinal centers. 〔J Clin Exp Hematop 55(2) : 61-69, 2015〕
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INTRODUCTION

Angioimmunoblastic T-cell lymphoma (AITL) is a unique

peripheral T-cell lymphoma (PTCL) composed of the prolif-

eration of not only neoplastic T cells but also various reactive

host cells including high endothelial venules (HEVs), B cells

often with a blast form, plasma cells, and follicular dendritic

cells (FDCs) that form a disorganized meshwork structure

(hereinafter called the FDC meshwork in AITL).1-3 Of these,

the proliferation of both FDCs and HEVs distinguishes AITL

from other PTCLs.4 PTCLs that lack either the proliferation

of FDCs or that of HEVs are designated AITL-like PTCLs in

the present paper. AITL is currently considered to originate

from follicular helper T (TFH) cells.5-7 TFH cells belong to a

subset of CD4+ T cells. After antigen stimulation, CD4+

naïve T cells differentiate into T helper type 1 (TH1), type 2

(TH2), interleukin (IL)-17-producing helper T (TH17) cells,

inducible regulatory T (iTReg) cells, or TFH cells.8,9 Of these,

TFH cells are defined as CD4+ T cells that express chemokine

C-X-C motif receptor 5 (CXCR5), inducible T-cell co-

stimulator (ICOS), programmed cell death protein 1 (PD1),

B-cell lymphoma 6 (BCL-6), and IL-21.8,9

In AITL, chemokine CXCL13 is considered to be a tumor

marker.1,10,11 CXCL13, together with its cognate receptor

CXCR5 (i. e., the CXL13-CXCR5 axis), plays an essential

role in the formation of germinal centers in the secondary

lymphoid organs.12,13 FDCs in such lymphoid organs express

CXCL13.14-17 FDCs form a well-organized meshwork in the

light zone of germinal centers and express antigen-antibody

complex on their cell surface, thereby mediating the positive

selection of B cells with high-affinity antibodies.16,17 FDCs

61

J Clin Exp Hematop

Vol. 55, No. 2, Nov. 2015

Received: May 15, 2015

Revised : June 10, 2015

Accepted: June 30, 2015
1)

Department of Pathology, Mito Saiseikai General Hospital, Mito, Japan Departments

of
2)

Pathology and
3)

Hematology, Mito Medical Center, National Hospital

Organization, Ibaraki, Japan
4)

Department of Medical Hygiene, Kochi Gakuen College, Kochi, Japan
5)

Division of Tumor Pathology, Department of Pathological Sciences, Faculty of

Medical Sciences, University of Fukui, Eiheiji, Japan
6)

Department of Pathology, Omachi Municipal General Hospital, Omachi, Japan
7)

Department of Pathology, Tsukuba University Hospital, Tsukuba, Japan
8)

Department of Pathology, Tokai University School of Medicine, Isehara, Japan

Corresponding author: Dr. Haruo Ohtani, Department of Pathology, Mito Saiseikai

General Hospital, 3-3-10 Futabadai, Mito 311-4198, Japan

E-mail: 311 serenity@gmail.com



secrete CXCL13 to chemo-attract CXCR5+ follicular B cells

and CXCR5+ TFH cells. Agostinelli et al. described that

CXCL13 was also expressed in FDCs in AITL.4 Considering

this complicated situation, the present study revisited

CXCL13 to perform the exact cell identification of CXCL13+

cells in AITL in comparison to normal germinal centers. We

show here that CXCL13 is expressed mainly in FDCs and

also in neoplastic T cells, and that the FDC meshwork in

AITL harbors neoplastic cells and B cells. CXCR5, counter-

receptor of CXCL13, is expressed by neoplastic cells. We

discuss the possible significance of these findings in relation

to the histogenesis of AITL.

