
Summary. Secretory immunoglobulin A (SIgA)
antibody-secreting cells (ASCs) are the major effector
cells of mucosal immunity, and immunoglobulin G (IgG)
ASCs are also associated with mucosal immunity. This
study aimed to explore the distribution of these 2 ASC
populations in the palatine tonsils of Bactrian camels of
different ages. Eighteen Bactrian camels were divided
into the following three age groups: pubertal (3-5 years),
middle-aged (6-16 years) and old (17-20 years). SIgA
and IgG ASCs within different sites of the palatine
tonsils were observed through histological and
immunohistochemical techniques, and their densities
were analyzed using statistical methods. The results
from all age groups showed that both the SIgA and IgG
ASCs were primarily distributed in the subepithelial
compartments of the reticulated crypt epithelium and
secondarily distributed in the subepithelial compart-
ments of the stratified surface squamous epithelium,
with a few ASCs located in the extrafollicular region.
Their densities in these three areas were significantly
decreased in turn (P<0.05). However, the densities of
SIgA ASCs were significantly higher than IgG ASCs in
the same regions (P<0.05), and the densities of both
ASC populations decreased with age. The results
confirmed that Bactrian camel palatine tonsils are the
primary mucosal immune organ producing SIgA ASCs,
and the subepithelial compartment of the reticulated
crypt epithelium is the primary region for the

colonization and functional activity of SIgA and IgG
ASCs.
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Introduction

The paired palatine tonsils positioned in the
oropharynx are secondary lymphoid organs. Each tonsil
consists of the epithelium and the lymphoid tissues
under the epithelium. The palatine tonsils play a crucial
role in preventing respiratory infections, as they are
located at the junction of the nasopharynx and
oropharynx and can effectively sample antigens entering
through either the nasal or oral cavities (Scadding, 1990;
Perry and Whyte, 1998; Paulussen et al., 1999).
Moreover, the palatine tonsils can produce a large
number of specific SIgA and IgG ASCs in response to
intratonsillar immunization (Quiding-Järbrink et al.,
1995). SIgA ASCs effect mucosal immune responses
after they migrate to the lamina propria of certain glands
and organs in response to specific chemokines. For
example, effective SIgA ASC-mediated mucosal
immune protection of the salivary glands (Brandtzaeg,
2003), mammary glands (Brandtzaeg, 2010), upper
airway (Bernstein, 1992; Quiding-Järbrink et al., 1995;
Brandtzaeg, 2003), large and small intestine (Brandtzaeg
et al., 1999) and female genital tract (Johansen et al.,
2005; Brandtzaeg, 2009) is triggered after antigens enter
the crypt of the palatine tonsils via the perioral and
intranasal pathways and are captured by the crypt
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epithelium. In contrast, IgG ASCs in the palatine tonsils
not only mediate local mucosal immune responses
(Boyaka et al., 2000; Robert-Guroff, 2000) but also
effect humoral immune responses after they are
dispersed to other tissues via the circulation (Quiding-
Järbrink et al., 1995). Consequently, the palatine tonsils
perform dual functions in both systemic immunity and
local mucosal immunity.

However, the palatine tonsils of different species are
different on both the macro and micro levels. Some
studies show that human palatine tonsils are located in
the lamina propria of the pharyngeal wall, while the
palatine tonsils of pigs are situated on either side of the
median furrow of the soft palate (Williams and Rowland,
1972; Perry and Whyte, 1998). However, the ratios of
SIgA and IgG ASCs in the palatine tonsils of humans
and pigs are 1:2 and 1:1, respectively (Korsrud and
Brandtzaeg, 1980; Bene et al., 1983; Boeker et al., 1999;
Horter et al., 2003). Another study demonstrated that the
immunohistological and ultrastructural characteristics of
equine palatine tonsils are similar to those of humans
(Kumar and Timoney, 2005). The percentages of SIgA
and IgG ASCs in all ASC populations of human palatine
tonsils are 29% (30.1%) and 65% (64.7%), respectively
(Korsrud and Brandtzaeg, 1980; Bene et al., 1983). In
contrast, only a few SIgA and IgG ASCs exist in equine
palatine tonsils (Kumar and Timoney, 2005). Therefore,
the proportions of the main effector cells, such as SIgA
and IgG ASCs, in the palatine tonsils of different
animals vary widely.

