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Abstract

Today, it is known that the interaction between inflammatory and 
immune responses is mainly regulated by the cytokine network, 
which may produce both pro-inflammatory, such as IL-1 beta, IL-6, 
TNF-alpha, and anti-inflammatory cytokines, including IL-10 and 
TGF-beta, which are all characterized by an inhibitory effect on the 
anticancer immunity. On the contrary, IL-2 and IL-12, which are 
the only known anticancer cytokines in humans by promoting the 
anticancer cytotoxicity, may play both pro-inflammatory and anti-
inflammatory effects, depending on the concentrations of the other 
cytokines, namely IL-6 and TGF-beta itself. At present, it is possible 
to recognize at least two different origins of the inflammatory 
response, consisting of macrophage and TH17 lymphocyte systems. 
Autoimmunity-related inflammation would mainly depend on an 
enhanced IL-17 secretion due to hyperactivation of TH17 lymphocyte 
system, whereas advanced cancer-related chronic inflammatory status 
would be mainly induced by the macrophage system.

Keywords: Biological response; Inflammation, IL-2, IL-6, IL-12, 
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Introduction

The importance of the inflammatory response in influencing the 
human diseases is known since the beginning of the medical Sciences, 
being a clinical symptomathological evidence. However, until 30 years 
ago, the inflammatory response had been considered as a simple 
local reaction, due to the release of pro-inflammatory agents, such 
as prostaglandins and leukotrienes, and the clinical status of patients 
was interpretated in a mechanicistic manner as the simple effect of 
the inflammatory reaction on the cardiovascular system, including 
blood pressure and cardiac frequency. In contrast, with the discovery 
of the cytokinesas immune proteins provided by systemic activities 
other than the immuno modulatoryones, including metabolic, 

cardiovascular and neuroendocrine effects, the inflammatory response 
has appeared to be due to several cytokine interactions, and to depend 
on the functional status of cytokine network [1]. Then, according 
to their effects on the inflammatory  response, cytokines may be 
subdivided into two main subgroups, consisting of pro-inflammatory 
and anti-inflammatory cytokines. However, until few years ago, 
the inflammatory response was considered to depend substantially 
on the only granulocyte-macrophage system  through the release 
of inflammatory cytokines, such as IL-1 beta, IL-6, IL-8 and TNF-
alpha [2-4], which are responsible for the main inflammation-related 
symptoms, including fever, asthenia, hypotension and cachexia, with 
the relevant role of IL-6, produced by macrophages in response to the 
macrophage release of IL-1 beta [5], because of its stimulatory action 
on the hepatic production of acute phase proteins, suchas C reactive 
protein (CRP). Nevertheless, further studies have demonstrated the 
existence of another immune cell system responsible for the onset 
of inflammation, consisting of TH17 lymphocytes (CD4+CD17+) 
through the release of IL-17 [6-8], then successive to the macrophage 
one from an evolutionary phylogenetic point of view.  IL-17 is present 
in different isoforms, and the most clinically important  would be 
the IL-17A. However, it has to be remarked that IL-17, IL-1 beta and 
IL-6 are linked by reciprocal stimulatory interactions (2-8), then, 
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irrespectively of its origin from macrophage or TH17 lymphocyte 
systems, the inflammatory reponse tends to involve the whole 
immune system. Finally, in addition to an inflammatory cell system, 
it has been demonstrated also the existence of an anti-inflammatory 
cell system, mainly mediated by regulatory T lymphocytes (T reg) ( 
CD4+CD25+CD17-) [9] through the release of anti-inflammatory 
cytokines, the most active of them would be represented by TGF-
beta [10]. Unfortunately, all anti-inflammatory  cytokines, including 
TGF-beta itself, IL-10 and IL-35, are concomitantly provided by an 
immunosuppressive activity on the antitumor immunity, due to the 
inhibition of the secretion of the two main antitumor cytokines in 
humans, IL-2 [11,12] and IL-12 [13]. According to the knowledgements 
available up to now, that we have to be constantly able to modify on 
the basis of new discoveries concerning the activities of new cytokines, 
at present it is known that the equilibrium between inflammatory and 
anti-inflammatory responses is mainly depending respectively on 
the interactions between T reg cell-macrophage immunosuppressive 
system and the TH1-DC immunostimulatory one.

