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Introduction
The discovery of brown adipose 

tissue caused great interest in studying 
the origin of this thermogenetic tissue 
underlying the fight against obesity and 
complications associated with it.

Cold exposure is one of the strongest 
stimulators of brown adipose tissue (BAT) 
activation. The process of activation of 
brown adipose tissue is manifested in the 
growth of beige adipocytes in the depot 
of white adipose tissue, this process is 
called browning.

It is known that mammals have two 
types of adipose tissue, white and 
brown. White adipose tissue mainly 
consists of white adipocytes, which are a 
storehouse of the excess fat, designed to 
store energy, in the form of a large lipid 
drop. BAT consists of multi-compartment 
adipocytes that specialize in fat oxidation, 
producing heat during thermogenesis, 
in response to cold stimulation or 
consumption of a high-calorie diet during 
stimulation with B-adrenergic receptors.

The thermogenetic activity of BAT 
is associated with the presence of 
the mitochondrial protein UCP1 and 
represents an important part in the 
energy expenditure of the critical 
and total energy balance. The main 
thermogenetic stimulus in cold exposure 
is the stimulation of the sympathetic 
nervous system by cold and the control 
of B-adrenergic antagonists caused by 
the oxidation of fatty acids in adipose 
tissue and thermogenesis in BAT by 
the mediocre growth of the size of the 

BAT tissue, mitochondriogenesis, and 
expression of the UCP-1 protein and 
the activity of proteins to maintain body 
temperature [3, 5, 7, 15-17]. In addition, 
stimulation of B-adrenergic receptors 
by cold promotes such a process as 
browning, in which brown-like adipocytes 
(brite) form in the depot of typical white 
adipose tissue [1,4,5,6,7,10,25]. These 
adipocytes are called brite (brownish, 
beige, intermediate form between 
brown and white fat tissue), which prove 
specific gene expression and have some 
features characteristic of classical brown 
adipocytes, such as expression of UCP-
1 protein in mRNA [1, 2, 9, 18, 19, 21, 
22]. In the case of rodent studies, it is 
known that the Browning process can 
increase energy consumption and help 
maintain body weight [2,8,20]. Interest in 
the research of BAT appeared when the 
cases of active BAT in adults were proved 
[12]. At the moment, the main issue 
discussed by the world community is 
the possibility to activate or increase the 
mass of BAT in adults, since active BAT 
can play a significant role in controlling 
energy homeostasis and promote the 
development of drugs for the treatment 
of obesity.

Objective: to establish the usefulness 
of the use of peripheral blood mononuclear 
cells as a method for carrying out a study 
related to the activation of brown adipose 
tissue and the transition of white adipose 
tissue to brown tissue by analyzing the 
key markers of Browning in response to 
the main thermogenetic stimulus-the cold 

exposure.
Materials and methods
In 2016, biomaterial (blood) was 

collected for genetic and biochemical 
analyzes of 200 workers of the diamond 
mining company, mainly sinkers, who 
openly mined the diamond-bearing soil 
in the winter season. Workers spent 
on extraction from 4 to 9 hours a day 
depending on their professional duties.

The first group consisted of 76 workers, 
who conducted at low temperatures from 
2 to 4 hours. The second group included 
110 sinkers, the time of cold exposure 
was from 6 to 8 hours per day.

All subjects were examined for 
anthropometric measurements with 
determination of growth, body mass index 
(BMI), waist circumference (WC), hip 
circumference (HC), WC/HC ratio. The 
body mass index was calculated as the 
ratio of the body weight (kg) to the height 
(m). When evaluating the body mass 
index, the criteria of the World Health 
Organization (WHO) were used. The 
waist circumference was measured in a 
standing position midway from the lower 
edge of the costal arch to the crest of the 
abdominal bone. The hip circumference 
was measured in the standing position 
at the level of the greater trochanteres of 
the femurs.

Glucose, total cholesterol, high-
density lipoprotein (HDL), triglycerides 
(TG) were determined by the enzymatic 
method on an automated Labio 200 
analyzer using Biocon kits (Germany).

