
Summary. Interleukin-6 is a multifaceted cytokine,
usually reported as a pro-inflammatory molecule.
However, certain anti-inflammatory activities were also
attributed to IL-6. The levels of IL-6 in serum as well as
in other biological fluids are elevated in an age-
dependent manner. Notably, it is consistently reported
also as a key feature of the senescence-associated
secretory phenotype. In the elderly, this cytokine
participates in the initiation of catabolism resulting in,
e.g. sarcopenia. It can cross the blood-brain barrier, and
so it is in causal association with, e.g. depression,
bipolar disorder, schizophrenia, and anorexia. In the
cancer patient, IL-6 is produced by cancer and stromal
cells and actively participates in their crosstalk. IL-6
supports tumour growth and metastasising in terminal
patients, and it significantly engages in cancer cachexia
(including anorexia) and depression associated with
malignancy. The pharmacological treatment impairing
IL-6 signalling represents a potential mechanism of anti-
tumour therapy targeting cancer growth, metastatic
spread, metabolic deterioration and terminal cachexia in
patients. 
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Introduction

The incidence of cancer is increasing worldwide.
This trend is naturally associated with the ageing of the
population, more apparent in the developed countries.
This increasing burden of cancer can be influenced by
numerous factors of our civilisation including
environmental pollution and unhealthy lifestyle.
Nevertheless, reduction of gene-repair activity of our
cells appears at the age of 50 years and higher, and it can
further enhance the detrimental effect of the
abovementioned harmful factors. Briefly, longevity
represents an increased risk to develop a malignant
disease (Smetana et al., 2016, 2018). Thus, according to
scientifically-based prognosis, every second citizen of
central Europe is at risk of developing a tumour at least
once in his life. A More or less similar situation is
expected in other parts of the world. This worrisome
perspective requires urgent action to develop a new
generation of antitumour therapy. 

A tumour of any type is not formed exclusively by
genetically altered cancer cells. In a closer view, it
resembles a highly complicated ecosystem. Besides the
cancer cells, various supporting populations are actively
participating in the formation of this growing tumour
mass. The list of involved cell population includes, but is
not limited to, activated stromal fibroblasts, endothelial
cells and numerous types of immune cells (Lacina et al.,
2018). Once involved in tumour growth, the
functionality of these genetically non-altered cellular
populations diverges strikingly from the expected one.
Thus, e.g. cancer-associated fibroblasts are not any more
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innocent bystanders, and they are not equal to the normal
tissue fibroblast (Szabo et al., 2013). These cells and
their products such as interleukins represent a potential
target for anticancer therapy (Gál et al., 2017). IL-6 is
recognised as an essential agent in the context of cancer
microenvironment. It can be produced by either cancer
cells as well as by non-cancerous cells of the tumour
ecosystem (Coward and Kulbe, 2012; Fisher et al., 2014;
Lacina et al., 2015).
IL-6 and its receptor

IL-6 is a glycoprotein composed of 184 amino acids
(MW 23,7 kDa). IL-6 is produced by many cell types of
the immune system and also by non-immune cells
including, e.g. muscle cells. IL-6 receptor (IL-6R) is also
expressed by a great variety of cell types (Yamasaki et
al., 1988). IL-6R is a transmembrane protein forming a
complex with another transmembrane molecule, the
glycoprotein gp130. Binding of IL-6 to IL-6R activates
gp130 that consequently serves as a signal transducer
(Fig. 1). IL-6 also binds to a soluble form of IL-6R (IL-
6Rs). IL-6Rs is cleaved from its intramembrane domain
by a membrane-bound protease, ADAM17 (Rose-John,
2013; Scheller et al., 2014). After shedding from the
membrane, IL-6Rs interacts with IL-6 and forms
complex with gp130. This complex later docks on the
cell membrane. The signal transduction from gp130 via
STAT (in-)dependent mechanism is thus initiated (Wolf
et al., 2014; Schaper and Rose-John, 2015). IL-6 is
generally considered to be a pro-inflammatory cytokine.
Indeed, it is a potent inducer of the acute phase response.
However, the IL-6 effect is more pleiotropic, and it also
depends on the activity of ADAM17. The outcome of
activation of the membrane-cleaved soluble IL-6Rs is
pro-inflammatory. On the contrary, the membrane-bound
IL-6R seems to be more linked to anti-inflammatory
effects. IL-6R thus also appears to be pro-cancerogenic
(Scheller et al., 2014). This receptor functional duality
suggests the importance of ADAM17 and predisposes

IL-6R as a target for potential therapeutic manipulation
for the treatment of autoimmune disease and cancer
(Moss and Minond, 2017). 
Ageing

Numerous health problems accompany the course of
ageing. Conditions such as visual and hearing
deterioration, atrophy of the dermis, subcutaneous tissue,
reduction of bone mass leading to fragility, sarcopenia,
cardiovascular diseases, cognitive impairment, cancer
and cachexia are common. The actual molecular
mechanisms of these ageing-related morbidities are
under extensive research (Ahmad, 2018). Surprisingly,
IL-6 is present as a key player in virtually all the
abovementioned pathologies. The “simple ageing effect”
is here often combined and enhanced by the
inflammatory mechanisms. This is not merely a
coincidence. Therefore the concept of “inflammaging”
was coined (Franceschi et al., 2007). Of note, the tissue
environment including increased IL-6 level seems to be
almost universally associated with the elderly
(Puzianowska-Kuznicka et al., 2016; Lee et al., 2017).
This phenomenon can be influenced by, e.g. ethnicity
(Lima-Costa et al., 2015, 2017) and also by personal
hormonal status (Campesi et al., 2016; Sebastiani et al.,
2016). This increase of IL-6 predisposes old people for
asthma and other respiratory disorders (Cho et al., 2015),
increased risk of cardiovascular problems (Nadrowski et
al., 2016) as well as osteoarthritis (Pearson et al., 2017).
High serum level of IL-6 -strongly correlates with the
functional impairment in aged individuals (Adriaensen et
al., 2014) and predicts their hospitalisation and even
mortality (Adriaensen et al., 2015; Minciullo et al.,
2016). Interestingly, low socioeconomic status during
childhood is linked to an increased level of IL-6 in the
elderly (Lin et al., 2017). Conversely, IL-6 level is
reduced in the elderly by memory-training programs
(Pesce et al., 2017).

These data collectively indicate that IL-6 elevation is
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Fig. 1. IL-6R is a transmembrane protein forming a
complex with the glycoprotein gp130. The signal
transduction from gp130 via STAT (in-)dependent
mechanism is thus initiated. IL-6Rs is cleaved from its
intramembrane domain by a membrane-bound
protease, ADAM17. IL-6 also binds to this soluble form
(IL-6Rs). The outcome of activation of the membrane-
cleaved soluble predominantly IL-6Rs is pro-
inflammatory. The membrane-bound IL-6R seems to
be more linked to anti-inflammatory effects.
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Fig. 2. Detection of IL-6 (A, C, E, G) and IL-6R (B, D, F, H), in nodular type of malignant melanoma from human patient (A, B), cultured human BLM
melanoma cells (C, D), human cancer-associated fibroblasts (CAF) isolated from melanoma (E, F) and normal human dermal fibroblasts (HF) (G, H).
Nuclei are counterstained by hematoxylin. Scale bars: 50 μm.



a component of the complex of mild pro-inflammatory
milieu associated with ageing and that it can influence
the general functional status in old individuals. 
Mental health

Multidirectional interactions between the nervous
and immune systems have been documented. The blood-
brain barrier is permeable for certain pro-inflammatory
cytokines including IL-6 (Na et al., 2014). This allows
the direct participation of circulating cytokines such as
IL-6 in mental disease. The level of IL-6 significantly
increases in persons suffering from depression. Patients
suffering from a severe inflammatory condition such as
osteoarthritis with the significantly upregulated level of
IL-6 also frequently exhibit depressive symptoms
(Shimura et al., 2017).

The upregulated IL-6 in depressive patients may
reflect the psychical trauma in childhood (Grosse et al.,
2016) and also posttraumatic stress (Bob et al., 2010; de
Oliveira et al., 2018). High IL-6 after delivery is
associated with e.g. maternal depression during the six
months post-partum (Liu et al., 2016). IL-6 also seems to
have some relation to fatigue syndrome (Rich et al.,
2017). A similar finding was observed in elderly patients
with cognitive defects (Fan et al., 2016; Ali et al., 2018)
and bipolar disorder patients (Grande et al., 2014; Luo et
al., 2016). Elevated serum level of IL-6 was also
observed in schizophrenia (Kunz et al., 2011; Strzelecki
et al., 2018).

