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Abstract

The chronic inflammatory status, which characterizes human systemic diseases, including the neoplastic ad autoimmune pathol-
ogies, may depend on an enhanced activation of macrophage or TH17 lymphocyte systems, with a consequence increased production
of IL-6 and IL-17, respectively.At present, however, it has to be established whether the inflammatory status may depend on a gener-
alized activation of the immune system, or whether it may be primarily due to a preferential hyper function of the macrophage or the
TH17 cell systems. This preliminary study was carried out to evaluate which interaction may exist between IL-17 and IL-6 secretions
in patients with chronic inflammatory pathologies by analizing 40 consecutive patients, 22 of whom were suffering from metastatic
cancer, and the other 18 patients were affected by autoimmune diseases. IL-6 and IL-17 were measured by an enzyme immunoassay
on salivary samples collected during the morning. Abnormally high levels of IL-6 and IL-17 were observed in 13/40 (33%) and in
8/40 (20%) patients, respectively. Moreover, no significant correlation occurred between IL-6 and IL-17 concentrations. This prelimi-
nary study, by showing no correlation between IL-6 and IL-17 levels in human systemic diseases, seems to suggest the possibile exis-
tence of two different origins of the inflammatory response, consisting of macrophages system or TH17 lymphocytes, whose clinical
physiopathological and prognostic significance has still to be established by longitudinal studies and monitoring changes in cytokine
levels in relation to the clincal history of the immune alteration related-human systemic disease.

mechanisms, with a consequent multiple reciprocal stimulation,
such as in the case of IL-6, namely produced by the macrophage
system under stimulation of IL-1 beta, and IL-17 released from
TH17 lymphocytes, as seen in Figure 1 . Then, each immune cell
may be considered as a potential circulating micro-endocrine
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Introduction

Despite the in vitro activity of most cytokines is well known,
the profile of cytokine secretion in the pathogenesis of the different
human systemic diseases, has still to be better established from
both pathogenetic and prognostic points of view. The controversial
results reported in the literature concerning the blood concentrations
of the different cytokines in the various systemic diseases could
simply depend on the fact that the levels of each cytokine would
represent the end-result of several interactions among the various
cytokines, most of them are consisting of positive feed-back

gland, which directly release into the blood its endocrine-like
substances, represented by the same cytokines themselves. At
present, it is known that the main inflammatory cytokines are
consisting of IL-1beta and IL-6 secreted by macrophages [1], IL-
17 produced by TH17 lymphocytes [2], and TNF-alpha, which
may be produced by both macrophage and lymphocyte systems
[3]- More in detail, II-1 beta secreted by macrophage stimulates
IL-6 from macrophage themselves [1], whereas IL-17 secretion is
stimulated by TGF-beta in association with IL-6, IL-23 and IL-21