Total RNA was isolated from the 
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peripheral blood with the use of the Trizol 
reagent. The quality of the obtained RNA 
samples was evaluated on the IMPLEN 
P-300 nanophotometer. After determining 
the quality, RNA samples were stored at 
-80°C.

Gene expression in PBMC was 
determined on CFX96 qPCR thermal 
cycler. The reverse transcription was 
carried out using the iScript cDNA 
synthesis kit (Bio-Rad), on T-100 Thermal 
Cycler (Bio-Rad). The reaction conditions 
were as follows: 5 minutes at 25°C, 30 
minutes at 42°C, and 5 minutes at 85°C. 
Each PCR sample consisted of diluted 
cDNA sample (1:5), forward and reverse 
primer (1μM), SYBR Green PCR Master 
Mix (Bio-Rad) and DEPC water, total 
volume was 20 μl.

PCR reaction conditions: 15 minutes 
at 95°C, 1 minute at 60°C and 15 seconds 
at 95°C. The primers used in this study 
are shown in Table 1.

All studies were carried out with 
informed consent of the subjects in 
accordance with the ethical norms of the 
Helsinki Declaration (2000).

Statistical analysis of the study 
materials was carried out using the 
SPSS program (version 19). A check 
on the normality of the distribution of 
the quantitative indices studied was 
carried out according to the Kolmogorov-
Smirnov test. The reliability of the 
differences between the mean values 
was estimated using Student’s t-test for 
independent samples, the probability of 
a fair hypothesis was taken at p≤0.05. 
Correlation analysis was carried out 
according to Pearson. The data in the 
tables are presented in the form M±m, 
where M is the arithmetic mean, m is the 
error of the mean.

Results and discussion
In the statistical analysis of 

anthropometric data, we showed that 
workers with prolonged exposure in the 
cold (up to 9 hours a day) showed a 
significant decrease in weight (r = 0.359, 
p = 0.01) and, respectively, BMI (r = 
0.435, p = 0. 00) (Table 2).

Also, with a prolonged cold exposure 
(up to 9 hours a day), significantly 
decreases RT (r = 0.263, p = 0.01) and 
OB (r = 0.171, p = 0.026). The results of 
our work confirm the study by Saito M. 
et al (2009), in which the relationship 
between the presence of active BAT and 
the thinness of the examined individuals 
is proved. According to the literature, the 
average mass of BAT in the body of a 
healthy adult is about 50 grams. Despite 
the small amount in the body, BAT can 
have a disproportionately large metabolic 
effect.

According to the International 
Diabetes Federation, 10.9 million 
patients in Russia suffer from diabetes 
mellitus, 11.9 people have impaired 
glucose tolerance and impaired fasting 
glucose. Obesity, usually preceded by 
diabetes, occurs as a result of changes 
in blood glucose. Indeed, adipocytes 
regulate insulin resistance, where half of 

the lipids from white adipose tissue are 
depot and regulate insulin signals. Also, 
the relationship between the presence of 
BAT with depletion [17] and euglycemia 
[13] has been proved. These researchers 
suggest that adipocytes of brown adipose 
tissue can affect metabolic processes, 
such as obesity and diabetes. A unique 
feature of BAT is the expected effects 
of obesity and the control of excess 
glucose in the mitochondria, which 
contain the splitting protein 1 (UCP-1). 
UCP-1 cleaves oxidative phosphorylation 
by exclusion protons when entering the 
mitochondrial matrix, independent of 
the synthesis of ATP, which produces 
heat instead of chemical energy [3]. 
The study of rodents showed that after 
stimulation BAT consumes glucose and 
free fatty acids for thermogenesis (heat 
production), which proves the regulatory 
role of BAT in glucose homeostasis and 
insulin resistance.

At present, the physiological role of BJT 
in the activation of metabolic indicators 
in humans has not been adequately 
studied. Researchers Orava J. et al [14] 
and Ouellet V. et al [13] found that with a 
cold exposure, a 12-fold increase in the 
glucose concentration in the adipocytes of 
BAT is observed, but not in other tissues. 
This suggests that after activation, BAT 
promotes the consumption of glucose in 
the blood plasma. But despite this, these 
researchers did not show differences in 
the content of free-circulating glucose 
between the groups with the presence 
of BAT and the absence of BAT, which 
raises the question of the ability of 
adipocytes of BAT to influence glucose 
metabolism. When comparing two groups 
with different exposure times, we did not 
find any significant differences, the blood 
glucose in the subjects was within the 
normal range (Table 3).

