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Abstract

Introduction. The thymus is the site of development and maturation of functional T lymphocytes and is criti-
cally important to the immune system. The purpose of this study was to examine the expression of markers of
T lymphocytes, macrophages, dendritic cells, B lymphocytes and plasmocytes in the yak thymus.

Materials and methods. Twenty healthy male yaks were divided into newborn (2-4 weeks old, n = 10) and adult
(3-4 years old, n = 10) group. qRT-PCR was used to evaluate the mRNA expression level of the main markers
of the studied cell types. Immunohistochemistry was used to detect the distribution of CD3* T lymphocytes,
CD68* macrophages, SIRPa* dendritic cells, CD79a* B lymphocytes, IgA and IgG* plasmocytes.

Results. Within the same age group, the mRNA expression of CD3e was highest (P < 0.05), followed by that of
CD68, SIRPa, CD79a, IgG and IgA. Furthermore, CD3g, CD68, and SIRPa. mRNA expression levels were higher
in newborn yaks than in the adult ones (P < 0.05), whereas those of CD79q, IgA, and IgG were higher in adults
(P < 0.05). Immunohistochemical results showed localization of CD3* T lymphocytes in the thymic cortex and
medulla. CD68* macrophages, SIRPa* dendritic cells, CD79a* B lymphocytes, [gA*+ and IgG™* plasmocytes were
mainly observed in the cortico-medullary region and medulla. In the same age group, the frequency of CD3*
T lymphocytes was higher than that of CD68* macrophages and SIRPa* dendritic cells (P < 0.05), followed by
those of CD79a* B lymphocytes and IgA* and IgG* plasmocytes. No significant difference was observed between
B lymphocyte and plasmocyte frequencies in the yak thymus in both age groups (P > 0.05). The frequency of
CD3*, CD68* and SIRPa* cells decreased from newborns to adults (P < 0.05). However, the frequencies of
CD79a*, IgA* and IgG* cells increased from newborn to adult yaks (P < 0.05).

Conclusions: The thymus of newborn yaks is well-developed, with higher numbers of T lymphocytes, macrophages,
and dendritic cells than those in the adult thymus. However, higher frequencies of plasmocytes and B lymphocytes
were detected in the adult thymus, suggesting that adults may better resist infections through humoral immunity
as this organ undergoes involution. Furthermore, there was no significant difference in the number of IgA and
IgG plasmocytes, which differs from what is observed in rodents and humans. This difference might be related
to the fact that yaks live in low-oxygen plateaus.
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IHC of yak thymus immune cells

Introduction

The thymus is a primary lymphatic organ in which
thymocytes differentiate into the T cell population. It
is critically important for the immune system, which
serves as the body’s defense mechanism to provide
surveillance and protection against diverse pathogens,
tumors, antigens and mediators of tissue damage [1].
In the thymus, bone marrow-derived cells include
T-lineage cells as the dominant cell type, as well as
lower levels of B cells, macrophages, and dendritic
cells [2].

The thymus of newborn bovines [3], equines [4]
and humans [5] are known to be well developed, and
the distribution characteristics of thymic lymphoid
cells, macrophages, dendritic cells, and plasmocytes
have been described. In contrast, the thymus of the
neonatal mouse is not fully developed, and thymus
corpuscles are small and few [6, 7].

Yaks (Bos grunniens) live on the Qinghai-Tibetan
Plateau, where low oxygen, low temperatures, and
high altitudes are the main environmental character-
istics [8]. Epidemiological surveys have suggested that
plateau yaks are sporadically infected with bacteria
and parasites [9, 10]. Therefore, we became interested
in the immune cell characteristics of the yak thymus
since very little data exists in the literature.

We used a panel of antibodies (CD3, CD68S,
SIRPa, CD79a, IgA and IgG) to characterize the dif-
ferent immune cells present in the thymus of healthy
newborn and adult yaks and assessed the expression
levels of immune cell-specific markers at the mRNA
level. These results provide a morphological reference
for thymic physiological functions and comparative
histology.

