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ABSTRACT

Objective: To analyze the role of the IL-6/IL-6R/gp130 signal transduction pathway in neuroimmunomodulation.
Methods: IL-6 knockout mice (experimental group) and normal mice were divided into a non-immune group, immune 2d group, 

immune 4d group, immune 6d group or immune 8d group, with eight mice in each group. To compare the expression of IL-1β between 
mice with varying immune status, the immunohistochemistry method was used to measure the expression of IL-1β in the central brain 
region of mice. Then, the ELISA method recorded the expression of IL-1β and TNF-α in the peripheral blood of mice to study the role 
of the IL-6/IL-6R signaling pathway in the neuroimmunomodulatory network.

Results: The expression level of IL-1β in the central brain region of mice in the experimental group with varying immune status, 
was lower than that of normal mice, however this difference was only significant when the immune 4d and immune 6d experimental mice 
were compared to normal mice (P<0.05). As expected, expression of IL-1β in the central brain regions in non-immune experimental 
mice was lower than that of the normal group (P<0.05). Although expression of IL-1β in the peripheral blood of mice with varying 
immune status in the experimental group, was markedly lower than that of normal mice, this difference was only significant in the 
immune 8d group (P<0.01). As expected, the expression level of IL-1β in the central brain region of mice in the non-immune group was 
also significantly lower than that of the normal group (P<0.05). The expression level of TNF-α in the peripheral blood of mice with 
varying immune status in the experimental group was significantly higher than that recorded in the immune 2d group (P<0.05). There 
was no statistically significant difference in the expression level of TNF-α in the peripheral blood of mice between the non-immune 
group and the normal group (P>0.05).

Conclusion: The expressions of IL-1β and TNF-α in IL-6 knockout mice under varying immune status were reduced to different 
degrees. It is speculated that the loss of IL-6/IL-6R signal influences regulation of the peripheral immune system, which is involved in 
a variety of complex physiological function transmissions and plays an important role in neuroimmunomodulation.
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Introduction

In recent years, the relationship between the 
neuroendocrine system and the immune system has 
received increasing attention. There is substantial 
nerve distribution throughout the immune organs. The 
nervous system interacts with immune cell receptors 
through the pituitary endocrine pathway, which is 
composed of neuroendocrine, neurotransmitters and 
neuropeptides. The nervous system regulates the 

lymphoid organs and lymphocytes transmit immune 
information to the central nervous system through 
lymphoid factors, forming a bidirectional regulatory 
ring(1). The neuroendocrine system regulates immune 
response in the body by releasing neurotransmitters 
and neuropeptides to affect the function of the 
immune system. The immune system and immune 
reaction processes have varying degrees of influence 
on the function of the neuroendocrine system. The 
neuroendocrine system and immune system interact 
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and influence each other to maintain homeostasis and 
resist the invasion of harmful substances(2, 3). During 
this process, cytokines released by the immune 
system play a major signaling role. Cytokines are 
a group of important immunomodulatory peptides 
that are produced by various types of cells; they 
affect the secretion of hormones and the growth and 
development of endocrine glands. 

Cytokines play an important role in immune 
system inflammation, nervous system pain, sleep, 
mood and other processes(4). A large number of 
studies have shown that neuroendocrine cells can 
directly or indirectly affect the action of cytokines, 
which can affect the release of hormones in the 
hypothalamic pituitary gland or inhibit hormone 
secretion(5, 6). Interleukin 6 (IL-6) is a recognized 
intra- and cross-system signaling pathway. In the 
present study, IL-6 knockout mice were used to 
model various states of immunity in order to analyze 
the role of the IL-6/IL-6R/gp130 signal transduction 
pathway in neuroimmunomodulation.

Materials and methods

Experimental reagents and instruments

The following reagents were utilized: 
• Normal saline (Shanghai Yuanye Biotechnolo-

gy Co., Ltd.); 
• Rabbit anti-mouse IL-1β antibody (Shanghai 

Hengfei Biotechnology Co., Ltd.); 
• Purified human serum γ globulin IgG 

(Shanghai Yubo Biotechnology Co., Ltd.); 
• A DAB chromogenic kit (Beijing Chreagen 

Biotechnology Co., Ltd.); 
• Xylene (Shanghai Yaji Biotechnology Co., Ltd.); 
• Neutral gum (Shanghai Jinsui Biotechnology 

Co., Ltd.); 
• APES (Beijing Fubo Biotechnology Co., Ltd.); 
• A mouse IL-1β ELISA kit (Wuhan Fine 

Biotechnology Co., Ltd.); 
• A mouse TNF-α kit (Shanghai Zhenyu 

Biotechnology Co., Ltd.).