The study of BAT in humans requires 
invasive techniques, such as adipose 
tissue biopsy or the use of positron 
emission tomography, which involves the 
use of radioactive isotopes. Therefore, it 
is necessary to use a safe and accessible 
source of biomarkers. Peripheral blood 
mononuclear cells (PBMCs) are readily 
available biological materials that can 
be used to study brown fatty tissue with 
minimal invasion. PBMCs constitute a 
fraction of the blood, consisting mainly of 
lymphocytes and monocytes. These cells 
circulate in the body and are responsible 
for internal and external signals 
expressing a large number of genes that 
include tissue-specific transcription and 
reflect metabolic adaptation. PBMCs are 
capable of producing about 80% of the 
entire genome, including tissue-specific 
transcripts. Although these cells can not 
express the main key thermogenetic 
gene of UCP1, these cells have the 
ability to produce other brown / beige 
markers such as Cidea, Hoxc9, Prdm16 
and Slc27a1. Our study is the first on the 
effect of cold exposure on the expression 
of genes in PBMC in humans. We have 
found that a prolonged cold exposure 
increases the expression of the Browning 
markers Slc27a (r = 0.421, p = 0.01), 
Hoxc9 (r = 0.164, p = 0.032), Cpt1a (r 
= 0.270, p = 0.00) and Cidea r = 0.187, 
p = 0.014). The data obtained show 
that PBMCs can reflect changes in the 
expression of genes in response to cold 
and prove the usefulness of PBMC as 
a method for performing a study related 
to activation of brown adipose tissue in 
humans.

Conclusions
1. A significant negative correlation 

was found between weight, waist volume 
and hip volume, depending on the 
duration of exposure in the cold. 

Table 1

Table 2

Sequences of primers used for real-time PCR
Gene Forward Primer (5’-3’) Reverse Primer (5’-3’)
Cidea ATCGGCTCCTTAACGTGAA AACCGCAGCAGACTCCTCA
Cpt1a TCCACGATTCCACTCTGCTC CAGCAACCCCGTGGCC
Hoxc9 CAGCAACCCCGTGGCC CCGAGGTCCCTGGTTAAA

Prdm16 CCCAACAAGTACAGCCTGGA GCGGATGAGGTTGGACTTCC
Slc27a1 GCGATATACCAGGAGCTGCA TCTTGAAGGTGCCTGTGGTG
GAPDH 

(reference gene) GTCGGAGTCAACGGATTTGGT AGTGATGGCATGGACTGTGG

Cidea, cell death-inducing DNA fragmentation factor-α-like effector A; Cpt1a, carnitine 
palmitoyl transferase 1a; Hoxc9, homeo box C9; Prdm16, PR domain containing protein-16; 
Slc27a1, solute carrier family 27.

Anthropometric characteristics of studied groups 
I group N=77 II group n=107

Cold exposure (h)
2 – 4 5 –8

Age (years) 32,16±1,41 31,29±0,66
Height (cm) 170,72±0,67 171,81±0,56
Weight (kg) 75,66±1,34 71,32±1,24

BMI (kg/m2) 25,97±0,42 23,96±0,36
WC (cm) 89,11±1,74 83,15±1,41
HC (cm) 96,15±1,50 93,62±1,37
WC/HC 0,91±0,01 0,83±0,02
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2. The weight, waist and thigh size of 
the subjects were reduced with prolonged 
exposure in the cold.

3. At the analysis of biochemical 
parameters it is not revealed essential 
changes. We show reliable correlation 
links between the markers of the 
Browning process and the exposure in 
the cold.

References
1. Barbatelli G., Murano I, Madsen L. 

The emergency of cold-induced brown 
adipocytes in mouse white fat depots is 
determined predominantly by white to 
brown adypocyte transdifferation. Am J 
Physiol Endocrinol Metab 298: E1244 – 
E1253, 2010.