Murine models demonstrated that IL-6 influences
hypothalamic serotonin turnover resulting in the
development of anorexia (Dwarkasing et al., 2016). Very
similar data were obtained from clinical material from
anorexia in humans (Ostrowska et al., 2015). 

These neuropsychiatric disorders demonstrating the
influence of IL-6 on depression, bipolar disease and
anorexia are very important for oncological research
because depression and anorexia represent a severe
complication of the malignant disease. 

Elderly sarcopenia and cancer cachexia

In non-immune context, IL-6 also acts as an
important myokine. It is released after muscle
contraction and has multiple metabolic (systemic)
effects, e.g. increases the breakdown of deposited fat
from adipous tissue and also helps to improve peripheral
insulin resistance. Surprisingly, the inflammatory factors
including IL-6 seem to employed in the initiation and
progression of sarcopenia in elderly (Bian et al., 2017).
Moreover, these proinflammatory cytokines also lead
synergistically to obesity, insulin resistance,
mitochondrial dysfunction and support reactive oxygen
radicals action to muscular tissue and sarcopenia
initiation (Fan et al., 2016). IL-6 together with other
factors, namely TNFα and IL-1, stimulate initiation of
cancer cachexia (Narsale and Carson, 2014; Patel and
Patel, 2017). STAT3 is an important component of IL-6
signalling cascade and influences lipolysis and browning
of white adipocytes. STAT3 also impairs the function of
hepatocytes, contributes to myofiber atrophy - the
metabolic steps important for cancer cachexia (Zimmers
et al., 2016). As mentioned in the paragraph focusing on
the effect of IL-6 on the brain, the hypothalamus
controls food intake. The described metabolic function
of IL-6 harmonises with anorexia that is important for
both the terminal stages of malignant disease and elders
in terminal stages of life, where the level of IL-6 is also
elevated. 
Cancer

IL-6 concentration is significantly increased in
serum and other biological fluids in patients suffering
from multiple types of cancer (Sato et al., 2016) (Table.
1). The actual IL-6 level well correlates with some
tumour stage and survival of cancer patients (Suh et al.,
2013; Lippitz and Harris, 2016). This elevation of IL-6
level detectable in biological fluids indicates the role of
IL-6 in tumour biology and also presumably use of IL-6
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Table 1. Examples of human malignant tumors with elevated IL-6 in biological fluids.

Cancer Reference

Ovary Lane et al., 2011; Dobrzycka et al., 2013; Wouters et al., 2015
Prostate Kuroda et al., 2007; Codony-Servant et al., 2013; Milicevic et al., 2014; Nguyen et al., 2014
Breast Goswami et al., 2013; König et al., 2016; Noman et al., 2017; Wang and Yang, 2017
Liver Wong et al., 2009; Kim et al., 2013; Sheng et al., 2015; Shao et al., 2017
Oral cavity, head and neck Duffy et al., 2008; Brailo et al., 2012; Lofti et al., 2015; Zhang et al., 2017
Esophagus Hardikar et al., 2014; Krzystek-Korpacka et al., 2008
Stomach Ikeguchi et al., 2009; Lukaszewicz-Zajac et al., 2011; Necula et al., 2012
Colorectal Knüpfer and Preiss, 2010; Li et al., 2014a,b; Shiga et al., 2016; Xu et al., 2016
Pancreas Fujiwara et al., 2014; Miura et al., 2015; Yako et al., 2016; Kim et al., 2017a,b
Larynx Hao et al., 2013; Nikakhlagh et al., 2015
Lung Ujiie et al., 2012; Liao et al., 2014; Shang et al., 2017; Ding et al., 2018
Thyroid Kobawala et al., 2016
Melanoma Mouwad et al., 2002; Tas et al., 2005; Sinnya and De’ Ambrosis, 2013
Bone sarcoma Rutkowski et al., 2003; Kushlinski et al., 2014



as a biomarker. 
IL-6 seems to participate in the maintenance of low-

grade differentiation status of malignant cells in
squamous and colorectal carcinoma (Kolář et al., 2012;
Holmer et al., 2015). It enhances the epithelial-
mesenchymal transition of cancer cells (Bharti et al.,
2016). IL-6 supports the proliferation and/or migration
and in vitro invasion of trophoblastic carcinoma cells
(Jovanovic and Vicovac, 2009), melanoma cells (Jobe et
al., 2016, 2018), prostate cancer cells (Santer et al.,
2010) and head and neck cancer cells (Kanazawa et al.,
2007). Of note, the IL-6 molecule is not produced only
by cancer cells. IL-6 production by, e.g. cancer-
associated fibroblasts, was clearly documented (Kolář et
al., 2012; Jobe et al., 2016, 2018; Subramanian et al.,
2016; Wang et al., 2017; Wu et al., 2017) (Fig. 2).
Macrophages also represent another fundamental cell
type participating in crosstalk between cancer cells and
tumour microenvironment via IL-6 release (Wolfe et al.,
2016). 

Other simultaneously acting molecules can also
antagonise this multilateral interaction between cellular
populations of tumour stroma. This phenomenon can be
exemplified by, e.g., activation of the estrogen receptor
α in cancer-associated fibroblasts. Estrogen receptor
activation consequently reduces production of IL-6 and
CCL5. Such a decreased level of these molecules results
in inhibition of invasiveness in prostate cancer cells (Yeh
et al., 2016). This observation demonstrates the
multifaceted nature of tumour microenvironment and
complex equilibrium between its components. 

The production of a set of bioactive molecules,
including IL-6, seems to participate collectively in
acquired resistance of BRAF mutated melanoma cells to
Vemurafenib (Kodet et al., 2018). Downregulation of the
IL-6 gene activity by miR-98 suppresed the metastatic
behaviour of melanoma in an animal experiment (Li et
al., 2014a,b). Similarly, p53-dependent expression of
miR-34a suppresses the progression of colorectal cancer
via inhibition of IL-6R/STAT3/mi-34a feedback
(Rokavec et al., 2014). 

Cancer stem cells are very resistant to anticancer
therapy, and they are also crucial for a tumour
metastasising. The stimulatory effect of IL-6 produced
by endothelium on the migration of cancer stem cells
can enhance the risk of metastatic spread of the disease
(Kim et al., 2017a,b). Further, the increased level of IL-6
facilitates cancer cell metastasising to bone (Ara and
DeClerck, 2010). High expression of IL-6 well predicts a
poor response to chemoradiotherapy in oral squamous
cell carcinoma and also in non-small cell lung cancer
(Duan et al., 2015; Jinno et al., 2015). In IL-6 knockout
mice model, the spontaneous immune response to cancer
improves compared to wildtype and also immunotherapy
is more efficient(Ohno et al., 2017). 

The similar features of granulation tissue occurring
during wound healing and tumour microenvironment
were documented (Lacina et al., 2015; Gál et al., 2017).
In this context, IL-6 is an essential factor for proper
wound healing (Sugawara et al., 2001; Ebihara et al.,
2011). IL-6 stimulates proliferation and migration in
normal keratinocytes (reepithelization) and has similar
effects also in biliary epithelial cells (Gallucci et al.,
2004; Hernández-Quintero et al., 2006; Jiang et al.,
2010). Based on regular clinical experience, the healing
in patients who have diabetes is slow and frequently
inefficient. It is not surprising that the IL-6/STAT3 axis
dysregulation was observed in experimental animals
models of diabetes (van de Vyver et al., 2016). These
detailed observations of wound repair further suggest the
role of IL-6 in cancer progression.

