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Abstract

Background: Massive B cell ymphoid hyperplasia and its as-
sociated factors may play a role in exacerbating inflamma-
tion in allergic disorders. We here investigated the chemo-
kines and CD4-positive T cell subset involved in the develop-
ment of secondary lymphoid follicles (iCALT) in conjunctival
tissues in an atopic keratoconjunctivitis mouse model (AKC
mouse). Methods: NC/Nga mice were divided into three
groups: AKC (percutaneous sensitization and instillation of
crude house dust mite antigen), AD (percutaneous sensitiza-
tion only) and C (untreated control). Pathological changes in
the conjunctival tissues of each group were investigated us-
ing histological and immunohistochemical detection of CD4
and CD20. Furthermore, tissue sections of iCALT (AKC-iCALT
subgroup) and conjunctiva without iCALT (AKC-conjunctiva
subgroup) were obtained from AKC mice using laser-assist-
ed microdissection. mRNA expression of chemokine and T
cell subset-related transcription factors were compared be-
tween the AKC-iCALT and AKC-conjunctiva subgroups using
polymerase chain reaction (PCR) array and real-time reverse
transcription-PCR (RT-PCR) methods. Results: iCALT with

central aggregation of CD20-positive B cells and CD4-posi-
tive T cell infiltration surrounding B cells was observed in the
palpebral conjunctival tissue of the AKC group, but not in
that of the AD and C groups. Chemokine and T cell subset-
related transcription factor expression was confirmed using
real-time RT-PCR, with significant increases in Ccl5, Ccl17,
CxI20, Cxcl3, Ccr7, Foxp3 and T-bet mRNA expression in the
AKC-iCALT subgroup compared with those in the AKC-con-
junctiva subgroup. Conclusions: We concluded that CCL5,
CCL17 and CCL20, as well as T-bet- and Foxp3-positive lym-
phocytes may be iCALT-related factors and that iCALT-relat-
ed chemokines are worth evaluating as biomarkers.

© 2015 S. Karger AG, Basel

Introduction

Atopic keratoconjunctivitis (AKC) and vernal kerato-
conjunctivitis (VKC) are severe and chronic allergic
conjunctival diseases (ACD) that result from immediate
hypersensitivity. However, AKC and VKC have a compli-
cated pathophysiology, including proliferative conjuncti-
val lesions that cannot be explained by the immediate
hypersensitivity theory. Besides the proliferative conjunc-
tival lesions (e.g. giant papillae and limbal gelatinous infil-
tration), the clinical characteristics of patients with AKC or
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VKC include high serum levels of antigen-specific IgE an-
tibodies, increased expression and secretion of inflamma-
tory cytokines (IL-4, IL-5), soluble cytokine receptors (sol-
uble IL-6 receptor), and chemokines (eotaxin, IL-8) in
tears [1-6]. In particular, high levels of these cytokines and
chemokines in the tears of patients with severe ACD are
thought to originate from the conjunctival epithelium and
lacrimal gland, and the mast cells, eosinophils and type 2
helper T (Th2) cells in conjunctival tissue, and play a criti-
cal role in the pathogenesis of allergic inflammation.

In severe collagen disease and allergic disorders, B cell
lymphoid hyperplasia is observed in target organs, such
as the synovium in rheumatoid arthritis, or the lungs in
asthma. Therefore, invasion by B cells may be a crucial
factor in the pathogenesis of severe allergic disorders. In
the bronchus and lung tissues of patients with asthma,
B cells, in addition to eosinophils and T cells, are associ-
ated with allergic inflammation. Additionally, inducible
bronchus-associated lymphoid tissue (iBALT) is an ecto-
pic secondary lymphoid tissue that forms in the lung after
pulmonary inflammation or infection [7, 8]. iBALT has
histological characteristics similar to Peyer’s patches and
acts as a conventional lymphoid tissue [9].