The Immunosuppressive Macrophage- T Reg Cell System

T reg cells are mainly generated in response to TGF-beta and IL-
10 produced by myeloid precursor suppressor cells released from 
bone marrow and spleen macrophage system (14), and T reg cells 
realize their anti-inflammatory and immunosuppressive activity 
on the anticancer immunity through the release of TGF-beta and 
IL-10 themselves (9,10). T reg cell system may be modulated and 
modulate both macrophage and TH17 cell systems, then both systems 
responsible for the origin of the inflammatory status, through complex 
an reciprocal interactions. In more detail, TGF-beta released from T 
reg cells inhibits IL-6 secretion from macrophages (10,14), and IL-17 
release from TH17 cells (CD4+CD17+CD25-), whereas TGF-beta in 
association with IL-6 may stimulate TH17 lymphocytes (6, 10). Then, 
because of its inhibitory effect on the macrophage release of IL-6 and 
its potential stimulatory activity on IL-17 secretion even though only 
in the presence of IL-6, the action of TGF-beta would tend to pilot the 
inflammatory response in a preferential IL-17-dependent way rather 
than in a macrophage-dependent one by counteracting macrophage-
mediated inflammation and potentially promoting the IL-17-mediated 
inflammatory status, then in a lymphocyte-dependent inflammation. 
The dual inflammatory and anti-inflammatory effects played by 
lymphocyte system, with an inflammatory action played by TH17 cells 
and an anti-inflammatory one by T reg cells are also present into the 
macrophage system, which would be characterized by the existence of 
two fundamental subsets of macrophages, the so-called M1 and M2 
subsets (2,3), respectively provided M1 subset by pro-inflammatory 
activity due to the release of IL-6, IL-1 beta and TNF-alpha, and the 
M2 subset with anti-inflammatory and potential pro-tumoral effects 
due to the inhibitory effect of TGF-beta on the anticancer immunity, 

as well as on lymphocyte tumor infiltration, which could destroy 
cancer cells and allow a more favourable prognosis in cancer (2).

The Immunostimulatory Th1 Lymphocyte-Dendritic Cell 
System

In addition to the interactions occurring among macrophages, 
TH17 lymphocytes and T reg lymphocytes involved in the potential 
auto-regolatory control of the inflammatory response, the other 
fundamental regulatory immune cell system involved in the control of 
inflammation, that we have to take into consideration to understand 
the physiopathology of the cytokine network, is that constituted by 
TH1 lymphocytes (CD4+CD25-CD17-) and DC system, respectively 
thorugh the release of IL-2 [11,12,15] and IL-12 [13]. In fact, on the 
same way that TGF-beta, which is provided by a very strong anti-
inflammatory action, may also promote the inflammatory response 
by stimulating IL-17 release in association with the inflammatory 
cytokine IL-6 [9,10], both IL-2 and IL-12 may either promote or inhibit 
the inflammatory response, at least in vitro experimental studies. In 
more detail, IL-2 may exert both inflammatory effects by stimulating 
the macrophage system with a following enhanced production of IL-6 
(12) and anti-inflammatory activities by stimulating T reg cell system 
[16] and inhibiting IL-17 release from TH17 cells [17]. On the same 
way, IL-12 may induce inflammatory effects by inhibiting T reg cells 
and their TGF-beta production (18), as well as by stimulating TH1 
differentiation with a following enhanced release of IL-2 itself [13], 
but it may concomitantly exert anti-inflammatory effects by inhibiting 
TH17 cell system and the production of IL-17 [19]. Probably, the dual 
inflammatory and anti-inflammatory effects of IL-2 and IL-12 would 
mainly depend on their concentrations, as well as by the functional 
status of the whole cytokine network. As far as the anticancer 
immunobiological response is concerned, today it is known that 
the destruction of cancer cells is mainly realized by NK-LAK cell 
system after stimulation by IL-2 produced from TH1 lymphocytes 
(CD4+CD25-CD17-) [11,12,15], and by cytotoxic T lymphocytes 
(CD8+) after their activation by IL-12 released from dendritic cells 
(DC) (13), which respectively mediate the antigen-independent and 
the antigen dependent-cytotoxicity [15].