IL-6 seems to stimulate both the proliferation and
invasiveness of cancer cells which are important for
metastasising, the most severe complication of the
malignant disease. However, this interleukin also
significantly influences the metabolism in cancer
patients by induction of cancer cachexia/wasting. This
adverse effect is further intensified by the influence of
IL-6 on the central nervous system where IL-6 is
responsible for anorexia and depression of cancer
patient. This effect of IL-6 signalisation is also typical
for the advanced elderly. From this point of view,
therapeutic inhibition of the IL-6/IL-6R/IL-6Rs could be
beneficial for patients (Fig. 3).
Anti-IL-6/IL-6R therapy

Tumour-related interleukins represent a broad target
field for anti-cancer therapy (Setrerrahmane and Xu,
2017). Relevant to the IL-6 signalling, either IL-6 or its
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Fig. 3. Schematic correlation between ageing and the serum level of IL-
6 (dashed line). When serum level of IL-6 is highly elevated above
threshold (dashed bold line), the serious psychic and metabolic
problems can occur. Malignant disease elevates production of IL-6
(continuous line) that can initiate fatal metabolic deterioration and
anorexia in a cancer patient with accompanying depression in advanced
disease.



receptor represent a potential target for the therapeutic
blockade. From the technological point of view,
immobilisation of IL-6 neutralising antibodies to
nanoparticles can improve removal of IL-6 from
circulation (Lima et al., 2018). Although the anti-IL-6
therapy was primarily intended for the treatment of
autoimmune diseases such as rheumatoid arthritis, its
therapeutic anti-cancer potential seems to be promising
(Scheller et al., 2014; Kim et al., 2015; Schaper and
Rose-John, 2015). Principally, a panel of biologics with
anti-IL-6 activity (Siltuximab, Elsilimomab, Sirukumab,
Olokizumab, MAb 1339, Clazakizumab, PF-04236921,
MEDI 5117), anti-IL-6R activity (Tocilizumab,
Sarilumab, ALX-0061, NRI) are in clinical trials or
already on the market. Other compounds alternatively
influencing IL-6 signalisation (SANT-7, ERBF, ERBA)
and drugs with anti-gp130 activity (B-R3, B-P4, MDL-
A, SC144, Raloxifene, Bazedoxifene, LMT-28) have
been also already developed. At least some of them were
in various stages of clinical trials (Yao et al., 2014;
Ranganath et al., 2015; Rossi et al., 2015; Heo et al.,
2016). 

Results of clinical studies in Castleman’s disease,
multiple myeloma, renal tumours, as well as prostate,
lung, colorectal and ovarian cancer demonstrated some
clinical response, and they are under discussion
(Kampan et al., 2017). Tocilizumab can inhibit
metastasising of lung tumour cells and breast cancer
cells to the bone in animal experiments (Noda et al.,
2012; Wakabayashi et al., 2018). The same antibody also
minimises vascularisation of human squamous cell
carcinoma in SCID mouse (Shinriki et al., 2009). 

Experimental studies demonstrated that
simultaneous targeting of IL-8 could further improve the
results of anti-IL-6 therapy (Kolář et al., 2012; Smetana
et al., 2012; Jobe et al., 2016; Jayatilaka et al., 2017;
Wirtz and Jayatilaka, 2017). This simultaneous blockade
can influence low differentiation status of cancer cells
and their migration as demonstrated on cells of
squamous cell carcinoma, malignant melanoma, breast
carcinoma and glioblastoma. Because of this strong
effect on cancer cell migration, the anti-IL-6 therapy
(and namely in various combinations) fulfils the criteria
of inclusion to the novel category of anti-cancer
therapeutics: the migrastatics (Gandalovičová et al.,
2017). 

IL-6 and TNF-α also exhibited a synergistic effect in
autoimmune diseases and simultaneous blocking of their
activities seems to be a promising option in the therapy
of these diseases (e.g. rheumatoid arthritis, Crohn’s
disease, ulcerative colitis etc.) (Drutskaya et al., 2017).
TNF-α blockade positively influences resistance of
melanoma cells to anti-PD-1 therapy (Bertrand et al.,
2017). The role of TNF-α on cancer cachexia and
depression was also established (Fan et al., 2017; Patel
and Patel, 2017). From this point of view, the
combination also affecting anti-IL-6 and anti-TNF-α can
be beneficial for cancer patients.

Nonsteroid anti-inflammatory drugs (such as aspirin,

ASA) administration reduces the risk of several types of
cancer (Qiao et al., 2018), especially of colorectal cancer
(Friis et al., 2009). It also brings prolonged survival in
patients suffering from this malignancy or prostate
cancer (Jacobs et al., 2014; Gray et al., 2018). ASA is
known to elevate the risk of gastrointestinal bleeding,
but its benefit for the patients as “anticancer” drug is
higher (Tsoi et al., 2018). This positive effect of ASA is
based on the blockade of IL-6-STAT3 signalisation (Kim
et al., 2009) and disruption of NFκB-IL-6 signalisation
(Saha et al., 2016). These activities result in a reduction
of biogenesis of ribosomes (Brighenti et al., 2016) and
promotion of apoptosis in cancer cells (Tian et al., 2011).
However, ASA also reduces production of IL-6 by
cancer cells (Sotiriou et al., 1999). The combination of
anti-IL-6 with nonsteroid anti-inflammatory drugs such
as ASA seems to be also suitable. 
Conclusion

IL-6 oriented therapy or more likely in combination
with other anti-inflammatory agents can be beneficial for
cancer patients because it can efficiently focus several of
the essential facets of malignant disease such as tumour
growth, metastasising and metabolic problems such as
cachexia and psychical disorders. 
Acknowledgements. This study was supported by the Grant Agency of
the Czech Republic (Project no. 16-05534S), Ministry of Health of the
Czech Republic (projects 15-28933A and 16-29032A), the Charles
University (project No. PROGRESS Q 28) and by the Ministry of
Education, Youth and Sports of Czech Republic within the National
Sustainability Program II (Project BIOCEV-FAR reg. no. LQ1604), and
by the project BIOCEV (CZ.1.05/1.1.00/02.0109). The authors are also
grateful for the support of the League Against Cancer, Prague. 

References

Adriaensen W., Matheï C., van Pottelbergh G., Vaes B., Legrand D.,
Wallemacq P. and Degryse J.M. (2014). The significance of serum
immune markers in the identification of global functional impairment
in the oldest old: cross-sectional results from the BELFRAIL study.
Age (Dordr). 36, 457-467. 

Adriaensen W., Matheï C., Vaes B., van Pottelbergh G., Wallemacq P.
and Degryse J.M. (2015). Interleukin-6 as a first-rated serum
inflammatory marker to predict mortality and hospitalization in the
oldest old: A regression and CART approach in the BELFRAIL
study. Exp. Gerontol. 69, 53-61.

Ahmad S. (2018). Aging. Exploring a complex phenomenon. CRC
Press. Boca Raton. pp. 3-657.

Ali N.S., Hashem A.H.H., Hassan A.M., Saleh A.A. and El-Baz H.N.
(2018). Serum interleukin-6 is related to lower cognitive functioning
in elderly patients with major depression. Aging Ment. Health 22,
655-661.

Ara T. and Declerck Y.A. (2010). Interleukin-6 in bone metastasis and
cancer progression. Eur. J. Cancer 46, 1223-1231.

Bertrand F., Montfort A., Marcheteau E., Imbert C., Gilhodes J., Filleron
T., Rochaix P., Andrieu-Abadie N., Levade T., Meyer N., Colacios C.

130
Interleukin-6 in cancer



and Ségui B.(2017). TNFα blockade overcomes resistance to anti-
PD-1 in experimental melanoma. Nat. Commun. 8, 2256.

Bharti R., Dey G. and Mandal M. (2016). Cancer development,
chemoresistance, epithelial to mesenchymal transition and stem
cells: A snapshot of IL-6 mediated involvement. Cancer Lett. 375,
51-61.

Bian A.L., Hu H.Y., Rong Y.D., Wang J., Wang J.X. and Zhou X.Z.
(2017). A study on relationship between elderly sarcopenia and
inflammatory factors IL-6 and TNF-α. Eur. J. Med. Res. 22, 25.

Bob P., Raboch J., Maes M., Susta M., Pavlat J., Jasova D., Vevera J.,
Uhrova J., Benakova H. and Zima T. (2010). Depression, traumatic
stress and interleukin-6. J. Affect. Disord. 120, 231-234.

Brailo V., Vucicevic-Boras V., Lukac J., Biocina-Lukenda D., Zilic-
Alajbeg I., Milenovic A. and Balija M. (2012). Salivary and serum
interleukin 1 beta, interleukin 6 and tumor necrosis factor alpha in
patients with leukoplakia and oral cancer. Med. Oral Patol. Oral Cir.
Bucal 17, e10-5.

Brighenti E., Giannone F.A., Fornari F., Onofrillo C., Govoni M.,
Montanaro L., Treré D. and Derenzini M. (2016). Therapeutic
dosages of aspirin counteract the IL-6 induced pro-tumorigenic
effects by slowing down the ribosome biogenesis rate. Oncotarget 7,
63226-63241.

Campesi I., Occhioni S., Tonolo G., Cherchi S., Basili S., Carru C.,
Zinellu A. and Franconi F. (2016). Ageing/menopausal status in
healthy women and ageing in healthy men differently affect
cardiometabolic parameters. Int. J. Med. Sci. 13, 124-132. 