There are many similarities between airway inflamma-
tion in asthma and conjunctival inflammation in AKC/
VKC. For instance, in a histological study of giant papillae
in patients with VKC, some demonstrated small B lym-
phoid follicle formations [10, 11]. These histological find-
ings suggested the possibility that inducible conjunctiva-
associated lymphoid tissue (which we henceforth term
iCALT) forms due to the severe allergic inflammation
present in patients with AKC/VKC. CALT is extranodal
lymphoid tissue that belongs to mucosa-associated lym-
phid tissue (MALT), which is similar to Peyer’s patches
and BALT [12-16]. MALT, including CALT and BALT, is
extranodal lymphoid tissue that is involved in antibody
production and in the induction of inducible regulatory T
cells that occur in the mucosal immune system [17, 18].
Therefore, ectopic lymphoid tissues, such as iCALT, may
be involved in the immunological pathophysiology of
allergic inflammation in the conjunctiva. However, the
pathophysiology underlying the development of iCALT
in the conjunctival tissues of patients with ACD is poorly
understood.

NC/Nga mice develop atopic dermatitis (AD)-like
skin lesions spontaneously under conventional condi-
tions, but do not do so under specific pathogen-free (SPF)
conditions. However, it is difficult to set up an experi-
mental environment in which NC/Nga mice persistently
develop AD-like skin lesions. Therefore, attempts have
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recently been made to establish an NC/Nga mouse mod-
el that is antigen sensitized under SPF conditions [19].
Yamamoto et al. [20] reported that repeated application
with Dermatophagoides farinae extract ointment, togeth-
er with barrier disruption, could induce AD-like skin le-
sions in NC/Nga mice under SPF conditions. Further-
more, we have been able to produce an AKC mouse mod-
el based on NC/Nga mice with AD-like skin lesions, in
which severe allergic conjunctivitis is developed after in-
stillation of an ophthalmic ointment that contains crude
D. farinae antigen [21]. The AKC mouse model is char-
acterized by high anti-Df-specific IgE antibodies in serum
and by AKC-compatible conjunctivitis, including patho-
logical changes of eosinophilic inflammation with mas-
sive lymphoid hyperplasia, pseudotubular formations in
the conjunctival epithelium, and granuloma formation in
the limbal conjunctiva [22]. However, the inflammatory
reactions in the AKC mouse conjunctiva are not as severe
when considering the clinical and pathological findings
in human AKC patients [21].

There is a need for biomarkers that can be used in a
clinical test in order to select therapeutic drugs that are
appropriate to the varied pathogeneses of AKC/VKC.
Therefore, we were prompted to investigate iCALT-relat-
ed factors, over and above the Th2-related factors that are
associated with allergic inflammation. The purpose of
this study was thus to investigate the histopathological
characteristics of iCALT in conjunctival tissues and to
identify iCALT-related chemokine and transcriptional
factors in the CD4-positive T cell subset in conjunctival
tissues that can be considered as biomarkers for iCALT,
using the AKC mouse model.

Materials and Methods

Animals

The animal experiments in this study were approved by the In-
stitutional Animal Care and Use Committee of Nihon University
School of Medicine. All animals were treated in accordance with
the Association for Research in Vision and Ophthalmology
(ARVO) resolutions regarding animals used in research.

Eight-week-old female NC/Nga mice, reared under SPF condi-
tions, were purchased from Charles River Japan (Yokohama,
Japan). Food and tap water were provided freely.

AKC Mouse Model

AKC-like ocular surface lesions were induced in mice (AKC
mice) according to a previously described method [21]. Either
dermatologic ointment containing house dust mite (HDM; D. fa-
rinae) body (Dfb; Biostir® AD, Biostir; Kobe, Japan) or Dfb oph-
thalmic ointment, containing 5 mg Dfb/g white petrolatum
(PROPETO®, Maruishi Pharmaceutical, Tokyo, Japan), was used.
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NC/Nga mice were sensitized by repeated topical applications of
the Dfb dermatologic ointment (percutaneous sensitization), and
challenged by instillation of Dfb ophthalmic ointment (ophthal-
mic challenge). On the first sensitization (day 1), we applied
100 mg of Dfb dermatologic ointment onto the denuded dorsal
skin and on the surface of both ears of the mice. This topical ap-
plication was repeated twice a week. By day 17, AD-like skin le-
sions developed. On days 18-20, an ophthalmic challenge was
performed once a day by instillation of 5 mg of Dfb ophthalmic
ointment in the AKC group (n = 8; fig. 1). The AD group (n = 8)
received percutaneous sensitization without any ophthalmic in-
stillation (fig. 1). The control group (C group; n = 8) received nei-
ther percutaneous sensitization nor ophthalmic instillation. At
24 h after the final instillation, after the mice had been euthanized
with an overdose of pentobarbital, the eyeballs and eyelids were
removed in all groups.