For the past few years, studies on mucosal immunity
in the Bactrian camel indicated that Bactrian camels
have unique mucosal immunological characteristics.
Wenhui Wang described the aggregated lymphoid nodule
area (ALNA), which is observed only in the stomach of
the Chinese Alashan Bactrian camel (Wang, 2003).
There are abundant lymphoid tissues distributed
throughout the ALNA area (Wang, 2003; Lei et al.,
2010; Xu et al., 2010; Zhang et al., 2012). In addition,
the Peyer’s patches (PPs) of the small intestine are
significantly different in morphology between Bactrian
camels and other animals. For example, the PPs in the
jejunum and ileum of cattle are present in patch shapes
(Liebler-Tenorio and Pabst, 2006); the ileal PPs of the
Dromedary camel are cup-shaped structures (Alluwaimi
et al., 1998; Zidan and Pabst, 2008); and the PPs in
human small intestines are generally oval or rectangular
in shape (Cornes, 1965; Jung et al., 2010). However,
there are four types of PPs in the small intestine of
Bactrian camels, including nodular, faviform, cup-
shaped, and cystic forms, and three types of PPs in the
larger intestine of Bactrian camels, including faviform,
cup-shaped, and cystic forms (Qi et al., 2011; ZhaXi et
al., 2014). The nodular and cystic forms are specific to
Bactrian camels and have not been found in other
animals, including Dromedary camels. Furthermore, the
palatine tonsils of the Chinese Alashan Bactrian camel
are unique compared to yaks, cattle and sheep
(Casteleyn et al., 2011; Bao, 2015). The Bactrian camel

palatine tonsils consist of many unequal-sized nodules,
with openings at the top of every nodule, and have no
obvious tonsillar sinus (He et al., 2010). Meanwhile,
other studies show that in camelidae (camels,
dromedaries, llamas, alpacas, guanacos and vicunas),
IgG2 and IgG3 are heavy-chain antibodies (HCAbs)
characterized by specific immunological functions, such
as a stable structure and an extensive antigen-binding
repertoire (Hamers-Casterman et al., 1993; Daley et al.,
2005; De Genst et al., 2006). The structure of Bactrian
camel HCAbs is the same as that in other camelidae. All
Bactrian camel HCAbs are devoid of light chains and
lack constant heavy-chain domain 1 (Omidfar et al.,
2007; Muyldermans, 2013; Tillib et al., 2014). The
unique structures of HCAbs make them wonderful tools
in many studies (Omidfar et al., 2007; Evazalipour et al.,
2012; Muyldermans, 2013). We sought to investigate the
influence of the age of camels on the density of SIgA
and IgG ASCs in specific organs, and HCAb-based
nanobodies are critical for our study. However, few
reports have examined the distribution characteristics of
SIgA and IgG ASCs in the palatine tonsils of camelidae
(Zidan and Pabst, 2009). In this study, we aimed to
define age-related changes in the distribution
characteristics of SIgA and IgG ASCs in Bactrian camel
palatine tonsils. The results of this study will provide
support for future studies on the immune mechanisms of
the Bactrian camel palatine tonsils.
Materials and methods

All experimental procedures were approved by the
Animal Ethical and Welfare Committee of College of
Veterinary Medicine of Gansu Agricultural University
(Approval No.: GSAU-AEW-2013-0010). The animals
were provided from the slaughterhouse and did not
starve before slaughter.
Animals studied

Eighteen clinically normal Alashan Bactrian camels
were divided into the following three age groups:
pubertal (3-5 years, n=6), middle-aged (6-16 years, n=6)
and old (17-20 years, n=6). All groups included both
males and females and were held together for 1 week
prior to the study. The animals were anaesthetized with
sodium pentobarbital (20 mg/kg) and exsanguinated to
death.
Microsectioning

