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Abstract: Brown adipose tissues (BAT) have special active functions including thermogenesis, anti-obesity, and antidiabetic properties. Researchers have shown the immune roles of BAT in relation immune depression in deep hypothermia
and lymphocyte accumulation in the spleen as detected in adipectomized rats. In this study we aimed to clarify immune
functions of hibernating marmot BAT which continue to be used in pancreatitis treatment in Mongolia. In this study, 10
marmots were selected. The subject pool was limited license are needed for marmot use. Disengaged BAT was located
between subcapularis and serratus anterior muscles. It was inserted into 96% of alcohol and 10% formalin for fixation.
Histology examination was used with standard protocol of hematoxylin and eosin staining protocol. Fluorescenceactivated cell sorting method (Apogee Universal-50, England) was used to count the CD4+ and CD8+ T cells in the BAT of
mice. The study selected BALB/c mode, 20 male mice 80-90 days-old. Marmots are not experimental animals therefore
reagents of tissue cell count were limited. The BAT (marmot) histology observation showed connective tissue in the lobules
reached by blood vessel branches and detected brown fat tissue surrounding follicle which included vessels with blood cells.
Regarding tissue cell count results, the BAT detected a total of 24827/µL lymphocytes, which included 2056/µL (5.50%)
CD4+ T cells and 991/µL (6.71%) CD8+ T cells, respectively. This study’s results suggest the brown fat is may be an
immune organ as shown by the lymphoid tissue follicle and lymphocyte subsets in the BAT.
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1. Introduction
Study on brown adipose tissue (BAT) structure and
function started in1551 worldwide [1]. Morphologically,
BAT cells are composed of typical adipocytes with
multilocular distribution of fat, which are smaller than
white adipose tissue. Functionally, the results of last year
study have shown that BAT is an active endocrine tissue
which enrolled thermogeneisis and lipid metabolism [2-4].
The importance of BAT for the maintenance of body
temperature in hibernators and suppression of immune
reactions by deep hypothermia suggest a relationship
between BAT and immunity [3]. A few studies in this area
have indicated that extracts obtained from hibernators’ BAT
are capable of suppressing the production of antibody in-

vitro. However, the studies have demonstrated both in vivo
and in non-hibernators the immunosuppressive activity of
BAT; it was found that injections of extracts, prepared from
rat BAT, produced a considerable reduction of immune
response. Furthermore, removal of BAT from newborn rats
enhanced to a great extent the reactions of cell-mediated
immunity [5-7].
BAT is more active in hibernators than non hibernator.
Many researchers have demonstrated the immune function
however there are no studies that detect immune cells in
BAT so far. In this study we selected marmot BAT. The
marmot is a hibernator and one of the most important
medications used in pancreatitis in Mongolia. Therefore, it
is necessary to clarify the unique structure of BAT to
understand the key roles of marmot BAT.
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2. Materials and Methods
Our study was performed at the Laboratory of Research
Training Center, School of Health Technology and Health
Sciences University of Mongolia. The study 10 marmots
selected. The subject pool was limited license are needed
for marmot use. Disengaged BAT was located between
subcapularis and serratus anterior muscles. It was inserted
into 96% of alcohol and 10% formalin for fixation.
Histology examination was used with standard protocol of
Hematoxylin and Eosin (H&E) staining [8].
The
histological preparation of marmot and mice BAT was kept
at -20ºC. Light microscope examination with “Olympus”,
gain 40x10.
The histological examination used the tissue
lymphocyte cell count method, since the marmot tissue
lymphocyte reactivity was limited. For this reason, the
study selected a BALB/c mode, 20 male mice with 80-90
days-old to confirm the histological results. Disengaged
interscapular brown fat was located in the external thoracic
region of mice. Fluorescence-activated cell sorting (FACS)
provides a rapid means of isolating large numbers of
fluorescently tagged cells from a heterogeneous mixture of
cells. FACS (Apogee Universal-50, England) was used to
count the lymphocyte subsets CD4+ and CD8+ count in the
mice BAT. The lymphocyte subsets in the 2 tubes (Sample
1 and Sample 2), were futher divided into 2 tubes (Sample
1-1/Sample 1-2 and Sample 2-1/Sample 2-2). The CD4+ T
cells were counted in the Sample 1-1 and Sample 1-2. The
CD8+ T cells were counted in the Sample 1-2 and Sample
2-2, respectively. In the study, the mean value of
lymphocyte subsets was used.
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In the BAT a total of 24827/µL lymphocytes, which
included 2056/µL (5.50%) lymphocytes CD4+ T cells and
991/µL (6.71%) lymphocytes CD8+ T cell, respectively
(Table 1).

Figure1. Brown fat of marmot. The black arrow showed brown fat located
between subcapularis and serratus anterior muscles.

Figure 2. Histology preparation of marmot brown adipose tissue (x400).
Staining H&E. A. Horizontal section of vessel (venule) in the BAT with
white cells. B. Cross section of vessel (arteriole) with blood cells in the
BAT.