Material and methods

Animals and tissues collection. The study was approved by
the State Forestry Administration, and all procedures were
performed in compliance with guidelines for the care and
use of laboratory animals adopted by the Ministry of Science
and Technology of the People’s Republic of China. Newborn
yaks (2-4 weeks old, n = 10) and adult yaks (3—4 years old,
n = 10) were enrolled in the study. All yaks were considered
healthy on the basis of results of a physical examination
and serum biochemical analysis. Each yak was euthanized
with pentobarbital sodium (200 mg/kg, i.v.). The thymus
was harvested within 10 min after euthanasia. For mMRNA
and protein expression analyses, fresh thymic tissue was
washed with diethylpyrocarbonate-treated water and stored
in liquid nitrogen. For immunohistochemical analyses, small
specimens of thymic tissue were fixed in a solution of 4%
paraformaldehyde in a phosphate buffer (pH 7.3).
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qRT-PCR. Total RNA was isolated from the thymus using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). RNA
was reversely transcribed to single-stranded cDNA using
a reverse transcription kit (MBI Fermentas, Burlington,
ON, Canada) according to the manufacturer’s instructions.
The qRT-PCR primers were designed according to the
Bos grunniens CD3g, CD79¢, IgA, IgG, SIRPo, CD68 and
B-actin gene sequences (GenBank accession numbers:
KY911279, KY911280, MG432919, MF099643, MH347358,
KY921959 and DQ838049, respectively) using Primer 5 soft-
ware and synthesized by the Beijing Genomics Institute
BGI Company (China). The qRT-PCR primer sequences
are presented in Table 1. qRT-PCR was conducted with
a Light-Cycler480 thermocycler (Roche, Manheim, Germa-
ny) in a 20 uL reaction volume consisting of 1 uLL cDNA,
1 puL forward primer, 1 uL reverse primer, 10 uLL 2XSYBR
Green II PCR mix (TaKaRa, Shiga, Japan), 0.4 uL Rox, and
6.4 uL nuclease-free H,O. The RT-PCR conditions were as
follows: one cycle at 95°C for 3 min, followed by 42 cycles
of 95°C for 10 s, 60°C for 15 s and 72°C for 15 s. Four rep-
licates were set for each sample to ensure the accuracy of
the relative expression of the target genes in the sample.
After amplification, according to the system-generated Ct
value, the 2-AA® method was used with p-actin as an internal
standard to normalize the amount and quality of each cDNA.

Immunohistochemistry. The spatial distribution of cells
positive for CD3, CD68, SIRPa, CD79a, IgA and IgG in
the thymus of yaks was evaluated by the immunohistoche-
mical (IHC) method. Fixed tissue specimens were
mounted on microscope slides in a routine manner and
exposed to primary antibodies against CD3 (rabbit mon-
oclonal anti- CD3, Abcam, ab16669, 1:200 dilution),
SIRPa (rabbit polyclonal anti-SIRPo, Abcam; ab116254,
1:100 dilution), CD68 (rabbit polyclonal anti-CD68, Abbio-
tec, San Diego, CA, USA; No:252281, 1:100 dilution),
CD79a. (rabbit monoclonal anti- CD79a, Abcam, ab199001,
1:100 dilution ), IgA (rabbit polyclonal anti-IgA, Abcam;
ab112630, 1:100 dilution), IgG (rabbit polyclonal anti- IgG,
Abcam, Cambridge, UK; ab6692, 1:100 dilution), for 2 h at
37°Cin a moist chamber. Biotinylated anti-rabbit secondary
antibodies were applied for 10 min. Streptavidin-conjugated
peroxidase was then applied to the slides for 10 min. The
reaction products were formed using 3,3-diaminobenzi-
dine tetrahydrochloride (DAB). The sections were lightly
counterstained with hematoxylin. The negative control for
each sample was created by replacing the primary antibody
with rabbit serum albumin; all other steps and conditions
remained the same.

Cell counting. CD3, CD79a, IgA, IgG, SIRPa and
CD68 positive cells were evaluated in the yak thymus manu-
ally. In every age group thymus of 10 yaks was assessed with
three sections examined in the thymus of every yak, and in
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Table 1. Preimers sequence of target gene and B-actin

Qian Zhang et al.

Genes Primer names Primer sequences (5’-3’) Length (bp) Annealing (°C)
P1 F:GGGCTCATAGTCTGGATTGG

CD3e P2 R:TGTGTCACTCTGGGCTTGC 156 60
P3 F: ACGGCAAGAAGATTCAGCG

CD7a P4 R:CCAAGGAGGCAATAGGAG 225 60

oA P5 F: GGTTCACAGGACCCAGA 297 57

& P6 R: AGCACCTAGTGAAGCCC

1eG P7 F: AACCAACACCACAGGAAC 208 60

& P8 R: AGTGTAGTCTCCTATTGCCT
P9 F: TGAGAGGAGCAAGTGGGA

CD68 P10 R: GTGGACATCATCCTGGCTGG 194 36
P11 F: ATCCTGCTGCCCGCTGTA

SIRPa P12 R: AACAGTTGGGCGGCGAG 215 59

B-actin P13 F: AGGCTGTGCTGTCCCTGTATG 207 60
P14 R: GCTCGGCTGTGGTGGTAAA

each section 20 different fields of 2.30 x 10* um? (corre-
sponding approximately to five fields at 1000 X magnifica-
tion) were analyzed in one slide. The mean counts of each
positive cell type were expressed as the number of cells in
2.30 x 10* wm?. The investigator was blinded to the identi-
fication information of the animal.