The head was removed and the palatine tonsils were
isolated. Then, histological samples were obtained from
the palatine tonsils. All samples were fixed in 4% neutral
paraformaldehyde solution for more than 1 month before
sectioning. Paraffin sections were made by routine
methods and analyzed by Streptavidin Biotin Complex
(SABC) staining. The antibodies used in SABC staining
are as follows:
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Primary antibodies: (1) Rabbit polyclonal antibodies
against Bactrian camel SIgA. The best working
concentration was 1:200. (2) Rabbit polyclonal
antibodies against Bactrian camel IgG. The best working
concentration was 1:1200. Both antibodies were
synthesized in our laboratory (Veterinary Pathology
Laboratory of the College of Veterinary Medicine,
Gansu Agricultural University, China).

Secondary antibody: SABC goat anti-rabbit
polyclonal immunohistochemical kit (Lot No. 07H3OCJ,
Boster; Wuhan, Hubei, China).
Light microscopy

In each age group, the local distributions and
characteristics of SIgA and IgG ASCs were carefully
observed under light microscopy. In each sample of
every group, 30 sections were observed and
photomicrographed using the Olympus DP-71
microscopy system (Olympus America, Center Valley,
PA).
Statistical analysis

Five sections were randomly selected from each
sample from every age group. In each section of the
sample, 10 microscopic fields were randomly selected,
observed and photomicrographed. The number of SIgA
and IgG ASCs in every microscopic field was counted,
and the respective densities were calculated (Image-Pro
Plus 6.0). Statistically significant differences in the
distribution densities between the two ASC populations
in different sites of the palatine tonsils of the same age
group and in the same site of the palatine tonsils of
different age groups were analyzed by one-way analysis
of variance (ANOVA) followed by Duncan’s multiple
range test. Data from both ASC populations within the
same region were analyzed by Mann-Whitney U test
(Ruxton, 2006). Data analysis was performed using IBM
SPSS V.19.0 (SPSS Inc., Chicago, USA). Differences
were considered significant at P<0.05.
Results

The anatomical and histological characteristics of
Bactrian camel palatine tonsils

Anatomically, Bactrian camel palatine tonsils were
situated on the oropharyngeal lateral wall and were
composed of many gray independent nodules that bulged
on the mucosal surface (Fig. 1-I,II). The diameter of the
nodules was 0.3~0.6 cm. There was no tonsillar sinus in
the Bactrian camel palatine tonsils; openings were
present on the top of each individual node within the
crypt (Fig. 1-II).

Histologically, the mucosal surfaces of Bactrian
camel palatine tonsils were covered by stratified
squamous epithelium with uneven thickness (Fig. 1-III).

The epithelium was invaginated into the lamina propria,
forming a crypt with irregular depth and multi-level
branches. Generally, the primary crypt was covered by
follicle-associated epithelium, and the secondary crypt
was covered by reticulated epithelium (Fig. 1-III). There
were dense connective tissues and abundant lymphoid
tissues in the lamina propria peripheral to the crypt (Fig.
1-III). The connective tissues penetrated into the
lymphoid tissues and divided the lymphoid tissues into
lobules with irregular size and shape. There were
numerous lymphoid nodules with typical structure
closely arranged along the periphery of the lobules (Fig.
1-III). Both SIgA and IgG ASCs had round or ovoid
morphology. SABC staining highlighted the cytoplasm
in claybank and was strongly positive, while the nucleus
was not stained (Figs. 2, 6).
Distribution characteristics of SIgA ASCs in the palatine
tonsils of the Bactrian camel

In the pubertal group, SIgA ASCs mainly clustered
or were occasionally diffusely located throughout the
subepithelial compartments of reticulated crypt
epithelium; they were clustered or scattered throughout
the subepithelial compartments of stratified squamous
epithelium and were distributed sporadically in the
extrafollicular region (Fig. 2).

In the middle-aged and old groups, the subepithelial
compartments of the reticulated crypt epithelium, the
subepithelial compartments of the stratified squamous
epithelium and the extrafollicular region of the palatine
tonsils exhibited similar SIgA ASC distribution to that in
the pubertal group (Fig. 2).
Distribution densities of SIgA ASCs in the palatine tonsils
of the Bactrian camel

Different age groups
Pubertal group: the distribution densities of SIgA

ASCs were highest in the subepithelial compartments of
the reticulated crypt epithelium, second-highest in the
subepithelial compartments of the stratified squamous
epithelium and lowest in the extrafollicular region. The
differences were significant in all regions (Fig. 3-A,
P<0.05).