OPEN 8ACCESS




Volume 2019; Issue 01

[4,5]. Moreover, it has been demonstrated that IL-17 stimulates
the macrophage secretion of IL-1 beta, which in turn may promote
the release of IL-17 [6]. Since both the macrophage cytokine
IL-6 and the lymphocyte cytokine IL-17 may induce a chronic
inflammatory status, it could be suggested the existence of two
different potential origins of the inflammatory response, consisting
of macrophage and T lymphocyte systems. However, because of
the reciprocal stimulatory effect between IL-6 and IL-17, the two
different possible sources of the inflammatory processes would
allow a similar generalized inflammatory response. On the other
side, the main anti-inflammatory cytokines are consisting of
TGF-beta [7], which is namely produced by both regulatory T
lymphocytes (T reg) and macrophages, and IL-10 [8], which
may be secreted by M2 macrophage subset , TH2 cells and T reg
lymphocytes. However, it has been remarked that both TGF-beta
and IL-10 in addition to their anti-inflammatory activity may
also exert a potent immunosuppressive effect on the antitumor
immunity [7,8]. On the contrary, IL-2 [9], which is released from
THI1 lymphocytes, and IL-12 [10], namely produced by dendritic
cells, that represent the two main antitumor cytokines in humans,
are able to play both inflammatory and anti-inflammatory effects.
The possible anti-inflammatory activity of IL-2 is due to its
potential stimulatory effect on TGF-beta secretion by T reg cells
in the presence of high concentrations of TGF-beta itself [11,12],
while the anti-inflammatory action of IL-12 is namely depending
on its inhibitory effect on IL-17 secretion from TH17 cells [13].
On the other hand, their possible inflammatory actvity is due to
an inhibitory action on T reg cell system [14], while that of IL-2
would be due to a generalized stimulation of both macrophage and
lymphocyte systems for IL-2 [9]. Within the cytokine network,
a fundamental important regulatory role is played by TGF-
beta, which constitutes the most potent anti-inflammatory and
immunosuppressive molecule in humans [7]. TGF-beta, namely
produced by T reg lymphocytes and M2 macrophage subset [15],
may block the inflammatory response by inhibiting the secretion of
IL-2,1L-12 and IL-17, but on the same way it may stimulate IL-17
secretion in presence of IL-6, as well as IL-23 [2,4,5]. Therefore,
the interactions between the two possible macrophage or TH17
lymphocyte sources of the inflammatory status would be mainly
regulated by TGF-beta itself. Finally, IL-18 would also play an
important role in amplifying the inflammatory processes [16].
Both neoplastic and autoimmune diseases are characterized by
an excessive chronic inflammatory status, whose primary origin,
however, could be different. According to the experimental data
available up to now, autoimmunity-related inflammation would be
mainly induced by IL-17 released by TH17 lymphocytes [16], with
a consequent decline in TGF-beta levels because of the inibitory
effect of IL-17 on T reg cells, which represent the main source for
TGF-beta. On the contrary, cancer-related chronic inflammatory
status would mainly depend on an enhanced macrophage system
activation [17], which promotes the stimulation of T reg cell
system, with a following increase in TGF-beta secretion. Therefore,
the main pathogenetic cytokine difference between neoplastic and
autoimmune diseases , which are both characterized by an increase
in inflammatory cytokine concentrations, namely IL-6, IL-1 beta
and TNF-alpha, would consist of TGF-beta blood concentrations,
which tend to be abnormally enhanced in the metastatic cancer
[7,12] and low during the exacerbation phases of the various
autoimmune diseases [18]. The difference between cancer and

autoimmunity would also regard the prognostic significance of
TGF-beta concentrations, whose increase has appeared to predict
a better prognosis in the autoimmune diseases [18], and a poor
prognosis in the neoplastic ones [12]. The in vivo concentrations
of the various cytokines may be determined either in the blood, or
at salivary level, and a good correlation has been observed between
blood and salivary cytokine concentrations [19]. The present
preliminary study was performed in an attempt to evaluate which
correlation may exist between the concentrations of IL-17A, that
constitutes the main isoform of IL-17 family, and those of IL-6,
which respectively reflect a macrophage or a TH17 lymphocyte
origin of the inflammatory process, in a group of patients suffering
from cancer or autoimmune diseases.

Materials and Methods

The study included 40 consecutive patients (M/F: 15/25;
median age 48, range 23-76), who were affected by advanced
solid tumors (n=22), or by autoimmune pathologies (n=18). All
cancer patients showed a metastatic disease, while patients with
autoimmune diseases were investigated during the remission
phase of their pathology. Tumor histotypes were, as follows:
breast cancer: 9; nonsmall cell lung cancer: 7; colorectal cancer:
6. The autoimmune diseases were consisting of multiple sclerosis
(n=4), psoriasis (n=4), rheumatoid arthritis (n=3), systemic lupus
erythematosus (n=3), sclerodermia (n=2), thyroiditis (n=2). For
cytokine measurement, salivary samples were collected at 8.00
A.M after an overnight fast. Salivary levels of IL-6 and IL-17A
were detected by an enzyme immunoassay and commercially
available kits. TNF-alpha salivary levels were also detected in the
same samples by an enzyme immunoassay and commercial kits.
Normal levels of IL-6, IL-17 A, and TNF-alpha observed in our
laboratory (95% confidence limits) were less than 51pg/ml for IL-
174, less than 6.5pg/ml for IL-6, and less than 5.5pg/ml for TNF-
alpha. Data were reported as mean +/- SE, and statistically analyzed
by the Student’s t test, the chi-square test, and the coefficient of
correlation, as appopriate.

