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I 

Preface 

100 years ago, we don’t understand electricity, so we think of the electric eel 
as an amazing fish. With understanding the electricity, we learn that the power 
of the eel is produced by muscle discharge. Similarly, if we don’t understand 
sound, we would not know the magic of bat flying; if we don’t understand 
magnetic field, we would not know the migration of whale and many other an-
imal.  

Before the system theory came into being, our understanding of biology is 
still based on the basis of decomposition and reduction. If we’re stuck in reduc-
tionism, many complex autoimmune diseases, such as Rheumatoid arthritis 
(RA), will be difficult to understand. 

With the emergence of complex networks in 1989, understanding of biologi-
cal networks has been enhanced. In this book we present the management strat-
egy of RA from the perspective of complex network. 

RA is the most common chronic autoimmune joint disease. This book argues 
that the etiology of RA is mainly caused by chronic stress and stress factors in-
clude physical and psychological stress. Existing statistical techniques based on 
reductionism cannot discover many relevant disease risk factors and complex 
interaction relationship. The disease network model based on complex network 
is important for the analysis and treatment of RA disease.  

In this book, we have found five important layers of RA complex network 
and presented five balances regulating strategy in the management of RA. We 
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have followed up one RA patient (wife of the author) for two year using this 
strategy, and the management effect is good. This Book argues RA is self-  
limiting to some extent, and good management with five balances regulating 
strategy would have positive significance, among which the balance between 
neuroendocrine system and immune system is the most important. During the 
day, glucocorticoid plays an important role in controlling inflammation, and 
human growth hormone plays an important role in eliminating inflammation 
during the slow-wave sleep at night. Five balances core concepts can shed light 
on the management of other causes of arthritis. 

At next step we hope more researchers to participate in “Network Medicine” 
study to accumulate more cases, constantly improve the RA network model and 
analyze parameters characteristic and interaction relationship of RA network 
model. Only common characteristics network model based on the more RA pa-
tients improved in the future, could RA be individualized treated. 

The research of complex network is still improving, and the research on RA 
management network will certainly enhance. 

“The road ahead will be long and our climb will be steep”. 

I extend my deep appreciation to my wife (one RA patient), for her conti-
nuous encouragement and support to write this book. 

Dr. Shengrong Zou, one Osteoarthritis patient 
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Chapter 1.  
Five Balances in the Management of  
Rheumatoid Arthritis 

1. Introduction 

Rheumatoid arthritis (RA) is an autoimmune disorder characterized by 

chronic synovial inflammation [1] [2]. RA occurs when autoimmune response 

leads to tissue damage. Tissue damage in RA is mostly caused by type III 

hypersensitivity, with the participation of antibodies, complement, anti-

gen-antibody complex, macrophages, T cells and B cells. Small joints of the 

hands and feet are more frequently affected. However, this varies with each in-

dividual. The main characteristics of RA are stiffness and swelling of the joints 

as a result of inflammation of the synovium. RA primarily involves the joints, 

but should be considered a syndrome that includes extraarticular manifestations 

[3]. RA has a significant negative impact on the ability to perform daily activi-

ties, including work and household tasks, and health related quality of life [4]. 

RA is more common between the ages of 35 and 50 years, with females being 

more often affected than males (2.5:1) roughly [3]. Guidelines issued by an in-

ternational task force of rheumatologists suggest that the primary target of RA 

treatment be clinical remission, defined as the absence of signs and symptoms 

of significant inflammatory disease. Methods for early diagnosis and effective 

treatment are needed, as RA presents with a very narrow therapeutic window 

for remission. It has to be effectively managed within 3 - 6 months after the on-

set of the disease [1]. 
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In future, research on personalised estimates of treatment-related risk will be 
important [7]-[10]. Due to the complexity of RA and the increasing treatment 
arsenal, it can be difficult for rheumatologists to provide optimal RA care in all 
patients [11]. Therapy needs to be balanced against patient factors and treat-
ment-related risks [3] [12]. 

Because of the large impact of RA on health status and healthcare expendi-
tures, there is a growing interest in self-management for RA patients. 
Self-management refers to the individual’s ability to manage the symptoms, 
treatment, physical and psychological consequences and lifestyle changes. Thus, 
self-management encompasses a variety of activities like making lifestyle 
changes to promote health, such as exercising. However, mastering balance in 
these various self-management activities can be a complex task for patients 
[13]. 

It is assumed that all chronic diseases are localized expressions of general 
imbalance and that treatment of chronic disease starts with regulating a patient’s 
psychological and physical conditions rather than with focusing on the diseases 
themselves [2] [6]. The primary aims of this book are: RA is a heterogeneous 
disease with a complex and yet not fully understood pathophysiology. It seems 
that using five balance regulating strategies could assist rheumatologists in 
achieving low disease activity or remission in the majority of their patients, en-
suring better clinical outcomes, and promoting better work productivity, less 
comorbidity [14]. 

2. Method 

Based on Reductionism, modern physics has obtained great success, which is 
contributing to the production and development of modern scientific technology. 
However, typical complex systems, like biological system and social system, 
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being a whole not equal to the simple combination of the sub parts due to their 
features of self-organization and self-adoption, are essentially not in accordance 
with Reductionism. Therefore, how to set up quantitative scientific system in 
complex system has for long been a hot concern in scientific community [15]. 
The study of complex system, been particularly stressed in recent twenty years, 
has been greatly promoted at the end of the last century by the study tide of 
complex network, a description tool of complex system.  

Complex systems are systems whose behavior is intrinsically difficult to 
model due to the dependencies, relationships, or interactions between their parts 
or between a given system and its environment. Systems that are “complex” 
have distinct properties that arise from these relationships, such as nonlinearity, 
emergence, spontaneous order, adaptation, and feedback loops, among others. 
Because such systems appear in a wide variety of fields, the commonalities 
among them have become the topic of their own independent area of research. 

A complex system is a system composed of many components which may 
interact with each other. In many cases it is useful to represent such a system as 
a network where the nodes represent the components and the links their interac-
tions.  

Examples of complex systems are Earth’s global climate, organisms, the hu-
man brain, social and economic organizations (like cities), an ecosystem, a liv-
ing cell, and ultimately the entire universe. Human immunity is a complex sys-
tem, and immune related disease models are also complex systems for the re-
lated factors and the relationships in the disease treatment and management are 
complex. 

In complex system the interacting components form a network, which is a 
collection of discrete objects and relationships between them, usually depicted 
as a graph of vertices connected by edges. Networks can describe the relation-



 Management of Rheumatoid Arthritis: From the Perspective of Complex Network  

 

 4 

ships between individuals within an organization, between logic gates in a cir-
cuit, between genes in gene regulatory networks, or between any other set of 
related entities. 

Networks often describe the sources of complexity in complex systems. 

Studying complex systems as networks therefore enables many useful applica-

tions of graph theory and network science. Some complex networks have prop-

erties such as power-law degree distributions that readily lend themselves to 

emergent or chaotic behavior.  

Network medicine is the application of complex network towards identifying, 

preventing, and treating diseases. This field focuses on using network topology 

and network dynamics towards identifying diseases and developing medical 

drugs. Biological networks, such as protein-protein interactions and metabolic 

pathways, are utilized by network medicine. Disease networks, which map rela-

tionships between diseases and biological factors, also play an important role in 

the field. Epidemiology is extensively studied using network science as well; 

social networks and transportation networks are used to model the spreading of 

disease across populations. 

The term “network medicine” was first introduced in The New England 

Journal of Medicine in July 2007 by Albert Barabasi in “Network Medicine - 

From Obesity to the ‘Diseasome’” [16]. Barabasi states that biological systems, 

similarly to social and technological systems, contain many components that are 

connected in complicated relationships but are organized by simple principles. 

Using the recent development of network theory, the organizing principles can 

be comprehensively analyzed by representing systems as complex networks, 

which are collections of nodes linked together by a particular relationship. For 

networks pertaining to medicine, nodes represent biological factors (biomole-

cules, diseases, phenotypes, etc.) and links (edges) represent their relationships 
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(physical interactions, shared metabolic pathway, shared gene, shared trait, 

etc.). 

Three key networks for understanding human disease are emphasized: the 
metabolic network, the disease network, and the social network. Barabasi ref-
erences the complexity of gene regulation, metabolic reactions, and pro-
tein-protein interactions and that representing these as complex networks will 
shed light on the causes and mechanisms of disease. In April 2007, Goh et al. 
published a bipartite graph of diseases connected with their associated genes 
using the OMIM database. The projection of the diseases, called the human 
disease network (HDN), is a network of diseases connected to each other if they 
share a common gene. Using the HDN, diseases can be classified and analyzed 
through the genetic relationships between them. Lastly, he emphasizes that hu-
man-to-human interactions play a role in the spread of pathogens and network 
theory can be applied to social networks for epidemiology. 

However, one typical system can be divided into many intricately related 
layers and subsystems, in which lots of interacting basic units exist. Thus, it is a 
hard and strenuous work to have a thorough study about the system as a whole. 
People always naturally focus on one type of basic unit at first, without taking 
into any account of their relationship with other basic units. And this is the main 
reason why most studies about complex network up to now cover only one kind 
of node and their interactions. The network is named layered network. Appar-
ently, a typical complex system must be described from the perspective of many 
complicatedly interrelated layered networks. This more sophisticated network is 
called super network, or network of network, or interrelated network. They have 
been universally known as the most important complex network research direc-
tion. But there are still some difficulties lying in direct study of network of net-
work. Taking for the starting stage, many researchers brought about study on a 
small number of interrelated layered networks [17] [18]. 
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In this book, we present RA management strategy from the perspective of 
multi-layer network. 

3. Five Balances in the Management of  
Rheumatoid Arthritis 

RA is still considered a chronic, incurable disease [19]-[21]. Immune system 

is complex. Existing statistical techniques based on reductionism cannot dis-

cover many relevant disease risk factors and complex interaction relationship. 

The disease network model based on complex network is important for the 

analysis and treatment of RA disease [22]. In this book, we have found five 

important layers of RA complex network and presented five balances regulating 

strategy in the management of RA. This strategy would have positive signific-

ance (Figure 1.1). 

4. Case Study 

Rheumatic disease is common in China [23]. We have followed up Mrs Wu 

(wife of the author) for four years who is located in Jiangsu province of China. 

She was 45 years old in 2013. In July 2013 due to concerning about her child's 

college entrance examination, Wu underwent pressure and got pain of hands 

and feet. Two years later she recovered gradually without taking any drugs.  

In May 2015, because of her new job stress, she had got a three-months his-

tory of fatigue, tension and insomnia, then got pain of hand and feet again, last 

got pain of wrists and ankles, elbows, knees and shoulders [24]. In October 

2015, she went to hospital for unbearable pain. The laboratory analyses pro-

vided the following results:  
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Figure 1.1. Five balances in the management of rheumatoid arthritis. 
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Her RF was 281 U/ml, ACPAs was 369.8 U/ml, erythrocyte sedimentation 

rate (ESR) was 69 mm/h and C-reactive protein was 95.24 mg/l. According to 

the classification criteria, jointly published by the American College of Rheu-

matology (ACR) and the European League Against Rheumatism (EULAR), 

Wu’s total score was 10 [25]-[28]. 

After diagnosis we have kept using five balances regulating strategy for two 

year. From January 2016, she had taken the following medications: diclofenac 

sodium enteric-coated sustained capsules (COX-2 inhibitors), at 19 pm 100 mg 

per day, which peak hour is 3 hours and half-life is 7 hours. Then her morning 

stiffness significantly reduced. But the treatment effect was influenced by the 

level of work fatigue from time to time. Subsequently she began to terminate 

employment on April 2016. Six months later she achieved full remission, her 

pain reduced to small finger joints, and she could take regular and moderate 

exercise every day. 

The management insights presented in this book and Wu’s case experience 

constitute the basis for self-management strategies of rheumatoid arthritis [12] 

[25]: 

About Balance between neuroendocrine system and immune system: 

Maintaining peace of mind 

Stopping work when necessary 

More sleep 

Not taking sleeping pills 

Less sex life 



 Chapter 1. Five Balances in the Management of Rheumatoid Arthritis  

 

 
9 

Moderate outdoor activities under the sunshine 

About Balance between pro-inflammatory cytokine and anti-inflammatory 
cytokine: 

Preventing infection 

Not living in polluted environment 

Eating nutritious food 

Keeping body warm 

About Balance between Th17 and Treg: 

Eating protein rich foods 

Eating food which is easy to digest 

Eating food which consists of probiotics 

Eating food which is not allergic 

Not eating greasy food 

No abuse of antibiotics 

About Balance between exercise and rest: 

More rest with lying down 

In high disease activity state or moderate disease activity state, having more 
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rest, but also paying attention to exercise joints 

In low disease activity or remission state, doing more exercise gradually 

In remission state doing more aerobic exercise 

About Balance between body’s immune system and local joint inflammation: 

Protecting joints from trauma  

In High disease activity state or moderate disease activity state no massage 

In Low disease activity or remission state tender massage 

In High disease activity state or moderate disease activity state not taking 
bath 

In Low disease activity or remission state taking tender bath 

Drinking plenty of water 

When sleep more turning over 

Sleeping on a hard bed 

5. Summary 

RA is a chronic inflammatory autoimmune disease, which can cause cartilage 
and bone damage as well as disability. Early diagnosis and good management 
are keys to optimal therapeutic success. We have used five balances regulating 
strategy to follow up the patient with RA, among which the balance between 
neuroendocrine system and immune system is the most important. It seems that 
using this strategy could assist rheumatologists in achieving low disease activity 
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or remission in the majority of their patients.  

This book argues that RA is self-limiting to some extent, but the duration of 
disease will leave sequela with different degrees of joint deformation. Therefore, 
it is necessary to use this strategy in the RA management early. During the day, 
glucocorticoid plays an important role in controlling of inflammation, and hu-
man growth hormone plays an important role in eliminating inflammation dur-
ing the slow-wave sleep at night. Finally, five balances are also important to 
other causes of arthritis, such as psoriatic arthritis, reactive arthritis, osteoarthri-
tis, infectious arthritis.  

RA disease network model based on complex network is important for the 
analysis and treatment of disease. But at the present stage the research of com-
plex network theory is not clear enough to describe the relationship between 
structure and function of complex system [16] [18]. Through reviewing litera-
ture, this book has found five important layers of RA complex network. At next 
step we hope more researchers to participate in “Network Medicine” study to 
accumulate more cases, constantly improve the RA network model and analyze 
parameters characteristic and interaction relationship of RA network model. 
Only common characteristics network model based on the more RA patients 
improved in the future, could RA be individualized treated. 

References 

[1] Catrina, A.I., Svensson, C.I., Malmstrom, V., et al. (2017) Mechanisms 
leading from systemic autoimmunity to joint-specific disease in rheuma-
toid arthritis. Nature Reviews Rheumatology, 13: 79-86. 

[2] Straub, R.H., Bijlsma, J.W.J., Masi, A., Cutolo, M. (2013) Role of neu-
roendocrine and neuroimmune mechanisms in chronic inflammatory 



 Management of Rheumatoid Arthritis: From the Perspective of Complex Network  

 

 12 

rheumatic diseases—The 10 year update. Semin Arthritis Rheum, 43: 
392-404. 

[3] Smolen, J.S., Aletaha, D., Mcinnes, I.B. (2016) Rheumatoid arthritis.  

The Lancet. doi:10.1016/S0140-6736(16)30173-8 

[4] Singh, J.A., Saag, K.G., Bridges, S.L., et al. (2016) 2015 American Col-

lege of Rheumatology guideline for the treatment of rheumatoid arthritis. 

Arthritis Care Res, 68: 1-25. 

[5] Douglas, F. (2017) The shock tactics set to shake up immunology. Nature, 

545: 20-22. 

[6] Sternberg, E.M. (2001) Neuroendocrine regulation of autoimmune/   

inflamematory disease. J Endocrinol, 169: 429-435.  

[7] Kasama, T., Isozaki, T., Takahashi, R., Miwa, Y. (2016) Clinical effects of 

tocilizumab on cytokines and immunological factors in patients with 

rheumatoid arthritis. Int Immunopharmacol, 35: 301-306. 