Cho S.H., Kim D.W., Lee S.H., Kolliputi N., Hong S.J., Suh L., Norton J.,
Hulse K.E., Seshadri S., Conley D.B., Kern R.C., Tan B.K., Peters
A., Grammer L.C. and Schleimer R.P. (2015). Age-related increased
prevalence of asthma and nasal polyps in chronic rhinosinusitis and
its association with altered IL-6 trans-signaling. Am. J. Respir. Cell
Mol. Biol. 53, 601-606.

Codony-Servant J., Marín-Aguilera M., Visa L., García-Albéniz X.,
Pineda E., Fernández P.L., Filella X., Gascón P. and Mellado B.
(2013). Nuclear factor-kappa B and interleukin-6 related docetaxel
resistance in castration-resistant prostate cancer. Prostate 73, 512-
521.

Coward J.I. and Kulbe H. (2012). The role of interleukin-6 in
gynaecological malignancies. Cytokine Growth Factor Rev. 23, 333-
242. 

de Oliveira J.F., Wiener C.D., Jansen K., Portela L.V., Lara D.R., Souza
L.D.M., da Silva R.A., Moreira F.P. and Oses J.P. (2018). Serum
levels of interleukins IL-6 and IL-10 in individuals with posttraumatic
stress disorder in a population-based sample. Psychiatry Res. 260,
111-115.

Ding X., Zhang J., Liu D., Xu W., Lu D.Y., Zhang L.P. and Su B. (2018).
Serum expression level of IL-6 at the diagnosis time contributes to
the long-term prognosis of SCLC patients. J. Cancer 9, 792-796.

Dobrzycka B., Mackowiak-Matejczyk B., Terlikowska K.M., Kulesza-
Bronczyk B., Kinalski M. and Terlikowski S.J. (2013). Serum levels
of IL-6, IL-8 and CRP as prognostic factors in epithelial ovarian
cancer. Eur. Cytokine Netw. 24, 106-113.

Drutskaya M.S., Efimov G.A., Kruglov A.A. and Nedospasov S.A.
(2017). Can we design a better anti-cytokine therapy? J. Leukoc.
Biol. 102, 783-790.

Duan S., Tsai Y., Keng P., Chen Y., Lee S.O. and Chen Y. (2015). IL-6
signaling contributes to cisplatin resistance in non-small cell lung
cancer via the up-regulation of anti-apoptotic and DNA repair
associated molecules. Oncotarget 6, 27651-2760.

Duffy S.A., Taylor J.M., Terrell J.E., Islam M., Li Y., Fowler K.E., Wolf
G.T. and Teknos T.N. (2008). Interleukin-6 predicts recurrence and
survival among head and neck cancer patients. Cancer 113, 750-
757.

Dwarkasing J.T., Witkamp R.F., Boekschoten M.V., Ter Laak M.C.,
Heins M.S. and van Norren K. (2016). Increased hypothalamic
serotonin turnover in inflammation-induced anorexia. BMC Neurosci.
17, 26.

Ebihara N., Matsuda A., Nakamura S., Matsuda H. and Murakami A.
(2011). Role of the IL-6 classic- and trans-signaling pathways in
corneal sterile inflammation and wound healing. Invest. Ophthalmol.
Vis. Sci. 52, 8549-8557. 

Fan J., Kou X., Yang Y. and Chen N. (2016). MicroRNA-regulated
proinflammatory cytokines in sarcopenia. Mediators Inflamm. 2016,
1438686.

Fan N., Luo Y., Ou Y. and He H. (2017). Altered serum levels of TNF-α,
IL-6, and IL-18 in depressive disorder patients. Hum.
Psychopharmacol. 32, 4.

Fisher D.T., Appenheimer M.M. and Evans S.S. (2014). The two faces
of IL-6 in the tumor microenvironment. Semin. Immunol. 26, 38-47.

Franceschi C., Capri M., Monti D., Giunta S., Olivieri F., Sevini F.,
Panourgia M.P., Invidia L., Celani L., Scurti M., Cevenini E.,
Castellani G.C. and Salvioli S. (2007). Inflammaging and anti-
inflammaging: a systemic perspective on aging and longevity
emerged from studies in humans. Mech. Ageing Dev. 128, 92-105.

Friis S., Poulsen A.H., Sørensen H.T., Tjønneland A., Overvad K., Vogel
U., McLaughlin J.K., Blot W.J. and Olsen JH. (2009). Aspirin and
other non-steroidal anti-inflammatory drugs and risk of colorectal
cancer: a Danish cohort study. Cancer Causes Control 20, 731-740.

Fujiwara Y., Kobayashi T., Chayahara N., Imamura Y., Toyoda M.,
Kiyota N., Mukohara T., Nishiumi S., Azuma T., Yoshida M. and
Minami H. (2014). Metabolomics evaluation of serum markers for
cachexia and their intra-day variation in patients with advanced
pancreatic cancer. PLoS One 9, e113259.

Gál P., Varinská L., Fáber L., Novák Š., Szabo P., Mitrengová P.,
Mirossay A., Mučaji P. and Smetana K. Jr (2017). How signaling
molecules regulate tumor microenvironment: Parallels to wound
Repair. Molecules. 22, 1818.

Gallucci R.M., Sloan D.K., Heck J.M., Murray A.R. and O'Dell S.J.
(2004). Interleukin 6 indirectly induces keratinocyte migration. J.
Invest. Dermatol. 122, 764-772.

Gandalovičová A., Rosel D., Fernandes M., Veselý P., Heneberg P.,
Čermák V., Petruželka L., Kumar S., Sanz-Moreno V. and Brábek J.
(2017). Migrastatics-anti-metastatic and anti-invasion drugs:
Promises and challenges. Trends Cancer 3, 391-406. 

Grande I., Magalhães P.V., Chendo I., Stertz L., Panizutti B., Colpo
G.D., Rosa A.R., Gama C.S., Kapczinski F. and Vieta E. (2014).
Staging bipolar disorder: clinical, biochemical, and functional
correlates. Acta Psychiatr. Scand. 129, 437-444.

Gray R.T., Coleman H.G., Hughes C., Murray L.J. and Cardwell C.R.
(2018). Low-dose aspirin use and survival in colorectal cancer:
results from a population-based cohort study. BMC Cancer 18, 228.

Goswami B., Mittal P. and Gupta N. (2013). Correlation of levels of IL-6
with tumor burden and receptor status in patients of locally
advanced carcinoma breast. Indian J. Clin. Biochem. 28, 90-94.

Grosse L., Ambrée O., Jörgens S., Jawahar M.C., Singhal G., Stacey
D., Arolt V. and Baune B.T. (2016). Cytokine levels in major
depression are related to childhood trauma but not to recent
stressors. Psychoneuroendocrinology 73, 24-31.

131
Interleukin-6 in cancer



Hao W., Zhu Y. and Zhou H. (2013). Prognostic value of interleukin-6
and interleukin-8 in laryngeal squamous cell cancer. Med. Oncol. 30,
333

Hardikar S., Onstad L., Song X., Wilson A.M., Montine T.J., Kratz M.,
Anderson G.L., Blount P.L., Reid B.J., White E. and Vaughan T.L.
(2014). Inflammation and oxidative stress markers and esophageal
adenocarcinoma incidence in a Barrett's esophagus cohort. Cancer
Epidemiol. Biomarkers Prev. 23, 2393-2403.

Heo T.H., Wahler J. and Suh N. (2016). Potential therapeutic
implications of IL-6/IL-6R/gp130-targeting agents in breast cancer.
Oncotarget 7, 15460-15473. 

Hernández-Quintero M., Kuri-Harcuch W., González Robles A. and
Castro-Muñozledo F. (2006). Interleukin-6 promotes human
epidermal keratinocyte proliferation and keratin cytoskeleton
reorganization in culture. Cell Tissue Res. 325, 77-90.

Holmer R., Wätzig G.H., Tiwari S., Rose-John S. and Kalthoff H. (2015).
Interleukin-6 trans-signaling increases the expression of
carcinoembryonic antigen-related cell adhesion molecules 5 and 6 in
colorectal cancer cells. BMC Cancer 15, 975.

Ikeguchi M., Hatada T., Yamamoto M., Miyake T., Matsunaga T.,
Fukumoto Y., Yamada Y., Fukuda K., Saito H. and Tatebe S.
(2009). Serum interleukin-6 and -10 levels in patients with gastric
cancer. Gastric Cancer 12, 95-100. 