Middle-aged group: the distribution densities of
SIgA ASCs were highest in the subepithelial
compartments of the reticulated crypt epithelium,
second-highest in the extrafollicular region and lowest in
the subepithelial compartments of stratified squamous
epithelium. The differences were significant among
these three regions (Fig. 3-A, P<0.05).

Old group: the distribution densities were similar to
those observed in the middle-aged group (Fig. 3-A,
P<0.05).
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Different regions
Subepithelial compartments of the reticulated crypt

epithelium: the distribution densities of SIgA ASCs in
the pubertal group were remarkably higher than in the
middle-aged and old age groups (p<0.05), but the
differences between the middle-aged and old groups
were not significant (Fig. 4-A, p>0.05).

Subepithelial compartments of stratified squamous
epithelium: the distribution densities were similar to
those in the subepithelial compartments of the
reticulated crypt epithelium (Fig. 4-A, p>0.05).

Extrafollicular: the distribution densities of SIgA
ASCs dramatically decreased with age. There were
significant differences among the three age groups (Fig.
4-A，p<0.05).

In general, the densities of SIgA ASCs decreased
gradually with age and peaked in the subepithelial
compartments of the reticulated crypt epithelium (Fig.
5).
Distribution characteristics of IgG ASCs in the palatine
tonsils of the Bactrian camel

In the pubertal group, IgG ASCs mainly clustered or
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Fig. 1. The anatomical location and histological characteristics of Bactrian camel palatine tonsils. I. Bactrian camel palatine tonsils are paired lympho-
epithelial organs situated on the ambilateral oropharyngeal lateral wall (shown as red dotted boxes). II. Bactrian camel palatine tonsils are composed of
independent gray nodules (shownas red dotted boxes) that bulge on the mucosal surface, with openings to the crypt on the top of each individual
nodule. III. Histological structure of palatine tonsils (stained with hematoxylin-eosin). Samples were fixed in 4% neutral paraformaldehyde solution
before the photo was taken. Region A, subepithelial compartments of the reticulated crypt epithelium; region B, subepithelial compartments of the
stratified squamous epithelium; region C, extrafollicular region. CrE, reticulated crypt epithelium; SE, stratified squamous epithelium.



515
SIgA and IgG antibody-secreting cells in Bactrian camels palatine tonsils

Fig. 2. Immunohistochemical staining of SIgA antibody-secreting cells (ASCs)in the palatine tonsils of pubertal, middle-aged and old groups of Bactrian
camels. In the same columns of every age group, the pictures above are panoramas, and the pictures below are portions of the above panorama. The
red boxes in the panoramas indicate the locations of the pictures below. SIgA ASCs are clustered in the subepithelial compartments of the reticulated
crypt epithelium, are scattered in the subepithelial compartments of the stratified squamous epithelium and are sporadically located throughout the
extrafollicular region. Region A, subepithelial compartments of reticulated crypt epithelium; region B, subepithelial compartments of the stratified
squamous epithelium; region C, extrafollicular region. Arrows indicate SIgA ASCs. The negative control groups were not incubated with primary
antibody. The original magnification of the pictures above is x 400, and that of the pictures below is x 1000.



were occasionally diffusely located in the subepithelial
compartments of the reticulated crypt epithelium; they
were clustered or diffusely located in the subepithelial

compartments of the stratified squamous epithelium and
were distributed sporadically throughout the
extrafollicular region (Fig. 6).
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Fig. 4. The density distribution of SIgA ASCs (A) and IgG ASCs (B) in the same regions of the palatine tonsils of different age groups of Bactrian
camels. Region A, subepithelial compartments of the reticulated crypt epithelium; region B, subepithelial compartments of the stratified squamous
epithelium; region C, extrafollicular region. *, p<0.05; ns, p>0.05, one-way ANOVA with Duncan’s multiple range test.