[8] AlvarezNemegyei, J., BuenfilRelloy, F.A., Pacheco Pantoja, E.L. (2016) 

Association between body composition and inflammatory activity in 

rheumatoid arthritis. A Systematic Review. Reumatologia Clinica, 12: 

190-195. 

[9] Zampeli, E., Vlachoyiannopoulos, P.G., Tzioufas, A.G. (2015) Treatment 

of rheumatoid arthritis: Unraveling the conundrum. J Autoimmun, 65: 

1-18. 

[10] Dixon, W.G. (2015) Rheumatoid arthritis: Biological drugs and risk of 

infection. The Lancet, 386: 224-225. 



 Chapter 1. Five Balances in the Management of Rheumatoid Arthritis  

 

 
13 

[11] Mahmood, S., Lesuis, N., Van Tuyl, L.H.D., Van Riel, P., Landewe, R. 

(2015) Quality in rheumatoid arthritis care. Best Pract Res Cl Rh, 29: 

664-679. 

[12] Lau, C.S., Chia, F., Harrison, A. et al. (2015) APLAR rheumatoid arthritis 

treatment recommendations. Int J Rheum Dis, 18: 685-713. 

[13] Zuidema, R.M., Repping-Wuts, H., Evers, A.W.M., Van Gaal, B.G.I., Van 

Achterberg, T. (2015) What do we know about rheumatoid arthritis pa-

tients support needs for self-management? A scoping review. Int J Nurs 

Stud, 52: 1617-1624. 

[14] Zou, S. (2017) Five balances in the management of rheumatoid arthritis. 

Journal of Biosciences and Medicines, 5: 10-21.  

doi:10.4236/jbm.2017.59002 

[15] Ledford, H. (2015) How to solve the world’s biggest problems. Nature. 

525(7569): 308-311. doi:10.1038/525308a 

[16] Barabasi, A.L. (2007) Network medicine—From obesity to the “disea-

some”. N Engl J Med, 357: 404-407. 

[17] Gao, J.x., Buldyrev, S.V., Stanley, H.E., Havlin, S. (2011) Networks 

formed from interdependent networks. Nature Physics, 8(1): 40-48. 

doi:10.1038/nphys2180 

[18] Gu, C.G., Zou, S.R., Xu, X.L., et al. (2011) Onset of cooperation between 

layered networks. Phys Rev E, 84: 026101 

[19] Garner, R., Ding, T., Deighton, C. (2014) Management of rheumatoid 

arthritis. Medicine, 42: 237-242. 



 Management of Rheumatoid Arthritis: From the Perspective of Complex Network  

 

 14 

[20] Gonzalez-Alvaro, I., Garcia-Vicuna, R. (2016) Rheumatoid arthritis at 

present. Med Clin, 146: 112-114. 

[21] Bearne, L.M., Byrne, A.M., Segrave, H., White, C.M. (2016) Multidis-

ciplinary team care for people with rheumatoid arthritis: A systematic re-

view and meta-analysis. Rheumatol Int, 36: 311-324. 

[22] Barabasi, A.L., Gulbahce, N., Loscalzo, J. (2011) Network medicine: A 

network-based approach to human disease. Nature Reviews Genetics, 12: 

56-68. 

[23] Zeng, Q.Y., Chen, R., Darmawan, J., et al. (2008) Rheumatic diseases in 

China. Arthritis Res Ther, 10. doi:10.1186/ar2368 

[24] Barlow, J.D., Yuan, B.J., Schleck, C.D., Harmsen, W.S., Cofield, R.H., 

Sperling, J.W. (2014) Shoulder arthroplasty for rheumatoid arthritis: 303 

consecutive cases with minimum 5-year follow-up. J Shoulder Elbow 

Surg, 23: 791-799. 

[25] Aletaha, D., Neogi, T., Silman, A.J., et al. (2016) 2010 rheumatoid arthri-

tis classification criteria: An American College of Rheumatolo-

gy/European League Against Rheumatism collaborative initiative. Ann 

Rheum Dis, 69: 1580-1588. 

[26] Taylor, P.C., Moore, A., Vasilescu, R., Alvir, J., Tarallo, M. (2016) A 

structured literature review of the burden of illness and unmet needs in 

patients with rheumatoid arthritis: A current perspective. Rheumatol Int, 

36: 685-695. 

[27] Jeffery, R.C. (2014) Clinical features of rheumatoid arthritis. Medicine, 

42: 231-236. 



 Chapter 1. Five Balances in the Management of Rheumatoid Arthritis  

 

 
15 

[28] Van Beers-Tas, M.H., Turk, S.A., Van Schaardenburg, D. (2015) How 
does established rheumatoid arthritis develop, and are there possibilities 
for prevention? Best Pract Res Cl Rh, 29: 527-542. 



 Chapter 2. Etiology of Rheumatoid Arthritis  

 

 
17 

Chapter 2.  
Etiology of Rheumatoid Arthritis 

The exact cause of RA is not clear. The epidemiological of RA shows that 
RA disease is associated with degradation of thymus. RA usually occurs after 
about 15 years of thymus degradation. Both genetic and environmental factors 
have been identified to play a role in disease initiation and progression. Chronic 
inflammation caused by stressor is important factor. Stressors can be classified 
into physical and psychological. Stressor factors also greatly influence the 
treatment and rehabilitation of RA patient [1] [2] [3].  

1. Degradation of Thymus 

The thymus is a specialized primary lymphoid organ of the immune system. 
Within the thymus, T cells mature. T cells are critical to the adaptive immune 
system, where the body adapts specifically to foreign invaders [4]. The thymus 
is composed of two identical lobes and is located anatomically in the anterior 
superior mediastinum, in front of the heart and behind the sternum. Histologi-
cally, each lobe of the thymus can be divided into a central medulla and a peri-
pheral cortex which is surrounded by an outer capsule. The cortex and medulla 
play different roles in the development of T-cells. Cells in the thymus can be 
divided into thymic stromal cells and cells of hematopoietic origin (derived 
from bone marrow resident hematopoietic stem cells). Developing T-cells are 
referred to as thymocytes and are of hematopoietic origin. Stromal cells include 
epithelial cells of the thymic cortex and medulla, and dendritic cells. 

The thymus provides an inductive environment for development of T cells 
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from hematopoietic progenitor cells. In addition, thymic stromal cells allow for 
the selection of a functional and self-tolerant T cell repertoire. Therefore, one of 
the most important roles of the thymus is the induction of central tolerance. 

The thymus is largest and most active during the neonatal and pre-adolescent 
periods. By the early teens, the thymus begins to atrophy and thymic stroma is 
mostly replaced by adipose (fat) tissue. Nevertheless, residual T lymphopoiesis 
continues throughout adult life [5]. 

Autoimmune diseases are caused by a hyperactive immune system that in-
stead of attacking pathogens reacts against the host organism (self) causing dis-
ease. One of the primary functions of the thymus is to prevent autoimmunity 
through the process of central tolerance, immunologic tolerance to self antigens 
[6]. 

2. Stress Response 

Physiological or biological stress is an organism’s response to a stressor such 
as an environmental condition. Stress is the body’s method of reacting to a 
challenge. Stimuli that alter an organism’s environment are responded to by 
multiple systems in the body [7]. The autonomic nervous system and hypotha-
lamic-pituitary-adrenal (HPA) axis are two major systems that respond to stress 
[8]. The sympathoadrenal medullary (SAM) axis may activate the fight or flight 
response through the sympathetic nervous system, which dedicates energy to 
more relevant bodily systems to acute adaption to stress, while the parasympa-
thetic nervous system returns the body to homeostasis. The second major physi-
ological stress, the HPA axis regulates the release of cortisol, which influences 
many bodily functions such as metabolic, psychological and immunological 
functions. The SAM and HPA axes are regulated by a wide variety of brain re-
gions, including the limbic system, prefrontal cortex, amygdala, hypothalamus, 
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and stria terminalis. Through these mechanisms, stress can alter memory func-
tions, reward, immune function, metabolism and susceptibility to diseases.  

1) Immunological 

Acute time limited stressors, or stressors that lasted less than two hours, re-

sults in an up regulation of natural immunity and down regulation of specific 

immunity. This type of stress saw in increase in granulocytes, natural killer cells, 

IgA, Interleukin 6, and an increase in cell cytotoxicity. Brief naturalistic stres-

sors elicit a shift from Th1(cellular) to Th2(humoral) immunity, while de-

creased T-cell proliferation, and natural killer cell cytotoxicity. Stressful event 

sequences did not elicit a consistent immune response, however some observa-

tions such as decreased T-Cell proliferation and cytotoxicity, increase or de-

crease in natural killer cell cytotoxicity, and an increase in mitogen PHA. 

Chronic stress elicited a shirt toward Th2 immunity, as well as decreased inter-

leukin 2, T cell proliferation, and antibody response to the influenza vaccine. 

Distant stressors did not consistently elicit a change in immune function [9] [10] 

[11]. 

2) Effects of chronic stress 

Stress is a term sometimes used to differentiate between acute stress. Defini-

tions differ, and may be along the lines of continual activation of the stress re-

sponse, stress that causes an allostatic shift in bodily functions, or just as "pro-

longed stress". For example, results of one study demonstrated that individuals 

who reported relationship conflict lasting one month or longer have a greater 

risk of developing illness and show slower wound healing. Similarly, the effects 

that acute stressors have on the immune system may be increased when there is 

perceived stress and/or anxiety due to other events. For example, students who 

are taking exams show weaker immune responses if they also report stress due 
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to daily hassles. While responses to acute stressors typically do not impose a 

health burden on young, healthy individuals, chronic stress in older or unhealthy 

individuals may have long-term effects that are detrimental to health [12]. 

3) Infectious 

Some studies have observed increased risk of upper respiratory tract infection 
during chronic life stress. In patients with HIV, increased life stress and cortisol 
was associated with poorer progression of HIV. 

4) Chronic disease 

A link has been suggested between chronic stress and cardiovascular disease. 
Stress appears to play a role in hypertension, and may further predispose people 
to other conditions associated with hypertension. Stress may also precipitate a 
more serious, or relapse into abuse of alcohol. Stress may also contribute to ag-
ing and chronic diseases in aging, such as depression and metabolic disorders. 
The immune system also plays a role in stress and the early stages of wound 
healing. It is responsible for preparing the tissue for repair and promoting re-
cruitment of certain cells to the wound area. Consistent with the fact that stress 
alters the production of cytokines, chronic stress associated with care giving for 
a person with Alzheimer’s disease leads to delayed wound healing. Results in-
dicated that biopsy wounds healed 25% more slowly in the chronically stressed 
group, or those caring for a person with Alzheimer’s disease. 

5) Development 

Chronic stress has also been shown to impair developmental growth in child-
ren by lowering the pituitary gland’s production of growth hormone, as in 
children associated with a home environment involving serious marital discord, 
alcoholism, or child abuse. 
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More generally, prenatal life, infancy, childhood, and adolescence are critical 
periods in which the vulnerability to stressors is particularly high. 

6) Psychopathology 

Chronic stress is seen to affect the parts of the brain where memories are 
processed through and stored. When people feel stressed, stress hormones get 
over-secreted, which affects the brain. This secretion is made up of glucocorti-
coids, including cortisol, which are steroid hormones that the adrenal gland re-
leases, although this can increase storage of flashbulb memories it decreases 
long-term potentation (LTP). The hippocampus is important in the brain for 
storing certain kinds of memories and damage to the hippocampus can cause 
trouble in storing new memories but old memories, memories stored before the 
damage, are not lost. Also high cortisol levels can be tied to the deterioration of 
the hippocampus and decline of memory that many older adults start to expe-
rience with age. 

Chronic stress also shifts learning, forming a preference for habit based 
learning, and decreased task flexibility and spatial working memory, probably 
through alterations of the dopaminergic systems. Stress may also increase re-
ward associated with food, leading to weight gain and further changes in eating 
habits. Stress may contribute to various psychosomatic disorders, such as fi-
bromyalgia, chronic fatigue syndrome, depression, and functional somatic syn-
dromes. 

Both negative and positive stressors can lead to stress. The intensity and du-
ration of stress changes depending on the circumstances and emotional condi-
tion of the person suffering from it. Some common categories and examples of 
stressors include: 

• Sensory input such as pain, bright light, noise, temperatures, or environ-
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mental issues such as a lack of control over environmental circumstances, 
such as food, air and/or water quality, housing, health, freedom, or mobility. 

• Social issues can also cause stress, such as struggles with conspecific or 
difficult individuals and social defeat, or relationship conflict, deception, or 
break ups, and major events such as birth and deaths, marriage, and divorce. 

• Life experiences such as poverty, unemployment, clinical depression, ob-
sessive compulsive disorder, heavy drinking, or insufficient sleep can also 
cause stress. Students and workers may face performance pressure stress 
from exams and project deadlines. 

• Adverse experiences during development (e.g. prenatal exposure to mater-
nal stress, poor attachment histories, sexual abuse) are thought to contribute 
to deficits in the maturity of an individual’s stress response systems. One 
evaluation of the different stresses in people’s lives is the Holmes and Rahe 
stress scale. 

7) Heat shock proteins: 

Heat shock proteins (HSP) are a family of proteins that are produced by cells 
in response to exposure to stressful conditions. They were first described in re-
lation to heat shock, but are now known to also be expressed during other 
stresses including exposure to cold, UV light, and during wound healing or tis-
sue remodeling. Many members of this group perform chaperone function by 
stabilizing new proteins to ensure correct folding or by helping to refold pro-
teins that were damaged by the cell stress. This increase in expression is tran-
scriptionally regulated. The dramatic upregulation of the heat shock proteins is a 
key part of the heat shock response and is induced primarily by heat shock fac-
tor (HSF). HSPs are found in virtually all living organisms, from bacteria to 
humans [13] [14]. 
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Heat-shock proteins are named according to their molecular weight. For ex-
ample, Hsp60, Hsp70 and Hsp90 (the most widely studied HSPs) refer to fami-
lies of heat shock proteins on the order of 60, 70, and 90 kilodaltons in size, re-
spectively. The small 8-kilodalton protein ubiquitin, which marks proteins for 
degradation, also has features of a heat shock protein [15]. 

3. Chronic Inflammation 

Inflammation is part of the complex biological response of body tissues to 
harmful stimuli, such as pathogens, damaged cells, or irritants, and is a protec-
tive response involving immune cells, blood vessels, and molecular mediators. 
The function of inflammation is to eliminate the initial cause of cell injury, clear 
out necrotic cells and tissues damaged from the original insult and the inflam-
matory process, and initiate tissue repair [16] [17]. 

The classical signs of inflammation are heat, pain, redness, swelling, and loss 
of function. Inflammation is a generic response, and therefore it is considered as 
a mechanism of innate immunity, as compared to adaptive immunity, which is 
specific for each pathogen. Too little inflammation could lead to progressive 
tissue destruction by the harmful stimulus (e.g. bacteria) and compromise the 
survival of the organism. In contrast, chronic inflammation may lead to a host 
of diseases, such as hay fever, periodontitis, atherosclerosis, rheumatoid arthritis, 
and even cancer (e.g., gallbladder carcinoma). Inflammation is therefore nor-
mally closely regulated by the body. 

Inflammation can be classified as either acute or chronic. Acute inflammation 
is the initial response of the body to harmful stimuli and is achieved by the in-
creased movement of plasma and leukocytes (especially granulocytes) from the 
blood into the injured tissues. A series of biochemical events propagates and 
matures the inflammatory response, involving the local vascular system, the 
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immune system, and various cells within the injured tissue. Prolonged inflam-
mation, known as chronic inflammation, leads to a progressive shift in the type 
of cells present at the site of inflammation, such as mononuclear cells, and is 
characterized by simultaneous destruction and healing of the tissue from the 
inflammatory process. 

Inflammation is not a synonym for infection. Infection describes the interac-

tion between the action of microbial invasion and the reaction of the body's in-

flammatory response—the two components are considered together when dis-

cussing an infection, and the word is used to imply a microbial invasive cause 

for the observed inflammatory reaction. Inflammation on the other hand de-

scribes purely the body’s immunovascular response, whatever the cause may be. 