Jacobs C.D., Chun S.G., Yan J., Xie X.J., Pistenmaa D.A., Hannan R.,
Lotan Y., Roehrborn C.G., Choe K.S. and Kim D.W. (2014). Aspirin
improves outcome in high risk prostate cancer patients treated with
radiation therapy. Cancer Biol. Ther. 15, 699-706.

Jayatilaka H., Tyle P., Chen J.J., Kwak M., Ju J., Kim H.J., Lee J.S.H.,
Wu P.H., Gilkes D.M., Fan R. and Wirtz D. (2017). Synergistic IL-6
and IL-8 paracrine signalling pathway infers a strategy to inhibit
tumour cell migration. Nat. Commun. 8, 15584. 

Jiang G.X., Zhong X.Y., Cui Y.F., Liu W., Tai S., Wang Z.D., Shi Y.G.,
Zhao S.Y. and Li C.L. (2010). IL-6/STAT3/TFF3 signaling regulates
human biliary epithelial cell migration and wound healing in vitro.
Mol. Biol. Rep. 37, 3813-3818.

Jinno T., Kawano S., Maruse Y., Matsubara R., Goto Y., Sakamoto T.,
Hashiguchi Y., Kaneko N., Tanaka H., Kitamura R., Toyoshima T.,
Jinno A., Moriyama M., Oobu K., Kiyoshima T. and Nakamura S.
(2015). Increased expression of interleukin-6 predicts poor response
to chemoradiotherapy and unfavorable prognosis in oral squamous
cell carcinoma. Oncol. Rep. 33, 2161-2168.

Jobe N.P., Rösel D., Dvořánková B., Kodet O., Lacina L., Mateu R.,
Smetana K. Jr and Brábek J. (2016). Simultaneous blocking of IL‑6
and IL‑8 is sufficient to fully inhibit CAF‑induced human melanoma
cell invasiveness. Histochem. Cell Biol. 146, 205-217.

Jobe N.P., Živicová V., Mifková A., Rösel D., Dvořánková B., Kodet O.,
Strnad H., Kolář M., Šedo A., Smetana K. Jr, Strnadová K., Brábek
J. and Lacina L. (2018). Fibroblasts potentiate melanoma cells in
vitro invasiveness induced by UV-irradiated keratinocytes.
Histochem. Cell Biol. 149, 503-516.

Jovanović M. and Vićovac L. (2009). Interleukin-6 stimulates cell
migration, invasion and integrin expression in HTR-8/SVneo cell line.
Placenta 30, 320-328.

Kampan N.C., Xiang S.D., McNally O.M., Stephens A.N., Quinn M.A.
and Plebanski M. (2018). Immunotherapeutic Interleukin-6 or
Interleukin-6 receptor blockade in cancer: challenges and
opportunities. Curr. Med. Chem. (In press). 

Kanazawa T., Nishino H., Hasegawa M., Ohta Y., Iino Y., Ichimura K.
and Noda Y. (2007). Interleukin-6 directly influences proliferation

and invasion potential of head and neck cancer cells. Eur. Arch.
Otorhinolaryngol. 264, 815-821.

Kim S.R., Bae M.K. Kim J.Y., Wee H.J., Yoo M.A. and Bae S.K. (2009).
Aspirin induces apoptosis through the blockade of IL-6-STAT3
signaling pathway in human glioblastoma A172 cells. Biochem.
Biophys. Res. Commun. 387, 342-347.

Kim M.J., Jang J.W., Oh B.S., Kwon J.H., Chung K.W., Jung H.S.,
Jekarl D.W. and Lee S. (2013). Change in inflammatory cytokine
profi les after transarterial chemotherapy in patients with
hepatocellular carcinoma. Cytokine 64, 516-522. 

Kim G.W., Lee N.R., Pi R.H., Lim Y.S., Lee Y.M., Lee J.M., Jeong H.S.
and Chung S.H. (2015). IL-6 inhibitors for treatment of rheumatoid
arthritis: past, present, and future. Arch. Pharm. Res. 38, 575-584.

Kim H.S., Chen Y.C., Nör F., Warner K.A., Andrews A., Wagner V.P.,
Zhang Z., Zhang Z., Martins M.D., Pearson A.T., Yoon E. and Nör J.
(2017a). Endothelial-derived interleukin-6 induces cancer stem cell
motility by generating a chemotactic gradient towards blood vessels.
Oncotarget 8, 100339-100352.

Kim H.W., Lee J.C., Paik K.H., Kang J., Kim J. and Hwang J.H. (2017b).
Serum interleukin-6 is associated with pancreatic ductal
adenocarcinoma progression pattern. Medicine (Baltimore) 96,
e5926.

Knüpfer H. and Preiss R. (2010). Serum interleukin-6 levels in colorectal
cancer patients-a summary of published results. Int. J. Colorectal
Dis. 25, 135-140.

Kobawala T.P., Trivedi T.I., Gajjar K.K., Patel D.H., Patel G.H. and
Ghosh N.R. (2016). Significance of interleukin-6 in papillary thyroid
carcinoma. J. Thyroid Res. 2016, 6178921. 

Kodet O., Dvořánková B., Bendlová B., Sýkorová V., Krajsová I., Štork
J., Kučera J., Szabo P., Strnad H., Kolář M., Vlček Č., Smetana K.
Jr and Lacina L. (2018). Microenvironment‑driven resistance to
B‑Raf inhibition in a melanoma patient is accompanied by broad
changes of gene methylation and expression in distal fibroblasts. Int.
J. Mol. Med. 41, 2687-2703.

Kolář M., Szabo P., Dvořánková B., Lacina L., Gabius H.-J., Strnad H.,
Sáchová J., Vlček C., Plzák J., Chovanec M., Cada Z., Betka J., Fík
Z., Pačes J., Kovářová H., Motlík J., Jarkovská K. and Smetana K.
Jr (2012). Upregulation of IL-6, IL-8 and CXCL-1 production in
dermal fibroblasts by normal/malignant epithelial cells in vitro,
immunohistochemical and transcriptomic analyses. Biol. Cell 104,
738-751.

König A., Vilsmaier T., Rack B., Friese K., Janni W., Jeschke U.,
Andergassen U., Trapp E., Jückstock J., Jäger B., Alunni-Fabbroni
M., Friedl T., Weissenbacher T. and Success Study Group. (2016).
Determination of interleukin-4, -5, -6, -8 and -13 in serum of patients
with breast cancer before treatment and its correlation to circulating
tumor cells. Anticancer Res. 36, 3123-3130.

Krzystek-Korpacka M., Matusiewicz M., Diakowska D., Grabowski K.,
Neubauer K., Kustrzeba-Wojcicka I., Terlecki G. and Gamian A.
(2008). Respiratory insufficiency related to COPD accelerates
systemic inflammation, under-nutrition, and angiogenesis in
esophageal malignancies Exp. Oncol. 30, 75-80.

Kunz M., Ceresér K.M., Goi P.D., Fries G.R., Teixeira A.L., Fernandes
B.S., Belmonte-de-Abreu P.S., Kauer-Sant'Anna M., Kapczinski F.
and Gama C.S. (2011). Serum levels of IL-6, IL-10 and TNF-α in
patients with bipolar disorder and schizophrenia: differences in pro-
and anti-inflammatory balance. Rev. Bras. Psiquiatr. 33, 268-274.

Kuroda K., Nakashima J., Kanao K., Kikuchi E., Miyajima A., Horiguchi
Y., Nakagawa K., Oya M., Ohigashi T. and Murai M. (2007).

132
Interleukin-6 in cancer



Interleukin 6 is associated with cachexia in patients with prostate
cancer. Urology 69, 113-117.

Kushlinskii N.E., Timofeev Y.S., Solov'ev Y.N., Gerstein E.S.,
Lyubimova N.V. and Bulycheva I.V. (2014). Components of the
RANK/RANKL/OPG system, IL-6, IL-8, IL-16, MMP-2, and calcitonin
in the sera of patients with bone tumors. Bull. Exp. Biol. Med. 157,
520-523.

Lacina L., Plzak J., Kodet O., Szabo P., Chovanec, M., Dvorankova B.
and Smetana K. Jr (2015). Cancer microenvironment: What can we
learn from the stem cell niche. Int. J. Mol. Sci. 16, 24094-24110.

Lacina L., Kodet O., Dvořánková B., Szabo P. and Smetana K. Jr
(2018). Ecology of melanoma cell. Histol. Histopathol. 33, 247-254.

Lane D., Matte I., Rancourt C. and Piché A. (2011). Prognostic
significance of IL-6 and IL-8 ascites levels in ovarian cancer
patients. BMC Cancer 11, 210.