Results

Abnormally high levels of IL-6, IL-17A, and TNF-alpha
were observed in 13/40 (33%), in 8/40 (20%), and in 15/50 (38%)
patients, respectively, without, however, no significant difference
between cancer patients and those with autoimmune diseases
( IL-17A: 4/22 (18%) vs 4/18 (22%); 1L-6: 6/22 (27%) vs 7/18
(39%); TNF-alpha (9/22 (41%) vs 6/18 (33%). Simultaneous
high levels of both IL-6 and IL-17 A occurred only in 3/40 (8%)
patients. IL-17A mean salivary levels in relation to those of IL-6
and TNF-alpha are reported in Table 1, while Table 2 shows IL-6
concentrations in relation to those of IL-17A and TNF-alpha.
Patients with normal levels of IL-17A showed higher mean levels
of IL-6 than those with high IL-17A concentrations, even though
the difference was not statistically significant. IL-17A mean levels
were higher in patients with normal IL-6 values than in those
with high IL-6 concentrations, but also this difference was not
significant. Finally, both patients with high IL-17A or IL-6 values
showed higher levels of TNF-alpha than those with normal IL-
17A or IL-6 concentrations, but none of these differences was
statistically significant. Finally, no significant correlation occurred
between IL-6 and IL-17A concentrations (Pearsonr=-0.2, P 0,05).
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Discussion

The results of this preliminary study, by excluding the
existence of a positive correlation between IL-6 and IL-17
endogenous levels seems to confirm the possible existence of
at least different origin of the inflammatory response in patients
suffering from a chronic inflammatory status due to a systemic
disease, including advanced cancer and autoimmune pathologies.
However, the too low number of patients does allow us to identify
possible differences in the profile of cytokine secretion neither
between cancer patients and those with autoimmune diseases, nor
in relation to the different tumor histotypes, as well as to the type of
autoimmune pathology. The regulation of the interactions between
IL-17 and IL-6 would be mainly due to the concentrations of TGF-
beta itself, since TGF-beta alone may inhibit IL-17 production,
which in contrast is stimulated by TGF-beta in association with
high concentrations of IL-6, as well as those of IL-21 and IL-23
[4,5,7]. IL-18, which is mainly produced by both endothelial and
epithelial cells, would have also to be taken into consideration in
the modulation of IL-6 —IL-17 interactions, since it has been shown
to inhibit IL-17 secretion and to promote T reg cell differentiation
[20]. Then, because of the reciprocal stimulatory effect between
IL-18 and IL-1 beta, which is released from macrophages, IL-
18 would mainly amplify macrophage-mediated inflammatory
response rather than that induced by THI17 lymphocytes.
Therefore, further studies, by concomitantly evaluating TGF-beta
and IL-18 concentrations, would be required to confirm that IL-18
may induce a preferential macrophage-dependent inflammatory
response. In any case, the importance of IL-18 in the induction
of the inflammation is also confirmed by the evidence of high IL-
18 levels in main chronic systemic inflammatory diseases [21].
On the contrary, IL-22 would play a major anti-inflammatory
action [22]. Moreover, according to the knowledgements available
up to now [20], IL-18 would be involved in the pathogenesis
of allergy, since the diminished secretion of gamma-interferon
(IFN), that constitutes one of the main allergy-associated cytokine
anomalies [23], would be due to an enhanced production of IL-
18 itself. An enhanced production of IL-25, which stimulates TH2
differentiation, has also been proven to be involved in the allergy
[20,23]. Then, even though the clinical reality is more complex,
at present itis possible to affirm that autoimmunity is mainly
characterized by an enhanced IL-17 secretion in assocation with
low levels of TGF-beta and IL-10. On the contrary the neoplastic
diseases are characterized by high levels of TGF-beta and IL-10
in association with low levels of IL-2 and IL-12 in the advanced
disease, while there are still controversial data concerning IL-17
secretion. Finally, allergy would be characterized by low levels
of gamma-IFN in association with high IL-18 concentrations.
However, since the profile of cytokine secretions may change
during the clinical course of the disease either in cancer patients, or
in those with autoimmune disease in relation to the exacerbation or
remission of the same disease, further longitudinal clinical studies
in a greater number of patients, by monitoring changes in cytokine
levels in relation to the clinical history of their pathology, will be
required to better understand the role of the single inflammatory
cytokine in influencing the mechanims involved in determining the
onset and the maintenance of the chronic inflammatory response
in both neoplastic and autoimmune diseases. In conclusion, this
preliminary clinical investigation, by excluding the evidende

of a positive correlation between IL-6 and IL-17 endogenous
concentrations, which respectively reflect the activation of the
macrophage or the TH17 lymphocyte systems, would suggest
the possible existence of two different cytokine origins of the
inflammatory status, consisting of TH17 cells and macrophages,
which may be clinically identified by the evidence of abnormally
high levels of IL-17 or IL-6, respectively. From a phylogenetic
point of view, macrophage-induced inflammatory status preceedes
that generated by the lymphocyte system. Moreover, according
to the data available up to now,from a schematic point of view,it
is possible to suggest that macrophage-dependent inflammatory
status, which is characterized by high levels of both IL-1 beta
and IL-6, would be mainly involved in the pathogenesis of
advanced cancer-related chronic inflammatory status, whereas
TH17 lymphocyte-related inflammatory response, as shown by
the evidence of abnormally high IL-17 levels, would be mainly
responsible for the induction of the inflammatory status occurring
in the autoimmune disorders.
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Figure 1: Interaction between the main inflammatory cytokines , IL-6 ,
IL-17 and TNF-alpha in patients with chronic inflammatory pathologies (
metastatic cancer and autoimmune diseases).

