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Abstract: More than 20% of tumor patients die because of cancer-associated cachexia (CAC)
which is considered a multifactorial syndrome that is characterized by loss of weight, adipose
tissue, and skeletal muscle, as well as anemia, accompanied by systemic inflammation. CAC is
associated with various agents including cytokines. IL-6 is one of the major proinflammatory
and pleiotropic cytokines produced by several cell types which induces and blocks diverse
signaling pathways related to cancers and their disorders. For instance, tumor-secreted IL6 is
the main cytokine that dilapidated the adipocyte in CAC. IL-6 also plays an essential role in
skeletal muscle loss. The involvement of IL-6 in cancer progression and metastasis emerges the
hypothesis of its role as a prognostic factor or a treatment agent in CAC. So, with regard to the
importance of CAC and its high incidence, it seems that a comprehensive study on the role and
mechanism of action of IL-6 in CAC can fill the scientific gap in death resulting from CAC.
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1 Introduction

More than 20% of cancer patients die from Cancer-associated cachexia which is a
multifactorial syndrome that is characterized by loss of weight, adipose tissue, and skeletal
muscle, as well as anemia, accompanied by systemic inflammation, leading to poor quality of
life, chemoresistant, and short survival (Barton, 2001; Tisdale, 2000). There is no unique
definition for cachexia but an unwanted loss of 5-10% of the pre-patience weight or skeletal
muscle loss (less than 7.26 kg/m? for males and 5.45 kg/m? for females) during less than six
months can be considered a cachexia indicator (Eskiler et al., 2019; Kotler, 2000; Pfitzenmaier et
al., 2003; Tisdale, 2001). It seems that cancer cachexia occurs to long-term feeding suppression
and metabolic deregulations as consequences of tumor byproducts and cytokine release
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(Kuroda et al., 2007). Cancer cachexia has been reported in around 80% of cancer patients in
advanced stages (Han et al., 2019). Approximately, 33% of cancer patients are suffering from
cancer cachexia but weight loss is associated with the tumor site. For instance, the greatest
weight loss occurred in patients suffering from solid tumors such as head and neck, lung, and
colorectal (50%), as well as pancreatic and gastric (85%) whereas only 30% of patients
recognized with acute leukemia or breast cancer showed weight loss (Daou, 2020).

CAC is associated with various agents including cytokines. IL-6 is one of the major
pleiotropic cytokines which controls various signaling pathways related to cancers and their
disorders. For example, tumor-secreted IL6 is the main cytokine that dilapidated the adipocyte
in CAC and plays a key role in skeletal muscle loss. The involvement of IL-6 in cancer
progression and metastasis emerges the hypothesis of its role as a prognostic factor or a
treatment agent in CAC. So, with regard to the importance of CAC and its high incidence, it
seems that a comprehensive study on the role and mechanism of action of IL-6 in CAC can fill
the scientific gap in death resulting from CAC.

2 IL6 as an inflammatory cytokines

Cytokines belong to a large family of pleiotropic polypeptides (Opal and DePalo, 2000)
because of driving multiple cell types and various effects according to the target cells. Just after
secretion, they control local or systemic intercellular communication in a paracrine, autocrine,
or endocrine behavior. They also adjust the function of other cytokines and related receptors.
Various cell types in different situations synthesize cytokines rapidly and transport them via
systemic circulation. For example, IL-6 is one of the major proinflammatory and pleiotropic
cytokines produced by multiple cell types which induces and blocks diverse signaling
pathways (Daou, 2020; Pal et al., 2014).

3 The key role of IL-6-mediated signal transduction in
skeletal muscles and CAC

IL-6 was considered an important proinflammatory cytokine in cancer because of its roles
in tumor progression and metastasis (Fisher et al.,, 2011). Furthermore, IL-6 works as a
protumorigenic agent in CAC. Based on a lot of investigations, systemic inflammation induced
CAC (Evans et al., 2008) and skeletal muscle loss (Chen et al., 2016). CD4 regulatory T cells
(Treg), neutrophils, tumor-associated macrophages (TAM), and myeloid-derived suppressor
cells (MDSCs) (Schreiber et al., 2011; Swartz et al., 2012) secret IL-6 which leads to neoplastic
progression (Naugler and Karin, 2008; Rose-John, 2012). Muscles and other tissues can also
release IL-6 in a quick response to injuries as well as infections (Kishimoto, 2006).

IL-6 signal transduction occurs through two paths; classical signaling and trans-signaling.
Classical signaling is activated by the membrane-bound IL-6 receptor- (IL-6R) production,
principally on the surface of hepatocytes and some leukocytes. Then, the IL-6/IL-6R complex
binds to the ubiquitous receptor glycoprotein 130 (gp130) subunit which leads to stimulation of
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the Janus kinases (JAK) and the downstream agents STAT1, STAT3, Src homology region 2
(SH2)-containing protein tyrosine phosphatase 2 (SHP2), and PI3-kinase modulating cancer
progression (Naugler and Karin, 2008). So, this pathway induces anti-inflammatory and pro-
regenerative processes only in IL-6R-expressing cells (Carson and Baltgalvis, 2010; Serrano et
al., 2008). But various cells release a soluble form of IL-6R (sIL-6R) which mobilizes the trans-
signaling with proinflammatory as well as profibrotic implications (Rose-John, 2012). On the
other hand, the trans-signaling pathway expands the IL-6-responsive cells to gp130-producing
ones (Daou, 2020).

