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Abstract
Ion channels, localized in cells with different specialization, may participate in the performance of various functions. In the experiments on rats, quantitative PCR has 
shown that spleen cells express the genes of thermosensitive TRP ion channels (TRPV1, TRPV2, TRPV3, TRPV4, TRPM8, and TRPA1). Experiments in vitro with 
the addition of an agonist of the TRPM8 ion channel menthol (10-5 M and 10-8 M) to the incubation medium indicate the presence of the TRPM8 on immune cells, 
and its stimulatory effect on the antigen binding, the number of rosette-forming cells doubles under the influence of menthol at concentration of 10-8 M. Stimulation 
of the TRPM8 ion channel localized in the skin nerve afferents by menthol (1% L-menthol) also has a stimulating effect on the antigen-binding function of spleen 
cells without interfering with the additional stimulation of this function when exposed to the TRPM8 agonist directly on spleen cells. The obtained results testify to 
the important role of the TRPM8 ion channel of different localization (in spleen cells and in the peripheral sensory neurons) in the regulation of the antigen binding 
function in the spleen. This indicates new moments of the neuro-immune interaction.
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Introduction
Ion channels, localized in cells with different specialization, may 

participate in the performance of various functions. The TRP (transient 
receptor potential) channels can form homo- or heterotetramers and 
display a great diversity in the activation mode, ion selectivity and 
physiological function. Almost all TRP channels are permeable to 
calcium, with the permeability ratio of Ca2+ relative to Na+ (PCa/PNa) 
typically ranging from 0.3 to 100 [1]. TRP channels are involved in 
various sensory functions including chemo-, thermo- and mechano-
sensation [2]. The transient receptor potential cation channel, subfamily 
M, member 8 (TRPM8) is a member within the subset of temperature-
sensitive TRP channels and is the principal receptor involved in 
cold sensation [3-5]. Primary afferent neurons that express TRPM8 
innervate the surfaces of the mammalian body, including skin, oral 
cavity, bladder, and lungs [5-7]. TRPM8 afferents in skin are involved 
in the regulation of central physiological functions, including body 
temperature regulation and cold behavior [8,9]. It has also been shown 
that vagal afferents from the proximal gastrointestinal tract express 
TRPM8 and respond to cold and icilin [10]. In this context, TRPM8 
signaling is likely to contribute to visceral perception, but may also have 
potential effects in the regulation of inflammatory responses.

The involvement of this cold-sensitive ion channel TRPM8 in 
temperature sensitivity and in the thermoregulation of the organism 
under the influence of cold has been described in the works of several 
researchers [11-17]. There are also a few studies showing the effect of 
this TRPM8 ion channel activation on the formation and development 
of local inflammation [18], immune processes [19,20], including the 
level of pro-inflammatory cytokines [21]. The latest data were obtained 
through stimulation of the TRPM8 ion channel, localized in skin 
nervous endings. It remains unknown whether the ion channel TRPM8 
presents on immune spleen cells and whether we can affect the function 
of these cells directly through this ion channel. 

The purpose of this study was to elucidate the involvement of the 
TRPM8 ion channel in the formation of the antigen-binding function 
of spleen cells. In this regard, the following tasks were set to:

1) Identify the presence of the TRPM8 ion channel on spleen cells when 
examining the expression of the genes of thermosensitive TRP ion 
channels;

2) Elucidate the possibility of changing the antigen binding function of 
spleen cells when directly affecting them by the TRPM8 ion channel 
agonist menthol in vitro experiments. To do this, the antigen binding 
function of spleen cells obtained from intact and pre-immunized 
animals is to be investigated; 

3) Compare the effect of the TRPM8 ion channel activation, localized in 
skin thermosensitive structures (menthol application to skin) with 
the effect of activation of this ion channel directly on spleen cells;

4) Elucidate, whether the preliminary activation of the TRPM8 ion 
channel in skin thermosensitive structures influences on the effect 
of direct stimulation of the TRPM8 in spleen cell on the antigen 
binding function.

Methods 
Experimental animals. The experiments were performed on male 

Wistar rats weighing 200-250 g at room temperature of 22-24℃. The 
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the abdomen (25 cm2) 1 ml of a 1% suspension of L-menthol (menthol-
5-methyl-2- [1 methylethyl] cyclohexanol; Sigma) in physiological 
saline, the duration of the application was 20 min. The control animals 
were exposed to a 20-minute application of 1 ml of pure saline. 
Preliminary the removal of hair with scissors without any chemical 
drugs and painful irritation was carried out.