MATERIALS AND METHODS

Formalin-fixed, paraffin-embedded tissue samples were

used. In all lymphoma cases, tissue samples were obtained at

the initial diagnosis, including 33 cases of AITL (mean age

67.4 ± 13.3 years, males: females (M:F) = 18:15) and six

cases of AITL-like PTCL (mean age 69.8 ± 10.1 years, M:F

= 3:3).4 All lymphoma cases were of nodal type. The diag-

nosis of AITL was performed as described by the WHO

classification.1 All AITL-like PTCLs in the present study

showed less developed HEVs than AITL, retaining the FDC

meshwork.

For the normal controls, both secondary lymphoid organs

and tertiary lymphoid tissues were used. The secondary lym-

phoid organs (18 cases, mean age 46.8 ± 22.1 years, M:F =

10:8) included seven cases of chronic tonsillitis and 11 cases

of reactive hyperplasia of the lymph nodes. Tertiary lym-

phoid tissues (12 cases, mean age 67.4 ± 11.6 years, M:F = 8:

4) included four cases of chronic cholecystitis, two cases of

nodular lymphoid hyperplasia of the lung, and one case each

of chronic urocystitis, chronic thyroiditis, inflammatory pseu-

dotumor of the lung, chronic sclerosing sialoadenitis, chronic

esophagitis, and diverticulitis. These control tissues were

obtained by surgical resection.

For conventional immunohistochemistry, the second-step

immunoperoxidase method was used as described

previously.18 Antigen retrieval was performed by immersing

glass slides in 10 mM Tris buffer/1 mM EDTA at 95℃ for 60

min. For CD21 immunostaining, DAKO S-1700 was used for

antigen retrieval. After the blocking of non-specific reactivity

by Protein Block (DAKO, Glostrup, Denmark), primary anti-

bodies were applied (Table 1). After quenching the endoge-

nous peroxidase activity with 3% H2O2 for 5 min, Envision

plus (DAKO) was applied as a secondary antibody. 3, 3’-

Diaminobenzidine tetrahydrochloride was used as a chromo-

gen.

For immunofluorescent staining, all of the primary anti-

bodies were applied overnight. Alexa Fluor (350, 488, or

555)-labeled anti-mouse, rabbit, or goat immunoglobulin anti-

bodies (raised in donkey) were used as the secondary antibod-

ies (diluted at 1:100, applied for 30 min) (Molecular Probes;

Thermo Fisher Scientific Inc., Waltham, MA, USA). For the

double- or triple-immunofluorescent method, two or three

different kinds of primary or secondary antibodies were ap-

plied in a mixture. 4’,6-Diamidino-2-phenylindole (Molecular

Probes) was used for nuclear counterstaining. All of the

fluorescent images were captured using a digital camera (DS-

5M; Nikon, Tokyo, Japan) equipped on a fluorescent micro-

scope (E800; Nikon). For double- and triple-immunofluores-

cent microscopy, each fluorescent image was manually

merged on a computer using PaintShop Photo Pro X3 (Corel,

Ottawa, Canada). Detailed analyses of the fluorescent images

were performed by confocal laser scanning microscopy

(Leica SP5; Wetzlar, Germany).

For the negative control, isotype-matched, control mouse

monoclonal antibodies (DAKO) or normal rabbit or goat

immunoglobulins were used. These control staining samples

showed no significant immunoreactivity.

The present study was approved by the ethics committees

of the institutes from which the materials were obtained.
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Table 1. List of primary antibodies used in the present research*

Antibody Concentration used Source

Goat polyclonal anti-human CXCL13 2 µg/mL (2 µg/mL) R&D

Rabbit polyclonal anti-human CXCR5 4 µg/mL (20 µg/mL) GeneTex Inc.