Lee D.H., Kim M., Kim M., Lee Y.J., Yoo H.J., Lee S.H. and Lee J.H.
(2017). Age-dependent alterations in serum cytokines, peripheral
blood mononuclear cell cytokine production, natural killer cell
activity, and prostaglandin F2α. Immunol. Res. 65, 1009-1016. 

Li F., Li X.J., Qiao L., Shi F., Liu W., Li Y., Dang Y.P., Gu W.J., Wang
X.G. and Liu W. (2014a). miR-98 suppresses melanoma metastasis
through a negative feedback loop with its target gene IL-6. Exp. Mol.
Med. 46: e116.

Li X., Wang Y., Han C., Li P., Zhang H. (2014b). Colorectal cancer
progression is associated with accumulation of Th17 lymphocytes in
tumor tissues and increased serum levels of interleukin-6. Tohoku J.
Exp. Med. 233, 175-182.

Liao C., Yu Z., Guo W., Liu Q., Wu Y., Li Y. and Bai L. (2014)
Prognostic value of circulating inflammatory factors in non-small cell
lung cancer: a systematic review and meta-analysis. Cancer
Biomark. 14, 469-481.

Lima A.C., Cunha C., Carvalho A., Ferreira H. and Neves N.M. (2018).
Interleukin-6 Neutralization by Antibodies Immobilized at the Surface
of Polymeric Nanoparticles as a Therapeutic Strategy for Arthritic
Diseases. ACS Appl. Mater. Interfaces 10, 13839-13850.

Lima-Costa M.F., Macinko J., Mambrini J.V., Cesar C.C., Peixoto S.V.,
Magalhães W.C., Horta B.L., Barreto M., Castro-Costa E., Firmo
J.O., Proietti F.A., Leal T.P., Rodrigues M.R., Pereira A. and
Tarazona-Santos E. (2015). Genomic ancestry, self-rated health and
its association with mortality in an admixed population: 10 year
follow-up of the Bambui-Epigen (Brazil) cohort study of ageing.
PLoS One 10, e0144456.

Lima-Costa M.F., Melo Mambrini J.V., Lima Torres K.C., Peixoto S.V.,
de Oliveira C., Tarazona-Santos E., Teixeira-Carvalho A. and
Martins-Filho O.A. (2017). Predictive value of multiple cytokines and
chemokines for mortality in an admixed population: 15-year follow-
up of the Bambui-Epigen (Brazil) cohort study of aging. Exp.
Gerontol. 98, 47-53.

Lin Y.H., Jen M.H. and Chien K.L. (2017). Association between life-
course socioeconomic position and inflammatory biomarkers in older
age: a nationally representative cohort study in Taiwan. BMC
Geriatr. 17, 201.

Lippitz B.E. and Harris R.A. (2016). Cytokine patterns in cancer
patients: A review of the correlation between interleukin 6 and
prognosis. Oncoimmunology 5, e1093722.

Liu H., Zhang Y., Gao Y. and Zhang Z. (2016). Elevated levels of Hs-
CRP and IL-6 after delivery are associated with depression during
the 6 months postpartum. Psychiatry Res. 243, 43-48.

Lotfi A., Shahidi N., Bayazian G., Abdollahi Fakhim S., Estakhri R.,

Esfahani A. and Notash R. (2015). Serum level of interleukin-6 in
patients with oral tongue squamous cell carcinoma. Iran J.
Otorhinolaryngol. 27, 207-211.

Lukaszewicz-Zając M., Mroczko B., Gryko M., Kędra B. and
Szmitkowski M. (2011). Comparison between clinical significance of
serum proinflammatory proteins (IL-6 and CRP) and classic tumor
markers (CEA and CA 19-9) in gastric cancer. Clin. Exp. Med. 11,
89-96.

Luo Y., He H., Zhang M., Huang X. and Fan N. (2016). Altered serum
levels of TNF-α, IL-6 and IL-18 in manic, depressive, mixed state of
bipolar disorder patients. Psychiatry Res. 244, 19-23. 

Milicević N., Mrcela M., Lukić I., Mandić S., Horvat V. and Galić J.
(2014). Comparison between clinical significance of serum
proinflammatory protein interleukin-6 and classic tumor markers total
PSA, free PSA and free/total PSA prior to prostate biopsy. Coll.
Antropol. 38, 147-150.

Minciullo P.L., Catalano A., Mandraffino G., Casciaro M., Crucitti A.,
Maltese G., Morabito N., Lasco A., Gangemi S. and Basile G.
(2016). Inflammaging and anti-inflammaging: The role of cytokines in
extreme longevity. Arch. Immunol. Ther. Exp. (Warsz.) 64, 111-126.

Miura T., Mitsunaga S., Ikeda M., Shimizu S., Ohno I., Takahashi H.,
Furuse J., Inagaki M., Higashi S., Kato H., Terao K. and Ochiai A.
(2015). Characterization of patients with advanced pancreatic
cancer and high serum interleukin-6 levels. Pancreas 44, 756-763. 

Moss M.L. and Minond D. (2017). Recent advances in ADAM17
research: A promising target for cancer and inflammation. Mediators
Inflamm. 2017, 9673537.

Mouawad R., Rixe O., Meric J.B., Khayat D. and Soubrane C. (2002).
Serum interleukin-6 concentrations as predictive factor of time to
progression in metastatic malignant melanoma patients treated by
biochemotherapy: a retrospective study. Cytokines Cell Mol. Ther. 7,
151-156.

Na K.S., Jung H.Y. and Kim Y.K. (2014). The role of pro-inflammatory
cytokines in the neuroinflammation and neurogenesis of
schizophrenia. Prog. Neuropsychopharmacol. Biol. Psychiatry. 48,
277-286.

Nadrowski P., Chudek J., Skrzypek M., Puzianowska-Kuźnicka M.,
Mossakowska M., Więcek A., Zdrojewski T., Grodzicki T. and
Kozakiewicz K. (2016). Associations between cardiovascular
disease risk factors and IL-6 and hsCRP levels in the elderly. Exp.
Gerontol. 85, 112-117.

Narsale A.A. and Carson J.A. (2014). Role of interleukin-6 in cachexia:
therapeutic implications. Curr. Opin. Support Palliat. Care. 8, 321-
327.

Necula L.G., Chivu-Economescu M., Stanciulescu E.L., Bleotu C., Dima
S.O., Alexiu I., Dumitru A., Constantinescu G., Popescu I. and
Diaconu C.C. (2012). IL-6 and IL-11 as markers for tumor
aggressiveness and prognosis in gastric adenocarcinoma patients
without mutations in Gp130 subunits. J. Gastrointestin. Liver Dis. 21,
23-29.

Nguyen D.P., Li J. and Tewari A.K. (2014). Inflammation and prostate
cancer: the role of interleukin 6 (IL-6). BJU Int. 113, 986-992.

Nikakhlagh S., Ranjbari N., Khorami E. and Saki N. (2015). Association
between serum levels of interleukin-6 and stage of laryngeal cancer.
Iran J. Otorhinolaryngol. 27, 199-205.

Noda M., Yamakawa Y., Matsunaga N., Naoe S., Jodoi T., Yamafuji M.,
Akimoto N., Teramoto N., Fujita K., Ohdo S. and Iguchi H. (2012).
IL-6 receptor is a possible target against growth of metastasized
lung tumor cells in the brain. Int. J. Mol. Sci. 14, 515-526. 

133
Interleukin-6 in cancer



Noman A.S., Uddin M., Chowdhury A.A., Nayeem M.J., Raihan Z.,
Rashid M.I., Azad A.K., Rahman M.L., Barua D., Sultana A., Shirin
A., Ferdous J., Parag R.R., Rahman S.M., Mahmud M.R., Jerin
C.S., Jahan N., Siddiqua A., Ara T., Sabur E.B., Alam S.S., Baidya
S., Akther S., Rahman M.Z., Banu T., Murugan A.K., Sabri S., Islam
S.M.S., Karakas B., Aboussekhra A., Yeger H., Farhat W.A. and
Islam S.S. (2017). Serum sonic hedgehog (SHH) and interleukin-(IL-
6) as dual prognostic biomarkers in progressive metastatic breast
cancer. Sci. Rep. 7, 1796.

Ohno Y., Toyoshima Y., Yurino H., Monma N., Xiang H., Sumida K.,
Kaneumi S., Terada S., Hashimoto S., Ikeo K., Homma S.,
Kawamura H., Takahashi N., Taketomi A. and Kitamura H. (2017).
Lack of interleukin-6 in the tumor microenvironment augments type-
1 immunity and increases the efficacy of cancer immunotherapy.
Cancer Sci. 108, 1959-1966.

