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ABSTRACT

Mast cells (MCs) are important effector cells in mucosal defense and allergic inflammation. Lymphoid tissues such as tonsils
and adenoids also have modest numbers of MCs. However, the role of MCs in lymphoid tissues is not well known. In this study,
we showed the local distribution of MCs in tonsils from IgE-mediated allergic or nonallergic donors, studied their ultrastruc-
ture, and specified their surrounding cell types. Tonsils were obtained from IgE-mediated allergic or nonallergic donors
suffering from chronic tonsillitis or hyperplastic tonsils. The localization and distribution of MCs and IgE binding to MCs were
determined by immunohistochemistry using antibodies against tryptase, c-kit, and IgE. In addition, mast cell structure was
examined using electron microscopy. In both allergic and nonallergic donors, MCs were distributed mainly in the interfollicular
area and the perivascular area of connective tissue. We found that the total number of MCs in tonsils was almost the same in
both donor groups. However, the number of MCs in the interfollicular area was significantly higher in nonallergic versus
allergic donors. Moreover, the electron microscopy revealed that MCs localized in perivascular areas of connective tissue have
scroll-type granules, and MCs in the interfollicular areas contained both particle and scroll-type granules. In addition, the MCs
that were surrounded by CD4� lymphocytes in the interfollicular area showed empty granules, whereas MCs in the
perivascular area, not surround by CD4�, were intact. This implies that these MCs were degranulated, and this probably was
caused by CD4� cells. Taken together, these findings suggest that tonsillar MCs distribute differently in allergic and
nonallergic donors, and that MCs in the interfollicular area might be activated by direct contact with CD4� T cells.

(Allergy Asthma Proc 27:415–421, 2006; doi: 10.2500/aap.2006.27.2891)

The potential of human mast cells (MCs) to act as
important effector cells in mucosal defense and

allergic diseases is now established. Human MCs re-
lease histamine, prostaglandin D2 and other potent
mediators including pro-inflammatory cytokines in re-
sponse to a range of agonists.1,2 MCs locate mainly
around small blood vessels and mucosa,1–3 and they
are also found in lymphoid tissues such as tonsil and
adenoid. However, their presence and role in lymph
nodes has not been well understood.

Tonsils are one of the lymphatic organs. Although
lymph nodes process antigens via afferent lymph ves-
sels, tonsils are known to be in direct contact with the
antigens via mucoepithelium. Thus, tonsils are consid-
ered to be mucosa-associated lymphatic tissue.4 Be-

cause of its anatomic location, tonsils are an immuno-
logic tissue responsible for the biological defense
against bacteria and viruses, as well as oral and respi-
ratory exogenous proteins such as dietary antigens.
Furthermore, tonsils have been reported to produce
specific antibodies against pathogens.5

The wide distribution of MCs throughout the human
body in general and at mucosal surfaces in particular, in
allergic and nonallergic individuals alike, suggests that
these cells may be involved in nonallergic conditions.
Previous studies have shown that MCs are located in
lymphatic tissues, where they interact with lymphatic
cells in functional terms as well as cell–cell interaction.6

Although the presence of MCs in human tonsils and
IgE-mediated activation of these cells has been investi-
gated, little is known so far about their specific distribu-
tion and phenotype.7,8 Thus, this study was designed to
investigate the localization and/or distribution and ultra-
structural observations of MCs in different areas of hu-
man tonsils from allergic and nonallergic donors.

MATERIALS AND METHODS

Patients and Tissues
The tonsil tissues were obtained from patients who

presented to Juntendo University Hospital, Otolaryn-
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gology Clinic, suffering from chronic or recurrent ton-
sillitis and tonsillar hypertrophy for tonsillectomy after
informed consent was given. Before operation, the pa-
tients who presented over 2� scores either for house
dust or vermin with a history of food or inhalant
allergy or gastrointestinal symptoms with high IgE
(RIST) levels (mean, 351.6; range, 27.2–705.2) belonged
to IgE-mediated allergic donors with a mean age of
22.2 years (range, 5–32 years; n � 15). The nonallergic
subjects with a mean age of 26.5 years (range, 5–38
years; n � 28) included those who were negative for all
antigens tested and whose nonspecific IgE was in a
normal range (mean, 52.9; range, 5.0–227.3) and with-
out a history of food or inhalant allergy or gastrointes-
tinal symptoms. After operation, tissues were snap-
frozen or 10% formalin-fixed and paraffin-embedded
before use.