The following experimental instruments were 
utilized: 

• A -4℃ refrigerator (Guangzhou Kezhilan 
Instrument Co., Ltd.); 

• A -20℃ refrigerator (Shanghai Xinyu 
Biotechnology Co., Ltd.); 

• An optical electron microscope (Guangzhou 
Mingmei Optoelectronic Technology Co., Ltd.); 

• An electronic balance (Dongguan Pubiao 
Experimental Equipment Technology Co., Ltd.); 

• A microplate reader (Shanghai Zuofei 
Laboratory Equipment Co., Ltd.); 

• A constant temperature magnetic stirrer 
(Shanghai Chenlian Biotechnology Development 
Co., Ltd.); 

• A microwave oven (Galanz Electrical 
Appliance Factory, Shunde, China); 

• An electric thermostatic incubator (Wuhan 
Chundu Biotechnology Co., Ltd.).

Establishment and grouping of experimental 
animal models

IL-6 knockout mice were purchased from 
Beijing Vital River Laboratory Animal Technology 
Co., Ltd; normal mice were purchased from Beijing 
Baiao Innovation Technology Co., Ltd. Subjects were 
40 IL-6 knockout mice and 40 normal mice; they 
were kept in cages with an average temperature of 22 
to 28oC, 65% to 75% humidity, kept in an alternate 
day-night 12 h cycle with a common diet and free 
drinking water. IL-6 knockout mice (experimental 
group) and normal mice were equally divided into 
five groups: a non-immune group, immune 2d group, 
immune 4d group, immune 6d group and immune 8d 
group; each group contained eight mice. 

The purified human serum γ globulin IgG was 
dissolved in sterile saline and mixed with Freunds 
Complete Adjuvant to prepare the water-in-oil 
emulsion. All mice except for the non-immune group, 
were injected with a 0.1ml water-in-oil emulsion in 
the tail, blood and brain samples were then taken on 
days 2, 4, 6 and 8 for subsequent experiments.

Detection indicators
The immunohistochemistry method was used 

to detect the expression of IL-1β in the central brain 
region of mice with varying immune status. Sections 
of brain tissue were placed at room temperature for 
resuscitation and then submerged in a 0.01M citrate-
sodium citrate repair solution. Brain tissue was then 
repaired with microwave heating for three rounds 
lasting 7min, 4min and 4min, and then left to cool to 
room temperature. 

Tissue sections were then balanced with 
distilled water for three minutes, followed by two 
rounds of balancing with a 0.05M buffer solution. 
The primary antibody diluent was prepared with a 
0.05M PBS buffer solution, mixed and dropped into 
brain tissue sections, and then incubated at 37oC for 
two hours. 
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Sections were then removed and washed with 
a PBS buffer. The secondary antibody mixture was 
prepared with a 0.05M PBS buffer that was mixed 
and dropped into brain tissue sections, and then 
incubated at 37oC for one hour. 

Sections were then removed and rinsed with a 
PBS buffer. Horseradish peroxidase-labeled avidin 
was diluted with a 0.05M PBS buffer, mixed and 
dropped into brain tissue sections, then incubated at 
37oC for one hour; sections were then removed and 
rinsed with a PBS buffer. A concentrated DAB kit 
was used for color development. First, 1ml of reagent 
A was added with one drop of reagent B; after 
mixing evenly, they were dropped onto brain tissue 
sections and incubated at room temperature for eight 
minutes. Next, the sections were dehydrated using an 
alcohol gradient and were sealed with neutral gum. 
Following drying, the sections were observed under 
an optical microscope and photographed.