Histology and Immunofluorescence

Histological Examination. Entire specimens of the conjunctiva
and cornea of mice were embedded in paraffin after fixation with
a4% paraformaldehyde solution (WAKO, Tokyo, Japan). Sections
(5 pum thick) were stained with hematoxylin and eosin (HE) for
standard histology, or with direct fast scarlet (DFS) for the detec-
tion of eosinophils.

Immunohistochemistry. Forimmunohistochemical analysis, the
paraffin-embedded sections were incubated in 5% normal rabbit
serum (Vector Laboratories, Burlingame, Calif., USA) for 30 min
to block nonspecific reactions. Then, slides were incubated with the
primary anti-mouse CD20 goat polyclonal antibody (clone: M-20;
Santa Cruz Biotechnology, Dallas, Tex., USA) for 60 min at room
temperature. Detection was achieved using the universal immuno-
enzyme polymer method with a Histofine® mouse MAX PO kit
(Nichirei Biosciences, Tokyo, Japan), according to the manufac-
turer’s recommendations. The specimens were then placed in a so-
lution of 3,3'-diaminobentidine tetra-hydrochloride (20 mg/100
ml) dissolved in 0.05 M Tris-HCl buffer (pH 7.6) containing 0.005%
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H,0, for 5 min. Finally, the slides were counterstained with meth-
yl-green and were examined by light microscopy (BH-2, Olympus,
Tokyo, Japan). For immunofluorescence analysis, entire conjunc-
tiva and cornea specimens were embedded in an optimal cutting
temperature compound (OCT; Sakura Seiki, Tokyo, Japan) and
frozen over dry ice-isopentane. Frozen sections (7 pm thick) were
fixed in 100% methanol (WAKO) for 1 min. For double-immuno-
fluorescence staining, slides were blocked for 30 min at room tem-
perature with 5% normal donkey serum (Vector Laboratories) in
phosphate-buffered saline. After blockade, the slides were incubat-
ed overnight at 4°C with an anti-mouse CD4 rat monoclonal anti-
body (clone: GK1.5; Abcam, Tokyo, Japan), which was detected
with Alexa Fluor® 488-labeled donkey anti-rat IgG (Life Technolo-
gies, Tokyo, Japan). Next, slides were incubated for 90 min at 30°C
with an anti-mouse CD20 goat polyclonal antibody (clone: M-20;
Santa Cruz Biotechnology), which was detected with Alexa Fluor®
647-labeled donkey anti-goat IgG (Life Technologies). Finally, the
slides were counterstained with DAPI (4'6-diaminido-
2-phenylindole)-Fluoromount-G (SouthernBiotech, Birmingham,
Ala., USA). Images were recorded with a BIOREVO digital camera
(BZ-9000; Keyence Japan, Osaka, Japan).

Polymerase Chain Reaction

Laser-Assisted Microdissection. Conjunctival tissues from
mice in the AKC, AD and C groups were embedded in OCT com-
pound (Sakura Seiki, Tokyo, Japan) without prior fixation. Fro-
zen blocks of conjunctival tissues were sectioned (20 pum thick)
onto RNAse-free polyethylene naphthalate-coated glass slides
(Leica Microsystems, Tokyo, Japan). The tissue sections were
subsequently exposed to a 30-second incubation in cold 100%
methanol, followed by immersion in dH,O and 0.02% toluidine
blue, and air-dried. Laser-assisted microdissection (LAMD) was
immediately performed using the LMD7000 system (Leica Mi-
crosystems, Wetzlar, Germany). The conjunctiva from the AKC,
AD and C groups (AKC-conjunctiva, AD-conjunctiva and C-
conjunctiva subgroups, respectively), consisting of conjunctival
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Fig. 2. Clinical observations in the AKC mouse model. The photographs show an NC/Nga mouse that had de-
veloped AD-like dermatitis (a), and severe conjunctivitis and cataracts (b). In contrast, lid swelling and the con-
junctival hyperemia were not observed in the NC/Nga mice of group C (c).