Rabbit polyclonal anti-CD3 1:200 (1:40) DAKO

Mouse monoclonal anti-CD4 (clone 1F6) 1:40 (1:5) Abcam

Mouse monoclonal anti-CD20 (clone L26) 1:1,000 (1:40) DAKO

Mouse monoclonal anti-CD21 (clone 1F8) 1:100 (1:50) DAKO

Mouse monoclonal anti-FDC (clone CAN.42) 1:50 (1:10) DAKO

Rabbit monoclonal anti-CD19 (clone EPR5906) (1:20) Abcam

The text in parentheses indicates the concentration used for immunofluorescent microscopy. Incubation time was 45 min

for the single-labeling immunoperoxidase method and overnight for the immunofluorescent method. R&D, Minneapolis,

MN, USA; GeneTex Inc., Irvine, CA, USA; DAKO, Glostrup, Denmark; Abcam, Cambridge, MA, USA

*Primary antibodies used only for diagnostic purposes are not included here.



RESULTS

Identification of CXCL13+ cells as mainly FDCs and

partly TFH cells in the normal lymphoid tissues

Previous reports described that CXCL13 was localized in

either TFH cells10,11 or FDCs14-17 in the normal lymphoid tis-

sues. Single-labeling immunohistochemistry showed that

CXCL13 was expressed as a characteristic meshwork pattern

in the light zone of germinal centers in all cases except one

(vide infra for details). Double-immunofluorescent micro-

scopy clearly showed the co-localization of CXCL13 and

FDC markers (Fig. 1A), indicating that CXCL13 was mainly

expressed in FDCs. The co-expression of CXCL13 and CD3

(or CD4) was observed infrequently in the germinal centers

(Fig. 1B). Since TFH cells are a major component of follicular

T-cells,19 this indicated the infrequent occurrence of

CXCL13+ TFH cells. The exception was one case of tertiary

lymphoid tissues (chronic thyroiditis), in which CXCL13 was

expressed mainly in lymphocytes. CD83+ dendritic cells

(DCs) (conventional or classical DCs) in the paracortex also

expressed CXCL13 (Supplementary data).

CXCL13 is expressed mainly in FDCs and to various

degrees in neoplastic cells in AITL

Of 33 cases of AITL, 32 were of the “classical type”

(pattern 2 or 3), and one belonged to pattern 1.1 Single-

labeling immunohistochemistry revealed that CXCL13 was

expressed in either a meshwork (Fig. 2A) or a perinuclear dot

pattern (Fig. 2B). In 23 of 33 AITL cases, double-

immunofluorescent microscopy was performed, which re-

vealed the following findings. In areas with a meshwork

pattern, co-localization of CXCL13 and FDC markers was

observed (Fig. 2C), confirming that FDCs expressed

CXCL13. This also showed a similarity between the FDC

meshwork in AITL (Fig. 2C) and the normal germinal center

(Fig. 1A). In areas with a perinuclear dot pattern, co-

localization of CXCL13 and CD3 (or CD4) was demonstrated

(Fig. 2D), indicating that CXCL13 is expressed in neoplastic

cells. Combining the results of single- and double-labeling

data, we judged that CXCL13+ cells were mainly FDCs asso-

ciated with various degrees of CXCL13+ neoplastic cells in 28

of 33 AITL cases (all classical type [pattern 2 or 3]). In the

other five cases (including one case with pattern 1), CXCL13+

cells were mainly neoplastic cells without remarkable reactiv-

ity in FDCs (note that the FDC meshwork was observed in all

cases examined). The FDC meshwork in AITL was usually

irregular in shape and larger than the normal germinal

centers.20 The cytoplasmic processes of FDCs may be less

intensely labeled with CXCL13, occasionally making them

difficult to identify as FDCs. Therefore, care should be taken

for the presence of cytoplasmic processes to identify FDCs.

Among six AITL-like PTCL cases, CXCL13 was local-

ized in both FDCs and neoplastic cells in three cases, or

mainly in neoplastic cells without significant expression in

FDCs in the other three cases (data not shown).