TH1
Lymphocytes

IL-17Apg/ml n

Normal IL-17
values

IL-6 pg/ml TNF-alpha pg/ml

32 4.8+/-0.4 4.2+/-03

8 3.4+/-0.5 5.8 +/-06

High IL-17 values

Table 1: Salivary levels (mean +/- SE) of IL-17A in relation to IL-6 and
TNF-alpha values in patients with systemic diseases.

IL-6 pg/ml n IL-17A pg/ml TNF-alpha pg/ml
Normal IL-6 |, 3745 46+-03
values
High IL-6 levels 13 26 +/-4 51+/-04

Table 2: Salivary levels (mean +/- SE) of IL-6 in relation to IL-17A and
TNF-alpha values in patients with systemic diseases.

References

1. Abdel Galli SM, Ezzeldin N, EI-Boshy ME (2015) The role of serum
IL-17 and IL-6 as biomarkers of disease activity and predictor of remis-
sion in patients with lupus nephritis. Cytokine 76: 280-287.

2. Dong C (2008) Regulation and pro-inflammatory function of interleu-
kin-17 family cytokines. ImmunolRev 226: 80-86.

OPEN aACCESS



https://doi.org/10.1016/j.cyto.2015.05.007
https://doi.org/10.1016/j.cyto.2015.05.007
https://doi.org/10.1016/j.cyto.2015.05.007
https://doi.org/10.1111/j.1600-065x.2008.00709.x
https://doi.org/10.1111/j.1600-065x.2008.00709.x

10.

1.

12.

13.

Beutler B and Cerami A (1987) Cachectin: more than a tumor necrosis
factor. N Engl J Med 316: 379-384.

Langrish CL, Chen Yi, Blumenshein WM, Mattson J, Basham B, et al.
(2005) IL-23 drives a pathogenic T cell population that induces autoim-
mune inflammation. J ExpMed 201: 233-240.

Tian Y, Yuan C, Ma D, Zhanfg Y, Liu Y, et al. (2011) IL-21 and IL-12
inhibit differentiation of T reg and TH17 cells and enhance cytotoxicity
of peripherial blood mononuclear cells in patients with cervical cancer.
Int J Gynecol Cancer 21: 1672-1678.

Dinarello CA(2006) Interleukin 1 and interleukin 18 as mediators of
inflammation and the aging process. Am J ClinNutr 83: 447S-4558S.

Dennis KL, Blatner NR, Gounari F, Khazaie K (2013) Current status of
IL-10 and regulartory T cells in cancer. CurrOpinOncol 25: 637-645.

Whittington R and Faulds D (1993) Interleukin-2. Drugs 46: 446-514.

Banks RE, Patel PM, Selby PJ (1995) Interleukin-12: a new clinical
player in cytokine therapy. Br J Cancer 71: 655-659.

Zhang H, Chua KS, Guimond M, Kapoor V, Brown MV, et al. (2005) Lym-
phopenia and interleukin-2 therapy alter homeostatis of CD4+CD25+
regulatory T cells. NatMed 11: 1238-1340.

Lissoni P (2017) Therapy implications of the role of interleukin-2 in
cancer. ExpRevClinlmmunol 13: 491-498.

Hoeve MA, Savage ND, de Boer T, Langenberg DM, de WaalMalefyt
R, et al. (2006) Divergent effects of IL-12 and IL-23 on the production
of IL-17 by human T cells. Eur J Immunol 36: 661-670.

Prochazkova J, Pokorna K, Holan V (2012) IL-12 inhibits the TGF-beta
Tcell development programs and skiews the TGF-beta-induced differ-
entiation into a Th1-like direction. Immunobiology 217: 74-82.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Volume 2019; Issue 01

Nahrendorf M, Swirski FK (2016) Abandoning M1/M2 for a network
model of macrophage function.Circulation Res 119: 414-417.

Chen Z, Tato CM, Muul L, Laurence A, OSha JJ (2007) Distinct regu-
lation of IL-17 in human helper T lymphocytes. ArthrRheumatol 56:
2936-2946.