IL-1β and TNF-α expression in the peripheral 
blood of mice was recorded using the ELISA 
method. First, a wash buffer was used to wash the 
96-well ELISA plate coated with antibodies; the 
plate was washed twice, for three minutes each time. 
The prepared standard substance and serum samples 
were then added to each well, followed by the 
diluted biotin-binding substance; the plate was then 
incubated with oscillation at room temperature for 
two hours. Liquid in the 96-well plate was then dried 
and the plate was rinsed three times using a wash 
buffer, for three minutes each time. Next, diluted 
avidin-HRP conjugate was added to each well and 
then incubated with oscillation at room temperature 
for one hour. Again, liquid in the 96-well plate was 
dried and the plate was rinsed three times using a 
wash buffer, for three minutes each time. 

The TMB substrate solution was then added to 
the 96-well plate, it was incubated at room temperature 
in the dark for 10 minutes; the termination solution 
was then added to terminate the color development 
reaction. The OD value at 450nm was determined 
using a microplate reader.

Statistical methods
Data were analyzed using SPSS 21.0. 

Measurement data were expressed as mean ± 
standard deviation (x̅±s). 

Mean differences between two groups were 
assessed for statistical significance using t-tests, 
while Analysis of Variance (ANOVA) was used 
to compare the means of multiple groups. P<0.05 
indicated statistically significant difference.

Results  
   
Integral optical density values of IL-1β in the 

central brain region of mice with varying immune 
status 

The expression level of IL-1β in the central 
brain region of mice with varying immune status in 
the experimental group was substantially lower than 
that of normal mice; this difference was statistically 
significant between the immune 4d group and the 
immune 6d group (P<0.05). The expression level of 
IL-1β in the central brain region of mice in the non-
immune group of experimental mice was also lower 
than that of the normal group (P<0.05). Results are 
shown in Figure 1.

Expression level of IL-1β in the peripheral 
blood of mice with varying immune status 

The expression level of IL-1β in the peripheral 
blood of mice with varying immune status in the 
experimental group was markedly lower than that 
of normal mice, and this difference was statistically 
significant in the immune 8d group (P<0.01). The 
expression level of IL-1β in the peripheral blood of 
mice in the non-immune group was also significantly 
lower than that of the normal group (P<0.05). Results 
are presented in Table 1 and Figure 2.

Figure 1: Expression trend of integrated optical density 
values of IL-1β in the central brain regions of mice with 
varying immune status. 
Notes: *P<0.05 compared with normal mice in the same group.

Groups Non-immune Immune 2d Immune 4d Immune 6d Immune 8d 

Experimental 30.93±2.09* 29.37±3.10 28.69±1.38 27.53±1.28 28.06±1.17*

Normal 28.57±2.14 28.61±0.93 29.96±2.12 28.54±2.03 33.24±1.37

t 2.232 0.664 1.420 1.190 8.132

P 0.043 0.517 0.177 0.254 <0.001

Table 1: Expression level of IL-1β in the peripheral blood 
of mice with varying immune status. 
Notes: *P<0.05 compared with normal mice in the same group.



2270			   Shuangyan Zheng, Chunrong Zeng et Al

Expression level of TNF-α in the peripheral 
blood of mice with varying immune status 

As expected, the expression level of TNF-α in 
the peripheral blood of mice with varying immune 
status in the experimental group was higher than in the 
immune 2d group, and this difference was statistically 
significant (P<0.05). There was no statistically 
significant difference in the expression level of 
TNF-α in the peripheral blood of mice between the 
non-immune group and the normal group (P>0.05). 
Results are illustrated in Table 2 and Figure 3.

Discussion

As immune system functions consist of 
surveillance, defense and regulation, understanding 
its complex processes is an important to progress in 
clinical treatment. The immune system can resist 

invasion of foreign pathogenic microorganisms 
and maintain the stability of the body’s internal 
environment and physiological balance. As important 
regulatory signals in the immune system, cytokines 
generally regulate cell growth and differentiation 
by binding to corresponding receptors, they also 
participate in the functional regulation at various 
stages of immune response(7). Activating system 
signals expressed by immune active cells can 
complete the internal regulation of the immune 
system and activate the immune signal transduction 
network of the central nervous system. According 
to neuro-immuno-endocrine network theory, nerve 
conduction pathways may be important for the 
transmission of immune information(8). In this theory, 
cytokines are considered to regulate the regeneration 
and differentiation of neurons and glial cells, the 
maturation and remodeling of synapses and other 
structures, and regulate functional activities during 
the development and remodeling of the central 
nervous system. Abnormalities in this process will 
affect neural networks related to neural functions, 
promoting nervous system diseases(9).