tissues without iCALT, and the iCALT from the AKC group
(AKC-iCALT subgroup), consisting of conjunctival tissues with
massive infiltration of lymphocytes into subepithelial tissues, was
classified according to the LAMD of the sections. The dissected
samples were collected into Thermo-Tube caps (Thermo Scien-
tific Japan, Yokohama, Japan) containing 10 pl of mineral oil
(Life Technologies). Total RNA was extracted as previously de-
scribed [23] and the samples were stored at —-80°C until required
for use.

PCR Array. To identify differences in chemokine-related gene
expression between the AKC-iCALT (n = 1) and AKC-conjuncti-
va (n = 1) subgroups, cDNA was synthesized with an RT? First
Strand Kit (Qiagen, Hilden, Germany) and samples were analyzed
for the expression of 84 genes encoding chemokines or associated
factors and receptors, using the RT? Profiler PCR Chemokine ar-
ray (PAMM-022ZA; Qiagen). Data were analyzed using RT? Pro-
filer PCR Array software and AAC;-based fold changes were calcu-
lated.

Real-Time RT-PCR. For real-time reverse transcription poly-
merase chain reaction (real-time RT-PCR), RNA was extracted
from specimens of the AKC-iCALT (n = 8), AKC-conjunctiva (n =
8), AD-conjunctiva (n = 8), and C-conjunctiva subgroups (n = 8).
cDNA was synthesized using the High Capacity cDNA Reverse
Transcription Kit (Life Technologies Japan). To assess the expres-
sion of chemokines and their receptor mRNA in the conjunctiva
subgroup among the AKC, AD and C groups, real-time RT-PCR
was performed using TagMan Gene Expression Assays (Life Tech-
nologies Japan) for mouse Ccl17/TARC (thymus and activation-
regulated  chemokine; ~ MmO00516136_ml),  Ccl22/MDC
(MmO00436439_m1) and Ccr4 (MmO00438271_m1). In addition, to
compare the expression of chemokine and T cell subclass-related
transcription factor mRNAs between the AKC-iCALT and AKC-
conjunctiva subgroups in the AKC group, real-time RT-PCR was
again performed for mouse CcI5/RANTES (regulated upon activa-
tion, normal T cell expression, and presumably secreted;
Mmo01302427_m1), Ccl17/TARC (Mmo00516136_m1), Ccl20/
MIP-3a (macrophage inflammatory protein-3a; Mm01268754_
m1l), Cxcl3 (Mm01701838_m1), Cxcl13 (MmO04214185_sl1), Ccr7
(Mm00475162_m1), Tbx21/T-bet (Mm00450960_ml), Gata3
(MmO00484683_m1), Foxp3 (Mm00475162_m1) and Rorc/RORyt
(Mm01261022_m1). The data were analyzed using the AAC,
method.
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Statistical Analysis

Real-time RT-PCR results were evaluated using the nonpara-
metric Steel test, for investigation of differences among the AKC,
AD and C groups, while the Mann-Whitney U test was used to
analyze differences between the AKC-iCALT and AKC-conjunc-
tiva subgroups. p values <0.05 were considered to indicate statisti-
cal significance.

Results

Ophthalmic Challenge in AD Mice Results in Severe

Allergic Conjunctivitis

AKC (percutaneous sensitization and ophthalmic
challenge by crude HDM antigen), AD (percutaneous
sensitization only) and C mice (untreated control) were
observed clinically. All of the mice in the AKC group de-
veloped AD-like dermatitis (fig. 2a) and severe allergic
conjunctivitis (fig. 2b), but not those in the AD and
C groups (fig. 2¢). In the AKC group, severe conjunctival
hyperemia was seen in all mice and gelatinous conjuncti-
val swelling at the conjunctival limbus was observed in
3 of 8 mice with severe conjunctivitis. Cataract (fig. 2b)
was present in 1 of 8 mice in the AKC group.