Antibodies and Reagents
Anti-human tryptase monoclonal antibody (mAb)

and anti-human chymase mAb were obtained from
CHEMIKON (Temecula, CA). Anti-human IgE poly-
clonal Ab (pAb), anti-human c-kit pAb and anti-
human von Willebrand factor (factor VIII) pAb were
purchased from DAKO (Copenhagen, Denmark). Anti-
human CD4 (mAb), 1F6 was obtained from Novocastra
(Newcastle upon Tyne, UK).

Immunohistochemical Analysis
Formalin-fixed and paraffin-embedded samples of

4-�m sections were deparaffinized, rehydrated, and
then incubated for 10 minutes in a 3% H2O2/methanol
solution. In some experiments, antigen retrieval was
performed by autoclaving sections in 0.01 M of citrate
buffer (pH 7.0) for 10 minutes before further incubation
with normal goat serum for 20 minutes to reduce non-
specific binding. Sections were incubated overnight at

4°C with primary Ab’s including anti-human tryptase
mAb (1:2000), anti-human IgE pAb (1:5000), anti-
human c-kit pAb (1:500), and anti-human factor VIII
pAb (1:1000). After appropriate washes, the LSAB2-kit
(DAKO) was used for the secondary Ab and strepto-
avidin staining. Visualization was performed using the
3,3�-diaminobenzidine method.

The snap-frozen specimens were stored at �80°C
until use. Then, 4-�m sections were used for evaluation
of anti-human chymase mAb staining. Double staining
experiments were performed between fluorescein iso-
thiocianate (FITC)-tryptase and anti–c-kit or anti-IgE
pAb’s and CD4 mAb. Then, sections were incubated
for 30 minutes with Alexa Fluor 598 anti-rabbit IgG Ab
(Molecular Probes, Eugene, OR) for anti–c-kit and anti-
IgE, or Alexa Fluor 598 anti-mouse IgG Ab for CD4.
Subsequently, the slides were mounted and observed
on fluorescence microscope (ZEISS, Hallberg, Ger-
many). The summary of staining methods and detected
cells is shown in Table 1.

Electron Microscopy Analysis
Fresh tonsil tissues for electron microscopy were fixed

in 2% glutaraldehyde in 0.1 M of sodium phosphate
buffer (pH 7.4) at 4°C for 2 hours. After rinsing in sodium
phosphate buffer overnight, the samples were postfixed
in 2% osmium tetroxide in 0.1 M of sodium phosphate
buffer at 4°C for 2 hours and dehydrated with ethanol
and propylene oxide. Samples were then embedded
in Epok 812 (Shell Chemical, San Francisco, CA). Thin
sections of 0.5 �m were stained with toluidine blue and
were observed in interfollicular and perivascular areas.
Ultrathin sections were double stained with uranyl ace-
tate and lead citrate and were prepared from five to seven
blocks of each sample; three to six grids were prepared
from each block. At least 20 randomly selected MCs were
examined and photographed with electron microscope

Table 1 Staining methods and cell type detected

Single Staining Double Staining

Frozen Sections Paraffin-Embedded Sections Paraffin-Embedded Sections

Fixation Cold acetone Formalin Formalin
Antigen retrieval No Yes Yes
Method LSAB2-kit
Visualization 3,3�-Diaminobenzidine FITC-conjugated tryptase

Alexa Fluor 598 anti-mouse
IgG Ab for CD4
Alexa Fluor 598 anti-rabbit IgG
Ab for IgE, c-kit

MC characteristics Tryptase (�)
Chymase (�)

Tryptase (�), IgE (�), c-kit
(�), von Willebrand factor (�)

Tryptase (�), IgE (�), c-kit (�),
von Willebrand factor (�)

FITC � fluorescein isothiocianate.
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(JOEL, Tokyo, Japan) with an acceleration potential of
80 kV.