Fig. 3. The density distribution of SIgA ASCs (A) and IgG ASCs (B) in different regions of the palatine tonsils of Bactrian camels in the same age
group. Region A, subepithelial compartments of the reticulated crypt epithelium; region B, subepithelial compartments of the stratified squamous
epithelium; region C, extrafollicular region. *, p<0.05; ns, p>0.05, one-way ANOVA with Duncan’s multiple range test.



The distribution characteristics of IgG ASCs in the
subepithelial compartments of the reticulated crypt
epithelium, the subepithelial compartments of the
stratified squamous epithelium and the extrafollicular
region of the palatine tonsils of the middle-aged and old
groups were similar to those observed in the pubertal
group (Fig. 6).
Distribution densities of IgG ASCs in the palatine tonsils
of the Bactrian camel

Different age groups
Pubertal group: the distribution densities of IgG

ASCs were highest in the subepithelial compartments of
the reticulated crypt epithelium, second-highest in the
extrafollicular region and lowest in the subepithelial
compartments of the stratified squamous epithelium. The
differences were significant among all regions (Fig. 3-B,
P<0.05).

Middle-aged group: the distribution densities of IgG
ASCs were highest in the subepithelial compartments of
the reticulated crypt epithelium and were second-highest
in the subepithelial compartments of the stratified
squamous epithelium and the extrafollicular region. The
differences between the subepithelial compartments of
the stratified squamous epithelium and the extrafollicular
region were not significant (p>0.05). However, there
were significant differences between these two regions
and the subepithelial compartments of the reticulated
crypt epithelium (Fig. 3-B, P<0.05).

Old group: the distribution densities were similar to
those in the middle-aged group (Fig. 3-B, P<0.05).
Different regions

The distribution densities of IgG ASCs were highest
in the subepithelial compartments of the reticulated crypt
epithelium and decreased with age in all regions. There
were significant differences among all regions (Fig. 4-B,
Fig. 5, p<0.05).
Comparison of the distribution densities of SIgA and IgG
ASCs in different regions of the Bactrian camel palatine
tonsils

Subepithelial compartments of the reticulated crypt
epithelium: The distribution densities of SIgA ASCs
were significantly higher than those of IgG ASCs in all
groups (Fig. 7, p<0.05).

Subepithelial compartments of the stratified
squamous epithelium: The distribution densities of SIgA
ASCs were significantly higher than those of IgG ASCs
in the pubertal group (Fig. 7, p<0.05). In the middle-
aged group, the distribution densities of IgG ASCs were
significantly higher than those of SIgA ASCs (Fig. 7,
p<0.05). There were no significant differences between
the distribution densities of SIgA and IgG ASCs in the
old group (Fig. 7, p>0.05).

Extrafollicular region: The distribution densities
were similar to those in the subepithelial compartments
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Fig. 5. The age-related density trends of SIgA
and IgG ASCs in the same regions of Bactrian
camel palatine tonsils. Region A, subepithelial
compartments of the reticulated crypt epithe-
lium; region B, subepithelial compartments of
the stratified squamous epithelium; region C,
extrafollicular region. The palatine tonsils of the
Bactrian camel begin to degrade at puberty (3-
5 age).
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Fig. 6. Immunohistochemical staining of IgG antibody-secreting cells (ASCs)in the palatine tonsils of pubertal, middle-aged and old groups of Bactrian
camels. In the columns for every age group, the pictures above are panoramas, and the pictures below are regions of the above panoramas. The red
boxes in the panoramas indicate the locations of the pictures below. IgG ASCs are clustered in the subepithelial compartments of the reticulated crypt
epithelium, are scattered in the subepithelial compartments of the stratified squamous epithelium and are sporadically located in the extrafollicular
region. Region A, subepithelial compartments of the reticulated crypt epithelium; region B, subepithelial compartments of the stratified squamous
epithelium; region C, extrafollicular region. Arrows indicate IgG ASCs.The negative control groups were not incubated with primary antibody. The
original magnification of the pictures above is x 400, and the pictures below are x 1000.