Ostrowska Z., Ziora K., Oświęcimska J., Marek B., Świętochowska E.,
Kajdaniuk D., Strzelczyk J., Cieślicka A., Wołkowska-Pokrywa K.
and Kos-Kudła B. (2015). Selected pro-inflammatory cytokines,
bone metabolism, osteoprotegerin, and receptor activator of nuclear
factor-kB ligand in girls with anorexia nervosa. Endokrynol. Pol. 66,
313-321.

Patel H.J. and Patel B.M. (2017). TNF-α and cancer cachexia:
Molecular insights and clinical implications. Life Sci. 170, 56-63.

Pearson M.J., Herndler-Brandstetter D., Tariq M.A., Nicholson T.A.,
Philp A.M., Smith H.L., Davis E.T., Jones S.W. and Lord J.M.
(2017). IL-6 secretion in osteoarthritis patients is mediated by
chondrocyte-synovial fibroblast cross-talk and is enhanced by
obesity. Sci. Rep. 7, 3451.

Pesce M., Tatangelo R., La Fratta I., Rizzuto A., Campagna G., Turli C.,
Ferrone A., Franceschelli S., Speranza L., Verrocchio M.C., De
Lutiis M.A., Felaco M. and Grilli A. (2017). Memory training program
decreases the circulating level of cortisol and pro-inflammatory
cytokines in healthy older adults. Front. Mol. Neurosci. 10, 233.

Puzianowska-Kuźnicka M., Owczarz M., Wieczorowska-Tobis K.,
Nadrowski P., Chudek J., Slusarczyk P., Skalska A., Jonas M.,
Franek E. and Mossakowska M. (2016). Interleukin-6 and C-reactive
protein, successful aging, and mortality: the PolSenior study.
Immun. Ageing 13, 21. 

Qiao Y., Yang T., Gan Y., Li W., Wang C., Gong Y. and Lu Z. (2018).
Associations between aspirin use and the risk of cancers: a meta-
analysis of observational studies. BMC Cancer 18, 288.

Ranganath S., Bhandari A., Avitahl-Curtis N., McMahon J., Wachtel D.,
Zhang J., Leitheiser C., Bernier S., Liu G., Tran T.T., Celino H.,
Tobin J., Jung J., Zhao H., Glen K.E., Graul C., Griffin A., Schairer
W.C., Higgins C., Reza T.L., Mowe E., Rivers S., Scott S., Monreal
A., Shea C., Bourne G., Coons C., Smith A., Tang K., Mandyam
R.A., Masferrer J., Liu D., Patel D.V., Fretzen A., Murphy C.A., Milne
G.T., Smythe M.L. and Carlson K.E. (2015). Discovery and
characterization of a potent interleukin-6 binding peptide with
neutralizing activity in vivo. PLoS One 10, e0141330.

Rich T., Zhao F., Cruciani R.A., Cella D., Manola J. and Fisch M.J.
(2017). Association of fatigue and depression with circulating levels
of proinflammatory cytokines and epidermal growth factor receptor
ligands: a correlative study of a placebo-controlled fatigue trial.
Cancer Manag. Res. 9, 1-10.

Rokavec M., Öner M.G., Li H., Jackstadt R., Jiang L., Lodygin D., Kaller
M., Horst D., Ziegler P.K., Schwitalla S., Slotta-Huspenina J., Bader
F.G., Greten F.R. and Hermeking H. (2014). IL-6R/STAT3/miR-34a
feedback loop promotes EMT-mediated colorectal cancer invasion

and metastasis. J. Clin. Invest. 124,1853-1867.
Rose-John S. (2013). ADAM17, shedding, TACE as therapeutic targets.

Pharmacol. Res. 71, 19-22. 
Rossi J.F., Lu Z.Y., Jourdan M. and Klein B. (2015). Interleukin-6 as a

therapeutic target. Clin. Cancer Res. 21, 1248-1257.
Rutkowski P., Kamińska J., Kowalska M., Ruka W. and Steffen J.

(2003). Cytokine and cytokine receptor serum levels in adult bone
sarcoma patients: correlations with local tumor extent and
prognosis. J. Surg. Oncol. 84, 151-159. 

Saha S., Mukherjee S., Khan P., Kajal K., Mazumdar M., Manna A.,
Mukherjee S., De S., Jana D., Sarkar D.K. and Das T. (2016).
Aspirin suppresses the acquisition of chemoresistance in breast
cancer by disrupting an NFκB-IL6 signaling axis responsible for the
generation of cancer stem cells. Cancer Res. 76, 2000-2012.

Santer F.R., Malinowska K., Culig Z. and Cavarretta I.T. (2010).
Interleukin-6 trans-signalling differentially regulates proliferation,
migration, adhesion and maspin expression in human prostate
cancer cells. Endocr. Relat. Cancer 17, 241-253.

Sato H., Naito T., Ishida T. and Kawakami J. (2016). Relationships
between oxycodone pharmacokinetics, central symptoms, and
serum interleukin-6 in cachectic cancer patients. Eur. J. Clin.
Pharmacol. 72, 1463-1470.

Setrerrahmane S. and Xu H. (2017). Tumor-related interleukins: old
validated targets for new anti-cancer drug development. Mol.
Cancer. 16, 153.

Schaper F. and Rose-John S. (2015). Interleukin-6: Biology, signaling
and strategies of blockade. Cytokine Growth Factor Rev. 26, 475-
487.

Scheller J., Garbers C. and Rose-John S. (2014). Interleukin-6: from
basic biology to selective blockade of pro-inflammatory activities.
Semin. Immunol. 26, 2-12.

Sebastiani P., Thyagarajan B., Sun F., Honig L.S., Schupf N., Cosentino
S., Feitosa M.F., Wojczynski M., Newman A.B., Montano M. and
Perls T.T. (2016). Age and sex distributions of age-related biomarker
values in healthy older adults from the long life family study. J. Am.
Geriatr. Soc. 64, e189-e194.

Shang G.S., Liu L. and Qin Y.W. (2017). IL-6 and TNF-α promote
metastasis of lung cancer by inducing epithelial-mesenchymal
transition. Oncol. Lett. 13, 4657-4660. 

Shao Y.Y., Lin H., Li Y., Lee Y.H., Chen H.M., Cheng A.L. and Hsu C.H.
(2017). High plasma interleukin-6 levels associated with poor
prognosis of patients with advanced hepatocellular carcinoma. Jpn.
J. Clin. Oncol. 47, 949-953.

Sheng T., Wang B., Wang S.Y., Deng B., Qu L., Qi X.S., Wang X.L.,
Deng G.L. and, Sun X. (2015). The relationship between serum
interleukin-6 and the recurrence of hepatitis B virus related
hepatocellular carcinoma after curative resection. Medicine
(Baltimore) 94, e941.

Shiga K., Hara M., Nagasaki T., Sato T., Takahashi H., Sato M. and
Takeyama H. (2016). Preoperative serum interleukin-6 is a potential
prognostic factor for colorectal cancer, including stage II patients.
Gastroenterol. Res. Pract. 2016, 9701574.

Shimura Y., Kurosawa H., Tsuchiya M., Sawa M., Kaneko H., Liu L.,
Makino Y., Nojiri H., Iwase Y., Kaneko K. and Ishijima M. (2017).
Serum interleukin 6 levels are associated with depressive state of
the patients with knee osteoarthritis irrespective of disease severity.
Clin. Rheumatol. 36, 2781-2787.

Shinriki S., Jono H., Ota K., Ueda M., Kudo M., Ota T., Oike Y., Endo
M., Ibusuki M., Hiraki A., Nakayama H., Yoshitake Y., Shinohara M.

134
Interleukin-6 in cancer



and Ando Y. (2009). Humanized anti-interleukin-6 receptor antibody
suppresses tumor angiogenesis and in vivo growth of human oral
squamous cell carcinoma. Clin. Cancer Res. 15, 5426-5434.

Sinnya S. and De'Ambrosis B. (2013). Stress and melanoma: increasing
the evidence towards a causal basis. Arch. Dermatol. Res. 305,
851-856.

Smetana K. Jr, Dvořánková B., Lacina L., Strnad H., Kolář M.,
Chovanec M., Plzák J., Čada Z., Vlček Č, Szabo P., Betka J., Motlík
J., Kovářová H. and Jarkovská K. (2012). Combination of antibodies
or Fab fragments thereof for use as medicament, and
pharmaceutical composition containing said antibodies or Fab
fragments thereof. Czech Patent No. B6 303227 (in Czech).