IL-6 is mainly produced by macrophages. As 
a systemic inflammatory factor, IL-6 regulates the 
role between the immune system and the nervous 
system. As a key cytokine in the nervous system, 
and as an independent factor, it can regulate the 
occurrence and development of nervous system 
diseases. L is multipotent and multifunctional in 
the immune system; it is mainly involved in the 
clearance of infectious pathogens, the promotion of 
tissue healing, the differentiation and development 
of hematopoietic cells, the induction of acute 
immune response, and physiological function 
transmission of the nervous system(10). In terms of 
signal transduction, the IL-6 signal pathway can be 
divided into the classical signal pathway and the 
cross pathway. IL-6 binds to membrane receptors in 
the classical signal transduction pathway and is only 
expressed in macrophages, T cells, neutrophils and 
in other specific types of cells(11). IL-6 is composed 
of two IL-6, IL-6R, and a gp associated molecule, 
130 (gp130). IL-6 binds to IL-6R to produce an 
IL-6/IL-6R complex. Relevant data showed that 
IL-6R was only expressed in monocytes, T cells, 
B cells, while gp130 was widely expressed in the 
heart, liver, kidney, spleen, brain, and that IL-6 
may up-regulate the expression of gp130. IL-6/IL-
6R complex binds to gp130, which is responsible 
for signal transduction on the cell membrane, to 
produce homologous dimer gp130, which activates 

Figure 2: Expression level of IL-1β in the peripheral blo-
od of mice with varying immune status.

Figure 3: Expression level of TNF-α in the peripheral 
blood of mice with varying immune status

Groups Non-immune Immune 2d Immune 4d Immune 6d Immune 8d 

Experimental 233.34±24.13 262.21±24.02* 247.11±21.52 244.39±14.16 241.05±18.41

Normal 220.05±12.29 223.15±9.69 235.40±25.08 268.07±39.58 255.42±31.09

t 1.388 4.265 1.002 1.593 1.125

P 0.187 0.001 0.333 0.133 0.280

Table 2: Expression level of TNF-α in the peripheral blo-
od of mice with varying immune status. 
Notes: *P<0.05 compared with normal mice in the same group.
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the intracellular JAK-STAT and MAPK pathways(12).  
IL-6 recruits JAK to the gp130 binding site through 
gp130 and activates JAK to phosphorylate STAT3 
and dimer in the nucleus, thus playing the role of 
transcription factor and regulating the expression 
level of various cytokines associated with acute 
phase response and inflammation(13). IL-6/IL-6R 
signal transduction pathway imbalance can promote 
a variety of inflammatory diseases and other serious 
diseases, and has important biological activities in the 
body. IL-6TS can lead to the downregulation of IL-6 
and the sIL-6R-dependent tumor suppressor gene 
Maspin, which is closely related to the occurrence 
and development of chronic inflammatory diseases 
and various tumors. IL-6 is closely related to other 
cytokines involved in immune response and cross-
system signaling. Stromal cells and osteoblasts 
secrete IL-6 in the presence of IL-1 and TNF-α(14). 
Relevant data showed that IL-1 was an effective 
promoter to induce the production of IL-6, and that 
the expression level of IL-6 could be significantly 
increased in eye socket connective tissue fibroblasts 
treated with IL-1(15).

The results of this study showed that the 
expression levels of IL-1β and TNF-α in the 
peripheral blood of mice with varying immune 
status in the experimental group were significantly 
lower than those of normal mice in some groups 
(P<0.05). Statistically significant differences in 
IL-1β and TNF-α in the central nervous system 
and peripheral blood of IL-6 gene knockout mice 
compared to normal mice, both under various 
immune states, supports IL-6 as a key influencer in 
the central nervous system and throughout the body 
as a multipotent public signal between systems.

In conclusion, expression levels of IL-1β and 
TNF-α in IL-6 knockout mice were reduced to 
different degrees under varying immune conditions. 
It is considered that the absence of IL-6/IL-6R 
signal influences regulation of peripheral immune 
system function, which is involved in a variety of 
complex physiological function transmissions, 
and plays an important role in the process of 
neuroimmunomodulation.
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