CXCL13+ cells are concentrated in FDC meshwork irre-

spective of the cell source

We next focused our attention on five cases of AITL and

three cases of AITL-like PTCL in which mainly neoplastic

cells expressed CXCL13. Double-labeling immunofluores-

cent microscopy revealed that CXCL13+ neoplastic cells were

abundantly distributed in and around the FDC meshwork in

Angioimmunoblastic T-cell lymphoma
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Fig. 1. Double-labeling immunofluorescent microscopy to identify CXCL 13+ cells in the normal germinal

center (tonsil). (1A) Most CXCL13 (green)-positive cells were follicular dendritic cells (anti-FDC, red). Double-

positive cells are expressed in yellow. (1B) T cells (anti-CD3, red) are infrequently positive for CXCL13 (green)

(arrows). Scale bars: (1A) 50 µm and (1B) 20 µm.



six of eight cases (Fig. 2E). Therefore, it was clear that

CXCL13+ cells were densely concentrated in the FDC mesh-

work irrespective of the CXCL13+ cell types in AITL and

AITL-like PTCL cases.

FDC meshwork in AITL harbors neoplastic cells and B

cells

To explore how neoplastic T cells or B cells were distrib-

uted among the FDC meshwork in AITL, we conducted

triple-labeling immunofluorescent microscopy for CD3,

CXCL13, and CD20. In the normal lymphoid tissues (one

case of lymph node and four tonsillitis cases), this triple-

color method revealed that both follicular B cells and T cells

(mainly TFH cells19) were enmeshed among FDCs in the light

zone of the germinal centers (Fig. 3A). We next analyzed 10

representative AITL cases, in which CXCL13 was expressed

mainly in FDCs. Although the structure of the FDC mesh-

work in AITL differed from that of the normal germinal

centers, the same three components (T cells, B cells, and

FDCs) were identified in the FDC meshwork in AITL with T-

cell dominance (Fig. 3B).

We next analyzed whether or not neoplastic T cells were

included in the FDC meshwork in AITL. Single-labeling

immunohistochemistry revealed that the FDC meshwork in

AITL harbored neoplastic cells with large, atypical nucleus

(Fig. 4A). The normal germinal centers lacked such atypical

cells (Fig. 4B). Close observation by the triple-color method

revealed that both CD3+ neoplastic cells and CD20+ B cells

were closely juxtaposed to CXCL13+ FDCs with neoplastic

cells as a major component (Fig. 4C). High-resolution im-

ages were obtained by confocal laser scanning microscopy,

which showed that neoplastic CD3+ cells with atypical nu-

cleus (shown in green) were in close contact with CXCL13+

FDCs (shown in red) (Fig. 4D). The data so far indicated

that the FDC meshwork in AITL harbored significant num-

bers of neoplastic T cells as well as B cells. This indicates

that the FDC meshwork in AITL retains a similarity to normal

germinal centers.

This close contact between neoplastic cells and FDCs in

AITL (Fig. 4C & 4D) was unexpected. Therefore, normal

germinal centers were analyzed by the same method, where T

cells (mainly TFH cells) were again in close contact with

FDCs (Fig. 4E). Our observations suggest certain interac-

tions between FDCs and T cells (for details, see Discussion).

Expression of CXCR5 in AITL

We next analyzed the expression of CXCR5, the cognate

receptor of CXCL13. In the normal tissue, CXCR5 is re-

ported to be expressed in follicular B cells and TFH cells.17

Double-immunofluorescent microscopy in the normal lym-

phoid follicles showed, therefore, that CXCR5+ cells were

specifically distributed in the germinal centers closely associ-

ated with CXCL13+ FDCs (Fig. 5A). This is in accordance

with the ligand-receptor relationship. In AITL (20 cases),

single-labeling immunohistochemistry revealed that CXCR5+

cells were distributed diffusely in neoplastic tissues (Fig. 5B

& 5C). Double-immunofluorescent microscopy was per-

formed in five AITL cases and one AITL-like PTCL case, in

which CXCL13 was mainly expressed in FDCs. This re-

vealed that CXCR5+ cells were distributed in and around the

CXCL13+ FDC meshwork (Fig. 5D). The data here (Fig. 5A

vs. Fig. 5D) again indicated a similarity between the FDC

meshwork and the normal germinal centers.