Statistical analysis. All statistical analyses were performed
using IBM SPSS (version 21.0; SPSS Inc., Chicago, IL, USA).
The relative mRNA levels and positive cell numbers of CD3,
CD79a, IgA, IgG, SIRPo and CD68 among the study groups
were expressed as the standard error of means. Statistical
significance was determined using one-way analysis of var-
iance and was set at P < 0.05.

Results

Distribution of T lymphocytes

CD3-positive T lymphocytes were located in the
thymic cortex and medulla. Positive immunoreactivity
was mainly localized in the cytoplasm of the T lym-
phocytes. CD3* positive cells were more prominent
in the cortex than in the medulla (P < 0.05) (Fig.
la—f). Furthermore, CD3*- T lymphocytes were more
prevalent in newborn yaks than in adults (P < 0.05)
(Fig. 2a).

Distribution of macrophages

CD68-positive macrophages were particularly com-
mon in the cortico-medullary region and the medulla
(Fig. 3a—d). Immunoreactivity was localized in the
cytoplasm of the macrophages. The population of
CD68* macrophages was higher than that of dendritic
cells, B lymphocytes, and plasmocytes in the thymus
©Polish Society for Histochemistry and Cytochemistry
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of both newborn and adult yaks (P < 0.05) (Fig. 2b).
Additionally, the number of CD68* macrophages was
greater in newborns than adults (P < 0.05).

Distribution of dendritic cells

SIRPa-positive dendritic cells with irregular nuclei
were observed in the cortico-medullary region and
medulla (Fig. 4a— d). Immunoreactivity was localized
to the cytoplasm of dendritic cells. In particular, the
frequency of SIRPa* dendritic cells was significantly
lower than that of CD68* macrophages in both new-
born and adult yak thymus (P < 0.05). Moreover, the
number of SIRPa-positive dendritic cells was much
higher in newborn yaks than in adult yaks (P < 0.05)
(Fig. 2b).

Distribution of B lymphocytes

A low frequency of CD79a-positive B cells was de-
tected in the medulla and cortico-medullary areas of
the thymus (Fig. 5a—d). Clear immunoreactivity was
localized in the cytoplasm of B lymphocytes. The
frequency of CD79a* B lymphocytes was significantly
lower than that of CD68-positive macrophages and
SIRPa* dendritic cells in thymus of both newborn and
adult yaks (P < 0.05). Additionally, the frequency of
B lymphocytes in the newborn was higher than that
in the adult yak thymus (P < 0.05) (Fig. 2b).

Distribution of plasmocytes

Smaller populations of IgA- (Fig. 6a—d) and IgG-pos-
itive (Fig. 7a—d) plasmocytes were in the cortico-med-
ullary and medulla of newborn and adult yak thymus.
Marked immunoreactivity was observed in the cy-
toplasm of the plasmocytes. In the same age group,
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Figure 1. Immunohistochemical localization of CD3-positive T lymphocytes in the thymus of newborn (a, b and ¢) and adult
(d, e and f) yaks. Arrowheads indicate examples of positive cells (brown). Cortex (Co); medulla (Me); Scale bars: 50 um
(400x) for panels a and d; 20 um (1000x) for panels b, c, e and f.

Figure 2. Frequencies of CD3 (a), CD68, SIRPa, CD790a, IgA- and IgG -positive cells in the thymus of newborn and adult yaks.
Panel (a) denotes the number of CD3 positive T lymphocytes in 2.30 X 10* um?. Panel (b) shows the number of CD68-pos-
itive macrophages, SIRPa-positive dendritic cells, CD79a-positive B lymphocytes, IgA- and IgG-positive plasmocytes in
2.30x 10* um? Values are mean = SE of immunoreactive cell number in 2.30 X 10* um? (n = 10). Bars with different su-

perscripts denote significantly different values (P < 0.05).

the population of IgA* and IgG* plasmocytes was
lower than that of CD68* macrophages and SIRPa*
dendritic cells (P < 0.05). There was no significant
difference in the frequency of plasmocytes and
B-lymphocytes in the thymus (P > 0.05). However,
the frequency of IgA* and IgG* plasmocytes in the
adult thymus was higher than that in the newborn yak
thymus (P < 0.05) (Fig. 2b).
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CD3¢, CD68, SIRPa, CD790, IgA and IgG mRNA
expression in the thymus

The mRNA expression of genes encoding CD3e,
CD68, SIRPa, CD79a, IgA, and IgG differed
between the thymus of newborn and adult yaks
(Fig. 8). Within the same age group, the expression
level of CD3¢ mRNA was significantly higher than
those of CD68 and SIRPo. mRNA (P < 0.05). Addi-
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Figure 3. Immunohistochemical localization of CD68-positive macrophages in the thymus of newborn (a, b) and adult (c,
d) yaks. Arrowheads indicate examples of positive cells (brown). Cortex (Co); medulla (Me); Hassall corpuscles (Hc); Scale
bars: 50 um (400 %) for panels a and c¢; 20 um (X) for panel b and d.