2. Bonet ML., Oliver P, Palou A. 
Pharmacological and nutritional agents 
promoting browning of white adipose 
tissue. Biochim Biophys Acta 1831: 965 
– 985, 2013.

3. Cannon, B. & Nedergaard, J.  Brown 
adipose tissue: function and phisiological 
significance. Physiol. Rev. 84. 277 – 
359., 2004.

4. Cinti S. The adipose organ. 
Prostaglandins Leukot Essent Fatty 
Acids 73: 9 – 15, 2005.

5. Cinti S., Cancello R., Zingaretti MC., 
Ceresi E., De Matteis R., Giordano A., 
Himms-Hagen J.,Ricquier D. CL 316,243 
and cold stress induce heterogeneous 
expression og UCP1 mRNA and protein 
in rodent brown adipocytes. J Histochem 
50: 21 – 31, 2002.

6. Frontini A. & Cinti S. Distribution 
and development of brown adipocytes 
in the murine and human adipose organ. 
Cell Metab. 11, 253 – 256, 2010. 

7. Fuster A., Oliver P., Sanchez J., 
Pico C., Palou A. UCP1 and oxidative 
capacity of adipose tissue in adult ferrets 
(Mustela putorius furo). Comp Biochem 
physiol A Mol Integr Physiol 153: 106 – 
112,  2009.

8. Kopesky J., Hodny Z., Rossmeisl 
M., Syrovy I., Kozak LP. Reduction of 
dietary obesity in aP2-Ucp transgenic 
mice: physiology and adipose tissue 
distribution. Am J Physiol Endocrinol 
Metab 270: E768 –E7752, 1996.

9. Lasar D., Julius A., Fromme  T., 
Klingenspor M. Browning attenuates 
murine white adipose tissue expansion 
during postnatal development. Biochim. 
Biophys Acta 1831: 960 – 968, 2013.

10. Lee YH., Petkova AV, Mottillo EP., 
Granneman JG. In vivo identification 
of bipotential adipocyte progenitors 

recruited by β3-adrenoreceptor activation 
and high-fat feeding. Cell Metab 15: 480 
– 491, 2012.

11. Liew CC., Ma J., Tang HC., Zheng 
R., Dempsey A.A. The peripheral blood 
transcriptom dynamically reflects system 
wide biology: a potential diagnostic tool. J 
Lab Clin Med 147: 126 – 132, 2006.

12. Nedergaard J., Bengtsson T., 
Cannon B. Unexpected evidance for 
active brown adipose tissue in adult 
humans. American Journal of Physiology, 
Endocrinology and Metabolism 2007. 
293 E444-E452.

13 Ouellet V., Routhier-Labadie A., 
Bellemare W., Lakhal-Chaieb L., Turcotte 
E., Carpentier AC., Richard D. Outdoor 
temperature, age, sex, body mass 
index, and diabetic status determine 
the prevalence, mass, and glucose-
uptake activity of 18F-FDG-detected 
BAT in humans. Journal of Clinical 
Endocrinology&Metabolism. 2011. 96. P. 
192–199.

14. Orava J. et al. Blunted metabolic 
responses to cold and insulin stimulation 
in brown adipose tissue of obese humans. 
Obesity (Silver spring) 21, 2279 – 2287, 
2013.

15. Palou A., Pico C., Bonet M.L., 
Oliver P. The uncoupling protein, 
thermogenin. Int J Biochem Cell Biol 30: 
7 – 11, 1998.

16. Rodriguez A.M., Palo A. Uncoupling 
proteins: gender dependence and their 
relation to body weight control. Int J Obes 
Relat Metab Disord 28: 500 – 502, 2004.

17. Saito M., Okamatsu-Ogura Y., 
Matsushita M., Watanabe K. et al. Hight 
incidence of metabolically active brown 
adipose tissue in healthy adult humans: 
effects of cold exposure and adiposity. 
Diabetes 58, 1526 – 1531 (2009). 

18. Seal P., Conroe HM., Estall J., 
Kajimura S., Frontini A., Ishibashi J., 
Cohen P., Cinti S., Spiegelman BM. Prdm 
16 determines the termogenic program 
of subcutaneous white adipose tissue in 
mice. J.Clin. Invest.121, 96 – 105, 2011.