But because of how often the two are correlated, words ending in the suffix -itis 

(which refers to inflammation) are sometimes informally described as referring 

to infection. For example, the word urethritis strictly means only "urethral in-

flammation", but clinical health care providers usually discuss urethritis as a 

urethral infection because urethral microbial invasion is the most common cause 

of urethritis. 

It is useful to differentiate inflammation and infection as there are many pa-

thological situations where inflammation is not driven by microbial invasion— 

for example, atherosclerosis, type III hypersensitivity, trauma, ischaemia. There 

are also pathological situations where microbial invasion does not result in clas-

sic inflammatory response—for example, parasitosis, eosinophilia. 

Chronic inflammation can lead to necrosis which is a form of cell injury 

which results in the premature death of cells in living tissue by autolysis [18]. 

Necrosis is caused by factors external to the cell or tissue, such as infection, 

toxins, or trauma which result in the unregulated digestion of cell components. 
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In contrast, apoptosis is a naturally occurring programmed and targeted cause 
of cellular death. 

While apoptosis often provides beneficial effects to the organism, necrosis is 
almost always detrimental and can be fatal. 

Cellular death due to necrosis does not follow the apoptotic signal transduc-
tion pathway, but rather various receptors such as peptidylarginine deiminases 
(PAD4) are activated, and result in the loss of cell membrane integrity and an 
uncontrolled release of products of cell death into the extracellular space. 

This initiates in the surrounding tissue an inflammatory response which at-
tracts leukocytes and nearby phagocytes which eliminate the dead cells by pha-
gocytosis. However, microbial damaging substances released by leukocytes 
would create collateral damage to surrounding tissues. This excess collateral 
damage inhibits the healing process. Thus, untreated necrosis results in a 
build-up of decomposing dead tissue and cell debris at or near the site of the cell 
death. A classic example is gangrene. For this reason, it is often necessary to 
remove necrotic tissue surgically, a procedure known as debridement. 

PADI4 gene is a member of a gene family which encodes enzymes responsi-
ble for the conversion of arginine to citrulline residues. This gene may play a 
role in granulocyte and macrophage development leading to inflammation and 
immune response [19]. PAD4 plays a role in the epigenetics, the deimination of 
arginines on histones 3 and 4 can act antagonistically to arginine methylation 
[20] [21] [22]. 

Citrullination or deimination is the conversion of the amino acidarginine in a 
protein into the amino acid citrulline. Citrulline is not one of the 20 standard 
amino acids encoded by DNA in the genetic code. Instead, it is the result of a 
post-translational modification. Citrullination is distinct from the formation of 
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the free amino acid citrulline as part of the urea cycle or as a byproduct of en-
zymes of the nitric oxide synthase family [23]. 

Enzymes called arginine deiminases (ADIs) catalyze the deimination of free 
arginine, while protein arginine deiminases or PADs replace the primary keti-
mine group (=NH) by a ketone group (=O). Arginine is positively charged at a 
neutral pH, whereas citrulline has no net charge. This increases the hydropho-
bicity of the protein, which can lead to changes in protein folding, affecting the 
structure and function. 

4. Immune Response 

Immune response is the immunological response originating from immune 
system activation by antigens, including immunity to pathogenic microorgan-
isms and its products, as well as autoimmunity to self-antigens allergies, and 
graft ejections. In this process main cells involved are the T cells, B cells of 
lymphocytes, and macrophagea. These cells produce lymphokines that influence 
the other host cells activities. B cells mature to produce immunoglobulins or 
antibodies, which react with antigens. At the same time, macrophages are 
processing the antigens into immunogenic units which stimulate B lymphocites 
to differentiation into antibody secreting plasma cells, stimulating the T cells to 
realise lymphokines. 

Complement is a group of normal serum proteins to aim immunity by be-
coming activated form as result of antigen-antibody interaction. The first con-
tact with any antigen sensitize individual affected and promote the primary im-
mune response. Next of the sensitized individuals with same antigen result in a 
more rapid and massive reaction, called the secondary immune response 
(“booster response” or the “anamnestic reaction”). It is most expressed in the 
level of circulating serum antibodies. 
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An anamnestic response in medicine is a delayed immunologic response. The 
term is frequently used in transfusion medicine and refers to a re-exposure inci-
dent where antibody is formed on initial exposure to an antigen in a transfused 
unit, but the specific memory B cell population fades over time, with antibody 
becoming undetectable over years. If a patient is re-exposed to the same of-
fending antigen in a future transfusion (which might happen because the anti-
body screen would in fact be negative), there would still be a massive, rapid 
production of IgG antibody against the antigen. 

The immune response can be transferred via serum antibodies introduction 
from sensitised to unsensitised individuals. It is highly specific for given antigen, 
and it is normally directed against foreign protein substances. 

In RA, Anti-citrullinated protein antibodies (ACPAs) are autoantibodies (an-
tibodies to an individual’s own proteins) that are directed against peptides and 
proteins that are citrullinated. They are present in the majority of patients with 
RA. Clinically, cyclic citrullinated peptides (CCP) are frequently used to detect 
these antibodies in patient serum or plasma (then referred to as anti-citrullinated 
peptide antibodies). 

During inflammation, arginine amino acid residues can be enzymatically 
converted into citrulline residues in proteins such as vimentin, by a process 
called citrullination. If their shapes are significantly altered, the proteins may be 
seen as antigens by the immune system, thereby generating an immune response. 
ACPAs have proved to be powerful biomarkers that allow the diagnosis of 
rheumatoid arthritis to be made at a very early stage. 

Citrullinated vimentin may be an autoantigen in RA and other autoimmune 
diseases, and is used to study RA. Moreover, antibodies against mutated ci-
trullinated vimentin (MCV) may be useful for monitoring effects of RA ther-
apy. An ELISA system utilises genetically modified citrullinated vimentin 
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(MCV), a naturally occurring isoform of vimentin to improve the performance 
of the test. 

In July 2010, the 2010 ACR/EULAR Rheumatoid Arthritis Classification 

Criteria were introduced. These new classification criteria include ACPA testing, 

and overruled the “old” ACR criteria of 1987 and are adapted for early RA di-

agnosis [24]. 

Rheumatoid factor (RF) is the autoantibody (antibody directed against an or-

ganism’s own tissues) that was first found in RA. It is defined as an antibody 

against the Fc portion of IgG (an antibody against an antibody) and different 

RFs can recognize different parts of the IgG-Fc. RF and IgG join to form im-

mune complexes that contribute to the disease process. 

Rheumatoid factor can also be a cryoglobulin (antibody that precipitates on 

cooling of a blood sample); it can be either type 2 (monoclonal IgM to polyc-

lonal IgG) or type 3 (polyclonal IgM to polyclonal IgG) cryoglobulin. 

Although predominantly encountered as IgM, rheumatoid factor can be of 

any isotype of immunoglobulins, i.e. IgA, IgG, IgM, IgE, IgD. 

5. Type III Hypersensitivity 

Type III hypersensitivity occurs when there is an excess of antigen, leading to 

small immune complexes being formed that fix complement and are not cleared 

from the circulation. It involves soluble antigens that are not bound to cell sur-

faces (as opposed to those in type II hypersensitivity). When these antigens bind 

antibodies, immune complexes of different sizes form. Large complexes can be 

cleared by macrophages but macrophages have difficulty in the disposal of 

small immune complexes. These immune complexes insert themselves into 
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small blood vessels, joints, and glomeruli, causing symptoms. Unlike the free 

variant, a small immune complex bound to sites of deposition (like blood vessel 

walls) are far more capable of interacting with complement; these medium-sized 

complexes, formed in the slight excess of antigen, are viewed as being highly 

pathogenic. 

Such depositions in tissues often induce an inflammatory response, and can 

cause damage wherever they precipitate. The cause of damage is as a result of 

the action of cleaved complement anaphylotoxins C3a and C5a, which, respec-
tively, mediate the induction of granule release from mast cells (from which 

histamine can cause urticaria), and recruitment of inflammatory cells into the 

tissue (mainly those with lysosomal action, leading to tissue damage through 
frustrated phagocytosis by PMNs and macrophages). 

The reaction can take hours, days, or even weeks to develop, depending on 

whether or not there is immunological memory of the precipitating antigen. 
Typically, clinical features emerge a week following initial antigen challenge, 

when the deposited immune complexes can precipitate an inflammatory re-

sponse. Because of the nature of the antibody aggregation, tissues that are asso-
ciated with blood filtration at considerable osmotic and hydrostatic gradient (e.g. 

sites of urinary and synovial fluid formation, kidney glomeruli and joint tissues 

respectively) bear the brunt of the damage. Hence, vasculitis, glomerulonephri-
tis and arthritis are commonly associated conditions as a result of type III 

hypersensitivity responses. 

As observed under methods of histopathology, acute necrotizing vasculitis 
within the affected tissues is observed concomitant to neutrophilic infiltration, 
along with notable eosinophilic deposition (fibrinoid necrosis). Often, immu-
nofluorescence microscopy can be used to visualize the immune complexes. 
Skin response to a hypersensitivity of this type is referred to as an Arthus reac-
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tion, and is characterized by local erythema and some induration. Platelet ag-
gregation, especially in microvasculature, can cause localized clot formation, 
leading to blotchy hemorrhages. This typifies the response to injection of for-
eign antigen sufficient to lead to the condition of serum sickness. 

6. Local Joint Inflammation 

A joint or articulation (or articular surface) is the connection made between 

bones in the body which link the skeletal system into a functional whole. They 
are constructed to allow for different degrees and types of movement. Some 

joints, such as the knee, elbow, and shoulder, are self-lubricating, almost fric-

tionless, and are able to withstand compression and maintain heavy loads while 
still executing smooth and precise movements. These joints are mainly affected 

in RA. Other joints such as sutures between the bones of the skull permit very 

little movement (only during birth) in order to protect the brain and the sense 
organs. The connection between a tooth and the jawbone is also called a joint, 

and is described as a fibrous joint known as a gomphosis.  

Vasculitis is a group of disorders that destroy blood vessels by hypersensitiv-
ity. Both arteries and veins are affected. Lymphangitis is sometimes considered 

a type of vasculitis. Vasculitis is primarily caused by leukocyte migration and 

resultant damage [25]. 

Although both occur in vasculitis, inflammation of veins (phlebitis) or arte-
ries (arteritis) are their own are separate entities. 

The rheumatoid nodule, which is sometimes in the skin, is the most common 

non-joint feature and occurs in 30% of people who have RA. It is a type of in-

flammatory reaction known to pathologists as a “necrotizing granuloma”. The 
initial pathologic process in nodule formation is unknown but may be essential-
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ly the same as the synovitis, since similar structural features occur in both. The 
nodule has a central area of fibrinoid necrosis that may be fissured and which 

corresponds to the fibrin-rich necrotic material found in and around an affected 

synovial space. Surrounding the necrosis is a layer of palisading macrophages 
and fibroblasts, corresponding to the intimal layer in synovium and a cuff of 

connective tissue containing clusters of lymphocytes and plasma cells, corres-

ponding to the subintimal zone in synovitis. The typical rheumatoid nodule may 
be a few millimetres to a few centimetres in diameter and is usually found over 

bony prominences, such as the elbow, the heel, the knuckles, or other areas that 

sustain repeated mechanical stress. Nodules are associated with a positive RF 
(rheumatoid factor) titer, ACPA, and severe erosive arthritis. Rarely, these can 

occur in internal organs or at diverse sites on the body. 

7. Microcirculation  

Microcirculation is the circulation of the blood in the smallest blood vessels, 

present in the vasculature embedded within organ tissues [1]. This contrasts 
with macrocirculation, which is the circulation of blood to and from the organs. 

The microcirculation is composed of terminal arterioles, capillaries, and venules 

that drain capillary blood. The vessels on the arterial side of the microcircula-
tion are called the arterioles, which are well innervated, are surrounded by 

smooth muscle cells, and are 10 - 100 µm in diameter. Arterioles carry the 

blood to the capillaries, which are not innervated, have no smooth muscle, and 
are about 5 - 8 µm in diameter. Blood flows out of the capillaries into the ve-

nules, which have little smooth muscle and are 10 - 200 µm. The blood flows 

from the venules into the veins. In addition to these blood vessels, the micro-
circulation also includes lymphatic capillaries and collecting ducts. The main 

functions of the microcirculation are the delivery of oxygen and nutrients and 

the removal of carbon dioxide (CO2). It also serves to regulate blood flow and 
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tissue perfusion thereby affecting blood pressure and responses to inflammation 
which can include edema (swelling). 

Most vessels of the microcirculation are lined by flattened cells of the endo-
thelium and many of them are surrounded by contractile cells called pericytes. 
The endothelium provides a smooth surface for the flow of blood and regulates 
the movement of water and dissolved materials in the interstitial plasma be-
tween the blood and the tissues. The endothelium also produces molecules that 
discourage the blood from clotting unless there is a leak. Pericyte cells can con-
tract and decrease the size of the arterioles and thereby regulate blood flow and 
blood pressure. 

In RA, Raynaud syndrome, also known as Raynaud’s phenomenon, is a 
medical condition in which spasm of arteries cause episodes of reduced blood 
flow. Typically the fingers, and less commonly the toes, are involved. Rarely, 
the nose, ears, or lips are affected. The episodes result in the affected part turn-
ing white and then blue. Often, there is numbness or pain. As blood flow returns, 
the area turns red and burns. The episodes typically last minutes, but can last up 
to several hours. 

Episodes are often triggered by cold or emotional stress. There are two main 
types: primary Raynaud’s, when the cause is unknown, and secondary Ray-
naud’s, which occurs as a result of another condition. Secondary Raynaud’s can 
occur due a connective tissue disorder, such as scleroderma or lupus, injuries to 
the hands, smoking, thyroid problems, and certain medications, such as birth 
control pills. Diagnosis is typically based on the symptoms. 

The primary treatment is avoiding the cold. Other measures include the dis-
continuation of nicotine or stimulants use. Medications for treatment of cases 
that do not improve include calcium channel blockers and iloprost. Little evi-
dence supports alternative medicine. Severe disease may rarely be complicated 
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by skin sores or gangrene. 

About 4% of people have the condition. Onset of the primary form is typi-

cally between ages 15 and 30 and occurs more frequently in females. The sec-

ondary form usually affects older people. Both forms are more common in cold 

climates. It is named after the French physician Maurice Raynaud, who de-

scribed the condition in 1862. 

8. Ischemia-Reperfusion Injury 

Reperfusion injury or reperfusion insult, sometimes called ischemia-reper-  

fusion injury (IRI) or reoxygenation injury, is the tissue damage caused when 

blood supply returns to tissue (re-perfusion) after a period of ischemia or lack 

of oxygen (anoxia or hypoxia). The absence of oxygen and nutrients from 

blood during the ischemic period creates a condition in which the restoration 

of circulation results in inflammation and oxidative damage through the in-

duction of oxidative stress rather than (or along with) restoration of normal 

function [26]. 

9. Glucocorticoid (GC) and Growth Hormone  
(GH) 

Glucocorticoids (GCs) are a class of corticosteroids, which are a class of ste-

roid hormones. Glucocorticoids are corticosteroids that bind to the glucocorti-

coid receptor (GR), which is present in almost every vertebrate animal cell. The 

name glucocorticoid (glucose + cortex + steroid) is composed from its role in 

regulation of glucose metabolism, synthesis in the adrenal cortex, and its ste-

roidal structure. A less common synonym is glucocorticosteroid. 



 Management of Rheumatoid Arthritis: From the Perspective of Complex Network  

 

 34 

GCs are part of the feedback mechanism in the immune system which reduc-

es certain aspects of immune function, such as reduction of inflammation. They 

are therefore used in medicine to treat diseases caused by an overactive immune 

system, such as allergies, asthma, autoimmune diseases, and sepsis. GCs have 

many diverse (pleiotropic) effects, including potentially harmful side effects, 

and as a result are rarely sold over the counter. They also interfere with some of 

the abnormal mechanisms in cancer cells, so they are used in high doses to treat 

cancer. This includes inhibitory effects on lymphocyte proliferation, as in the 

treatment of lymphomas and leukemias, and the mitigation of side effects of 

anticancer drugs. 