Histological and Immunohistochemical Observations

Show Allergic Inflammation and iCALT in

Subconjunctival Tissues of AKC Mice

We first performed histological investigations to as-
certain the presence of allergic inflammation in the con-
junctiva and to search for CALT and iCALT. Following
HE and DFS staining, no allergic inflammation was ob-
served in the AD or the C group (fig. 3a, b). However,
AKC sections displayed a large accumulation of inflam-
matory cells with eosinophil and lymphocyte infiltration
in the subconjunctival tissues (fig. 3¢).
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Fig. 3. Histological features of palpebral conjunctiva in the AKC,
AD and C groups. Eosinophilic infiltration, detected by DFS stain-
ing, was absent in the AD group (a) and the C group (b). However,
in subconjunctival tissues in the AKC group (c), allergic inflam-
mation with eosinophils and lymphocytes infiltration was ob-

Moreover, in the mouse palpebral conjunctiva of the
AKC group, follicular lymphoid hyperplasia, comprising
CD20-positive cells, was observed in subconjunctival tis-
sue (fig. 3d, 4a, b). In contrast, sections from the AD and
C groups did not show any appreciable accumulation of
lymphocytes or inflammatory cells, including eosinophils
in the palpebral conjunctiva. In all groups, follicular lym-
phoid hyperplasia, comprising CD20-positive cells, was
observed in the subepithelial tissue of the nictitating
membrane (fig. 4c, d).

Immunofluorescence staining revealed CD20-positive
B cell aggregates in the central follicular lymphoid hyper-

Secondary Lymphoid Follicles in AKC
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served. Extranodal lymphoid tissue-like structures with massive
lymphocytic infiltration (iCALT), detected by DFS staining, were
present in the subepithelial lesions of the palpebral conjunctiva in
the AKC group (d), but were absent in the AD and C groups. Scale
bar = 100 um (a-c), 40 pm (d).

plasia region in the palpebral conjunctiva of sections
from the AKC group. In the massive CD20-positive lym-
phocyte accumulation in the AKC mouse conjunctiva,
CD4-positive T cells surrounded the CD20-positive lym-
phocyte aggregates (fig. 5).

PCR Shows Elevated Expression of Th2 Chemokine

mRNA in AKC Mouse Conjunctiva

To evaluate the allergic inflammation in the conjunc-
tiva, the mRNA expression levels of Th2 chemokines
and corresponding receptors (Ccl17, Ccl22 and Ccr4) in
the conjunctival tissues was compared among the AKC-,
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Fig. 4. Histological characteristics of iCALT and CALT in conjunc-
tiva. Massive infiltration of inflammatory cells iCALT), including
CD20-positive lymphocyte infiltration in the central area, was ob-
served in the subepithelial tissue of the palpebral conjunctiva in the
AKC group by HE staining (a) and immunohistochemical meth-

Fig. 5. Immunohistochemistry of iCALT by immunofluorescent
double-staining for CD4 and CD20. Frozen sections from AKC mice
were probed with antibodies to CD4 and CD20. CD20-positive cells
(Alexa Fluor® 647; pink) can be seen in the central area of iCALT in
palpebral conjunctiva. CD4-positive cells (Alexa Fluor® 488; green)
can be seen in the periphery of the iCALT. Scale bar = 40 pm.
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ods for CD20 (b). Massive infiltration of lymphocytes (CALT),
including CD20-positive cell-infiltration in the central area, was
also seen in the subepithelial tissue of the nictitating membrane in
the C group by HE staining (c) and immunohistochemistry for
CD20 (d). Scale bar = 100 pm.
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Fig. 6. Comparative study of mRNA expression levels of Th2-associated chemokines and their receptors in con-
junctival tissues among the AKC, AD and C groups. Ccl17 (a), Ccl22 (b) and Ccr4 (c) messenger RNA (mRNA)
expression in conjunctival tissues in the AKC group was significantly higher than those in the AD group. * p <

0.05, ** p < 0.01, Steel test.