19. Walden TB., Hansen IR., Timmons 
JA., Cannon B., Nedergaard Recruited vs 
J. nonrecruited  molecular signatures of 
brown, ‘brite’, and white adipose tissues. 
Am J Physiol Endocrinol Metab 302: E 19 
– E31, 2012.

20. Wu J., Coulter A., Rim JS. 
Microparticles: protagonists of a novel 
communication network for intercellular 
information exchange. Circ. Res. 107, 
1047– 1057, 2005

21. Wu J. et al. Beige adipocytes are 
a distinct type of thermogenic fat cell in 
mouse and human. Cell 150, 366 – 376, 
2012.

22. Wu Y et al. Identification of miR-
106b-93 as a negative regulator of brown 
adipocyte differentiation. Biochem. 
Biophys. Res. Commun. 438, 575 – 580, 
2013.

23. Wu L. et al. Profiling peripheral 
microRNAs in obesity and type type 2 
diabetes mellitus. APMIS 123, 580 – 585, 
2015.

24. WHO. Obesity: preventing and 
managing the global epidemic. Report 
on a WHO Consultation. Technical report 
series, № 894/WHO. – Geneva, 2000. – 
265 p.

25. Xue B., Coulter A., Rim J.S., Koza 
RA., Kozak LP. Transcriptional synergy 
and the regulation of UCP1 during brown 
adipocyte induction in white fat depots. 
Mol Cell Biol 25: 8311 –8322, 2005.

The authors
1. Efremova Agrafena 

Vladimirovna - Candidate of Biological 
Sciences, Senior Researcher, DAMS 
YSC CMP, Yakutsk, Russia, PhD student 
at Università Politecnica delle Marche;

2. Tomskiy Mikhail Innokentievich 
- Doctor of Medical Sciences, Professor, 
Yakutsk, Russia;

3. Saverio Cinti - MD, professor 
at Università Politecnica delle Marche, 
Director, Biology of Obesity-Diagnostic 
Electron Microscopy United Hospitals 
of Ancona Director Obesity Center 
University of Ancona; 

4. Isakov Yevgeny Andreevich 
- junior researcher, DAMS YSC CMP, 
pathologist at NCM-RH1, Yakutsk, 
Russia;

5. Alekseev Vladislav Amirovich 
- junior researcher, DAMS YSC CMP, 
Yakutsk, Russia;

6. Grigoryeva Anastasiya 
Anatolievna - junior researcher, DAMS 
YSC CMP, Yakutsk, Russia;

7. Konstantinova Lena Ivanovna 
– researcher, DAMS YSC CMP, Yakutsk, 
Russia;

8. Okhlopkova Elena Dmitrievna 
- Candidate of Biological Sciences, 
Leading Researcher, DAMS YSC CMP, 
Yakutsk, Russia;

9. Yakovleva Alexandra Ivanovna 
- junior researcher, DAMS YSC CMP, 
Yakutsk, Russia;

10. Olesova Lyubov Dygynovna 
- Candidate of Biological Sciences, 
Leading Researcher, DAMS YSC CMP, 
Yakutsk, Russia;

11. Semenova Evgenia Ivanovna - 
Candidate of Biological Sciences, Senior 
Researcher, DAMS YSC CMP, Yakutsk, 
Russia;

12. Krivoshapkina Zoya Nikolaevna 
- Candidate of Biological Sciences, 
Senior Researcher, DAMS YSC CMP, 
Yakutsk, Russia.

Table 3
Biochemical indicators depending on the duration of exposure in the cold

Indice I group n=76 II group n=110
M±m

Glucose, (mmol/L) 5,41±0,14 5,18±0,98
TG (mmol/L) 1,32±0,09 1,15±0,05

Cholesterol (mmol/L) 4,63±0,75 4,64±0,07
Cholesterol HDL (mmol/L) 1,19±0,28 1,39±0,03
Cholesterol LDL (mmol/L) 2,80±0,08 2,69±0,08

Cholesterol VLDL (mmol/L) 0,59±0,04 0,53±0,02
Atherogenic coefficient 3,13±0,14 2,55±0,11