of the reticulated crypt epithelium (Fig. 7, p<0.05).
Discussion

Analogous to the PPs of the gut, the palatine tonsils
lack afferent lymphatics (Nave et al., 2001; Brandtzaeg,
2003). However, the reticulated epithelium of the crypt
of palatine tonsils is a crucial antigen uptake site because
it contains M cells and other cells to capture antigens
(Olah and Everett, 1975; Howie, 1980; Perry, 1994;
Perry and Whyte, 1998; Nave et al., 2001; Brandtzaeg,
2003; Zuercher, 2003). B cells inside the palatine tonsils
differentiate into several types of ASCs after they are
induced by antigens that enter the palatine tonsils
through the reticulated crypt epithelium (Pabst, 2012).
Our results indicate that as crucial immunologic effector
cells, SIgA and IgG ASCs were primarily distributed
throughout the subepithelial compartments of the
reticulated crypt epithelium and secondarily distributed
throughout the subepithelial compartments of the
stratified squamous epithelium, while only a few ASCs
were present in the extrafollicular region. Therefore, the
reticulated crypt epithelium of Bactrian camel palatine
tonsils is not only a very important channel for antigen
uptake but is also essential for the colonization and
immunological functions of SIgA and IgG ASCs.
Additionally, further statistical analysis showed that the
distribution densities of SIgA ASCs were all
significantly higher than those of IgG ASCs in the
subepithelial compartments of the reticulated crypt
epithelium, the subepithelial compartments of the
stratified squamous epithelium and the extrafollicular
region. This result is different from the distribution
densities of the two ASC populations in the palatine
tonsils of pigs (Boeker et al., 1999; Horter et al., 2003;
Li et al., 2010), horses (Kumar and Timoney, 2005) and
humans (Bernstein, 1992; Hoefakker et al., 1993; Nave
et al., 2001). Moreover, several studies have reported
that the percentages of SIgA and IgG ASCs in all ASC

populations of the palatine tonsils remain consistent
between conditions of health and disease (Korsrud and
Brandtzaeg, 1980). Furthermore, the densities of SIgA
and IgG ASCs can reflect the corresponding antibody
level in the surrounding environment. This characteristic
is conducive to maintaining stable SIgA and IgG levels
in the local environment of the palatine tonsils and is
crucial for maintaining the stability of the palatine
tonsils’ immunological functions. Therefore, as an
immune organ, Bactrian camel palatine tonsils primarily
promote mucosal immunity by producing a large number
of SIgA ASCs and a few IgG ASCs after immune
challenge.

In addition, the results also indicated that the
distribution densities of the two ASC populations in the
three regions of Bactrian camel palatine tonsils
decreased from puberty to old age without exception.
These results are similar to the changes observed in the
number and structure of lymphoid follicles of the ALNA
and the PPs of the small intestine with age (Xu et al.,
2010; Qi et al., 2011; Zhang et al., 2012). Additionally,
these changes are also observed in SIgA ASCs in human
palatine tonsils (Xie et al., 2004). This demonstrated that
the hypofunction of palatine tonsils with age after
adolescence are also exist in Bactrian camel. This result
provide support for the hypofunction of Bactrian camel
palatine tonsils with age. 
Conclusions

The results from three regions of the palatine tonsils
of all age groups of Bactrian camels indicated that SIgA
and IgG ASCs were mainly distributed throughout the
subepithelial compartments of the reticulated crypt
epithelium, and SIgA ASCs were superior in number.
Additionally, this distribution pattern was consistent in
different age groups. These results show that the
distribution patterns of SIgA and IgG ASCs are in a state
of dynamic equilibrium, which is important to maintain
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Fig. 7. The density distribution of SIgA and IgG ASCs in the same regions of the palatine tonsils of each age group of Bactrian camels. Region A,
subepithelial compartments of the reticulated crypt epithelium; region B, subepithelial compartments of the stratified squamous epithelium; region C,
extrafollicular region.*, p<0.05; ns, p>0.05, Mann-Whitney U test.



the local antibody level and the immune function of the
palatine tonsils. In addition, this study established a
foundation for further researching the immune
mechanisms of the Bactrian camel palatine tonsils in
defense against respiratory tract infection.
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