GCs affect cells by binding to the glucocorticoid receptor (GR). The activated 

GR complex, in turn, up-regulates the expression of anti-inflammatory proteins 

in the nucleus (a process known as transactivation) and represses the expression 

of proinflammatory proteins in the cytosol by preventing the translocation of 

other transcription factors from the cytosol into the nucleus (transrepression). 

Glucocorticoids are distinguished from mineralocorticoids and sex steroids 

by their specific receptors, target cells, and effects. In technical terms, “corti-

costeroid” refers to both glucocorticoids and mineralocorticoids (as both are 

mimics of hormones produced by the adrenal cortex), but is often used as a 

synonym for “glucocorticoid”. Glucocorticoids are chiefly produced in the zona 

fasciculata of the adrenal cortex, whereas mineralocorticoids are synthesized in 

the zona glomerulosa. 

Cortisol (or hydrocortisone) is the most important human glucocorticoid. It is 
essential for life, and it regulates or supports a variety of important cardiovas-
cular, metabolic, immunologic, and homeostatic functions. Various synthetic 
glucocorticoids are available; these are widely utilized in general medical prac-
tice and numerous specialties either as replacement therapy in glucocorticoid 
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deficiency or to suppress the immune system 

1) Immune 

As discussed in more detail below, glucocorticoids function through interac-

tion with the glucocorticoid receptor: 

• up-regulate the expression of anti-inflammatory proteins. 

• down-regulate the expression of proinflammatory proteins. 

Glucocorticoids are also shown to play a role in the development and ho-

meostasis of T lymphocytes. This has been shown in transgenic mice with either 

increased or decreased sensitivity of T cell lineage to glucocorticoids. 

2) Anti-inflammatory 

Glucocorticoids are potent anti-inflammatories, regardless of the inflamma-

tion's cause; their primary anti-inflammatory mechanism is lipocortin-1 (annex-

in-1) synthesis. Lipocortin-1 both suppresses phospholipase A2, thereby block-

ing eicosanoid production, and inhibits various leukocyte inflammatory events 

(epithelial adhesion, emigration, chemotaxis, phagocytosis, respiratory burst, 

etc.). In other words, glucocorticoids not only suppress immune response, but 

also inhibit the two main products of inflammation, prostaglandins and leuko-

trienes. They inhibit prostaglandin synthesis at the level of phospholipase A2 as 

well as at the level of cyclooxygenase/PGE isomerase (COX-1 and COX-2), the 

latter effect being much like that of NSAIDs, potentiating the anti-inflammatory 

effect [27]. 

In addition, glucocorticoids also suppress cyclooxygenase expression. 

Glucocorticoids marketed as anti-inflammatories are often topical formula-



 Management of Rheumatoid Arthritis: From the Perspective of Complex Network  

 

 36 

tions, such as nasal sprays for rhinitis or inhalers for asthma. These preparations 
have the advantage of only affecting the targeted area, thereby reducing side 
effects or potential interactions. In this case, the main compounds used are bec-
lometasone, budesonide, fluticasone, mometasone and ciclesonide. In rhinitis, 
sprays are used. For asthma, glucocorticoids are administered as inhalants with 
a metered-dose or dry powder inhaler. 

GH 

Growth hormone (GH), also known as somatotropin (or as human growth 
hormone [hGH or HGH] in its human form), is a peptide hormone that stimu-
lates growth, cell reproduction, and cell regeneration in humans and other ani-
mals [28] [29] [30]. It is thus important in human development. It is a type of 
mitogen which is specific only to certain kinds of cells. Growth hormone is a 
191-amino acid, single-chain polypeptide that is synthesized, stored, and se-
creted by somatotropic cells within the lateral wings of the anterior pituitary 
gland. 

GH is a stress hormone that raises the concentration of glucose and free fatty 
acids. It also stimulates production of IGF-1 [31]. 

A recombinant form of hGH called somatropin (INN) is used as a prescrip-
tion drug to treat children's growth disorders and adult growth hormone defi-
ciency. In the United States, it is only available legally from pharmacies, by 
prescription from a doctor. In recent years in the United States, some doctors 
have started to prescribe growth hormone in GH-deficient older patients (but 
not on healthy people) to increase vitality. At this time, HGH is still considered 
a very complex hormone, and many of its functions are still unknown. 

GH has been studied for use in raising livestock more efficiently in industrial 
agriculture and several efforts have been made to obtain governmental approval 
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to use GH in livestock production. These uses have been controversial. In the 
United States, the only FDA-approved use of GH for livestock is the use of a 
cow-specific form of GH called bovine somatotropin for increasing milk pro-
duction in dairy cows. Retailers are permitted to label containers of milk as 
produced with or without bovine somatotropin. 

Replacement therapy 

Treatment with exogenous GH is indicated only in limited circumstances, and 
needs regular monitoring due to the frequency and severity of side-effects. GH 
is used as replacement therapy in adults with GH deficiency of either child-
hood-onset or adult-onset (usually as a result of an acquired pituitary tumor). In 
these patients, benefits have variably included reduced fat mass, increased lean 
mass, increased bone density, improved lipid profile, reduced cardiovascular 
risk factors, and improved psychosocial well-being [32] [33]. 

Other approved uses 

GH can be used to treat conditions that produce short stature but are not re-
lated to deficiencies in GH. However, results are not as dramatic when com-
pared to short stature that is solely attributable to deficiency of GH. Examples 
of other causes of shortness often treated with GH are Turner syndrome, chronic 
renal failure, Prader-Willi syndrome, intrauterine growth restriction, and severe 
idiopathic short stature. Higher (“pharmacologic”) doses are required to produce 
significant acceleration of growth in these conditions, producing blood levels 
well above normal (“physiologic”). Despite the higher doses, side-effects during 
treatment are rare, and vary little according to the condition being treated. 

In RA, we argue that glucocorticoid plays an important role in controlling in-
flammation during the day and human growth hormone plays an important role 
in eliminating inflammation during the slow-wave sleep at night. 
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Chapter 3.  
Immune System from the  
Perspective of Complex Network 

1. Empirical Study of Immune System Based on  
Bipartite Network 

In this section we present an immune model with bipartite graphs theory. We 

collect data through COPE database and construct an immune cytokine network. 

The act degree distribution of this network is proved to be power-law, with in-

dex of 1.8. The network is scale-free, with assortativity of –0.27 and similarity 

of 0.13. The results show that this model could describe the cytokine-cytokine 

interaction preferably. The basic attributes of this network is well consistent to 

our preknowledge of immune system. 

1.1. Introduction 

Many complex systems use networks as their backbone. Complex Network is 

a more effective method to describe complex systems. In particular, in biologi-

cal systems studies, it is increasingly recognized the topology of cellular net-

works, the intricate web of interaction among genes, proteins and other mole-

cules regulating cell activity played important in unveiling the function and the 

evolution of living organisms [1]-[5]. It is interesting to investigate the network 

descriptions on immune system (IS). IS is the most important defense system to 

resist human pathogens. This system consists of immune organs, immune cells 
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and immune molecules. Each cell plays an important role in immune system. 

Group of protein mediate the function of many cells in immune system is called 

cytokines. Cytokines are rapidly produced by immune cells in response to tissue 

injury, infection, or inflammation. The overproduction of cytokines mediates 

tissue damage and physiological and molecular mechanisms evolved to control 

their production and to prevent the injury during the host response. In addition 

to regulate cellular interactions, cytokines are the molecular players that signal 

the brain to respond to the danger of viruses, bacteria, fungi and parasites 

through an elaborated coordination [6] [7]. So we have necessary to find some 

important immune cells and cytokines. 

Although many details of cytokine interactions have been elucidated and 
the effects of cytokines on a myriad of cellular functions have been described 
[8], practically nothing is known about the network topological structure of 
the system as a whole. All cytokine interaction exhibit nonlinear behaviors [9] 
[10]. In fact, they act in a complex and intermingled network where one cyto-
kine can influence the production of, and response to, many other cytokines. 
So we believe that IS should be more effectively described by complex net-
work. 

1.2. Methods 

Other authors have modeled the immune system, with a variety of approaches 
and areas of emphasis [11]. But many essential features of this complex system 
are still not understood. P. Tieri has presented a method to quantifying the re-
levance of different mediators in the human immune cell network. He draw the 
cumulative relevance distribution of the immune weighted network, which fol-
lowed power- law with index of 2.8. We collect immune data through COPE 
database and built an immune cytokine network. 
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1.3. Bipartite Network 

Here we use bipartite graphs to built our network [12]. Bipartite network is a 
graph which connects two distinct sets (or partitions) of nodes, which we will 

refer to as the top and the bottom set. An edge in the network runs between a 

pair of a top and a bottom node but never between a pair of top or a pair of bot-
tom nodes (see Figure 3.1). Typical examples of this type of networks include 

collaboration networks. Such as the movie-actor, article-author, and board-  

director network. In the movie-actor network, for instance, the movies and ac-
tors are the elements of the top and the bottom set respectively, and an edge 

between an actor “a” and a movie “1” indicates that “a” has acted in “1”. The  

 
Figure 3.1. (a) An example of bipartite graphs. (b) The one-mode projection of the 
network in (a). 
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actors “a” and “b” are collaborators if both have participated in the same movie, 
i.e., if both are connected to the same node “1”. The concept of collaboration 
can be extended to include so diverse phenomena represented by bipartite net-
works as the city people network, in which an edge between a person and a city 
indicates that the person has visited the particular city. 

Then, we used the method of bipartite network to build immune system. Be-
cause the immune system we discuss in this section have two distinct sets of 
nodes, the edges between the top nodes and the bottom nodes in our immune 
system indicates secretion relation. 

1.4. Our Immune Network 

The immune bipartite network we consider is constituted by two kinds of 
nodes, one is immune cell types, the other is mediators. In this view, the me-
diators’s role is uniquely one element in a network of mediators interaction. 
Immune cells are mediated by soluble molecules such as cytokines, chemo-
kines, hormones. In the immune system model we construct with 44 top nodes, 
1640 bottom nodes, 5391 links. We can also consider top nodes and bottom 
nodes respectively as act and actor. These data are small compared to other 
bipartite networks such as the Hollywood actors collaboration network and 
scientists collaboration network, but it represents a network of very different 
origin.  

There have been some studies of small-size networks, such as the Jazz in-
strumentalists collaboration network, the underground railway routes network in 
Boston, the airline networks of China and US, the power grid network of China 
and US, the Indian railway network and the company board member collabora-
tion network. One can still obtain valuable statistics about these networks, if the 
analysis of the data is done properly. 
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According to our immune network which we have built, we obtain some re-
sults as follows using some algorithm. 

1.5. Act Degree Distribution 

The act degree is an important geometric property of the complex network. 

Act degree stand for an actor take part in how many act. In our immune system, 

act degree can be understood as how many cells secret the same mediator. Re-

sult shows that the act degree distribution of the immune system can be well 

described using power–law with index of 1.8. It reveal that there are some cyto-

kine nodes with high degree. The biggest act degree is 25 which TNF-alpha and 

IL-8 have. This shows that 25 kinds of cells can secret the two mediators. The 

act degree of four kinds mediators is 24. They are TNF-alpha receptors, CCL5, 

IL-6, IL-2 receptors. The act degree of five kinds mediators is 23. They are 

TNF-beta receptors, TNF-beta, IL-4 receptors, IL-1 beta, CD54. These media-

tors are very important in the regulation of immune activity. For example, 

TNF-alpha, IL-6, IL-8 take part in the inflammatory response. TGF-beta, IL-6, 

and so on promote tumor cell growth and metastasis. IL-2 and IFN-γ mediated 

naturalization reactivity. CCL5 attract immune cells to the local immune re-

sponse and involved in immune regulation and immunopathological response. 

1.6. Dyad Act Degree 

Dyad act degree is another important property of bipartite network. Dyad is 

the relationship between two actors. 

Dyad act degree stand for a dyad take part in how many act. In our system, 

this shows that two mediators can be secreted by how many cells. Result shows 

dyad act degree distribution of the immune system can be well described by 
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typical SPL (shift power law) [12] functions. The biggest dyad act degree is 22. 

1.7. Assortativity 

In 2002, Newman raised another important parameter of complex network, 

which is assortativity [13], using a parameter r in between −1 and 1 to describe. 

Assortativity is that the nodes of the network are whether establish edge links 

with most similar type other nodes of the network. When r is greater than zero, 

nodes establish edge links with similar type other nodes of the network, the 

network is called assortative matching; when r is less than zero, nodes establish 

edge links with most unsimilar type other nodes of the network, the Network is 

called disassortative matching. In Immune System, result show that single as-

sortativity with −0.278609. While multiple edges is counted, we draw multias-

sortative with 0.143845. The result is consistent to the empirical studies of other 

system. For example, Newman present the view that social networks are assor-

tative mixing and non-social are disassortative mixing. Other results also show 

that single assortative of non-social network is lesser than zero and multiassor-

tative is greater than zero.  

1.8. Similarity 

In this book, we propose a similarity definition. Similarity of the immune 
network is the possibilities that each two cells have the common mediators. Its 
formula is defined as  
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Eij is the adjacency matrix of immune system. “I” and “I’ ” are cells, and j is 

mediator. N is the total nodes of the immune system. Ki is the degree of “I” cell. 

The value of s is between 0 and 1. If s is equal to 1, then the function of all cells 

are the same. If s is equal to 0, then the function of all cells are not identical. By 

computation, the similarity of our immune system is 0.13. It reveals that the 

possibility of every two different cells secreting the same mediators is only 0.13. 

This is consisted with actual immune system. For example, accessory cells only 

secret Stem Cell Factor; and A549 cells secret Eotaxin and CCL11. This result 

confirmed our guess which any two different cells secreting the same mediators 

have low possibility. Of course, low possibility does not mean that there is no 

possibility. Some very important cells can secret the same mediators, and 

those mediators are also very important in immune system such as IL-2, IL-10 

etc. 

1.9. Summary 

From above analysis, we found that some mediators with high degree are 

very important mediators in the process of regulating immune activity such as 

TNF-alpha, IL-8, TNF-alpha receptors, CCL5, IL-6, IL-2 receptors, TNF-beta 

receptors, TNF-beta, IL-4 receptors, IL-1 beta, CD54 etc. These mediators are 

important in immune system to regulate their activity. We also found that the 

assortative of the immune system are negative. It reveals that our immune sys-

tem is non-social network. Finally we found each two cells similar to a small 

extent. It reveals that each cell has its unique features. For example, like T cells 

and B cells, they belong to lymphocytes and are main force of immune system. 

But the role they played is not the same. T cells implement cellular immunity 

and B cells implement humoral immunity. The results are well consistent to our 

preknowledge of immune system. 
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2. Community in Immune System 

In order to exactly find community in large complex network, many scholars 

have proposed algorithms to find community structure such as community 

analysis algorithm proposed by Ken Wakita, Toshiyuki Tsurumi (KT algorithm), 

community algorithm proposed by ChangHui and HeDaren (CH algorithm), 

BC-Finder algorithm proposed by Sune Lehmann, etc. This section applies three 

community algorithms to immune network. By different community algorithms 

comparison, we find that the result of BC-Finder algorithm is similar to biology 

function community, and the result of KT algorithm community algorithm is 

different in a great degree from biology function community, and the result of 

CH algorithm is between BC-Finder and KT community. Also it reflects that 

there is a certain relationship between the cell secretion mediators and cytokine 

pathway. 

2.1. Introduction 

Systems biology is a rapidly progressing field for studying complex biologi-

cal machineries like the human immune system. An immune system is a collec-

tion of mechanisms within an organism that protects against disease by identi-

fying and killing pathogens and tumor cells. It detects a wide variety of agents, 

from viruses to parasitic worms, and needs to distinguish them from the organ-

ism’s own healthy cells and tissues in order to function properly. The human 

immune systems consist of many types of proteins, cells, organs, and tissues, 

which interact in an elaborate and dynamic network. The function of the im-

mune system requires coordinated expression and action of many mediators. 