DISCUSSION

The present study analyzed AITL from the viewpoint of

CXCL13 expression and formation of the FDC meshwork.

Since the cell identification in AITL is complicated, multi-

color immunofluorescent microscopy was adopted, to reveal

the following findings: 1) concentrated expression of

CXCL13 in FDC meshwork areas in AITL, 2) similarities

between the FDC meshwork in AITL and normal germinal

centers, and 3) a close relationship between CXCL13 and its

cognate receptor, CXCR5, in both AITL and normal germinal

centers. Normal TFH cells play important roles in the forma-

tion and maintenance of germinal centers and B-cell

differentiation.9 Therefore, our results based on the analyses

of immuno-architecture are consistent with a view that neo-

plastic cells in AITL retain a certain level of TFH-cell func-

tions.

We first need to discuss the much wider expression of

CXCL13 in FDCs than is currently considered and the accu-

mulation of CXCL13+ cells in and around FDC meshwork

areas, irrespective of the cell types that express CXCL13. In

this sense, some differences are noted between our data and

previous observations.10,11 As stated in the Results, it is likely

that not all FDCs express CXCL13 in the whole cytoplasm,

making cytoplasmic processes occasionally less visible. This

may cause FDCs to be recognized as tumor cells. This is why

we adopted double-immunofluorescent microscopy for the

identification of CXCL13+ cells.

We next confirmed the presence of a similarity between

the FDC meshwork in AITL and the normal germinal centers.

In both, FDCs frequently express CXCL13, and both harbored

B cells and T cells. The distribution of CXCR5, the cognate

receptor of CXCL13, further supports this similarity. This

similarity also suggests that the CXCL13-CXCR5 axis may

be involved in the formation of the FDC meshwork in AITL,

in a similar way as in normal germinal centers.12,13

Differences were also noted; for example, in AITL, the FDC

meshwork was disorganized structurally, and it harbored

abundant neoplastic T cells, contrasted by B-cell dominance

in the normal germinal centers. The ubiquitous distribution
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Fig. 2. CXCL13 in angioimmunoblastic T-cell lymphoma. (2A & 2B) Single-labeling immunohistochemistry

for CXCL13 reveals a meshwork pattern (2A) and perinuclear dot pattern (2B). (2C & 2D) Double-labeling

immunofluorescent microscopy revealed that CXCL13 (green)-positive cells were mainly follicular dendritic cells

(FDCs) (red) in areas of meshwork pattern (2C) and mainly neoplastic cells (anti-CD3, red) in areas of

perinuclear dot pattern (2D). (2E) CXCL13+ neoplastic cells (green) were densely distributed in and around the

FDC meshwork (anti-FDC, red) in a case where mainly neoplastic cells expressed CXCL13. Scale bars: (2A) 40

µm, (2B) 20 µm, (2C) 100 µm, (2D) 20 µm, and (2E) 200 µm.

Fig. 3. Triple-labeling immunofluorescent microscopy for CD3 (red), CXCL13 (green), and CD20 (blue).