Grivennikov Sl, Greten FR, Karin M (2010) Immunity, inflammation,
and cancer. Cell 295: 883-899.

Paramalingam SP, Thumboo J, Vasoo S, Thio ST, Tse C, et al. (2007)
In vivo pro- and anti-inflammatory cytokines in normal and patients
with rheumatoid arthritis. Ann AcadMed Singapore 36: 96-99.

Gutierrez-Corrales A, Campano-Cuevs E, Castillo-Dali G, Torres-
Lagares D, Gutierrez-Perez JL (2017) Ability of salivary biomarkers
in the prognostic of systemic adbuccal inflammation. J ClinExpDent
9: 716-722.

Harrison OJ, Srinivasan N, Pott J, Schiering C, Krausgruber T, et al.
(2015) Epithelial-derived IL-18 regulates Th17 cell differentiation and
Foxp3+ T reg cellfunction in the intestine. Mucosallmmunol 8: 1226-
1236.

Sedimbi SK, Hagglof T, Karisson MC (2013) IL-18 in inflammatory and
autoimmune disease. Cell Mol Life Sci 70: 4795-4808.

Zenewicz LA and Flavell RA (2011) Recent advances in IL-22 biology.
Internatimmunol 23: 159-163.

El-Mezayen RE and Matsumoto T (2004)/n vitro responsiveness to
IL-18 in combination with IL-12 or IL-2 by PBMC from patients with
bronchial asthma and atopic dermatitis. Clinilmmunol 111: 61-68.

OPEN aACCESS



http://doi.org/10.1056/NEJM198702123160705
http://doi.org/10.1056/NEJM198702123160705
https://doi.org/10.1084/jem.20041257
https://doi.org/10.1084/jem.20041257
https://doi.org/10.1084/jem.20041257
https://doi.org/10.1097/igc.0b013e3182358955
https://doi.org/10.1097/igc.0b013e3182358955
https://doi.org/10.1097/igc.0b013e3182358955
https://doi.org/10.1097/igc.0b013e3182358955
http://doi.org/10.1093/ajcn/83.2.447S
http://doi.org/10.1093/ajcn/83.2.447S
http://doi.org/10.1097/CCO.0000000000000006
http://doi.org/10.1097/CCO.0000000000000006
https://doi.org/10.2165/00003495-199346030-00009
https://doi.org/10.1038/bjc.1995.130
https://doi.org/10.1038/bjc.1995.130
http://doi.org/10.1038/nm1312
http://doi.org/10.1038/nm1312
http://doi.org/10.1038/nm1312
http://doi.org/10.1080/1744666X.2017.1245146
http://doi.org/10.1080/1744666X.2017.1245146
http://doi.org/10.1002/eji.200535239
http://doi.org/10.1002/eji.200535239
http://doi.org/10.1002/eji.200535239
htp://doi.org/10.1016/j.imbio.2011.07.032
htp://doi.org/10.1016/j.imbio.2011.07.032
htp://doi.org/10.1016/j.imbio.2011.07.032
http://doi.org/10.1161/CIRCRESAHA.116.309194
http://doi.org/10.1161/CIRCRESAHA.116.309194
http://doi.org/10.1002/art.22866
http://doi.org/10.1002/art.22866
http://doi.org/10.1002/art.22866
http://doi.org/10.1016/j.cell.2010.01.025
http://doi.org/10.1016/j.cell.2010.01.025
https://pdfs.semanticscholar.org/c371/d27237db466015d86eb98133f3d0a53be178.pdf
https://pdfs.semanticscholar.org/c371/d27237db466015d86eb98133f3d0a53be178.pdf
https://pdfs.semanticscholar.org/c371/d27237db466015d86eb98133f3d0a53be178.pdf
http://doi.org/10.4317/jced.53776
http://doi.org/10.4317/jced.53776
http://doi.org/10.4317/jced.53776
http://doi.org/10.4317/jced.53776
http://doi.org/10.1038/mi.2015.13
http://doi.org/10.1038/mi.2015.13
http://doi.org/10.1038/mi.2015.13
http://doi.org/10.1038/mi.2015.13
http://doi.org/10.1007/s00018-013-1425-y
http://doi.org/10.1007/s00018-013-1425-y
http://doi.org/10.1093/intimm/dxr001
http://doi.org/10.1093/intimm/dxr001
http://doi.org/ 10.1016/j.clim.2003.12.006
http://doi.org/ 10.1016/j.clim.2003.12.006
http://doi.org/ 10.1016/j.clim.2003.12.006