3. Results
The marmot BAT macrostructure is rhombus or square
with a rose-pink color, an average size of 4.3x2.7 cm, an
average weight of 3.5 g, and a surrounding capsule (Figure
1). The histology observation of BAT showed high
vascularization in horizontal and cross section of
connective septum between lobules (Figure 2).
Interestingly, in this study, we found lymphoid tissue
accumulation (follicle) (Figure 3) and Hassall's corpuscle in
the marmot BAT (Figure 4). The lymphatic follicles were
rich with vessels with blood cells.
Regarding tissue lymphocyte count results, mice BAT
detected CD4+ and CD8+ T cells using standard reagents
with FACS. According to histogram results, in the first
sample of BAT, a total of 6313/µL lymphocytes were
detected in the 1-1 tube, and 1347/µL lymphocytes in the 12 tube, respectively. The ratio of CD4+ and CD8+ T cells
were 369/µL (5.68%) vs. 113/µL (5.88%), respectively
(Figure 5, Table 1). In the second sample, a total of
60551/µL lymphocytes were detected in the 2-1 tube with
BAT and 31095/µL lymphocytes in the 2-2 tube with BAT,
respectively. The ratio of CD4+ and CD8+ T cells were
3746/µL (5.20%) vs. 1868/µL (4.99%) (Figure 6, Table 1).

Figure 3. Histology preparation of marmot brown adipose tissue (x1000).
H&E staining. A. The lymphatic follicles, B. Hassell’s corpuscle.

Figure 4. Histology preparation of brown adipose tissue (x40)
microstructure of marmot. H&E staining. A. Brown adipose tissue. B.
Lymphoid tissue C. Connective septum between lobules
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Figure 5. CD4+T and CD8+T cells in the BAT of mice

Figure 6. CD4+Т and CD8+Т cells in the BAT of mice
Table1. Incidences of lymphocytes and CD4+, CD8+ subsets in the BAT of mice
BAT

Cells connected to CD4+ antibody

Cells connected to CD8+ antibody

Samples

Lymphocytes
(1 / µL)

Lympho-cytes

Lympho-cytes
(1 / µL)

Percentage
in the cell (%)

Sample 1-1

6313

1839

369

5.85

Sample 1-2

1347

Sample 2-1

60551

18545

3742

5.20

Sample 2-2

31095

Mean value

24827

10192

2056

5.50

Lymphocytes

Lymphocytes
(1 / µL)

Percentage
in the cell (%)

562

113

8.43

9251

1868

4.99

4907

991

6.71

BAT; brown adipose tissue, CD; cluster of differentiation, µL; micro liter;

4. Discussion
Current data from animal studies indicate that a reduced
amount or function of BAT leads to obesity, insulin
resistance, and dyslipidemia [9-12]. Our study aim was to
clarify marmot BAT structure for determining immune key

roles. The marmot brown fat is highly vascular, usually
characterized by multilocular lipid droplets and smaller,
compared to white fat which is a complex endocrine system
[13]. The marmot BAT macrostructure of the rhombus or
square shape and color is rose-pink similar to the structure
of the Persian lamb, newborn mouse, rat, and human BAT,
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however, the average size and weight are different [14,15].
The highlight findings of the study are a lymphoid tissue
accumulation (follicles) and Hassall’s corpuscle detection
in the marmot BAT by histology examination.
Unfortunately, we did not find any comparative study to
compare our study results with. The Hassall’s corpuscle
(thymus corpuscles-bodies) is structures found in the
medulla of the thymus. Embryologically, the thymus is
derived from all 3 germinal layers and arises primarily
from the third pharyngeal pouch [16]. The primordium fuse
in the midline and the thymus then descends into its usual
anatomical position in the anterior mediastinum, where
there is a regression of the endoderm and lymphocyte
invasion to form the characteristic Hassall’s corpuscle.
Hassall’s corpuscle is active in many antigen expression,
cell signaling, transcription, and metabolism mediated by
cytokines or growth factor receptors [17-19]. Watanabe et
al. [20] revealed that Hassall’s corpuscles have a critical
role in dendritic-cell-mediated secondary positive selection
of medium-to-high affinity self-reactive T cells, leading to
the generation of CD4+ CD25+ regulatory T cells within
the thymus [21]. Some researchers’ study results explain
that thymus and brown fat have immune inverse function.
The discrepancy between the humoral and cell-mediated
immune response in adipectomized rats, the neonatal
excision of the inter-scapular BAT represents, in fact, an
incomplete adipectomy, which leaves intact other deposits
of BAT, so that the amount of tissue in adipectomized rats
is sufficient enough to allow a normal production of
antibodies. Reasoning of this kind would imply that in
non-hibernators the mechanisms which under-lie cellmediated immunity are more sensitive to the lack of BAT
than the mechanisms primarily involved in humoral
immunity [3]. The lymphoid follicles in the marmot BAT
were also detected in the hamster BAT of the histology
examination research study result [22]. The difference was
the marmot BAT’s development of the vessel smooth muscle
layer was higher than the hamster’s [22-24]. In this study,
we would like to demonstrate our study results, so we
conducted the study on mice as well since they are part of the
same rodent group. The CD4+ and CD8+ T cell count is
demonstrated in our histological results. Khongorzul B. et al
study showed the percentage of CD4+ T and CD8+ T cell in
the peripheral vascular blood of mice [25]. The lymphocyte
subsets in the BAT may be related to the function of
Hassall’s corpuscle which was found in our study. There are
not enough studies to compare the generation of lymphocytes
in the BAT. This study is subject (marmot) numbers were
limited because of hunting regulations. This research study
is the first study aimed detecting and demonstrating immune
cells in the marmot BAT. Therefore immune cells were also
counted in the BAT of mice.

5. Conclusions
The results indicate that the lymphoid tissue follicles and
lymphocyte subsets in the BAT including CD4+ and CD8+ T
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cells may be related to the function of Hassall’s corpuscle.
The Hassall’s corpuscle in the BAT is a unique structure of
marmot BAT. On the other hand, our study suggests BAT
may be an immune organ like the thymus. Future studies are
necessary to clarify unique immune roles of marmot BAT.
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