AD- and C-conjunctiva subgroups by real-time RT-
PCR. Ccl17 mRNA expression levels in the AKC-con-
junctiva subgroup was significantly higher than that in
the AD-conjunctiva subgroup (fig. 6a). Ccl22 and Ccr4
mRNA expression levels in the AKC-conjunctiva sub-
group was significantly higher than that in the AD- and
C-conjunctiva subgroups (fig. 6b, c).

PCR Array and PCR Demonstrate High Levels of

Chemokine mRNAs and T Cell Subclass-Related

Transcriptional Factor mRNAs in iCALT

To evaluate the iCALT-related factors that developed
characteristically in iCALT, we compared the specimens
obtained from the AKC-iCALT subgroup and those from
the AKC-conjunctiva subgroup using various techniques.

PCR Array. In order to evaluate iCALT-related che-
mokines comprehensively, chemokine mRNA expres-
sion in specimens of the AKC-iCALT subgroup, obtained
by LAMD, was compared with those of the AKC-con-
junctiva subgroup, using PCR array. Chemokines were
divided into three categories, depending on the n-fold in-
crease in mRNA expression in the AKC-iCALT sub-
group, as compared with the AKC-conjunctiva subgroup:
(1) markedly increased (>10-fold); (2) moderately in-
creased (5- to 9.9-fold); (3) not significantly increased or
even decreased expression. A list of chemokines with
marked or moderate increases is displayed in table 1. In
terms of combinations of chemokines and their recep-
tors, expression of the genes encoding the CCL20/CCR6,
CCL17/CCR4 and CCL5/CCR3 axes markedly or moder-
ately increased in the AKC-iCALT subgroup (table 1).

Real-Time PCR. The expression levels of chemokine
genes (Ccl5, Ccl17, Ccl20, Cxcl3, Cxcl13 and Ccr7) in the

Secondary Lymphoid Follicles in AKC
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AKC-iCALT subgroup were quantitatively compared
with those in the AKC-conjunctiva subgroup by real-time
RT-PCR. Similar to the PCR array results, Ccl5, Ccl17,
Ccl20, Cxcl3 and Ccr7 mRNA expression levels in the
AKC-iCALT subgroup was significantly higher than those
in the AKC-conjunctiva subgroup (fig. 7a-d, f). However,
the Cxcl13 mRNA expression level in the AKC-iCALT
subgroup was increased nonsignificantly (fig. 7e). Fur-
thermore, expression of genes encoding T cell subclass-
related transcription factors, such as T-bet, Gata-3, Foxp3
and RORyt, was compared between the AKC-iCALT and
AKC-conjunctiva subgroups. All these genes were ex-
pressed in both subgroups; however, Foxp3 and T-bet lev-
els in the AKC-iCALT subgroup were significantly higher
than those in AKC-conjunctiva subgroup (table 2).

Discussion

In this study, we histopathologically confirmed the
successful development of iCALT in the palpebral con-
junctiva of the AKC mouse model. Comparison of AKC
and AD mice revealed that the critical factor involved in
the development of iCALT was severe allergic inflamma-
tion caused by percutaneous sensitization and ophthal-
mic challenge with the crude HDM antigen. According to
the dual-allergen exposure hypothesis, per-eczematous
sensitization as well as certain factors, including skin bar-
rier damage, protease antigens and alarmin, skews im-
mune responses toward Th2 reactions [24, 25]. These im-
mune responses may exacerbate the pathology of allergic
diseases, such as AKC. We previously reported that the
AKC mouse exhibits strong eosinophilic inflammation in
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Fig. 7. Comparison of chemokine mRNA
expression between the AKC-iCALT and
AKC-conjunctiva subgroups. In specimens
of the AKC-iCALT and AKC-conjunctiva
subgroups, the mRNA expression of Ccl5/
RANTES (a), Ccl17/TARC (b), Ccl20/
MIP-3a (c), Cxcl3 (d) and Ccr7 (f) in the
AKC-iCALT subgroup was significantly
higher than that in the AKC-conjunctiva
subgroup. The mRNA expression of Cxcl13
(e) in the AKC-iCALT subgroup was not
statistically different from that in the AKC-
conjunctiva subgroup. * p < 0.05, ** p <
0.01, Mann-Whitney U test.
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Table 1. PCR array analysis of the n-fold increase in AKC-iCALT  Table 2. T cell subclass-related transcription factor expression in