Cell Count
MCs in subepthelium, interfollicular area, mantle

zone, germinal center, perivascular area and crypt
were counted using a light microscope at 200 magnifi-
cation with a Micrometer Eye Piece.

Statistical Analysis
Statistical differences were analyzed by Wilcoxon

signed-rank test, and p � 0.05 was considered signifi-
cant. The results are shown as mean � SD.

RESULTS

Distribution and Localization of MCs in Tonsils
To investigate the localization of MCs in allergic

donors in different areas of the tonsils, sequential serial
sections were stained with hematoxylin-eosin (Fig. 1 a),
anti–factor VIII (Fig. 1 b), antitryptase (Fig. 1 c), anti–c-
kit (Fig. 1 d), and anti-IgE (Fig. 1 e). The staining of
MCs with antitryptase and anti–c-kit Ab’s revealed
that in allergic donors, MCs localized mainly in the
perivascular area of connective tissue and stained with
factor VIII, which specifically recognizes endothelium
of vessels (Fig. 1 b). We further found that 92.9% of
tryptase (�) MCs were c-kit (�) (Fig. 1 f), whereas
56.3% of tryptase (�) MCs were IgE (�; Fig. 1 g) in the
perivascular area of allergic donors.

To compare the localization of MCs between nonal-
lergic and allergic donors, we performed an immuno-

Figure 1. Distribution and localization of MCs in tonsils from
allergic donors. Sections from allergic donors were stained with (a)
hematoxylin-eosin staining, (b) anti–factor VIII, (c) antitryptase,
(d) anti–c-kit, and (e) anti-IgE. Shown are representative data from
15 donors. (f and g) Double stained with c-kit (red)/tryptase (green)
and IgE (red)/tryptase (green) in the perivascular area of connective
tissue of tonsils from allergic donors. The merged cells are yellow.
(f’ and g’) An enlargement of a part of panels f and g, respectively.
(f and g) Representative data from three donors. GC, germinal
center; PA in CT, perivascular area of connective tissue.

Figure 2. Distribution and localization of MCs in tonsils from
nonallergic donors. Sections from nonallergic donors were stained
with (a) hematoxylin-eosin staining, (b) anti–factor VIII, (c) anti-
tryptase, (d) anti–c-kit, and (e) anti-IgE. Panels a–e are represen-
tative data from 28 donors. (f and g) Double-stained with c-kit
(red)/tryptase (green) and IgE (red)/tryptase (green) in interfollicu-
lar area of tonsils from donors. The merged cells are yellow. (f’ and
g’) An enlargement of a part of panels f and g, respectively. (f and
g) Representative data from three donors. GC, germinal center; IF,
interfollicular area, respectively.
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histochemical study by staining serial sequential sec-
tions from nonallergic donors with hematoxylin-eosin
(Fig. 2 a), anti–factor VIII (Fig. 2 b), antitryptase (Fig.
2 c), anti–c-kit (Fig. 2 d), and anti-IgE (Fig. 2 e). The
results showed that in nonallergic donors, MCs were
present in both the interfollicular area and the perivas-
cular area of connective tissue. Furthermore, the dou-
ble staining of anti–c-kit or anti-IgE and antitryptase
Ab’s revealed that 95% of tryptase (�) cells were c-kit
(�) (Fig. 2 f). As expected, low amounts of IgE (�) MCs
were observed in both interfollicular and perivascular
areas, 9.3 and 3.4%, respectively (Fig. 2 g).

Next, we stained tonsillar tissues with MC markers
antitryptase and antichymase Ab’s to examine the phe-
notypes of MCs observed in tonsils. The results re-
vealed that �95% of MCs were double stained with
both tryptase and chymase in interfollicular and
perivascular areas, suggesting that tonsillar MCs are
mainly MCTC (MC containing both tryptase and chy-
mase) and at low extent MCT (MC that contain sub-
stantial amounts of tryptase and not chymase; data not
shown). A summary of different tonsillar areas and
MC characteristics in both allergic and nonallergic do-
nors is found in Table 2.