The system exist a cytokine regulation network in which cytokines have vast 

varieties (currently found over 200 kinds), in addition to the reproducibility and 

diversity of biological effect. This makes the cytokine network extremely com-
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plicated, all cytokine interactions exhibit nonlinear behavior.  

In recent years, more and more scholars study on complex network, which 
was sucessfully applied to many fields, such as: world wide web, metabolism 
network, Science Citation network, actor collaboration network, and so on. 
With the study of the large scale complex network, people find the common 
feature in large scale complex network. Many networks are consisted of many 
communities in which the nodes of internal community connect closely and the 
nodes between communities connect sparsely [14].  

The study of network community has a long history. One community is often 
treated as an organization structure of a function. For example in biological 
network the community founded is very important. 

At first, we introduce immune network, and then we apply three different 
community algorithms to find communities. 

2.2. Immune Bipartite Network  

Our data is collected from COPE (Cytokines & Cells Online Pathfinder En-
cyclopaedia) database http://www.copewithcytokines.de/cope.cgi [15]. We use 
bipartite theory to build immune network. A bipartite network is a network with 
non-overlapping sets of top nodes and bottom node where all links connect top 
nodes and bottom nodes. Many real world networks are naturally bipartite [16] 
[17]. Such as: scientific collaboration network, the human disease network of 
genes and diseases [18], metabolic network.,etc. 

Immune bipartite network has two type nodes. The top nodes are cells, and 
the bottom nodes are mediators. The links between the top nodes and bottom 
nodes indicate that mediators are secreted by cells. The network has 44 cells, 

http://www.copewithcytokines.de/cope.cgi
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1640 mediators, and 5358 links. 

A part immune bipartite network is shown in Figure 3.2.  

The network described in Figure 3.2 shows 2 top nodes and a number of 
bottom nodes. The number 78 represents macrophages cell, and the number 82 
represents myofibro blasts cell. And other nodes are not listed in figure. 

 
Figure 3.2. Part immune bipartite network schematic diagram. 

2.3. KT Algorithm 

KT algorithm was on the basis of the algorithm which was proposed by 
Clauset, Newman, and Moore (CNM algorithm). Based on new data structure, 
KT algorithm improved execution efficiency in comparison with the CNM al-
gorithm and showed high scalablity [19] [20].  

The CNM algorithm started from a totally unclustered situation, where each 
node in a graph forms a singleton community. Then each pair of communities is 
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computed, expected improvement of modularity when they merge: 

( )( ) ( ), , ,c
ci cj i j i jQ Q G C c c c c Q G C∆ = − − + ∪ − . 

The CNM algorithm repeatedly chooses a community pair and gives the 
maximum △Q value, then merges them into a new community. During the 
merging process, △Q values of the communities that adjoin the new community 
needs to be updated. Because the number of community pairs decreases mono-
tonously in the clustering, the algorithm eventually stops when there remains no 
community pairs to merge. 

The structure of the KT algorithm is the same as the CNM algorithm, the on-
ly difference between them is the valuation basis of community pairs. The CNM 
algorithm uses ,

c
ci cjQ∆  while the KT algorithm use combination of both 

,
c
ci cjQ∆  and consolidation ratio.  

According to the KT algorithm, there are 13 communities in immune system. 

2.4. CH Community Algorithm 

Collabration network is highly connected [21]. In which many complete sub-
graph share many nodes. CH proposes a new definition and searching algorithm 
for community and hierarchy which is applicable only in collaboration net-
works.  

Because an act complete subgraph can be seen as intense of internal nodes, 
and external nodes connect relatively sparse. An act complete subgraph is a ba-
sic community. In a collaboration connected network, any two act complete 
subgraphs connect by sharing adjacent act complete subgraph with at least a 
node. So we propose that the total network can be seen as a hierarchy commu-
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nity. Accordingly two act complete subgraphs connect by sharing adjacent act 
complete subgraph with at least two nodes. That is the second hierarchy com-
munity, and so on [22]. We present a simple example as Figure 3.3. 

 
Figure 3.3. Simple CH community diagram. 

The Figure 3.3 is a community diagram to illustrate the above definition. 
There are five large circle with gray, which represent five act complete sub-
graph, and were marked with T1-T5. For example “T5 = 3” represents that the 
T5 contain 3 nodes. According the above definition, T1T2T3T4 is the third hie-
rarchy community and the second community. T1T2T3T4T5 is the first hie-
rarchy community. 

According to the CH algorithm, we get community of immune network. The 
greatest hierarchy community is 184, including two act complete subgraphs, one 
act complete subgraph including 437 nodes, and the other including 314 nodes. 
They share 184 nodes. These two items are myofibro blasts cell and macro-
phages cell. 

2.5. Sune Lehmann’s BC-Finder Algorithm 

Palla think that a community can be treated as some small full-coupled sub-
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group which are connected each other [21]. These full coupled subgroup is 
called clique. K-clique represents that the node number of the full-coupled net-
work is k. If two clique share k − 1 nodes, we can call that the two cliques are 
adjacent. If a k-clique can reach other k-clique by many adjacent k-clique, we 
can call the two k-clique is connected. In this sense, the k-clique community of 
the network can be regarded as the set of all connected k-clique.  

Sune Lehmann’s BC-Finder algorithm is based on the palla’s algorithm. But 
it aim at the bipartite’s community. The algorithm idea is described as fol-
lows: 

We now define a Ka,b clique as a complete subgraph with “a” nodes in top 
nodes set and “b” nodes in the bottom nodes set. A Ka,b clique can be identical 
to a maximal complete subgraph. We now define a Ka,b clique community, as a 
union of all Ka,b cliques that can be reached from each other through a series of 
adjacent Ka,b cliques. We define two Ka,b cliques to be adjacent if their overlap 
is at least a Ka − 1,b − 1-clique. Another way of saying this is that the two cliques 
must share at least a − 1 top nodes and b − 1 bottom nodes. We show example 
in Figure 3.4: 

Two Ka,b cliques are adjacent if they share at least a Ka − 1,b − 1 clique. In Fig-
ure 3.4 we list a few examples. The left figure is K1,4 cliques, and the right one 
is K2,2. The two adjacent K1,4 cliques share a K0,3 bi-clique , the two adjacent K2,2 
cliques overlap by a K1,1 cliques. 

According to BC-Finder algorithm, we get the community of immune net-
work.  

The community of the immune network got by BC-Finder algorithm shows a 
K2,20 clique adjacency. They share at least a K1,19 clique. K2,20 is the biggest cli-
que in immune network. There are 16 top nodes and 93 bottom nodes.  
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Figure 3.4. Bi-clique adjacency. 

2.6. Biological Community 

We choose the biological community about cytokines interaction from String 
database [23]. The biological community is a pathway of cytokines and recep-
tors interaction. Based on biology research, a pathway is regarded as a commu-
nity.  

2.7. The Comparison of Different Algorithm’s  
Result 

We computed the centrality degree of nodes. Three nodes with the most high 

centrality degree are IL-8, TNF-alpha, IL-6. Then we try to compare the com-
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munity of three algorithms about these three nodes.  

As we can see from the Table 3.1, KT C represents KT’s algorithm commu-

nity，CH C represents ChangHu’s algorithm community, BC-F C represents 

Sune Lehmann’s BC-Finder algorithm community.  

We compare communities results of three algorithms and find how many me-

diators are common in three communities. 

Table 3.2 shows the number of common nodes by comparison. 

Table 3.1. For IL-8, the community total numbers was gotten by different algo-
rithm The number represents the total number of the community about IL-8. 

Algorithm KT C CH C BC-F C Biological community 

IL-8 133 575 93 80 

 
Table 3.2. For IL-8, number of overlapping nodes. 

Algorithm KT C CH C BC-F C Biological community 

KT C  33 29 7 

CH   69 61 

BC-F    29 

 

For TNF-alpha and IL-6, we can see Tables 3.3-3.6. 

Table 3.3. For TNF-alpha, the community total numbers gotten by different algo-
rithms. 

Algorithm KT C CH C BC-F C Biological community 

TNF-alpha 286 575 93 103 
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Table 3.4. For TNF-alpha, number of overlapping nodes. 

Algorithm KT C CH C BC-F C Biological community 

KT C  17 2 5 

CH   69 59 

BC-F    30 

 
Table 3.5. For IL-6, the community total numbers gotten by different algorithm. 

           Algorithm 
Mediators 

KT C CH C BC-F C Bilogical community 

IL-6 133 575 93 96 

 
Table 3.6. For IL-6, number of overlapping nodes. 

Algorithm KT C CH C BC-F C Bilogical community 

KT C  33 11 5 

CH   69 62 

BC-F    30 

We define a parameter to measure overlapping percentage of two communi-

ties. ci = i/a, “i” represents the number of the overlapping nodes between two 

communities, “a” represents the number of a community which was computed 

by algorithm. “ci” is community overlapping percentage. Tables 3.7-3.9 show 

the community overlapping percentage of different algorithms compared with 

biological community. 

Table 3.7. For IL-8, the community overlapping percentage of different algorithm 
compared with biological community. 

         Comparsion 
Formula 

KT C and  
Biological C 

CH C and  
Biological C 

BC-F and 
Biological C 

Ci = i/a 5.26% 10.60% 31.18% 
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Table 3.8. For TNF-alpha, the community overlapping percentage of different al-
gorithms compared with biological community. 

         Comparsion 
Formula 

KT C and  
Biological C 

CH C and  
Biological C 

BC-F and 
Biological C 

Ci = i/a 1.74% 10.26% 32.26% 

 

Table 3.9. For IL-6, the community overlapping percentage of different algorithms 
compared with biological community. 

         Comparsion 
Formula 

KT C and  
Biological C 

CH C and  
Biological C 

BC-F and 
Biological C 

Ci = i/a 3.76% 10.78% 32.26% 

According to above results, we find that the result of BC-Finder algorithm is 

similar to biology function community, and the result of KT algorithm commu-

nity algorithm is different in a great degree from biology function community, 

and the result of CH algorithm is between BC-Finder and KT community. 

2.8. Summary 

We find that the three algorithms have their own character. CNM community 

definition is based on the structure of the network and the definition of the 

modularity Q is based on the assortative mixing and the maximizing modularity 

Q decide the best division of network. But the assortativity of our immune net-

work is −0.27. The assortativities of social network which computed by New-

man are all positive, and the non-social network are all negative. This may be 

able to explain why KT algorithm of the community is badly overlapping with 

our biological community. 

Chang Hui’s algorithm is based on the bipartite, it not only take into account 
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the topology, but also taking into account the function factors of network affili-
ation. But the definition of community is a not strict, so it is not so bad overlap-
ping with biological community. 

BC-Finder algorithm is also based on the bipartite, and its definition of clique 

is strict, so it is best in three algorithms.  

Above table result show that overlapping nodes between communities re-

flects that there is a certain relationship between the cell secretion mediators and 

cytokine pathway. 

3. Complex Network Model of  
Cytokine-Protein Network 

Complex network provides us a new view for investigation of complex sys-

tems. This section briefly introduces the features of immune system network. In 

this section we present a cytokine-protein network model. We collect data 

through String database and construct an cytokine-protein network．The results 

show that this model could describe the cytokine-protein feature preferably．We 

analyse the relation of network structure and function according to relativity of 

degrees and relativity of shortest path in the cytokine-protein network. The ba-

sic attributes of this network well describe the interaction of cytokine and pro-

tein in immune system. 

3.1. Introduction 

The study of networks has exploded across the academic spectrum in the past 

twenty years. It is interesting to investigate the network descriptions on cyto-

kine-protein system. 
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Although many details of particular cytokine interactions have been eluci-

dated and the effects of cytokines on a myriad of cellular functions have been 

described, practically nothing is known about the behavior of the system as a 

whole. All interaction of cytokines and proteins exhibit nonlinear behaviors. In 

fact, they exist in a complex, intermingled network where one cytokine can in-

fluence the production of, and response to, many other proteins. So cyto-

kine-protein network should be more effectively described by a complex net-

work. 

We introduce a two-layered model to facilitate the description and analysis of 

such system. 

3.2. Model 

Other authors have modeled the cytokine-protein model, with a variety of 

approaches and areas of emphasis. But many essential features of this complex 

system are still not understood. We collect data through String database and 

construct a cytokine-protein interactions network [23]. 

String database provide interactions of proteins and proteins, which contains 

experimental (physical) interactions and forecast (functional) interactions. 

The cytokine-protein network we consider is constituted by two kinds of 

nodes, one is cytokine; another is immune protein. We build two layers net-

work model: one is physical layer and its data are gained by experiment, the 

other is functional layers and its data are gained by database and text mining. 

In physical layer, there are 146 cytokine nodes, 685 protein nodes, 1154 links. 

And in functional layer, there are 146 cytokine nodes, 4037 protein nodes, 

21604 links.  
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3.3. Relativity Analysis in Physical Layer and  
Functional Layer 

3.3.1. Degree Relativity Analysis 

We study the relation of node degree in physical layer and in functional layer 
to find some relativity between the node degree in physical layer and in func-
tional layer.  

Firstly we sort these cytokine degrees from the biggest down to the smallest 
in physical layer and functional layer. Secondly we draw these cytokine degrees 
in physical layer and functional layer on a chart and analyse the relations of 
structure and function in immune system.  

We find degree of important nodes in physical layer is larger and degree of 
the nodes in function layer is also larger.  

For example, TNFR1 (CD120a) expressed on T-helper cells may be useful in 
the estimation of sarcoidosis activity. CD120a has function that it can dissolve 
target cells. Its degree is 47 and is bigger in physical layer. And its degree is 244 
and is also bigger in functional layer. 

In contrast, degree of AITRL is 1 in physical layer and its degree is also 1 in 
functional layer. 

3.3.2. Relativity of Shortest Path 

We study the relativity of shortest path to look for some relativity between 
total nodes degree in shortest path in physical layer and the sum of path of 
same two nodes in functional layer. And we may forecast that there are lots of 
paths to complete some function between those important nodes in structure 
layer. 
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First of all, we choose two bigger nodes and their degrees are bigger from 
physical layer in turn and calculate the shortest path between these two nodes 
and calculate the sum of all nodes degrees in this shortest path. Then, we calcu-
late the sums of attainable path between the same two nodes in functional layer.  

Result show that there are more paths to complete some function between 
some nodes and their degree are bigger in physical layer.  

3.4. Summary 

Statistical results show that important nodes in structure are also important in 
function. 

 According to relativity analysis of shortest paths, we find it is positive cor-
relation. It shows that biological function is accomplished in shortest path in 
physical layer and the number of these paths is much more. So we may check 
up the interaction between these proteins which are already found and can also 
find the interaction between proteins which are not found. 

We may forecast that the anti-jamming ability of immune system would be 
much stronger due to the strong interaction between these important immune 
nodes. 
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Chapter 4.  
Neuroendocrine Immune System 
from the Perspective of Complex 
Network 

1. Neuroendocrine System from the  
Perspective of Complex Network 

In this section, we present the empirical investigation results on the neuroen-

docrine system by bipartite graphs. This neuroendocrine network can describe 

the structural characteristic of neuroendocrine system. The act degree distribu-

tion and cumulate act degree distribution show so-called “shifted power law” 

(SPL) function forms. And the similarity of neuroendocrine network is s = 0.14. 

Our results may be used in the research of the medical treatment of neuroendo-

crine diseases. 

1.1. Introduction 

A plethora of evidence, accumulated mainly during the first half of the 20th 

century, indicates that the endocrine and nervous systems integrate and regulate 

different body functions. Rich interconnections take place between neural and 

endocrine systems, which may constitute a neural–endocrine functional com-

plex [1]. The neuroendocrine system comprises a network of specialized neu-

rons and endocrine cells that regulate metabolism, reproduction, blood pressure, 

mood, stress, thermoregulation, sleep, body fluid and electrolyte homeostasis 
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[2]. For the precise coordination of systemic functions, the nervous system uses 

a variety of peripherally and centrally localized receptors, which transmit in-

formation from internal and external environments to the central nervous system. 