tissue compared with AKC-conjunctiva tissue

>10-fold increase 5- to 9.9-fold increase
Ccl17 46.2 Ccr5 9.8
Ccr3 28.4 Cxcr3 7.3
Ccr6 27.5 Cxcl15 6.9
Cxcl10 22.3 Cxcll 6.5
Ppbp 19.4 Ccr2 6.1
Ccl20 18.9 Cxcl5 5.7
Ccl5 16.9 Ccl9 55
Tnf 16.3

Cxcl3 16.2

Cer7 13.6

Ccr4 11.7

n-fold change = value of mRNA in AKC-iCALT/value of

mRNA in AKC-conjunctiva.
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the AKC-iCALT and AKC-conjunctiva subgroups, real-time PCR
(AACY)

AKC-iCALT AKC-conjunctiva p!
subgroup subgroup
T-bet 2.2(0.9-7.2) 1.0 (0.6-1.1) <0.05
Gata-3 3.8 (2.2-4.6) 2.6 (1.0-4.9) n.s.
RORyt 1.7 (1.2-3.9) 1.9 (1.0-5.0) n.s.
Foxp3 24.6 (43.4-11.6) 2.4 (17.1-0.7) <0.01

Median values are presented with the range in parentheses.
! Mann-Whitney U test.
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the conjunctiva and HDM-specific IgE antibody level el-
evation in serum after percutaneous sensitization and
ophthalmic challenge with the crude HDM antigen [21].
Furthermore, we here confirmed that the mRNA expres-
sion of Th2-associated chemokines, such as CCL17/
TARC and CCL22/MDC, is significantly increased in the
conjunctiva of AKC mice, which suggested that marked
conjunctival allergic inflammation was crucial to the de-
velopment of iCALT.

The presence of CALT in conjunctival tissues has so far
been reported in humans [12], chickens [13], rabbits [14],
guinea pigs [15] and mice [16, 26, 27], although there are
differences in the anatomical features, such as the location
and size, across species. Histological characteristics com-
mon in CALT are the presence of lymphoepithelium, in-
cluding M cells [28], dome and parafollicular areas, in-
cluding CD4-positive T cells, and a follicular area formed
by B cells. In murine conjunctival tissues, the lymphoid
tissues of the nictitating membrane are histologically sim-
ilar to CALT [16, 26]. Therefore, ectopic formation of sec-
ondary lymphoid follicles observed in the palpebral con-
junctiva of AKC mice had histological characteristics of
CALT, and were thus determined to be iCALT.

Furthermore, we identified iCALT-related chemokine
analysis of LAMD specimens using PCR array and real-
time RT-PCR. Comparative analysis between the AKC-
iCALT and AKC-conjunctiva subgroups using LAMD
facilitates investigation of iCALT-related chemokines, as
this method can exclude individual differences and an al-
lergic inflammatory background. The CCL5/CCR3,
CCL17/CCR4 and CCL20/CCR6 axes were significantly
increased in the AKC-iCALT subgroup, as compared
with the AKC-conjunctiva subgroup, and may represent
crucial iCALT-related chemokines.