Activation of spleen cells with menthol in vitro. To detect the presence 
of the TRPM8 ion channel on spleen cells and evaluate the effect of this 
channel on the antigen binding function, the suspension of spleen cells 
from each animal was divided into 3 parts: 1) to a spleen cell suspension 
was added menthol (agonist of TRPM8) solution at a concentration of 
10-5 M; 2) menthol at a concentration of 10-8 M; 3) control – solvent 
without addition of menthol. The group of animals used for this assay 
was comprised of 10 rats.

Statistical analysis. The data are presented as means ± S.E.M. and 
were treated for significance by the Student's “t” test for independent 
variables with the program “Statistica”.

Results
Expression of the TRP ion channel genes in the spleen. The study 

showed that genes of both heat-sensitive (TRPV1, TRPV2, TRPV3, 
TRPV4) and cold-sensitive (TRPM8, TRPA1) ion channels are 
expressed in various degrees in spleen - the organ of immune system 
(Table 2). Attention is drawn to the rather high expression of the TRPV2 
gene, tens, or even hundreds of times higher, than the expression of 
other TRP ion channels under study. This feature of TRPV2 was also 
noted in the brain structures [22,25]. This is apparently connected 
with the participation of this ion channel in the basic processes of vital 
activity of cells of different specializations.

Rosette formation when applying menthol to spleen cells in vitro. The 
presence of TRP ion channels in spleen cells points at their involvement 
in the functioning of these cells. One of the TRP ion channels presented 
in spleen cells is the cold-sensitive TRPM8, functioning in a range of 
physiological temperatures (8-28℃), and therefore of great interest. 
Next, we consider the participation of this ion channel in providing 
one of immune cell functions, i.e. antigen binding, which in this study 
was estimated by the level of rosette forming cells in the intact animals 
(spontaneous rosettes) and after immunization of the animals (immune 
rosettes).

Spontaneous rosettes. When different concentrations of menthol 
(10-5 M or 10-8 M) were added to the medium, the number of 

animals were kept in standard conditions with free access to water and 
food. All procedures on animals were carried out in accordance with 
the international rules of the European Community 1986/609 / EEC 
Directives and the Helsinki Declaration. 

Sampling for PCR analysis. After the decapitation of the animals, the 
spleen was quickly removed onto a cold substrate. Samples (pieces of 
200-180 mg) from the central part of the spleen were frozen with liquid 
nitrogen and stored at -70℃ until isolation of total RNA. The group of 
animals used for this assay was comprised of 10 rats.

Quantitative RT-PCR. The expression of the ion channel genes was 
verified through the quantitative RT-PCR method, described in detail 
earlier [22]. This method gives us the possibility to investigate different 
genes the expressions of which are varied significantly. Characteristics 
of primers used to quantify mRNA of thermosensitive TRP ion 
channels in rat spleen are shown in Table 1. All the primers used in this 
assay were developed on the basis of the sequences published in the 
EMBL Nucleotide database and synthesized by Biosan (Novosibirsk, 
Russia). Expression of the studied genes is presented in number of 
copies per 100 copies of the housekeeping gene - peptidyl-prolyl cis-
trans isomerase A (Ppia). The impurity of genomic DNA in the samples 
under investigation with the maximum number of amplification cycles 
was not detected.

Antigen-binding function. It is known that on the membranes of 
T-lymphocyte there are receptors to the sheep erythrocytes CD2, which 
are involved in the activation of T-lymphocytes [23]. The presence of 
this receptor on the T-lymphocyte membrane is used in the method of 
the rosette forming cells count, thus, the number of activated by antigen 
T-lymphocytes. The number of rosette-forming (antigen binding) cells 
was calculated on 1000 cells in a suspension of spleen cells applying a 
known method, described in detail earlier [19,24]. 

In a suspension of spleen cells obtained from intact animals, the 
number of spontaneous rosettes was estimated, and in the suspension 
of spleen cells from the immunized animals, the number of immune 
rosettes was estimated. Immunization of animals was carried out with 
sheep erythrocytes (intraperitoneally 5×108 in 0.5 ml of physiological 
solution). The animals were killed by rapid (1-2 sec) decapitation with 
the help guillotine, the immunized animals were killed on the 5th day 
after the introduction of the antigen. 