Tight interconnections between the nerve and endocrine systems provide a base 

for monitoring and consequent modulation system functions by the brain and 

vice versa [1]. 

For decades, neuroendocrine researchers have employed standard statistical 
methods to uncover the relationships between variables and constructs. Howev-
er, in complex neuroendocrine systems, the prevalence of complex and outliers 
is to be expected. Under such circumstances, the use of standard statistical me-
thods becomes unreliable and, correspondingly, results in degraded predictions 
of the relationships within the neuroendocrine systems [3]. We try to describe 
the neuroendocrine systems so as to provide more accurate direction for clinical 
treatment and pharmacy. 

Some authors have modeled the neuroendocrine system, with a variety of ap-
proaches and areas of emphasis [4] [5] [6] [7] [8]. But many essential features 
of this complex system are still not understood. Many of the systems can be ef-
fectively modeled by networks, in which the units of the systems are modeled as 
nodes, and the interactions among the units are modeled concisely as edges 
(with or without weights) between the nodes. This represents a new framework 
for building models of complex systems [9] [10]. In this section we suggest a 
neuroendocrine network with bipartite graphs theory [11].  

1.2. Method 

The recent years have witnessed an upsurge in the study of complex systems 
[12]. We note, especially, that some scientists used bipartite graph as a powerful 
tool [10]. In this graph one type of vertices is “actors” taking part in some activ-
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ities, organizations or events. The other type of vertices is the activity, organiza-
tion or event named “acts” [13]. Many systems are naturally modeled as bipar-
tite networks: Biochemical networks can be described by vertices representing 
chemical substances separated by edges representing chemical reactions [14]. 
Such studies have been very active recently, due to their complex structure, to 
the ubiquity of such bipartite networks in complex systems, and to the large da-
tabases available [15]. 

According to the complex network theory, the neuroendocrine system can 
be represented by bipartite graphs. Usually in bipartite graphs only the edges 
between different types of nodes are considered shown as in Figure 4.1 where 
the larger black circles labeled by 1, 2, 3 denote acts, the smaller void circles 
labeled by A, B, C, D denote actors. The line segments denote edges, which 
represents actors’ participation in acts [16]. In the neuroendocrine system, 
cells can be seen as a certain nodes, the mediators secreted by cells as other 
nodes. We regard every kind of cells as an act, mediators an actor, the secre-
tion relation between cells and mediators sides and the mediators secreted by 
manifold cells bridges linking these acts. All of these constitute neuroendo-
crine network. 

 
Figure 4.1. Schematic neuroendocrine bipartite graph. 
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1.3. Empirical Results of the Act Degree and  
Similarity 

We collect data through COPE database and construct the network. Figure 
4.2 shows the act degree distribution, P(h), of the neuroendocrine network, and 

Figure 4.3 shows the accumulative act degree distribution, P(h ≥ hc), of the 
neuroendocrine network. The two distributions shown in Figure 4.2 and Figure 
4.3 can be well described with SPL functions [13]. 

The act degree and accumulative act degree are two important geometric 
properties of complex networks. The act degree stands for the times that an ac-

tor takes part in acts. In neuroendocrine network, the act degree stands for the 

number of the cells that secretes a single mediator, in which bFGF (basic fi-
broblast growth factor) is the largest node act degree. It is an important mito-

genic cytokine, followed by TGF-beta, IL-6, IL1-beta, VEGF, IGF-1 and so on. 

They are mediators that can promote the growth and differentiation of a variety 
of cells. They are secreted by kinds of cells and become the largest bridge 

among acts in the network, for the reason that the most basic condition of body 

survival is the multiply of cells and when the body is injured, it needs the rapid 
growth of the corresponding cells to secrete some special mediators to promote 

wound healing and tissue repair. Whereas, the mediators with little node act 

degree have certain unique functions, and they are from a certain category or 
categories of secretory cells, such as adiponectin, adipsin, CCL12, dopamine, 

epinephrine. These mediators can only be secreted in a particular environment 

to control the physical feeling, behavior and so on. Therefore this result is rea-
sonable. The average act degree of neuroendocrine network is h = 3.01, It 

means each mediator is secreted by three cells on an average. 

Figure 4.2 shows the act degree distribution of the neuroendocrine network. 
The distribution can be well described using SPL, which illuminates that in the  
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Figure 4.2. The empirical results on the act degree distribution of neuroendocrine 
network. The solid lines represent the least square fitting of the data. 
 

 
Figure 4.3. The empirical results on the accumulative act degree distribution (mul-
tiple edges are counted) of neuroendocrine network. The solid lines represent the 
least square fitting of the data. 
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process of network formation the dynamics mechanism includes both preferen-
tial principles, with a probability p, and randomly selected factors, with the 
probability 1 − p. And that means the cells secrete mediators helpful for their 
growth and differentiation. As some mediators can be secreted by most cells, 
they are preferred. Also there are too many specific factors lacking interconnec-
tions (the types of diseases, conditions and the states of the patients), the other 
mediators are selected randomly. Because there are too many factors which are 
not associated, it is random selection.  

Accumulative act degree (multiple edges are counted) means the times that 
an actor takes part in acts. Figure 4.3 shows the accumulative act degree distri-
bution (with multiple edges counted) of the neuroendocrine network.  

We also have calculated the similarity of neuroendocrine network, namely, 
the average probability of secreting the same mediators by all the neuroendo-
crine cells. It can be written as: 
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where N is the total number of cells, ik  s the degree of cell i, namely the number 
of mediators connected by cells, ije  is the connecting side situation of cell i and 
mediator. When the sides are connected, ije  equals to 1, when not connected, 

ije  equals to 0. If the similarity is 1, it illuminates each cell functions exactly the 
same. If the similarity is 0, it illuminates each cell functions differently. 

The similarity of neuroendocrine network is r = 0.14. This shows that there is 
little probability of secreting the same mediators by different cells; most of the 
mediators secreted are different. There is little similarity in cells and the func-
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tions are varied from each other. These are similar to our intuitive understand-
ing. For example, astrocytes play an active role in brain function, and possibly 
even direct the activities of neurons. It promotes glutamate to produce special 
molecules that nourish neurons, known as trophic factors, while pancreatic aci-
nar cells secrete enzymes which take part in digestion, and hormonal regulation 
of blood glucose levels. 

1.4. Summary  

We propose a new approach for research neuroendocrine system, which were 
not previously treated in this way. In our method there are two types of basic 
elements. One of them can be addressed as acts, the other called actors.  

The investigations propose some conclusions. Firstly, act degree distribution, 
accumulative act degree distribution of neuroendocrine network show SPL 
function forms, which can continuously vary from an ideal power law to an 
ideal exponential decay. Secondly, we have found several very important me-
diators with our method, such as bFGF, TGF-beta, IL-6, IL1-beta, VEGF, 
IGF-1, CCL2, TNF-alpha, IL-8, M-CSF. They are relatively highly act degree. 
It reveals these mediators are in neuroendocrine system to maintain bodily 
healthiness, emotional stabilization and endocrine harmony. Thirdly, In the 
neuroendocrine system we can find some immune cytokines (for example, IL-1, 
IL-2, GM-CSF and so on) and them receptors. So that we can deeply understand 
the relation between neuroendocrine system and the immune system, and fur-
ther understand how the neuroendocrine system influence and regulate the im-
mune system. Finally, we can use similarity to measure the similar degree of 
function between cells. 

 These conclusions are important, however, it is possible that we have not 
discovered the most important properties, because there are not enough data. 
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Even though, the obtained empirical statistical properties already show some 
interesting conclusions, for example, the act degree of mediator should be very 
interesting for a lot of scientists. Therefore, further research is necessary to il-
luminate the physiological mechanism of the neuroendocrine system.    

2. Prediction of Protein-Protein Interaction in  
Neuroendocrine System 

In this section, we present a new method that predicts protein-protein interac-
tion. It can improve the efficiency that screens interaction of protein-protein in a 
specific system. By this method, we screen some proteome that may have rela-
tionship in neuroendocrine system. By comparison with the random network, 
we took out some important proteins and validated in the STRING database. 
This shows that our approach is quite accurate. We also found a linear relation-
ship between co-secreted and the sum of two corresponding proteins’s degree. 

2.1. Introduction 

The working of living cells is underpinned by an almost overwhelming array 
of molecular interactions that form a complex and multifaceted network: “the 
interactome” [17]. Recently, there have been a number of large-scale protein 
interaction studies. Efforts have ranged from studies that investigated only a 
subset of the protein interactome to attempts identifying all protein interactions 
within the cell [18]. With the rapid development of molecular biotechnology, 
the last two decades have developed a number of more concise and effective 
methods for studying protein-protein interaction [19]. The yeast two–hybrid 
system is one of the most effective technology [20] [21]. It has been widely 
used to study mammalian protein-protein interaction, however, due to its more 
false positive results, far from meeting the needs of massive protein research 
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[22] [23] Currently, only the use of library screening method can validate pro-
tein interaction in the whole genome, but, this form of in vitro screening can not 
guarantee that all proteins are correctly folded like in the physiological condi-
tion, many of the protein interaction will not be detected. 

2.2. Our Method 

Researchers wishing to undertake computational studies of the pro-
tein-interaction network as a whole must first integrate the results of many indi-
vidual experiments in order to produce a single unified network representation. 
Typically, this is done by use of a graph theoretical approach in which the pro-
teins within the network are depicted as nodes, with interacting proteins con-
nected by undirected links (edges) [24]. 

In this paper, we use bipartite graphs to study the protein-interaction, predi-
cate interactions that may be existed. Two proteins can form protein complex to 
play a role. And, we use our method to find protein interaction. In neuroendo-
crine system, as shown in Figure 4.4 where the T1, T2, T3 denote neuro cells 
and endocrine cells, the number 1-9 denote proteins that neuroendocrine system 
secrete. The proteins secreted by manifold cells show as bridges linking. All of 
these constitute neuroendocrine protein-interaction network. 

 
Figure 4.4. Schematic bipartite graph. 
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In this network, the edges denote secretion relation, if two proteins are se-
creted by the same cells then the links between two proteins stand for 
co-secreted relation. The two proteins may function in some kind of cell. We 
take the 48 kinds of cells, 1744 kinds of proteins from COPE database. If we 
don’t screen, there will be 1,520,768 interactions between two proteins in this 
neuroendocrine protein-interaction network. But when we use co-secreted rela-
tion, we only need to determine 417,474 interactions. This will significantly 
narrow the scope of screening. 

2.3. Co-Secreted Result 

During the last few years, many studies show that the complex web of protein 
interactions in simple organisms is scale-free, highlighting a small number of 
highly connected proteins which secure the integrity and connectivity among 
modules, as show in Figure 4.5. 

 
Figure 4.5. The empirical results of the co-secreted degree distribution in neu-
roendocrine protein network. 
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Co-secreted distribution of neuroendocrine network shows Power-law func-

tion form. This show in our network, minority number of co-secreted proteome 

is relatively large, and the probability that two proteins appear together are more. 

For example: bFGF---TGF-beta receptors, bFGF---EGF receptors, VEGF--- 

TGF-beta receptors, while most other proteome probability are knee-high to a 

duck. So that we can use the quantity of co-secreted as the basis to estimate ap-

pearance protein-interaction. These result further narrow the scope of screening, 

and improve efficiency. Following result of randomly network will determine 

how many proteome would be screened. 

2.4. Random Results 

The principle of random network: First generate a random number as a cell, 

and then generate a random number as a protein, then random cell number and 

random protein number form an edge in random network, and continue, until 

form 5,538 edges, do not allow the generation of repetitious edge. 

Result show in Table 4.1. 

2.5. Database Validation 

We took out a total of 22 big co-secreted proteome in protein-interaction and 

validated in database (https://string-db.org/), only four groups did not find, this 

shows that our approach more accurate. 

Co-Secreted with the degree sum of corresponding proteins relationship. 

Co-secreted with the degree sum of corresponding proteins show a linear re-
lationship, as show in Figure 4.6. Co-secreted denotes the relation between two 
proteins. And a number of interactions of two proteins can form protein  

https://string-db.org/
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Table 4.1. Co-secreted result of neuroendocrine network and in random network. 

protein protein co-secreted random 

bFGF TGF-beta receptors 27 19 

EGF receptors TGF-beta receptors 27 18 

TNF-alpha receptors TGF-beta receptors 26 21 

VEGF TGF-beta receptors 25 17 

IL1 receptors TNF-alpha receptors 25 19 

IL1 receptors EGF receptors 25 17 

TNF-alpha receptors EGF receptors 25 20 

bFGF EGF receptors 25 18 

IGF-1 receptors TGF-beta receptors 25 18 

bFGF receptors TGF-beta receptors 25 18 

bFGF receptors bFGF 24 21 

bFGF VEGF 24 17 

IFN-gamma receptors TGF-beta receptors 24 19 

bFGF IL1-beta 23 18 

bFGF IL6 23 17 

IGF-1 receptors bFGF 23 20 

IL1-beta IL6 22 13 

MMP-2 MMP-9 22 11 

VEGF IFN-gamma receptors 22 16 

bFGF receptors CD54 21 17 

bFGF CCL2 21 15 

IL6 IL6 receptors 21 12 
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Figure 4.6. Co-secreted with the degree sum of corresponding proteins. 

complex. Result show that proteins of large degree are more frequent combina-
tion forming protein complex to complete a cell function.  

2.6. Summary 

This section propose a new research method for protein-protein interaction, 
and give a comparison with random network in the neuroendocrine system, 
screen some protein-interaction, and validate in the database.  

The result propose some conclusions. Firstly, our approach can reduce the 
frequency of screening protein-interaction. Secondly, we have found that the 
co-secreted show a power-law distribution in neuroendocrine system protein 
network. Thirdly, found a number of important protein-protein interactions such 
as bFGF---TGF-beta receptors, EGF receptors---TGF-beta receptors, TNF-alpha 
receptors---TGF-beta receptors, bFGF---EGF receptors, VEGF---TGF-beta re-
ceptors and so on. It reveals these proteome are important in neuroendocrine 
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system to maintain bodily healthiness, emotional stabilization and endocrine 
harmony. Finally, we found that co-secreted with the degree sum of corres-
ponding proteins exists a linear relationship.   

3. Complex Network Research of  
Neural-Immune System  

The existence of bidirectional information transfer mechanism between the 
nervous system and the immune system has been confirmed, which means the 
immune system is not only affected by the regulation of neural system, but also 
feeds back to the neural system. Combining with some statistical properties of 
complex networks, this section puts forward the compound network statistical 
characteristics research of neural-immune system, such as degree distribution, 
act degree distribution, dyad act degree distribution and cluster coefficient. 

3.1. Introduction 

It is well known that almost all of the complex systems have the network 
structures. The investigation of complex networks has become a research hot 
spot at the frontiers of science. Generally, the description of network is based on 
a branch of graph theory, which means complex system can be simplified as the 
set of nodes and edges [1]. When we study the overall properties of complex 
networks, we want to decompose a complicated system into several subsystems, 
then study the same class of basic units of these subsystems as well as interac-
tions among the units. Finally we can understand the whole system more pro-
foundly. 

However, not all the systems are suitable for processing by reduction theory. 
More and more scientists recognize it is not possible to predict the behavior of 
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the entire system by combining with these subsystems’ individual characters [2]. 
We gradually realize it is important to summarize common properties and rules 
of each kind of complex system from practice, only in this way can we have 
some breakthroughs after a certain period of time. Empirical research is usually 
applied by most scholars to confirming their creative ideas. Without the practice, 
a theory will not be convincing no matter how creative it is.The study of com-
plex systems at present is also not an exception. At present, complex networks 
have attracted extensive attention of the international scientific community and 
become a research hot spot of statistical physics, random graph theory, comput-
er network, ecology, biology and sociology research. Empirical study on these 
system involves many sectors of social science and natural science [3]. The 
concrete form of complex network is various, such as the world wide web, In-
ternet, movie actor collaboration network, scientific collaboration network, hu-
man contact networks, cellular networks, ecological networks, telephone net-
works, citation networks, linguistics network, power network and neural net-
work and traffic network etc.. 