Figure 4. Immunohistochemical localization of SIRPa-positive dendritic cells in the thymus of newborn (a, b) and adult
(c, d) yaks. Arrowheads indicate examples of positive cells (brown). Cortex (Co); Medulla (Me); Hassall corpuscles (Hc);
Scale bar = 50 um (400X ) for panels a and c¢; 20 um (1000x) for panels b and d.
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Figure 5. Immunohistochemical localization of CD79a-positive B lymphocytes in the thymus of newborn (a, b) and adult
(c, d) yaks. Arrowheads indicate examples of positive cells (brown). Cortex (Co); Medulla (Me); Hassall corpuscles (Hc);
Scale bar = 50 um (400 %) for panels a and c¢; 20 um (1000x) for panel b and d.

Figure 6. Immunohistochemical localization of IgA-positive plasmocytes in the thymus of newborn (a, b) and adult (c, d)
yaks. Arrowheads indicate examples of positive cells (brown). Cortex (Co); medulla (Me); Hassall corpuscles (Hc); Scale
bars: 50 um (400X) for panels a and c; 20 um (1000 %) for panel b and d.
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Figure 7. Immunohistochemical localization of IgG-positive plasmocytes in the thymus of newborn (a, b) and adult (c, d)
yaks. Arrowheads indicate examples of positive cells (brown). Cortex (Co); medulla (Me); Hassall corpuscles (Hc); Scale
bars: 50 um (400 %) for panels a and ¢; 20 um (1000%) for panel b and d.

Figure 8. Relative abundance of CD3¢, CD6S, SIRPa, CD79a, IgA and IgG mRNA in the thymus of newborn and adult yaks.
Bars with different superscripts are significantly different (P < 0.05). Data are normalized and presented as ratio mean * SE.
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tionally, the lowest expression levels were detected for
CD79aq, IgA, and IgG, and no significant difference
was observed between them (P > 0.05). Interestingly,
the mRNA expression levels of CD3g, CD68, and
SIRPa were lower in the thymus of adult yaks than in
newborn yaks (P < 0.05). Further, CD79q, IgA, and
IgG mRNA levels in the adult thymus were higher
than those in newborn yaks (P < 0.05).

Discussion

The thymus is a primary lymphoid organ that provides
a specialized microenvironment for T cell maturation.
CD3 has been used as a marker of T lymphocytes [11].
In the present study, we observed that the expression
of CD3e mRNA was significantly higher than that of
CD68, SIRPa, CD79a, IgA and IgG in newborn and
adult yaks. Accordingly, we found that the frequency
of CD3-positive T lymphocytes was higher than that
of other immunocompetent cells in the yak thymus.
This was consistent with data from bovines [3], hu-
mans [5], and rodents [6, 7], where the predominant
cell population of the thymus was composed of T
lymphocytes. Furthermore, we found that in each age
group, the number of T lymphocytes in the cortex was
higher than that in the medulla of the yak thymus.
These results are similar to those reported for bo-
vines [3], equines [4], humans [5] and mice [7]. Pearse
et al. reported that the major activity of the thymus is
to harbor T cells during their differentiation stages,
and that the thymic cortex is the main area of T lym-
phocyte proliferation and division [1]. Additionally,
we confirmed that CD3* T lymphocytes were more
abundant in newborn yaks than in adults. One possible
explanation is that the thymus undergoes progressive
involution during adulthood. Thymic involution is
macroscopically characterized by a decrease in organ
weight and size, and the organ structure undergoes
a loss of T lymphocytes [12]. Aspinall and Andrew
observed that thymic masses diminish markedly
and T cell numbers decline with age [13]. Based on
these collective findings, we speculated that adipose
and connective tissues accumulated in the adult yak
thymus, leading to a decreased cell proliferation in
the thymus.

Most macrophages can be detected by CD68 an-
tibodies [14]. Similarly to the previous research [3-5,
7], the present study showed that macrophages are
mainly located in the cortico-medullary junction and
medulla of newborn and adult yak thymus. Surh and
Sprent reported that macrophages participate in the
removal of autoreactive thymocytes resulting from
intrathymic selection events [15]. It was suggested that
during the normal steady state, macrophages phago-
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cytosed viable autoreactive thymic lymphocytes in the
medulla of the yak thymus. Our results showed that in
each age group, the frequency of CD68-positive mac-
rophages was higher than that of SIRPa-, CD79a-,
IgG-, and IgA-positive yak thymus cells. Moreover,
a previous study showed that thymic macrophages
could secrete some cytokines and present antigens
to promote thymocytes’ survival and proliferation
[16]. Abundant thymic macrophages may regulate the
maturation of developing thymocytes and phagocy-
tose apoptotic thymocytes. Moreover, we found that
thymic CD68* macrophages were more abundant in
newborn yaks than in adult yaks. Similarly, Sminia
et al. reported that the total number of macrophage
precursors and their capacity to proliferate were re-
duced with age [16]. This might be correlated with the
diminished number of thymic macrophages in adult
yaks that we observed.