Application of menthol to skin. Non-temperature activation of the 
peripheral ion channel TRPM8 was carried out by application to skin of 

Gene Sequence Anneal temperature (°С) PCR product size (bp) Number of cycles

Trpv1 F 5’-ATGGAGTCCACACCACACAAG
R 5’- TGAGCATGTTGAGCAGAAGG 60 211 34

Trpv2 F 5’- CCAAGCCCCTCGTCAATGCCC
R 5’-GAGGTGAACATCCGCTCCATTCTCTAC 60 131 29

Trpv3 F 5’-CATGTACCAACCAGCCTGAG
R 5’- GCGTGAGACCGTCATTGTT 56 222 35

Trpv4 F 5’-TCTGGTCACCCTCCTGAATC
R 5’-CTTGCTCTCCTTGGACACCT 63 298 36

Trpm8 F 5’- GAAGCCCATTGACAAGCACAAG
R 5’- ACGAAGACCAGGGCATAGAG 64 189 36

Trpa1 F 5’- TTTGGAAAAGCAGCACGAG
R 5’- TGGGTGGCTAATAGAACAATGTG 66 193 37

Ppia F 5’-CCGACTGTGGACAACTCTAAT
R 5'-ACTTGAAGGGGAATGAGGAAA 61.5 168 28

Tph1 F 5'- GAAAGTATTTCGCAGAGCTGG
R 5'-GGCGTGGGTTGGGTAGAGTTTGTT 62 283 with intron

134 without intron 37

Table 1. Characteristics of primers used to quantify mRNA of thermosensitive TRP ion channels in rat spleen 
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spontaneous rosettes increased significantly (Figure 1, top), and when 
menthol concentration was low (10-8 M), the increase of rosettes 
was much more pronounced (P<0.01). As can be seen from Table 3, 
spontaneous rosettes are formed mainly by small cells, lymphocytes. 
Rosettes formed by large cells and morulae (cells completely covered 
with erythrocytes) are practically absent. The stimulating effect of 
menthol on spontaneous rosettes was realized due to lymphocytes, 
small cells (Table 3).

Immune rosettes. The number of rosette-forming cells in the 
suspension of spleen cells obtained from immunized animals was as 
expectedly larger than that of cells in a suspension from unimmunized 
rats (Figure 1, bottom). The stimulating effect of menthol on the 
formation of immune rosettes was significantly expressed only when 
menthol was added in vitro at a low concentration (10-8 M), but not at 
a high one (10-5 M) (Figure 1, bottom). In the formation of immune 
rosettes, both small and large cells took part, and a certain number of 
morulae were also noted. The stimulating effect of a low concentration 
of menthol on immune rosettes was manifested in an increase in the 
number of rosettes formed by all types of cells. Particularly pronounced 
is the effect of menthol on increasing the number of morulae, their 
number increased by 3.5 times. 

Rosette formation when applying menthol to skin. The application 
of menthol to skin without any additional influences also affects 
the functional properties of immune cells, in particular, stimulates 
antigen binding, earlier this was also noted [19]. This manifest itself 
in both spontaneous and immune rosettes (Figure 2). The effect of 
menthol application to skin is more pronounced for spontaneous 
rosettes (an increase in the number of rosettes by 4 times) in 
comparison with the effect on immune rosettes (an increase by 
2 times). The increase in the number of rosettes when menthol 
is applied to skin for both spontaneous and immune rosettes 
occurs mainly  due to small immune cells (lymphocytes), without 
participation of large cells and morulae (Table 4).