Note a well-organized structure of the normal germinal center (3A) and a disorganized follicular dendritic cell

meshwork in angioimmunoblastic T-cell lymphoma (3B, indicated by yellow arrows). The basic cell components

are similar. Scale bars: (3A & 3B) 50 µm.
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Fig. 4. Relationship between follicular dendritic cells (FDCs) and neoplastic cells in angioimmunoblastic T-

cell lymphoma (AITL). (4A & 4B) Single labeling for FDCs shows that large neoplastic cells are enmeshed in

the FDC meshwork in AITL (4A, anti-FDC), which is cytologically contrasted by the normal germinal center

(4B, anti-CD21, tonsillitis). (4C) Triple-labeling method confirmed that CD3+ T cells (red) and CD20+ B cells

(blue) are in close contact with CXCL13+ FDCs (green) in AITL. (4D & 4E) Confocal laser scanning

microscopy demonstrates that the FDC meshwork (red) harbors atypical neoplastic T cells (green) in AITL

(4D) and T cells (green) in normal germinal centers (4E, tonsillitis) (anti-FDC, red). Scale bars: (4A & 4B)

25 µm, (4C) 20 µm, and (4D & 4E) 10 µm.

Fig. 5. Close spatial relationship between CXCL13 and its cognate receptor CXCR5. (5A) In normal

lymphoid tissues, CXCR5+ cells (red) are localized in the whole germinal center together with the CXCL13+

follicular dendritic cell (FDC) meshwork (green). (5B & 5C) In angioimmunoblastic T-cell lymphoma

(AITL), CXCR5 (brown) is diffusely expressed in neoplastic cells (5B), with larger cells more strongly

positive than smaller ones (5C). (5D) Double-labeling method confirmed that CXCR5+ cells (red) are located

in and around the CXCL13+ FDC meshwork (green) in AITL. Scale bars: (5A, 5B & 5D) 50 µm and (5C) 10

µm.



of CXCR5+ cells in AITL was also different from the concen-

tration of CXCR5+ cells in the normal germinal centers. The

similarities between the FDC meshwork in AITL and normal

germinal centers described above support the current histo-

genesis theory, which considers that AITL originates from

TFH cells because neoplastic cells may contribute to the for-

mation of the FDC meshwork so as to accumulate B cells in

those areas as the normal TFH cells do in the germinal

centers.8,9 This could explain the proliferation of B cells and

plasma cells, as well as polyclonal gammopathy, in AITL.

Recent gene expression analyses showed that the participation

of B cells in AITL is a favorable prognostic factor.7,21 Taking

these findings together, it is possible that neoplastic cells in

AITL retain a certain level of TFH-cell function. In other

words, we may be able to consider that AITL is “a function-

ing tumor” of TFH cells so as to form the FDC meshwork in

tumor tissue.

As expected from its localization in the normal germinal

centers, CXCR5 was reported to be expressed in follicular

lymphoma,22 and the host genetic variation in CXCR5 has a

role in lymphomagenesis, particularly for follicular

lymphoma.23 A recent study also suggested the possibility of

targeting CXCR5 in B-cell non-Hodgkin lymphoma.24

The close contact between neoplastic T cells (or normal

TFH cells) and FDCs suggests a functional relationship be-

tween these two cells. It was suggested that TFH cells may

require ongoing signals from B cells and FDCs to maintain

the TFH program,9 which may be relevant to the present obser-

vations.

Recent studies revealed that hyperplastic follicles in pat-

tern 1 AITL are different from reactive follicles.25,26 The

relationship between FDCs in these hyperplastic follicles and

the FDC meshwork in pattern 2 or 3 will be an important

theme of future studies, since detailed analyses were not

performed in the present study due to the limited number of

cases with pattern 1.

To conclude, the present study clarified the structure of

the FDC meshwork in AITL to reveal similarities to normal

germinal centers, based on analyses of the immuno-

architecture. The results suggest that AITL could be regarded

as “a functioning tumor” of TFH cells. Further analyses will

be required.
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Supplementary data. In the normal lymphoid tissue (lymph node), double-labeling immunofluorescent

microscopy confirms that significant numbers of CD83+ (red) mature, conventional dendritic cells in the

paracortex co-express CXCL13 (green), which is clearly demonstrated at higher magnification (double

positivity in yellow in the lower right inset). Scale bars: 50 µm (main, merged figure) and 20 µm (lower

right inset).