We used SIRPo as a dendritic cell marker [17]
and showed that its mRNA expression level was sig-
nificantly higher than that of CD79q, IgG, and IgA in
both newborn and adult yak thymus. The frequency
of SIRPa*positive dendritic cells was higher than that
of CD79a-, IgG-, and IgA-positive dendritic cells.
Thymic dendritic cells are unique antigen-presenting
cells because of their role in generating central T-cell
tolerance through deletion or functional inactivation
(negative selection) of autoreactive thymocytes [18].
This indicated that the abundance of thymic dendritic
cells could help medullary thymocytes differentiate
and maintain tolerance in yaks. Moreover, we found
that thymic SIRPa* dendritic cells in yaks were
mainly distributed in the cortico-medullary junction
and medulla; however, they were not detected in the
superficial cortex. This is in agreement with data of
von Gaudecker et al. [19], who observed that dendrit-
ic cells were mainly distributed in the medulla. We
conclude that the thymic medulla might be a major
antigen-trapping site, where many antigen-presenting
cells induce T cell maturation and differentiation.
Additionally, we detected that SIRPa* dendritic cell
frequencies decreased with age in the yak thymus.
Similarly, Agrawal et al. performed a morphometric
analysis to evaluate the number of dendritic cells in
the aged human thymus and showed an age-related
reduction in the number of medullary dendritic cells
[20]. As thymic cellularity undergoes a reduction
as age increases, the number of dendritic cells also
decreases. We assume that the reduction in the num-
ber of medullary dendritic cells might be related to
a gradual loss in the induction of self-tolerance and
T cell negativity in the adult yak thymus.

The existence of B lymphocytes as a constant part
of murine and human thymic microenvironments has
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recently been described [21, 22]. The B cell population
is characterized by the expression of CD79a. [24]. We
found that CD79a mRNA levels were significantly
lower than those of CD3e, SIRPa, and CD68 in both
newborn and adult yak thymus. The frequency of
CD790.* B lymphocytes was lower than that of CD3e-
, SIRPa- and CD68-positive cells. Similarly, B cells
are present at very low percentages in the human and
mouse thymus. Thymic B lymphocytes constitute the
resident intrathymic population, which locates to the
thymus early during ontogenesis and is present in the
postnatal and adult thymus [24]. Moreover, we found
that thymic CD79a* B lymphocytes were mainly dis-
tributed in the cortico-medullary junction and medulla
of newborn and adult yaks. Perera and Huang reported
that thymic B cells are involved in autoantigen pres-
entation to T cells and thymocyte negative selection
to maintain central tolerance [24]. This indicates that
the cortico-medullary junction and medulla of the yak
thymus might serve as a site for thymocyte negative
selection. We also found that the frequency of thymic
CD79a" B lymphocytes increased with age. Similarly,
Yamano et al. reported that an increasing number of
B cells accumulate in the medulla, which is essential
for the establishment of protective immunity against
pathogens [23]. The thymus progressively shrinks with
age, and damage occurs to the blood-thymus barrier.
As a result, most thymocytes are exposed to antigens
during aging. We speculated that in adults, the higher
frequency of B cell subsets in the yak thymus might
mediate humoral antibody responses and protect the
thymus from infection.

IgA* and IgG* cells are important immunoglo-
bulin secretory cells. Yamano et al. reported that de-
spite being a specific site for T cell development, the
human thymus also hosts plasmocytes [23]. Based on
previous results [4, 5, 25], we investigated a few IgG
and IgA expressing cells situated in the medulla and
corticomedullary junction of newborn and adult yak
thymus. Nunez et al. showed that plasmocytes spon-
taneously secrete Igs without additional stimulation
[26]. However, these observations favor the possibility
of a migratory origin of at least the bulk of thymic
plasmocytes [27, 28]. The presence of plasmocytes,
mainly in the cortico-medullary junctions, seems to
support this view. Overall, it was speculated that the
thymic IgA and IgG plasmocytes of yaks might have
migrated into the thymus or originated from thymic
parenchymal cells and might act as a sentry against
blood-borne infectious agents.