Groups Small cells Big cells Morulaes Total
Spontaneous rosettes

Control,
n=9 12.5±1.10 - - 12.5±1.01

Menthol 10-5M
n=9 17.0±2.25 3.0±1.55 - 20.5±1.15***

Menthol 10-8M
n=9 23.0±1.35*** 3.0±1.35 - 26.5±1.50***

Immune rosettes
Control,

n=9 50.0±4.50 20.0±2.65 6.0±1.40 76.0±2.30

Menthol 10-5M
n=9 39.0±3.10 17.0±2.20 11.5±1.45 68.0±3.25

Menthol 10-8M
n=9 81.0±7.00*** 30.5±3.25* 21.5±4.40* 135±6.40***

Table 3. The effect of adding different concentrations of menthol to the culture medium of 
spleen cells on rosette formation

Significant differences from control: *P<0.05; ***P<0.001

 

** 

*** 

Figure 1. Influence of menthol (agonist of the TRPM8 ion channel) added to spleen cells 
in vitro on the antigen binding function. Spontaneous rosettes (top) – rosette forming 
cells from intact rats. Immune rosettes (bottom) - rosette forming cells from preliminary 
immunized rats. Axis of ordinates – the number of rosette forming cells per 1000 spleen 
cells. Control - spontaneous or immune rosette forming cells without menthol addition in 
vitro. Differences from control: **Р<0,01; ***Р<0,001

Groups Small cells Big cells Morulae Total
Spontaneous rosettes

Control,
n=9 12.5±1.10 - - 12.5±1.01

Application of 
1% menthol to 

skin
n=8

36.5±2.80***

(292%) 15.0±3.40 11.2±2.90 54.5±1.50***

(436%)

Immune rosettes
Control,

n=9 32.5±2.05 14.0±1.40 11.0±1.50 54.6±1.80

Application of 
1% menthol to 

skin
n=8

75.0±4.80*** 24.5±3.05* 15.65±4.05 115.0±2.50***

Table 4. Effect of menthol application to skin on rosette formation (antigen binding 
function) by different types of spleen cells

Significant differences from control: *P<0.05; ***P<0.001

Influence of menthol in vitro on rosette formation after the 
application of menthol to skin. Since the application of menthol to skin 
already caused the stimulation of antigen binding (Figure 2), there 
was the question whether addition of menthol in vitro would exert 
further influence. It turned out that in vitro the effect of menthol on 

Rats
Ppia 
mRNA 
(ng/µl)

Number of copies per 100 copies of Ppia mRNA

Trpa1 Trpm8 Trpv1 Trpv2 Trpv3 Trpv4

Wistar, 
(n=10) 6,2±0,89 1,6±0,21 0,86±0,26 0,7±0,14 189,2±37,53 3,1±0,59 0,2±0,09

Table 2. The level of mRNA of thermosensitive TRP ion channel genes in the spleen of rats
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Discussion
The results obtained for gene expression indicate the presence of 

thermosensitive TRP ion channels on spleen cells, which is consistent 
with data on the sensitivity to temperature of various parameters of the 
immune response [24,26,27]. The presence of various cold- and warm-
sensitive ion channels indicates the possible effect of temperature in 
both cases - at cooling and heating.

Previously, we clearly showed that a decrease in body temperature 
to different degrees can cause different shifts in the immune response: 
shallow cooling with a decrease in body temperature by 1°C leads 
to stimulation of the antigen binding function, whereas deeper 
cooling depresses antigen binding [19,24]. Taking into account the 
obtained results, it can be connected with the function of different 
thermosensitive ion channels. The enhancement of the antigen binding 
function at shallow cooling seems to be due to the activation of the 
TRPM8 ion channel in skin, whereas inhibition of antigen binding in 
deep cooling may well be related to the functional properties of other 
ion channels, which, as the present results have demonstrated, are also 
present on spleen cells.

Experiments using the TRPM8 ion channel agonist in vitro indicate 
the presence of TRPM8 on immune cells and the involvement of this 
ion channel in the function of the lymphocyte receptors that recognize 
the antigen. The presence of the TRPM8 ion channel is typical for spleen 
cells of different types, since the activation of TRPM8 with menthol 
results in increased antigen binding by both small (lymphocytes) and 
large cells, which may include macrophages and plasmatic cells. The 
presence of TRPM8 on macrophages of pulmonary tissue is indicated 
in the studies of Khalil and his co-authors [28].

The stimulating effect of the TRPM8 ion channel activation on 
antigen binding for spontaneous rosettes is realized, mainly, due to 
lymphocytes. For immune rosettes obtained after prior immunization 
of animals, the effect of activation of the TRPM8 in vitro is observed 
not only for lymphocytes, but also for large cells, which may indicate 
an increase in the number of cells with TRPM8 ion channels under 
the influence of immunization, as well as increase in the expression of 
the TRPM8 ion channel. This can be confirmed by the increase in the 
number of morulae.