In many empirical studies, due to the rapid development of immunology, 
people came to be aware of that the organism has two major regulation system – 
neural system and immune system, and by a large number of studies we find 
that neural-immune network is a very stable network. Once attacked, the organ-
ism would stabilitate and defense the internal environment through interactions 
of regulation networks. Strengthening the study of neural-immune system’s ba-
sic theory, on one hand we can further understand neurotransmitters, neuropep-
tides, hormones and cell factors and how receptors modulate inflammatory 
reaction. On the other hand the study opens up a new field in the treatment for 
the disease caused by adjustment disorders in neural-immune system. This sec-
tion puts forward the compound network research of neural-immune system, 
such as statistical characteristics of the degree distribution, act degree distribu-
tion, dyad act degree distribution and cluster coefficient. It is proved that com-
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plex network degree, act degree, dyad act degree distribution fit SPL distribu-
tion. It denotes that the connection between medium may be choosen linear op-
timization or randomly or both of them at present. By this way it also verify that 
there are different choices among the cell secretion medium in the neur-
al-immune system. Finally we propose a way to analyze cell medium cluster 
properties through the study of cluster coefficient. All of these results may make 
sense in the study of life science. 

3.2. Statistical Properties 

1) Distribution of degree 

A lot of researches in recent years shows that the degree distribution follows 
the following four kinds of function: the power law distribution (also called 
scale-free distribution), exponential distribution, drift power-law distribution 
(between the power law and exponential distribution，Shifted Power Law, SPL), 
normal distribution. In order to reduce the fluctuation of the actual data statistics, 
we often use the cumulative distribution method to parse proof: when the data is 
large, it can be considered tends to infinity, and the data do not show obvious 
jump, it can be considered a quasi continuous [3].  

2) Distribution of act degree 

The act degree can be regarded as the number of project one actor participate 
in. 

3) Distribution of dyad act degree 

When it comes to the relationship, at least a pair of actors involved (partici-
pants). So we name the number of project which contains this pair of actors the 
ace degree. 
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3.3. Models for Complex Network 

In generally, the description of network is based on a branch of graph theory. 
The Bipartite Graph theory is always considered in the traditional graph. Based 
on the Bipartite Graph theory the nodes of a graph can be divided into two kinds 
of complementary (such as workers and jobs, actor and film, scientific research 
personnel and paper and so on), the former can be called “participants” (actor), 
the latter can be known as the “project” (act). 

3.4. Complex Network Model of Neural-Immune  
System 

3.4.1. Introduction 

With the rapid development of immunology, people have been aware of that 
the organism has two regulation system – neural system and immune system. 

Meanwhile, through investigation and study we have confirmed the existence 
of bidirectional information transfer mechanism between the nervous system 
and the immune system [25]. It means the immune system is not only affected 
by the regulation of neural system, but also have some feedback regulation to 
neural system. It has been proved that the language which the nervous system 
and immune system use to communicate with each other is a set of universal 
information molecular, namely all sorts of neurotransmitters, hormones and cy-
tokines. 

According to the report, a large dose of Thymopeptide has obvious curative 
effect on some mental diseases. Similarly, the psychinatric patients has obvious 
effect in the immune function. For example, the nervous system, especially the 
dysfunction of senior central nervous system such as stress, anxiety, and some 



 Management of Rheumatoid Arthritis: From the Perspective of Complex Network  

 

 84 

unexpected situation [26], will not only cause the nervous function disorder, but 
also can lead to an overall reduction of the immune function, and the higher in-
cidence of infectious diseases and cancer would. 

3.4.2. The Design of Model 

We presented the neural-immune system as a two-layer network that is com-
posed of three parts: the upper layer network, the lower layer network and the 
jump edges between the upper and lower two layer networks [27] [28]. Figure 
4.7 show the model of two-layer network. 

The upper layer network is the immune network, the lower layer network is 
the network of nerve. 

The immune network is a Bipartite Graph, there are two types of nodes, a 
node is immune cells, another node is medium, the edges between them are 
connected by the relationship of secretion. 

Neural network layer is also a Bipartite Graph, there are two types of nodes, a 
node is a nerve cell, another kind is the neuroendocrine mediators, edge be-
tween them represent the cell secrete the medium. 

 
Figure 4.7. The model of two-layer network. 
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The transition between two layer is that if a immune cells secreting neuroen-

docrine mediators, we connect all immune medium which are secreted by the 

immune cell with the nerve medium, if the neuroendocrine cells also secrete 

immune mediators, so and so on. The immune system and the nervous system 

are extremely tight and fine. It has been confirmed, neuroendocrine system and 

immune system also has a close bidirectional regulation, and forming the 

so-called neural-immune network. On one hand, the immune system and its 

products can regulate the nervous system function; on the other hand some 

neuro hormonal and hormone receptor have been included in the endogenous 

components of the immune system, it can also influence and regulate immune 

function. The neuroendocrine and immune system formate a complete regula-

tion loop finally. 

3.4.3. Model Analysis and Results 

Our data obtained from the COPE database, the upper network has 47 cells, 

1777 medium; lower net with 13 cells, 994 medium. Then we can get the neur-

al-immune system model and some results (the following statistical results are 

accumulated statistical results): 

1) Distribution of node degree 

Degree can be defined as the number of adjacent edges connected with the 

target node, can be recorded as K; degree distribution is the probability distribu-

tion function of node degree. It refers to the probability of node (k degree) con-

necting edges.  

In the neural-immune complex network, if the node degree of medium is 

larger then the medium is rare. Degree distribution follows SPL distribution 

(Figure 4.8). 
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Figure 4.8. Distribution of NODE DEgree. 

2) Distribution of act degree 

In the neurl-immune system, act degree represents the number of cells secrete 
the same medium. Among these media, the medium bFGF (basic fibroblast 
growth factor) “act degree” is the biggest, it is a important mitogenic factor. 
Followed by IL-6, IL-1, IGF-1, CCL2, TGF-beta, receptors etc., These media 
can promote the growth and differentiation of cells. They are secreted by many 
kinds of cells, become the bridge between cells in the largest regulation network. 
On the contrary, if the act degree is small the medium are with unique function, 
which is secreted by one or a few types of cells, such as adipsin, CCL12, dopa-
mine, epinephrine etc. The body’s most basic conditions for survival is the prop-
agation of cells. When the body get injured, we need higher rapid growth of the 
corresponding cells to secrete specific media to promote wound healing and tissue 
repair. But some of the media only in certain special circumstances will be se-
creted to the regulation of sensory, behavior. So our conclusion is reasonable. 
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Figure 4.9. Distribution of act degree. 

Figure 4.9 show that act degree distribution of neural-immune system is a 
SPL distribution. There exist preferred factors, and random factors in the dy-
namic mechanism of regulation system. Namely the cells first secretion has a 
general role in the medium of cells, because these media can be secreted by 
most cell, thus they are preferred; but when considering various factors (disease 
type, disease the patient's condition, etc.) to secrete mediators. When there are 
too many specific factors and the lack of interaction, we can view it as the 
equivalent of random selection. 

3) Distribution of dyad act degree 

In the neural-immune system, dyad act degree represents the number of one 
pair of medium secreted in cells. If the dyad act degree is larger and it display 
that the two media often also participate in some physiological processes play-
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ing together as a role. On the contrary, if the set of values of dyad act degree is 
relatively small the two media was only occasionally secreted by some cells, the 
relationship between them is loose. 

Figure 4.10 is a cumulated dyad act degree distribution of neural-immune 
system. It also shows a SPL distribution. It is because the immune cells and 
nerve cells secrete many of the same medium, when the medium consisting of 
two party group, is preferred; but when considering various factors (type of 
disease, disease, patient status) to secrete mediators, for too many specific fac-
tors and the lack of associated with each other, we can view it as the equivalent 
of random selection, and it can meet the conclusion.  

 
Figure 4.10. Distribution of dyad act degree. 

4) Distribution of Cluster Coefficient 

Cluster coefficient is another important index to depict the network. It reflects 



 Chapter 4. Neuroendocrine Immune System from the Perspective of Complex Network  

 

 
89 

the number of common neighbors with the respective neighbors. In the neur-
al-immune complex networks, when we regard the medium secreted by some 
cell as a node, the cluster properties of other medium connected with this node 
can be viewed as Cluster Coefficient. It can represent the specificity and cluster 
properties of the medium secreted by different cells. 

Figure 4.11 show that the more closely the link between the nodes the higher 
the Cluster Coefficient will be. It’s easy to find that the slope of the Cluster 
Coefficient of the neural-immune system is bigger than both nerve system and 
immune system. Matthew effect of the composite network is more obvious. By 
this we know there is a linear preferred between the factors secreted by cells. 
We can also view it as the rich get richer and the poor get poorer. It matches the 
reality. 

 
Figure 4.11. Distribution of cluster coefficient. 
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3.5. Summary 

A complex system often contains different kinds of individuals and interac-

tions, and it is difficult and unnatural to be represented by a single network. In 

this section we study the major regulation of our body in another point of view. 

We use a simplified composite network to describe these systems. We propose 

the neural-immune system as a bi-layer network, combined with some statistical 

properties of complex networks, such as statistical characteristics of the degree 

distribution, act degree distribution, dyad act degree distribution and cluster 

coefficient. Result show that complex network degree, degree of project, dyad 

act degree distribution fit SPL distribution. It denotes that the connection be-

tween medium may be choosen linear optimization or randomly or both of them 

at present. By this way it also verifies there is a different choice between the cell 

secretion medium in the neural-immune system. Due to the emergence of tran-

sition between systems, it is fully illustrated that in the two systems mutual co-

operation jointly safeguard the stability of the system. Geting this understanding 

can not immediately contribute to the study of living systems, but some of the 

features of the system may be shared. This may play a reference for profession-

als do some research about the medium secreted by cells. 
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Chapter 5.  
Management of Rheumatoid  
Arthritis: From the  
Perspective of Complex  
Network 

In this book, we present RA management strategy from the perspective of 
five-layer network (Figure 5.1) [1]-[8]. 

 
Figure 5.1. RA management strategy from the perspective of five-layer network. 
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1. About Balance between Neuroendocrine  
System and Immune System 

Neuroendocrinology is the study of the interaction between the nervous sys-
tem and the endocrine system, including the biological features of the cells in-
volved (cytology), and how they communicate [9]. The nervous and endocrine 
systems often act together in a process called neuroendocrine integration, to 
regulate the physiological processes of the human body. Neuroendocrinology 
arose from the recognition that the brain, especially the hypothalamus, controls 
secretion of pituitary gland hormones, and has subsequently expanded to inves-
tigate numerous interconnections of the endocrine and nervous systems. 

The neuroendocrine system is the mechanism by which the hypothalamus 
maintains homeostasis, regulating reproduction, metabolism, eating and drink-
ing behaviour, energy utilization, osmolarity and blood pressure. 

1) Hypothalamus 

The endocrine system consists of numerous glands throughout the body that 
produce and secrete hormones of diverse chemical structure, including peptides, 
steroids, and neuroamines. Collectively, hormones regulate many physiological 
processes. 

The pituitary gland is divided into two sections: the anterior pituitary and the 
posterior pituitary. The hypothalamus controls the anterior pituitary's hormone 
secretion by sending trophic hormones down the hypothalamo-hypophysial 
portal system. For example, thyrotropin-releasing hormone stimulates the secre-
tion of thyroid-stimulating hormone by the anterior pituitary. 

The posterior pituitary is innervated by the hypothalamus; the hormones 
oxytocin and vasopressin are synthesized by neuroendocrine cells in the hypo-
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thalamus and stored at the nerves' ends in the posterior pituitary. They are se-
creted directly into systemic circulation by the hypothalamic neurons. 

The hypothalamic-pituitary-adrenal axis (HPA axis or HTPA axis) is a com-
plex set of direct influences and feedback interactions among three endocrine 

glands: the hypothalamus, the pituitary gland (a pea-shaped structure located 

below the thalamus), and the adrenal (also called "suprarenal") glands (small, 
conical organs on top of the kidneys). 

These organs and their interactions constitute the HPA axis, a major neu-

roendocrine system [1] that controls reactions to stress and regulates many body 
processes, including digestion, the immune system, mood and emotions, sexual-

ity, and energy storage and expenditure. It is the common mechanism for inte-

ractions among glands, hormones, and parts of the midbrain that mediate the 
general adaptation syndrome (GAS). While steroid hormones are produced 

mainly in vertebrates, the physiological role of the HPA axis and corticosteroids 

in stress response is so fundamental that analogous systems can be found in in-
vertebrates and monocellular organisms as well. 

The hypothalamic-pituitary-thyroid axis (HPT axis for short, a.k.a. thyroid 

homeostasis or thyrotropic feedback control) is part of the neuroendocrine sys-
tem responsible for the regulation of metabolism. 

As its name suggests, it depends upon the hypothalamus, the pituitary gland, 

and the thyroid gland. 

The hypothalamus senses low circulating levels of thyroid hormone (Trii-
odothyronine (T3) and Thyroxine (T4)) and responds by releasing thyrotro-
pin-releasing hormone (TRH). The TRH stimulates the pituitary to produce 
thyroid-stimulating hormone (TSH). The TSH, in turn, stimulates the thyroid to 
produce thyroid hormone until levels in the blood return to normal. Thyroid 
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hormone exerts negative feedback control over the hypothalamus as well as an-
terior pituitary, thus controlling the release of both TRH from hypothalamus and 
TSH from anterior pituitary gland. 

The hypothalamic-pituitary-gonadal axis (HPG axis) refers to the hypothala-
mus, pituitary gland, and gonadal glands as if these individual endocrine glands 
were a single entity. Because these glands often act in concert, physiologists and 
endocrinologists find it convenient and descriptive to speak of them as a single 
system. 

The HPG axis plays a critical part in the development and regulation of a 
number of the body’s systems, such as the reproductive and immune systems. 
Fluctuations in this axis cause changes in the hormones produced by each gland 
and have various local and systemic effects on the body. 

The axis controls development, reproduction, and aging in animals. Gonado-
tropin-releasing hormone (GnRH) is secreted from the hypothalamus by 
GnRH-expressing neurons. The anterior portion of the pituitary gland produces 
luteinizing hormone (LH) and follicle-stimulating hormone (FSH), and the go-
nads produce estrogen and testosterone. 

The HPA, HPG, and HPT axes are three pathways in which the hypothalamus 
and pituitary direct neuroendocrine function. 

The immune system is a host defense system comprising many biological 
structures and processes within an organism that protects against disease. To 
function properly, an immune system must detect a wide variety of agents, 
known as pathogens, from viruses to parasitic worms, and distinguish them 
from the organism’s own healthy tissue. In many species, the immune system 
can be classified into subsystems, such as the innate immune system versus the 
adaptive immune system, or humoral immunity versus cell-mediated immunity. 
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In humans, the blood-brain barrier, blood-cerebrospinal fluid barrier, and simi-
lar fluid-brain barriers separate the peripheral immune system from the neu-
roimmune system, which protects the brain. 

2) Sleep 

The immune system is affected by sleep [10], and sleep deprivation is detri-
mental to immune function. Complex feedback loops involving cytokines, such 
as interleukin-1 and tumor necrosis factor-α produced in response to infection, 
appear to also play a role in the regulation of non-rapid eye movement (REM) 
sleep.[118]Thus the immune response to infection may result in changes to the 
sleep cycle, including an increase in slow-wave sleep relative to REM sleep. 

When suffering from sleep deprivation, active immunizations may have a 
diminished effect and may result in lower antibody production, and a lower 
immune response, than would be noted in a well-rested individual. Additionally, 
proteins such as NFIL3, which have been shown to be closely intertwined with 
both T-cell differentiation and our circadian rhythms, can be affected through 
the disturbance of natural light and dark cycles through instances of sleep de-
privation, shift work, etc. As a result, these disruptions can lead to an increase in 
chronic conditions such as heart disease, chronic pain, and asthma. 