Remarkably, we found that, in the same age
group, there were no significant differences in the
IgA* and IgG* plasmocyte frequencies or mRNA
expression in the yak thymus. Conversely, Bianchi
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et al. reported that human thymus IgG* cells were the
predominant subset and IgA* cells were present in
a small population [29]. Wiener ef al. stated that yaks
living on highland plateaus have evolved and adapt-
ed to harsh environments and are less susceptible to
disease, in contrast to the closely related low-altitude
cattle (Bos taurus) [8-10]. Additionally, Huang et al.
reported that yak lymphoid organs have adapted to
high altitude conditions [30]. We speculated that the
higher frequency of thymic IgA plasmocytes in yaks
compared with other mammalian species might be
related to plateau adaptation. It is unknown whether
this observation is representative of the yak thymus,
and further studies are required to confirm these find-
ings. Interestingly, we detected that the IgA* and IgG*
plasmocyte frequency and mRNA expression levels
showed a significant increase with age. Nango et al.
reported that plasmocytes are involved in autoantigen
presentation to T cells in the thymus and are most effi-
cient at complement fixation and antibody-dependent
humoral immunity, which is relatively weak during
the first year of life but progressively strengthens
throughout adulthood [31]. It has been speculated that
the greater concentration of thymic plasmocytes in
the adult yak could result from an increase in antigen
penetration into the thymus as this organ undergoes
involution. Thymic plasmocytes might help to protect
the thymus from infection from circulating antigens.

In conclusion, the present study provides a clear
picture of the expression levels of immune cell
markers in the thymus of highland plateau yaks. Our
results suggest that the newborn yak thymus is well
developed, with a majority population of T lympho-
cytes, macrophages, and dendritic cells, contributing
to the maintenance of immune function. It is possible
that newborn yaks have evolved and adapted to harsh
environments and are less susceptible to disease.
Moreover, a higher frequency of plasmocytes and
B lymphocytes in the adult thymus was detected
in adult yaks, suggesting that the adult yak thymus
may better resist infections as this organ undergoes
involution. There was no significant difference in the
number of IgA and IgG plasma cells, which differs
from observations in rodents and humans; this could
be related to yaks’ high tolerance or resistance to
disease and the environment. Finally, this study pro-
vided morphological information regarding thymic
immunoregulation in yaks.

Acknowledgements
This work was supported by the National Natural

Science Foundation of China (Grant No. 32002241,
31572478 &31860687), Key talent project of Gansu

www.journals.viamedica.pl/folia_histochemica_cytobiologica



IHC of yak thymus immune cells

Province (2022-0623-RCC-0307), Scientific Research
Start-up Funds for Openly-Recruited Doctors,
Gansu Agricultural University (Grant No. GSAU-
RCZX?201703), the Natural Science Foundation of
Gansu Province (No.21JR11RA024) and the Funda-
mental Research Funds for the Central Universities
(N0.31920200004).

Conflict of interest

No conflict of interest was declared by the authors.

References

1.

10.

11.

12.

13.

14.

15.

Pearse G. Normal structure, function and histology of
the thymus. Toxicol Pathol. 2006; 34(5): 504-514, doi:
10.1080/01926230600865549, indexed in Pubmed: 17067941.
Nishino M, Ashiku SK, Kocher ON, et al. The thymus: a com-
prehensive review. Radiographics. 2006; 26(2): 335-348, doi:
10.1148/rg.262045213, indexed in Pubmed: 16549602.
Sandberg E. The bovine cervical thymus and its involution.
Upsala Lakareforen Forh. 1949; 54(3-4): 269-319, indexed in
Pubmed: 18150516.

Contreiras EC, Lenzi HL, Meirelles MNL, et al. The equine
thymus microenvironment: a morphological and immunobhis-
tochemical analysis. Dev Comp Immunol. 2004; 28(3): 251-
264, doi: 10.1016/s0145-305x(03)00134-4, indexed in Pubmed:
14642891.

Hale LP, Neff J, Cheatham L, et al. Histologic and molecular
assessment of human thymus. Ann Diagn Pathol. 2004; 8(1):
50-60, doi: 10.1016/j.anndiagpath.2003.11.006, indexed in Pu-
bmed: 15129912.

Haley P. Species differences in the structure and function of the
immune system. Toxicology. 2003; 188(1): 49-71, doi: 10.1016/
50300-483x(03)00043-x.

Matter A, Lisowska-Bernstein B, Ryser JE, et al. Mouse thy-
mus-independent and thymus-derived lymphoid cells. II. Ul-
trastructural studies. J Exp Med. 1972; 136(5): 1008-1030, doi:
10.1084/jem.136.5.1008, indexed in Pubmed: 4563148.

Qiu Q, Zhang G, Ma T, et al. The yak genome and adaptation
to life at high altitude. Nat Genet. 2012; 44(8): 946-949, doi:
10.1038/ng.2343, indexed in Pubmed: 22751099.

Ji QM. Advances in research of yak resources in China. Journal
of Natural Resources. 2001; 16(6): 564-570.

Yin MY, Zhou DH, Liu JZ. Prevalence of yak main parasitic
diseases in China and strategies for its control. China Animal
Husbandry & Veterinary Medicine. 2014; 41(5): 227-230, doi:
QK/94317A/201405/49618987.

Wilson A, MacDonald HR. Expression of genes encoding
the pre-TCR and CD3 complex during thymus develop-
ment. Int Immunol. 1995; 7(10): 1659-1664, doi: 10.1093/in-
timm/7.10.1659, indexed in Pubmed: 8562511.