CCL20 is a chemokine that specifically binds CCR6-
expressing inflammatory cells, such as dendritic, Langer-
hans, B, memory T and IL-17-secreting CD4-positive T
(Th17) cells. CCL20 is associated with the migration of
Langerhans cells [29], B cells [30, 31], Th17 [32, 33] and
type 9 helper T (Th9) cells [34] to inflammatory sites.
However, the pathophysiological effects of CCL20 in se-
vere ACD patients remain unclear. Additionally, CCL20
production by the lymphoepithelium-covering gut-asso-
ciated lymphoid tissue (GALT), including Peyer’s patch-
es, hasattracted attention; moreover, CCL20 and CXCL13
produced by the lymphoepithelium control the migration
of myeloid dendritic cells to the dome area of the GALT,
and likely play a crucial rule in GALT development in the
gut [35]. CCL20 also contributes to the recruitment of
CCR6-expressing B cells to the GALT [36]. Therefore, in-

Secondary Lymphoid Follicles in AKC
Mice

creases in Ccl20 and Ccr6 mRNA in the iCALT of AKC
mice may be pathologically similar to GALT develop-
ment in the gut. In contrast, it has been reported that IL-
17-producing cells are important in the development of
iBALT in a bronchial asthma mouse model [37]. Th17
cells are thought to produce CXCL13/BLC, chemokines
inducing follicular formation comprised of B cells [38].
However, here, although Cxcl13 levels tended to increase,
this increase was not significant in the AKC-iCALT sub-
group as compared with the AKC-conjunctiva subgroup;
thus, Cxcl13 may not be a crucial biomarker for iCALT
formation in the conjunctiva.

Besides CCL20, mRNA levels of genes encoding
CCL17/TARC and CCL5/RANTES were elevated in the
AKC-iCALT subgroup as compared with the AKC-con-
junctiva subgroup. The CCL17/CCR4 axis is associated
with the migration of Th2 cells [39]. CCL17/TARC s also
a serum biomarker for the severity of AD [40]. Addition-
ally, vast amounts of CCL17/TARC are produced by the
respiratory epithelium of asthmatic patients and exacer-
bate allergic inflammation in the respiratory track by pro-
moting the migration of Th2 cells and eosinophils into
the airway [41]. Therefore, higher Ccl17 expression in
massive B cell lymphoid hyperplasic tissue, here termed
iCALT, indicated that iCALT development might be in-
volved in pathologic exacerbation of AKC.

Alternatively, the CCR3/RANTES axis is associated
with the migration of Thl cells and eosinophils [42].
RANTES is selectively expressed by germinal center (GC)
B cells in lymphoid tissues, and T cell homing within GCs
is required for GC B cell-mediated IL-8 and RANTES
chemoattraction [43]. Therefore, the CCR3/RANTES
axis is thought to be involved in the formation of iCALT.

Furthermore, we found that T-bet and Foxp3 expres-
sion in the AKC-iCALT subgroup was significantly in-
creased as compared with that of the AKC-conjunctiva
subgroup. T-bet, which is a Thl-specific T-box 1 tran-
scription factor in mouse, is thought to be involved in the
differentiation of Th1 cells and the class switch of B cells
[44-46]. Th1 cell function is mainly associated with cel-
lular immunity. T-bet is expressed in type 1 innate lym-
phoid cells (ILC1) [47] and a subset of B cell lymphopro-
liferative disorders [48, 49]. Foxp3 is a member of the
FOX protein family and appears to function as a master
regulator (transcription factor) in the development and
function of regulatory T cells [50]. In contrast, in Peyer’s
patches, regulatory T cells (Foxp3+CD4+ T cells) differ-
entiate into follicular helper T cells and are involved in
IgA production [51]. Therefore, in future, analysis of T-
bet- and Foxp3-positive cells will be important for eluci-
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dating the clinical significance of iCALT in ACD. We did
not investigate the relationship between the subclass of T
and B cells and T-bet- or Foxp3-expressing cells; there-
fore, further studies are necessary.

The conjunctival histopathological characteristics of
the AKC mouse indicated that both the development of
iCALT by B cells, T-bet-positive lymphocytes and Foxp3-
positive lymphocytes, and allergic inflammation due to
the infiltration of eosinophils and Th2, are crucial patho-
physiological factors involved in AKC. Combined thera-
py with anti-IgE antibody (omalizumab) and anti-CD20
antibody (rituximab) has been effective in the treatment
of severe AD [52]. Accordingly, in terms of treatment of
severe AKC, it will be necessary to investigate the treat-
ment of ectopic secondary lymphoid follicles, such as
iCALT, in addition to antiallergic therapy. Lastly, iCALT-
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