The Statistical Analysis of the Distribution of MCs
in Each Area

To clarify the localization and distribution of MCs in
several areas of tonsils from allergic and nonallergic
donors, number of tryptase (�) cells (Fig. 3 a) or IgE
(�) cells (Fig. 3 b) in subepthelium, interfollicular area,
mantle zone, germinal center, perivascular area of con-
nective tissue, and crypts were counted. The results
showed that in each area of the tonsils, MCs were
abundant in interfollicular and perivascular areas in
both allergic and nonallergic donors. The total number
of MCs from allergic and nonallergic donors were
11.1 � 7.8/mm2 and 11.5 � 8.1/mm2, respectively.
However, the number of MCs in the interfollicular area
from nonallergic donors was significantly higher than
that from allergic donors (p � 0.05; Fig. 3 a). Further-
more, IgE expression in allergic donors was statistically
higher than that in nonallergic donors in subepithe-
lium, perivascular area, and crypts (p � 0.05 or p �
0.01; Fig. 3 b). In contrast, tryptase (Fig. 3 a), IgE (Fig.
3 b) and c-kit (data not shown)–positive cells could not
be detected in the germinal center area in both allergic
and nonallergic donors.

Electron Microscopic Analysis of Tonsillar MCs
and Identification of Cells Surrounding MCs in the
Interfollicular Area

The investigation of the morphology of tonsillar MCs
using electron microscopy showed that MCs distrib-
uted in the perivascular area of connective tissue (Fig. T
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4 a) contain mainly scroll-type granules (Fig. 4 b) and
central, dense nucleoids condensing within granules
(Fig. 4 c). In contrast, MCs of the interfollicular area
(Fig. 4 d) possess both particle and scroll-type granules
(Fig. 4 e). Interestingly, we also observed that MCs in
the interfollicular area were surrounded by lympho-
cytes (Fig. 4 d), and many of these cells presented
empty granules (Fig. 4 d), suggesting that these MCs
were degranulated, probably because of some mole-
cules derived from lymphocytes.

In the course of identifying the origin of cells sur-
rounding MCs in the interfollicular area, we performed
immunohistochemistry on the tonsillar sections with
lymphocyte markers. As expected, by double staining
MCs with tryptase and CD4, we revealed that MCs in
the interfollicular area were surrounded by CD4� cells
(Fig. 5 a). Contrasting the interfollicular area, the
perivascular area of connective tissue did not contain
CD4� T cells (Fig. 5 b). Additional studies are neces-
sary to determine whether CD4� cells around MCs in
the interfollicular area are activated or not.

DISCUSSION
Although the presence of MCs in tonsils has been

reported,7,8 the detailed distribution of these cells in
each tonsil area has not. This is the first report of the
different existence of MCs in diverse areas of the ton-
sils. Our results showed that MCs were mainly present
in the interfollicular area and perivascular area of con-
nective tissue. The number of tryptase (�) and c-kit (�)
cells in the interfollicular area was significantly higher
in nonallergic donors than in allergic donors, and IgE
was highly expressed in allergic donors versus nonal-
lergic donors. In contrast, only 10% of MCs in the
interfollicular area expressed IgE in nonallergic do-
nors. Moreover, electron microscopic analysis of tonsil
MCs revealed that MC phenotypes appeared to be
different in the perivascular of connective tissue and
the interfollicular areas. Interestingly, MCs of the in-
terfollicular area were surrounded by CD4� cells.
These findings suggest that tonsillar MCs distribute
differently in allergic and nonallergic donors, and that
the role of MCs in the interfollicular area and perivas-
cular area of connective tissue might be different.