Lynch HE, Goldberg GL, Chidgey A, et al. Thymic involution
and immune reconstitution. Trends Immunol. 2009; 30(7): 366~
373, doi: 10.1016/.it.2009.04.003, indexed in Pubmed: 19540807.
Aspinall R, Andrew D. Thymic involution in aging. J Clin Im-
munol. 2000; 20(4): 250-256, doi: 10.1023/a:1006611518223
indexed in Pubmed: 10939712.

Varas A, Sacedén R, Hernandez-Lépez C, et al. Age-dependent
changes in thymic macrophages and dendritic cells. Microsc Res
Tech. 2003; 62(6): 501-507, doi: 10.1002/jemt.10411, indexed
in Pubmed: 14635143.

Surh CD, Sprent J. T cell apoptosis detected in situ during
positive and negative selection in the thymus. Nature. 1994;
372(6501): 100-103, doi: 10.1038/372100a0, indexed in Pu-
bmed: 7969401.

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2022
10.5603/FHC.a2022.0017

ISSN 0239-8508, e-ISSN 1897-5631

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

145

Sminia T, Van As, Van De, et al. Rat thymus macrophages:
an immunohistochemical study on fetal, neonatal and adult
thymus. Thymus. 1986; 8(3): 141-150, indexed in Pubmed:
3750383.

Baba T, Nakamoto Y, Mukaida N. Crucial contribution of
thymic Sirp alpha+ conventional dendritic cells to central
tolerance against blood-borne antigens in a CCR2-dependent
manner. J Immunol. 2009; 183(5): 3053-3063, doi: 10.4049/
jimmunol.0900438, indexed in Pubmed: 19675159.

Ardavin C, Wu L, Li CL, et al. Thymic dendritic cells and T
cells develop simultaneously in the thymus from a common
precursor population. Nature. 1993; 362(6422): 761-763, doi:
10.1038/362761a0, indexed in Pubmed: 8469288.

Gaudecker By, Steinmann G, Hansmann M, et al. Immunohis-
tochemical characterization of the thymic microenvironment.
Cell and Tissue Research. 1986; 244(2): 403-412, doi: 10.1007/
bf00219216.

Agrawal A, Gupta S. Impact of aging on dendritic cell func-
tions in humans. Ageing Res Rev. 2011; 10(3): 336-345, doi:
10.1016/j.arr.2010.06.004, indexed in Pubmed: 20619360.

Lu FT, Yang W, Wang YH, et al. Thymic B cells promote thy-
mus-derived regulatory T cell development and proliferation.
J Autoimmun. 2015; 61: 62-72, doi: 10.1016/j.jaut.2015.05.008,
indexed in Pubmed: 26071985.

Neiburger JB, Neiburger RG, Richardson ST, et al. Distribu-
tion of T and B lymphocytes in lymphoid tissue of infants and
children. Infect Immun. 1976; 14(1): 118-121, doi: 10.1128/
iai.14.1.118-121.1976, indexed in Pubmed: 1084862.

Yamano T, Steinert M, Klein L, et al. Thymic B cells are li-
censed to present self antigens for central T cell tolerance
induction. Front Immunol. 2015; 6: 376, doi: 10.3389/fim-
mu.2015.00376, indexed in Pubmed: 26257742.

Perera J, Huang H. The development and function of thymic
B cells. Cell Mol Life Sci. 2015; 72: 2657-2663, doi: 10.1007/
s00018-015-1895-1.

Ebersole JL, Taubman MA, Smith DJ. Thymic control of
secretory antibody responses in the rat. J Immunol. 1979;
123(1): 19-24, doi: 10.1016/0022-1759(79)90030-9, indexed in
Pubmed: 87472.

Nu ez S, Moore C, Gao B, et al. The human thymus perivas-
cular space is a functional niche for viral-specific plasma cells.
Sci Immunol. 2016; 1(6), doi: 10.1126/sciimmunol.aah4447,
indexed in Pubmed: 28459117.

Isaacson PG, Norton AJ, Addis BJ. The human thymus contains
anovel population of B lymphocytes. Lancet. 1987; 330(8574):
1488-1491, doi: 10.1016/s0140-6736(87)92622-5, indexed in
Pubmed: 2447458.

Sainte-Marie G. Plasmocytes in the thymus of the normal rat.
J Immunol. 1965; 94: 172-176, indexed in Pubmed: 14253516.
Bianchi AT, Zwart RJ, Jeurissen SH, et al. Development of the
B- and T-cell compartments in porcine lymphoid organs from
birth to adult life: an immunohistological approach. Vet Im-
munol Immunopathol. 1992; 33(3): 201-221, doi: 10.1016/0165-
2427(92)90182-p, indexed in Pubmed: 1355318.