Smetana K. Jr, Lacina L., Szabo P., Dvořánková B., Brož P. and Šedo
A. (2016). Ageing as an important risk factor for cancer. Anticancer
Res. 36, 5009-5018. 

Smetana K. Jr, Dvořánková B., Lacina L., Szabo P., Brož P. and Šedo
A. (2018). Cancer. The price for longevity. In: Aging exploring a
complex phenomenon. Ahmad S.I. (ed). CRC Press, Boca Raton pp
264-285.

Sotiriou C., Lacroix M., Lagneaux L., Berchem G. and Body J.J. (1999).
The aspirin metabolite salicylate inhibits breast cancer cells growth
and their synthesis of the osteolytic cytokines interleukins-6 and -11.
Anticancer Res. 19, 2997-3006.

Strzelecki D., Urban-Kowalczyk M. and Wysokiński A. (2018). Serum
levels of interleukin 6 in schizophrenic patients during treatment
augmentation with sarcosine (results of the PULSAR study). Hum.
Psychopharmacol. 33, e2652.

Subramaniam K.S., Omar I.S., Kwong S.C., Mohamed Z., Woo Y.L.,
Mat Adenan N.A. and Chung I. (2016). Cancer-associated
fibroblasts promote endometrial cancer growth via activation of
interleukin-6/STAT-3/c-Myc pathway. Am. J. Cancer Res. 6, 200-
213.

Sugawara T., Gallucci R.M., Simeonova P.P. and Luster M.I. (2001).
Regulation and role of interleukin 6 in wounded human epithelial
keratinocytes. Cytokine 15, 328-336.

Suh S.Y., Choi Y.S., Yeom C.H., Kwak S.M., Yoon. HM., Kim D.G., Koh
S.J., Park J., Lee M.A., Lee Y.J., Seo A.R., Ahn H.Y. and Yim E.
(2013). Interleukin-6 but not tumour necrosis factor-alpha predicts
survival in patients with advanced cancer. Support Care Cancer 21,
3071-3077. 

Szabo P., Valach J., Smetana K. Jr and Dvořánková B. (2013).
Comparative analysis of IL-8 and CXCL-1 production by normal and
cancer stromal fibroblasts. Folia Biol (Praha). 59, 134-137. 

Tas F., Oguz H., Argon A., Duranyildiz D., Camlica H., Yasasever V.
and Topuz E. (2005). The value of serum levels of IL-6, TNF-alpha,
and erythropoietin in metastatic malignant melanoma: serum IL-6
level is a valuable prognostic factor at least as serum LDH in
advanced melanoma. Med. Oncol. 22, 241-246. 

Tian Y., Ye Y., Gao W., Chen H., Song T., Wang D., Mao X. and Ren C.
(2011). Aspirin promotes apoptosis in a murine model of colorectal
cancer by mechanisms involving downregulation of IL-6-STAT3
signaling pathway. Int. J. Colorectal Dis. 26, 13-22.

Tsoi K.K.F., Chan F.C.H., Hirai H.W. and Sung J.J.Y. (2018). Risk of
gastrointestinal bleeding and benefit from colorectal cancer
reduction from long-term use of low dose Aspirin. A retrospective
study of 612,509 patients. J. Gastroenterol. Hepatol. 33, 1728-
1736.

Ujiie H., Tomida M., Akiyama H., Nakajima Y., Okada D., Yoshino N.,
Takiguchi Y. and Tanzawa H. (2012). Serum hepatocyte growth

factor and interleukin-6 are effective prognostic markers for non-
small cell lung cancer. Anticancer Res. 32, 3251-3258.

van de Vyver M., Niesler C., Myburgh K.H. and Ferris W.F. (2016).
Delayed wound healing and dysregulation of IL6/STAT3 signalling in
MSCs derived from pre-diabetic obese mice. Mol. Cell Endocrinol.
426, 1-10. 

Wakabayashi H., Hamaguchi T., Nagao N., Kato S., Iino T., Nakamura
T. and Sudo A. (2018). Interleukin-6 receptor inhibitor suppresses
bone metastases in a breast cancer cell line. Breast Cancer 25, 566-
574.

Wang H. and Yang X. (2017). Association between serum cytokines and
progression of breast cancer in Chinese population. Medicine
(Baltimore) 96, e8840.

Wang L., Cao L., Wang H., Liu B., Zhang Q., Meng Z., Wu X., Zhou Q.
and Xu K. (2017). Cancer-associated fibroblasts enhance metastatic
potential of lung cancer cells through IL-6/STAT3 signaling pathway.
Oncotarget 8, 76116-76128.

Wirtz D.G. and Yatilaka H. (2012). Cancer cell migration inhibitors and
their use in therapeutic treatments. United States Patent Publication
Application No. US 2017/0165363 A1

Wolf J., Rose-John S. and Garbers C. (2014). Interleukin-6 and its
receptors: a highly regulated and dynamic system. Cytokine 70, 11-
20.

Wolfe A.R., Trenton N.J., Debeb B.G., Larson R., Ruffell B., Chu K.,
Hittelman W., Diehl M., Reuben J.M., Ueno N.T. and Woodward
W.A. (2016). Mesenchymal stem cells and macrophages interact
through IL-6 to promote inflammatory breast cancer in pre-clinical
models. Oncotarget 7, 82482-82492.

Wong V.W., Yu J., Cheng A.S., Wong G.L., Chan H.Y., Chu E.S., Ng
E.K., Chan F.K., Sung J.J. and Chan H.L. (2009). High serum
interleukin-6 level predicts future hepatocellular carcinoma
development in patients with chronic hepatitis B. Int. J. Cancer 124,
2766-2770. 

Wouters M., Dijkgraaf E.M., Kuijjer M.L., Jordanova E.S., Hollema H.,
Welters M., van der Hoeven J., Daemen T., Kroep J.R., Nijman H.W.
and van der Burg S. (2015). Interleukin-6 receptor and its ligand
interleukin-6 are opposite markers for survival and infiltration with
mature myeloid cells in ovarian cancer. Oncoimmunology 3,
e962397.

Wu X., Tao P., Zhou Q., Li J., Yu Z., Wang X., Li J., Li C., Yan M., Zhu
Z., Liu B. and Su L. (2017). IL-6 secreted by cancer-associated
fibroblasts promotes epithelial-mesenchymal transition and
metastasis of gastric cancer via JAK2/STAT3 signaling pathway.
Oncotarget 8, 20741-20750. 

Xu J., Ye Y., Zhang H., Szmitkowski M., Mäkinen M.J., Li P., Xia D.,
Yang J., Wu Y. and Wu H. (2016). Diagnostic and prognostic value
of serum interleukin-6 in colorectal cancer. Medicine (Baltimore) 95,
e2502. 

Yao X., Huang J., Zhong H., Shen N., Faggioni R., Fung M. and Yao Y.
(2014). Targeting interleukin-6 in inflammatory autoimmune
diseases and cancers. Pharmacol. Ther. 141, 125-139.

Yako Y.Y., Kruger D., Smith M. and Brand M. (2016). Cytokines as
biomarkers of pancreatic ductal ddenocarcinoma: A systematic
review. PLoS One 11, e0154016.

Yamasaki K., Taga T., Hirata Y., Yawata H., Kawanishi Y., Seed B.,
Taniguchi T., Hirano T. and Kishimoto T. (1988). Cloning and
expression of the human interleukin-6 (BSF-2/IFN beta 2) receptor.
Science 241, 825-828.

Yeh C.R., Slavin S., Da J., Hsu I., Luo J., Xiao G.Q., Ding J., Chou F.J.

135
Interleukin-6 in cancer



and Yeh S. (2016). Estrogen receptor α in cancer associated
fibroblasts suppresses prostate cancer invasion via reducing CCL5,
IL6 and macrophage infiltration in the tumor microenvironment. Mol.
Cancer 15, 7.

Zhang S., Zhang X., Yin K., Li T., Bao Y. and Chen Z. (2017). Variation
and significance of secretory immunoglobulin A, interleukin 6 and

dendritic cells in oral cancer. Oncol. Lett. 13, 2297-2303.
Zimmers T.A., Fishel M.L. and Bonetto A. (2016). STAT3 in the

systemic inflammation of cancer cachexia. Semin. Cell Dev. Biol. 54,
28-41.

Accepted September 4, 2018

136
Interleukin-6 in cancer