It is well known that MCs are concentrated around
small blood vessels, a finding that is consistent with the
view that MCs are involved in regulation of vascular
permeability and blood flow.9 We have confirmed this

Figure 3. The statistical analysis of the distribution of MCs in each
area. Tonsils from allergic and nonallergic donors were stained
with (a) tryptase and (b) IgE. Number of positively stained cells per
square millimeter is compared between allergic (open bars) and
nonallergic donors (filled bars). Each bar represents the mean �

SD. *p � 0.05; **p � 0.01. IF, interfollicular area; MZ, mantle
zone; GC, germinal center; PA, perivascular area; CT, connective
tissue.

Figure 4. Electron microscopic analysis of tonsil MCs. (a) MCs
distributed in perivascular area of connective tissue have mainly (b,
arrow) scroll-type granules and (c, arrow) central, dense nucleoids
condensing within granules. In contrast, (d) MCs in interfollicular
area have (e, arrow) particle and scroll-type granules. (d, arrow)
Note that MCs in interfollicular area are surrounded by lympho-
cytes (arrow head) and they have many empty granules.
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issue by finding that tonsillar MCs were localized in
the perivascular area of connective tissue, and these
cells were positively stained with factor VIII. We also
observed that MCs in the perivascular area have
mainly scroll-filled granules, in contrast to MCs
detected in the interfollicular area that have many
particle-type granules and a low number of scroll gran-
ules.10 Although the scroll granule has been initially
considered a characteristic feature of human MCT,11

later studies have shown that MCTC also have, to some
extent, scroll-type granules.12 This is consistent with
our results that tonsillar MCs, which mainly are MCTC,
possess scroll-type granules.

It has been reported that lymphoid tissue such as
tonsils contains modest numbers of MCs7,8; however,
the roles of these cell populations in lymphoid tissue
has not been well clarified. In this study, we found that
in the interfollicular area, degranulated MCs were sur-
rounded by CD4� T cells, whereas intact MCs present
in the perivascular area were not. This observation
prompted us to hypothesize that the degranulation of
MCs probably was caused by some molecules derived
from CD4� T cells, which in return activate MCs. In-
deed, it has been reported that transforming growth
factor � and interleukin-3 derived from T cells are able
to induce the MC degranulation.13

The reason why the number of MCs of the interfol-
licular area from allergic donors was significantly

lower than that from nonallergic donors is not clear.
One speculation is that MCs of the interfollicular area
might relocate to the perivascular area of connective
tissue via chemotactic migration toward antigens.14 Al-
though MCs are thought to participate in the lympho-
cyte-recruiting process as has been reported, little has
been known until recently about the specific molecules
released by MCs that are chemotactic for lymphocytes.

It is known that CD4� cells accumulate in tissues at
sites of MC activation, where they are believed to play
a critical role in the genesis of subsequent cellular
events, such as those observed in the late-phase allergic
response15 or in delayed-type hypersensitivity re-
sponse.16 Our results that MCs were surrounded by
CD4� cells in the interfollicular area led us to speculate
that MCs possibly interact with CD4� cells in this area.
Indeed, we have recently established the interaction
between MCs and T cells by showing that tonsillar
MCs express molecules that are able to recruit and
induce the proliferation of T cells.17

Although MCs in different organs exhibit closely
related phenotypes, their subtypes have been divided
into MCTC and MCT based on the neutral protease
composition of their secretory granules. The MCT cell
contains substantial amounts of tryptase but not chy-
mase, whereas the MCTC cell contains tryptase, chy-
mase, carboxypeptidase, and a cathepsin G–like en-
zymes.2 MCT is a major type generally present in the
mucosa of bowel and interalveolar septa of the lung,
and MCTC cell is found in bowel submucosa and skin.
In this study, we found that tonsillar MCs were mainly
MCTC and, to some extent, MCT, showing that tonsillar
MCs contain a mixture of MCT and MCTC cells. In
addition, the ultrastructure composition of MCs also
has been reported to be a crucial criterion for identifi-
cation and classification of MCs.11,12 The existence of
two subtypes of MCs in tonsils suggests they might
phenotypically express different roles in health and
diseases. In conclusion, this study suggests that tonsil-
lar MCs distribute differently in allergic and nonaller-
gic humans and that MCs and CD4� T cells interact,
resulting in the activation of tonsillar MCs.
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