Huang Y, Cui Y, Yu S, et al. Expression characteristics of
immune factors in secondary lymphoid organs of newborn, ju-
venile and adult yaks (Bos grunniens). Cell Tissue Res. 2020;
381(2): 285-298, doi: 10.1007/s00441-020-03219-4, indexed in
Pubmed: 32424508.

Nango K, Inaba M, Inaba K, et al. Ontogeny of thymic B cells
in normal mice . Cell Immunol. 1991; 133(1): 109-115, doi:
10.1016/0008-8749(91)90183-c, indexed in Pubmed: 1703924.

Submitted: 27 July, 2021
Accepted after reviews: 31 May, 2022
Available as AoP: 6 June, 2022

www.journals.viamedica.pl/folia_histochemica_cytobiologica


http://dx.doi.org/10.1080/01926230600865549
https://www.ncbi.nlm.nih.gov/pubmed/17067941
http://dx.doi.org/10.1148/rg.262045213
https://www.ncbi.nlm.nih.gov/pubmed/16549602
https://www.ncbi.nlm.nih.gov/pubmed/18150516
http://dx.doi.org/10.1016/s0145-305x(03)00134-4
https://www.ncbi.nlm.nih.gov/pubmed/14642891
http://dx.doi.org/10.1016/j.anndiagpath.2003.11.006
https://www.ncbi.nlm.nih.gov/pubmed/15129912
http://dx.doi.org/10.1016/s0300-483x(03)00043-x
http://dx.doi.org/10.1016/s0300-483x(03)00043-x
http://dx.doi.org/10.1084/jem.136.5.1008
https://www.ncbi.nlm.nih.gov/pubmed/4563148
http://dx.doi.org/10.1038/ng.2343
https://www.ncbi.nlm.nih.gov/pubmed/22751099
http://dx.doi.org/QK/94317A/201405/49618987
http://dx.doi.org/10.1093/intimm/7.10.1659
http://dx.doi.org/10.1093/intimm/7.10.1659
https://www.ncbi.nlm.nih.gov/pubmed/8562511
http://dx.doi.org/10.1016/j.it.2009.04.003
https://www.ncbi.nlm.nih.gov/pubmed/19540807
http://dx.doi.org/10.1023/a:1006611518223
https://www.ncbi.nlm.nih.gov/pubmed/10939712
http://dx.doi.org/10.1002/jemt.10411
https://www.ncbi.nlm.nih.gov/pubmed/14635143
http://dx.doi.org/10.1038/372100a0
https://www.ncbi.nlm.nih.gov/pubmed/7969401
https://www.ncbi.nlm.nih.gov/pubmed/3750383
http://dx.doi.org/10.4049/jimmunol.0900438
http://dx.doi.org/10.4049/jimmunol.0900438
https://www.ncbi.nlm.nih.gov/pubmed/19675159
http://dx.doi.org/10.1038/362761a0
https://www.ncbi.nlm.nih.gov/pubmed/8469288
http://dx.doi.org/10.1007/bf00219216
http://dx.doi.org/10.1007/bf00219216
http://dx.doi.org/10.1016/j.arr.2010.06.004
https://www.ncbi.nlm.nih.gov/pubmed/20619360
http://dx.doi.org/10.1016/j.jaut.2015.05.008
https://www.ncbi.nlm.nih.gov/pubmed/26071985
http://dx.doi.org/10.1128/iai.14.1.118-121.1976
http://dx.doi.org/10.1128/iai.14.1.118-121.1976
https://www.ncbi.nlm.nih.gov/pubmed/1084862
http://dx.doi.org/10.3389/fimmu.2015.00376
http://dx.doi.org/10.3389/fimmu.2015.00376
https://www.ncbi.nlm.nih.gov/pubmed/26257742
http://dx.doi.org/10.1007/s00018-015-1895-1
http://dx.doi.org/10.1007/s00018-015-1895-1
http://dx.doi.org/10.1016/0022-1759(79)90030-9
https://www.ncbi.nlm.nih.gov/pubmed/87472
http://dx.doi.org/10.1126/sciimmunol.aah4447
https://www.ncbi.nlm.nih.gov/pubmed/28459117
http://dx.doi.org/10.1016/s0140-6736(87)92622-5
https://www.ncbi.nlm.nih.gov/pubmed/2447458
https://www.ncbi.nlm.nih.gov/pubmed/14253516
http://dx.doi.org/10.1016/0165-2427(92)90182-p
http://dx.doi.org/10.1016/0165-2427(92)90182-p
https://www.ncbi.nlm.nih.gov/pubmed/1355318
http://dx.doi.org/10.1007/s00441-020-03219-4
https://www.ncbi.nlm.nih.gov/pubmed/32424508
http://dx.doi.org/10.1016/0008-8749(91)90183-c
https://www.ncbi.nlm.nih.gov/pubmed/1703924