In addition to the negative consequences of sleep deprivation, sleep and the 
intertwined circadian system have been shown to have strong regulatory effects 
on immunological functions affecting both the innate and the adaptive immunity. 
First, during the early slow-wave-sleep stage, a sudden drop in blood levels of 
cortisol, epinephrine, and norepinephrine induce increased blood levels of the 
hormones leptin, pituitary growth hormone, and prolactin. These signals induce 
a pro-inflammatory state through the production of the pro-inflammatory cyto-
kines interleukin-1, interleukin-12, TNF-alpha and IFN-gamma. These cyto-
kines then stimulate immune functions such as immune cells activation, proli-
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feration, and differentiation. It is during this time that undifferentiated, or less 
differentiated, like naive and central memory T cells, peak (i.e. during a time of 
a slowly evolving adaptive immune response). In addition to these effects, the 
milieu of hormones produced at this time (leptin, pituitary growth hormone, and 
prolactin) support the interactions between APCs and T-cells, a shift of the 
Th1/Th2 cytokine balance towards one that supports Th1, an increase in overall 
Th cell proliferation, and naive T cell migration to lymph nodes. This milieu is 
also thought to support the formation of long-lasting immune memory through 
the initiation of Th1 immune responses. 

In contrast, during wake periods differentiated effector cells, such as cyto-

toxic natural killer cells and CTLs (cytotoxic T lymphocytes), peak in order to 

elicit an effective response against any intruding pathogens. As well during 

awake active times, anti-inflammatory molecules, such as cortisol and catecho-

lamines, peak. There are two theories as to why the pro-inflammatory state is 

reserved for sleep time. First, inflammation would cause serious cognitive and 

physical impairments if it were to occur during wake times. Second, inflamma-

tion may occur during sleep times due to the presence of melatonin. Inflamma-

tion causes a great deal of oxidative stress and the presence of melatonin during 

sleep times could actively counteract free radical production during this time. 

RA is more prevalent among women, sex hormones were thought to play a 

role in the pathogenesis and also in the improvement of RA during pregnancy, 

due to their effects on the immune system [11]. 

RA could be induced or aggravated by many factors, among which mental 

factors play a large part in terms of its development, aggravation and recurrence. 

Mental factors include negative emotions such as tension, anxiety, fear, anger, 

depression, worry, grief, etc,; stressful events such as family disputes, death of 

family members, job changes, impending tests, etc.; or over-fatigue or sleep 
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disorders [2]. 

In RA therapy, anti-inflammatory drugs are often used to control the effects 
of inflammation. Glucocorticoid is one of these powerful drugs.  

Accordingly, the neuronal function could be related to the processes involved 
in the course of RA and associated with fatigue and depression. Neuroendocrine 
hormones triggered during stress response may lead to immune dysregulation or 
altered or amplified cytokine production thus resulting in an increase in disease 
activity. Various types of transmitter substances in the neuroendocrine-immune 
network include human growth hormone, growth hormone releasing hormone, 
somatostatin, epinephrine, norepinephrine, acetylcholine, serotonin, substance P, 
vasoactive intestinal peptide, glucagon, insulin, cytokines, and growth factors 
[12]. The stress response and induction of a dysregulation in the cytokine bal-
ance can trigger the hypothalamic-pituitary-adrenal axis and sympathetic nerv-
ous system.  

In conclusion, neuroendocrine-immune network is a general system. During 
the day, glucocorticoid plays an important role in controlling inflammation, and 
human growth hormone plays an important role in eliminating inflammation 
during the slow-wave sleep at night. Mental factors can lead to the onset, recur-
rence or aggravation of RA through neuroendocrine and immune function dis-
orders. Conversely, positive mental psychological activity could prevent or al-
leviate the state of RA [2] [5] [6]. 

2. About Balance between Pro-Inflammatory  
Cytokine and Anti-Inflammatory Cytokine 

Cytokines carry out many crucial biological processes like cell growth, proli-
feration, differentiation, inflammation, tissue repair and regulation of the im-
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mune response [13] [14]. It is well known that they play an important role in the 
pathogenesis of RA and are responsible for inflammation and joint destruction 
that occur during arthritis [15]. There occurs an imbalance between the pro- and 
anti-inflammatory cytokine activities which leads to multi-system immune 
complications [13].  

The inflammatory milieu in the synovial compartment is regulated by a com-

plex cytokine network. It is believed that B cells、 T cells and over-production 

of various pro-inflammatory cytokines and de-regulation of anti-inflammatory 

cytokines regulate the pathophysiology of RA. Clinical interventions clearly 

demonstrate that of these components, tumour necrosis factor (TNF), interleu-

kin 6 (IL-6), and probably granulocyte-monocyte colony stimulating factor are 

essential to the process. Cyto-kines lead to the induction or aggravation of the 

inflammatory response by activating endothelial cells and attracting immune 

cells to accumulate within the synovial compartment [3].  

Although immune system which is regulated by cytokine network is complex, 

many of cytokines such as TNF-α, IL-6, IL-17 have been tested as therapeutic 

targets with notable success in RA and subsequently other inflammatory dis-

eases, whereas targeting of other cytokines rendered low or no therapeutic suc-

cess [3].  

In conclusion, it is important to recovery balance of cytokine network and to 

improve immune function [16]. 

3. About Balance between Th17 and Treg 

Recently, RA is described as an autoimmune disease mediated by T cells, 
especially effector The T helper 17 cells (Th17 cells) [17]. The protective role 
of T regulatory cells (Treg cells) and the pro-inflammatory role of Th17 (by 
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secreting IL-17) have been elucidated and emphasized in the pathogenesis of 
RA. In patients with active RA increased Th17 levels and decreased Treg levels 
were found. Th17 and Treg cells (Th17/Treg balance) have a fundamental role 
in determining the outcome of RA.  

Th17 cells play an important role in maintaining mucosal barriers and con-
tributing to pathogen clearance at mucosal surfaces. In the case of autoimmune 
disorders, Th17 cell over activation can cause an inappropriate amount of in-
flammation.  

Treg cells are considered to have a protective role against bacterial and fungal 
infections and also in suppression of autoimmune response. They express fork-
head box P3 (FoxP3), CD4, CD25 and produce TGF-β and IL-10. Treg cells do 
not promote immune function, but act to decrease it instead. Treg cells actively 
suppress activation of the immune system and prevent pathological 
self-reactivity. The critical role Treg cells play within the immune system is 
evidenced by the severe autoimmune syndrome (IPEX syndrome) that results 
from a genetic deficiency in Treg cells. Despite their low numbers during an 
infection, Treg cells are believed to play an important role in the self-limitation 
of the immune system, they have been shown to prevent the development of 
various autoimmune diseases. 

In 1989, Strachan proposed his Hygiene Hypothesis Theory: the reduction of 
expo-sure to common pathogens such as helminthes increased the prevalence of 
allergic and autoimmune diseases in areas where sanitary conditions improved 
[18]. 

The parasites related to protective effects of the aggressiveness of the disease 
in patients with RA, already described in the literature, are Schistosoma manso-
ni, Schistosoma japonicum, Ascaris suum, Heligmosomoides polygyrus bake-
riand Hymenolepsis diminuta, Leishmania and Malaria. Such pathogens inhibit 
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the secre-tion of Th17 cytokines, induce the appearance of tolerant dendritic 
cells and promote the proliferation of Treg cells [17] [18].  

In conclusion, intestinal immunity is a part of systemic immunity. In child-

hood, developing immune system must receive stimuli (from infectious agents, 

symbiotic bacteria, or parasites) to adequately develop Treg cells. In adulthood, 

eating food include probiotics would be useful. 

4. About Balance between Exercise and Rest 

1) Exercise as a treatment for inflammation [19] 

Regular physical activity is reported to decrease markers of inflammation, 

although the correlation is imperfect and seems to reveal differing results con-

tingent upon training intensity. For instance, while baseline measurements of 

circulating inflammatory markers do not seem to differ greatly between healthy 

trained and untrained adults, long-term training may help reduce chronic 

low-grade inflammation. On the other hand, levels of the anti-inflammatory cy-

tokine IL-6 (interleukin 6) remained elevated longer into the recovery period 

following an acute bout of exercise in patients with inflammatory diseases, rela-

tive to the recovery of healthy controls. It may well be that low-intensity train-

ing can reduce resting pro-inflammatory markers (CRP, IL-6), while mod-

erate-intensity training has milder and less-established anti-inflammatory bene-

fits. There is a strong relationship between exhaustive exercise and chronic 

low-grade inflammation. Marathon running may enhance IL-6 levels as much as 

100 times over normal and increases total leuckocyte count and neturophil mo-

bilization. 

Regarding the above, IL-6 had previously been classified as a pro-inflam- 
matory cytokine. Therefore, it was first thought that the exercise-induced IL-6 
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response was related to muscle damage. However, it has become evident that 
eccentric exercise is not associated with a larger increase in plasma IL-6 than 
exercise involving concentric “nondamaging” muscle contractions. This finding 
clearly demonstrates that muscle damage is not required to provoke an increase 
in plasma IL-6 during exercise. As a matter of fact, eccentric exercise may re-
sult in a delayed peak and a much slower decrease of plasma IL-6 during recov-
ery. 

Recent work has shown that both upstream and downstream signalling path-
ways for IL-6 differ markedly between myocytes and macrophages. It appears 
that unlike IL-6 signalling in macrophages, which is dependent upon activation 
of the NFκB signalling pathway, intramuscular IL-6 expression is regulated by 
a network of signalling cascades, including the Ca2+/NFAT and glycogen/p38 
MAPK pathways. Thus, when IL-6 is signalling in monocytes or macrophages, 
it creates a pro-inflammatory response, whereas IL-6 activation and signalling 
in muscle is totally independent of a preceding TNF-response or NFκB activa-
tion, and is anti-inflammatory. 

Several studies show that markers of inflammation are reduced following 
longer-term behavioural changes involving both reduced energy intake and a 
regular program of increased physical activity, and that, in particular, IL-6 was 
miscast as an inflammatory marker. For example, the anti-inflammatory effects 
of IL-6 have been demonstrated by IL-6 stimulating the production of the clas-
sical anti-inflammatory cytokines IL-1ra and IL-10. As such, individuals pur-
suing exercise as a means to treat the causal factors underlying chronic inflam-
mation are pursuing a course of action strongly supported by current research, 
as an inactive lifestyle is strongly associated with the development and progres-
sion of multiple inflammatory diseases. Note that cautions regarding 
over-exertion may apply in certain cases, as discussed above, though this con-
cern rarely applies to the general population. 
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2) Exercise-induced acute inflammation 

Acute inflammation of the muscle cells, as understood in exercise physiology, 

can result after induced eccentric and concentric muscle training. Participation 

in eccentric training and conditioning, including resistance training and activi-

ties that emphasize eccentric lengthening of the muscle including downhill run-

ning on a moderate to high incline can result in considerable soreness within 24 

to 48 hours, even though blood lactate levels, previously thought to cause mus-

cle soreness, were much higher with level running. This delayed onset muscle 

soreness (DOMS) results from structural damage to the contractile filaments 

and z-disks, which has been noted especially in marathon runners whose muscle 

fibers revealed remarkable damage to the muscle fibers after both training and 

marathon competition. The onset and timing of this gradient damage to the 

muscle parallels the degree of muscle soreness experienced by the runners. 

Z-disks are the point of contact for the contractile proteins. They provide 

structural support for transmission of force when muscle fibers are activated to 

shorten. However, in marathon runners and those who subscribe to the overload 

principle to enhance their muscles, show moderate Z-disk streaming and major 

disruption of thick and thin filaments in parallel groups of sarcomeres as a result 

of the force of eccentric actions or stretching of tightened muscle fibers. 

This disruption of muscle fibers triggers white blood cells to increase follow-

ing induced muscle soreness, leading to the inflammatory response observation 

from induced muscle soreness. Elevations in plasma enzymes, myoglobinemia, 

and abnormal muscle histology and ultrastructure are concluded to be associated 

with inflammatory response. High tension in the contractile-elastic system of 

muscle results in structural damage to the muscle fiber and plasmalemma and its 

epimysium, perimysium, and/or endomysium. The mysium damage disrupts 

calcium homeostasis in injured fibers and fiber bundles, resulting in necrosis 
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that peaks about 48 hours after exercise. The products of macrophage activity 

and intracellular contents (such as histamines, kinins, and K+) accumulate out-

side cells. These substances then stimulate free nerve endings in the muscle; a 

process that appears accentuated by eccentric exercise, in which large forces are 

distributed over a relatively small cross-sectional area of the muscle. 

RA is autoimmune disorder by immune complex precipitation. Taking ade-
quate rest would be useful to the recovery of RA, but long-time rest would ag-
gravate complex precipitation.  

The available data suggest that physical activity (PA) is beneficial and should 
be encouraged in patients with RA [20]. Moderate exercise training is asso-
ciated with improvement of expression of CD28 on Th cells and Th1/Th2 bal-
ances. Exercise also improves metabolism and helps to clear the immune com-
plex. Therefore, exercise training could be helpful for a decrease in the risk of 
infections and in the progression of RA.  

PA may diminish disease activity, improve bone mineral density, slow ra-
dio-graphic disease progression at the small joints, and slow the development of 
atherosclerosis. Engaging in PA also enhances self-esteem and decreases both 
fatigue and pain perception [21]. Regular exercise is recommended as both safe 
and useful to maintain muscles strength and overall physical function. PA is 
also beneficial for patients with RA complaining of fatigue [22].  

But, over exercise would be harmful. In RA, fatigue is reported in over 80% 
of RA patients. Fatigue is severer for patients with moderate to severe disease 
activity, compared with those with low disease activity. Then fatigue could in-
duce sleep dis-order. It is reported only 18.5% of RA patients had sleep of good 
quality.  

In RA complex feedback loops involving cytokines, such as IL-1 and TNF-α 
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produced in response to inflammatory, appear to play a role in the regulation of 

non-rapid eye movement (REM) sleep. Thus the inflammatory may result in 

changes to the sleep cycle, including an increase in slow-wave sleep relative to 

REM sleep. Most of RA patients do not have a good sleep quality. Several stu-

dies have found sleep fragmentation, low sleep efficiency, frequent awakenings 

and poor sleep quality in this group of patients [23]. Sleep is often considered a 

state of the brain that improves immune function. Sleep disorders could be de-

trimental to the metabolism and immune regulatory functions of the human 

body. High-quality and deep sleep can promote the secretion of growth hor-

mone, affect the activity of thymus and other immune organs, and restore the 

immune balance [5] [24] [25]. 

In conclusion, the clearance of immune complexes is limited by the total 

amount of phagocytes and the capacity of metabolism, exercise intensity would 

be increased gradually. Research has shown that aerobic exercise can improve 

PA in RA, while PA decreases chronic inflammation and reduces pain, all 

without adversely affecting disease activity.  

5. About Balance between Body’s Immune  
System and Local Joint Inflammation 

RA is the local expression of the general imbalance of the human body. Once 

the abnormal immune response has become established (which may take several 

years before any symptoms occur), plasma cells derived from B lymphocytes 

produce RF and ACPA in large quantities. Once the inflammatory reaction is 

established, the synovium thickens, the cartilage and the underlying bone begin 

to disintegrate and evidence of joint destruction accrues. 

Typically in RA progression, the process of disease attack is often from small 
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joints to large joints. Small joints of the hands and feet are most commonly in-
volved (proximal interphalangeal joints, and metacarpophalangeal or metatar-
sophalangeal), followed by wrists and ankles, elbows, knees and shoulders, but 
almost any joint can be affected.  

It is reported that 36 of 256 RA patients (14.1%) had self-limiting arthritis 
[26]. Within the process of improvement, the recovery process is often from 
large to small joints [1] [26] [27]. 

In recovery process, massage and exercise can induce diffusion of the im-
mune complex, then increased antigen would cause the secondary immunity.  

Meanwhile, we must  pay attention to the same shape trauma which can 
cause secondary response to the whole body just like Koebner response or the 
isomorphic response which were found in Psoriasis, Juvenile idiopathic arthritis, 
vascular inflammatory.  

In conclusion, within the improvement of RA, we must pay attention to 
over-massage and over-exercise which can cause the secondary immunity. In 
addition, we must pay attention to local trauma which can cause Koebner re-
sponse or the isomorphic response. 
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