The Inflammatory And Anti-Inflammatory Cytokine Network

Gnerally, cytokines are subdivided into only two groups, consisting 
of pro-inflammatory and anti-inflammatory cytokines, but it could 
be more suitable to recognize three essential subgroups of cytokines, 
represented by : 1) pro-inflammatory cytokines, the most important 
or at least the most investigated of them are consisting of IL-1 beta, 
IL-6, IL-8, IL-13, IL-17, IL-18;  2) anti-inflammatory cytokines:  
TGF-beta, IL-10, IL-35;   3) ambivalent cytokines provided by both 
inflammatory and anti-inflammatory effects depending on the 
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different experimental conditions, essentially represented by IL-2 and 
IL-12 [11-13]. It is clinically important to put into evidence that both 
inflammatory cytokines, including IL-6, IL-1 beta and TNF-alpha, 
and anti-inflammatory cytokines, such as TGF-beta and IL-10, play 
a major immunosuppressive effects on the anticancer immunity, 
whereas IL-2 and IL-12, which may exert both inflammatory and anti-
inflammatory effects, have been proven to play a clear anticancer action 
in humans [11,13,20].  In any case, from a clinical physiopathological 
point of view, in addition to their single in vitro effects, it is still more 
important to identify their in vivo interactions, which are similar 
to those occurring between the endocrine glands, with the only 
difference that the negative feed back systems are the most important 
in the Endocrinology, whereas within the cytokine network it is 
possible to identify both negative and positive feed back mechanisms 
occurring amog the various cytokine secretions. At present, from a 
clinical physiopathological point of view, it is possible to recognize 
seven essential cytokine feed-back mechanisms, consisting of two 
positive feed back circuits, represented by the reciprocal stimulatory 

relation between IL-2 and IL-12 [20], as well as that occurring between 
IL-6 and IL-17, by three negative feed-back mechanisms, consisting of 
the relation between IL- 2 and TGF-beta with stimulatory action of 
IL-2 on TGF-beta and inhibitory effect of TGF-beta on IL-2 secretion 
[16], between IL-17 and IL-2 with stimulatory effect of IL-17 on IL-2 
and inhibitory activity of IL-2 on IL-17 secretion [17], and between 
IL-6 and IL-2 with stimulatory effects of IL-2 on IL-6 and inhibitory 
action of IL-6 on IL-2 secretion and activity [15], and finally by two 
double negative feed back circuits both involving IL-12 activity, with 
reciprocal inhibitory effects of IL-12 on TGF-beta and of TGF-beta on 
IL-12 secretion, as well as with reciprocal inhibitory effects between 
IL-12 and IL-17 secretions [6,18,19]. Moreover, it has to be remarked 
that the interactions between IL-17 and TGF-beta secretions are more 
complex, since IL-17 suppresses T reg cells and TGF-beta secretion 
[7], whereas the effect of TGF-beta on IL-17 production would depend 
on the presence of other cytokines, since TGF-alone tends to inhibit 
IL-17 secretion, while in the presence of IL-6, as well as IL-23, TGF-
beta stimulates TH17 cell generation and IL-17 release. The cytokine 
regulation of the inflammatory response is illustrated in Figure 1. 