It should be noted that the stimulating effect is provided by a low 
concentration of menthol (10-8 M) a higher concentration (10-5 M) has 
less or no effect on the antigen binding function (Figure 1). This may 
be due to the possible effects of menthol at high concentration on other 
ion channels, such as TRPV3 or TRPA1. In some studies, the possibility 
of the action of menthol on these ion channels was noted [29-32].

The application of the TRPM8 agonist menthol to skin also has 
a stimulating effect on the antigen binding function, as it was shown 
earlier by Kozyreva et al. [19] and confirmed in this study. If the TRPM8 
activation directly on spleen cells increases spontaneous and immune 
rosette formations, approximately equally, then when this TRPM8 ion 
channel is activated in skin afferent nerves (when menthol is applied 
to skin), the effect on spontaneous rosettes is much more pronounced 
than on immune rosettes (Figure 2).

Consequently, the activation of the TRPM8 ion channel of different 
localization - on nerve endings in skin and directly on immune cells - 
can lead to stimulation of antigen binding. At the same time, an increase 
in antigen binding by spleen cells after the TRPM8 activation in the 
nerve endings in skin does not prevent the additional enhancement of 
antigen binding under the activation of the TRPM8 directly on immune 
cells (Figure 3).

spleen cells obtained from animals after the menthol application to 
skin was similar to the effect of menthol on the cells obtained from 
animals without pre-application of menthol to skin. Menthol at a 
concentration of 10-5 M had no effect on rosette number, whereas 
menthol at a low concentration of 10-8 M significantly increased the 
rosette formation (Figure 3).

 

 

Figure 2. Effect of 1% menthol application to skin on the antigen binding function of spleen 
cells. Spontaneous rosettes (top) – rosette forming cells from intact rats. Immune rosettes 
(bottom) - rosette forming cells from preliminary immunized rats. Axis of ordinates – the 
number of rosette forming cells per 1000 spleen cells. Control - spontaneous or immune 
rosette forming cells without menthol application to skin. Differences from control: 
***Р<0,001

Figure 3. Influence of menthol added to spleen cells in vitro on the antigen binding function. 
Spontaneous rosettes – rosette forming cells from rats to which preliminary 1% menthol 
application to skin was performed. Axis of ordinates – the number of rosette forming cells 
per 1000 spleen cells. Control - spontaneous rosette forming cells without menthol addition 
in vitro. Differences from control: ***Р<0,001
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The mechanisms of enhancing the antigen binding function 
upon the activation of the neuronal and non-neuronal TRPM8 are 
apparently different. It can be assumed that when stimulating of 
TRPM8 in nerve endings with menthol, similarly to the stimulation 
of this ion channel by cold, the activation of the sympathetic nervous 
system takes place, which in turn activates spleen cells. It is known 
that the activity of T cells is closely related to the activity of the 
sympathetic nervous system [33,34], the increase in activity of the 
sympathetic system under the influence of cold is well known [35,36] 
and the nerve fibers, on which the TRPM8 ion channel is localized, 
are those afferents that initiate all events associated with exposure to 
cold. The effect of menthol activated directly on spleen immune cells 
leads to stimulation of TRPM8, which is a calcium channel [11,37], 
provides entry into the cell of calcium ions, and can promote the 
activation of surface receptors binding antigens.

So, the data on gene expression testify to the presence of various 
thermosensitive TRP ion channels on spleen cells, which can be the 
molecular basis for the dependence of immune cell functions on 
temperature conditions. The shown presence of the TRPM8 ion channel 
in spleen cells is confirmed by data on the functional significance of 
this channel for antigen binding. Moreover, the ion channel TRPM8, 
localized in skin afferents, also has a modulating effect on the antigen 
binding function of spleen cells. It underlines the importance of the 
TRPM8 ion channel of different localization for the immune function 
of spleen cells. The stimulating effect of TRPM8 of peripheral afferent 
neurons on antigen binding does not prevent additional stimulation 
of this function when acting on this channel directly on spleen cells. 
This suggests the possibility of summation of unidirectional stimulating 
effects on antigen binding at activating the TRPM8 ion channel of 
different localization and indicates new moments of the neuro-immune 
interaction.
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