Figure 01: Cytokine regulation of the inflammatory response

The Inflammatory Status of Cancer, Autoimmune and 
Cardiovascular Diseases

Both advanced tumors and autoimmune diseases, and probably also 
psychiatric and neurodegenerative diseases, despite their different 
physiopathology, are characterized by the presence of an exaggerated 

inflammatory response, which consists of a chronic inflammatory 
status in the neoplastic diseases, and of an alternating sequences of 
acute and remission phases of disease in the autoimmune pathologies 
[2,7]. Moreover, despite the complexity of immune cytokine 
interactions during the clinical course of the systemic inflammatory 
diseases, it is possible to suggest that advanced cancer-related 
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inflammatory status is mainly originated by the macrophage system, 
whereas that occurring in the autoimmune diseases would mainly 
depend on IL-17 produced by TH17 lymphocytes, at least at the 
beginning of the disease [2,7].  The prevalent role of macrophages 
in mediating cancer-related inflammatory status is salso suggested  
by the blood levels of IL-6, which tend to be constantly high in the 
advanced neoplastic disease, whereas controversial data exist about IL-
17 behavior in cancer [15]. On the contrary, IL-17 would be essential 
for the onset of the autoimmune processes [7]. From a therapeutic 
point of view, TGF-beta cannot be obviously used in cancer patients 
as an anti-inflammatory agent because of its concomitant protumoral 
immunosuppressive activity (10). In contrast, TGF-beta could play 
therapeutic effects in autoimmune diseases, since the evidence of 
high levels of TGF-beta has been proven to predict a more favourable 
prognosis in autoimmunity (21). On the other hand, as confirmed by 
preliminary clinical results (20), IL-12 could be effective in cancer 
immunotherapy (13), because of its inhibitory action on T reg cell 
system in association with its stimulatory activity on IL-2 secretion 
and cytotoxicity of both cytotoxic T cells and macrophages, whereas 
IL-12 could negatively influence the clinical course of the autoimmune 
diseases because of its potential further inhibition of T reg cell system 
and TGF-beta production (13,18). Finally, IL-2 may reserve a great 
importance in the treatment of both cancer and autoimmunity.  IL-2 
plays an anticancer role through several mechanisms, including 
stimulation of the evolution of NK cells into LAK cells, which may 
destroy fresh human cancer cells (11), and promoting effect on IL-
12 production (15), but IL-2 may be paradoxically therapeutically 
usefull also in the treatment of autoimmune diseases, because of its 
stimulatory action on T reg cells and TGF-beta secretion. In fact, 
low-dose IL-2 has appeared to improve the clinical course of the 
autoimmune diseases [16]. In addition to the well known importance 
of the inflammatory response in both cancer and autoimmunity, it has 
recently been demonstrated that the functional status of the cytokine 
network involved in the regulation of the inflammatory response may 
also influence the prognosis of cardiovascular pathologies (3,4). In 
particular, it has been shown that the inflammatory response may 
negatively influence the prognosis of both myocardial infarction and 
heartfailure, and this event would be mainly mediated by endothelin-1 
(ET-1) [22]. In fact, in addition to its cardiovascular effects, namely 
consisting of increase in blood pressure, stimulation of cardiac 
hypertrophy and atherosclerosis processes, ET-1 has appeared to play 
inflammatory activity by stimulating the secretion of inflammatory 
cytokines, such as IL-1 beta and IL-6, and to interact with TGF-beta 
in promoting the fibrotic processes.

Conclusions

To modify the biological response, obviously we have before to known 
its physiopathology, then the functionless of the cytokine network, 

with its negative and positive feed-back systems. Unfortunately, 
despite the great advances in the knowledge of the in vitro immune 
effects of the different cytokines, very few clinical studies have been 
carried out to in vivo verify the behavior of the various cytokines in 
human systemic diseases. However, despite the controversial opinions, 
at present it is possible to identify at least two major origins of the 
inflammatory status, consisting of macrophage system through the 
release of IL-6, and TH17 cell system by releasing IL-17. Both cancer 
and autoimmunity are characterized by a systemic inflammatory status 
involving both inflammatory systems, even though the autoimmune 
diseases would primarily depend on IL-17-dependent inflammation 
(7), whereas advanced cancer-related chronic inflammatory status 
would mainly be induced by the macrophage system (2), which allows 
an enhanced generation of T reg cells [14]. 
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