Moreover, the canonical IL-6/JAK/STAT renews skeletal muscle. Skeletal muscle
proximately compromises 30 — 40% of a body mass of a healthy individual. Anabolic, as well as
catabolic stimuli, controls muscle mass regulation (growth or wasting) (Serra et al., 2007; Wang
et al., 2008). For example, cancer-associated skeletal muscle wasting includes different
mechanisms like; diminished related protein synthesis and increased proinflammatory
cytokines which elevate muscle proteolysis (Eley et al.,, 2007, Zoico and Roubenoff, 2002).
Moreover, ovarian cancer and gastroesophageal cancer patients with CAC had elevated IL-6
(Daou, 2020).

4 The role of IL-6 in Adipocytes and CAC

Tumor-secreted IL6 is the main cytokine that dilapidated the adipocyte in CAC and is
associated with lipid stores lipolysis to support cancer's fast metabolism. Petruzzelli et al. 2014,
introduced IL-6 as the key lipolysis factor in white-to-brown transdifferentiation of adipose
tissue (WAT browning). Moreover, Wang et al. 2017, reported IL-6 as the merely elevated
lipolytic agent in tumor cells following co-culture, though treatment with anti-IL-6 monoclonal
antibodies did not block lipolysis (Gyamfi et al., 2018; Han et al., 2019). In general, IL-6 was
elevated in breast cancer patients (Gyamfi et al., 2018) and it was higher in non-small-cell lung
patients suffering from weight loss than those without weight loss (Zhang et al., 2008). All of
these data bold the importance of adipocytes in breast cancer progression as well as IL-6 in
CAC (Gyamlfi et al., 2018).

As malignant cells-derived IL-6 leads to cachexia, it could represent diagnostic or even
therapeutic values for pancreatic ductal adenocarcinoma (PDAC). Rupert et al reported that
adipose tissue in comparison to skeletal muscle responds more to PDAC or IL-6 (Rupert et al.,
2021).

Adipose and muscle are other resources of IL-6. Muscle wasting could occur after adipose
is lost. Because when fat was lost vigorously, lipids accumulated in muscle, mitochondria
disordered, and the atrophy of myofiber happened (Rupert et al., 2021).

5 The role of IL-6 in cancer prognosis or treatments

Salgado et al. 2003 studied 96 patients suffering from progressive metastatic breast cancer
before the systemic treatments and showed that serum IL-6 was related to a worse prognosis
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(Kuroda et al., 2007). Furthermore, increased IL-6 is linked to CAC, angiogenesis, atrophy,
enhanced degradation of muscle proteins, and resistance to therapy in advanced breast cancer
(White, 2017). Breast cancer individuals with enhanced IL-6 compared to the healthy controls
presented cachexia symptoms like weight loss (Liu et al., 2017a; Narita et al., 2011).
Additionally, IL-6 and STAT3 were significantly higher in breast and gastric cancer individuals
with and without cachexia than those in the healthy controls, and especially IL-6 mRNA was
up-regulated in cachectic breast cancer. So, IL6- mediated STAT3 signal transduction could be
considered an appropriate biomarker in cachectic patients with breast or gastric cancers
(Eskiler et al., 2019).

IL-6 overexpression is also related to poor prognosis in various cancers such as prostate,
gastric, colon, lung, breast, and brain malignancies through affecting transcription factors as
well as cytoplasmic tyrosine kinases (Eskiler et al., 2019).

Based on a valuable investigation, the IL-6 blockade is a helpful strategy in the treatment of
various inflammatory diseases (Kang et al., 2019). For example, a humanized anti-IL-6 antibody
therapy in non-small-cell lung cancer patients was very safe and well tolerated (Bayliss et al.,
2011). CAC therapy with anti-IL-6 antibodies or IL-6R counteracts muscle loss and increases the
CAC patient’s quality of life (Narsale and Carson, 2014). A blocker of MAPK1 and IL-6
secretion increased muscle weight in cholangio carcinoma patients (Daou, 2020).

6 Role of IL-6 in cancer patients with anemia

Chronic inflammation can lead to anemia via the defection of iron utilization in the
erythropoiesis process via Hepcidin which is produced in hepatocytes of patients with
inflammation through IL-6 induction. So, as patients with enhanced IL-6 might suffer from
hepcidin-induced anemia, anti-IL-6 therapies could recover the anemia through hepcidin
suppression in advanced PC patients (Miura et al., 2015).

7 Pancreatic cancer-associated cachexia

Despite a lot of knowledge about pancreatic cancer as the most lethal gastrointestinal one,
cachexia reasons, which occurs in approximately 67% of all PC patients, remain unclear
(Kitawaki et al., 2006). One of the important mechanisms is the deregulation of neurotensin,
which regulates body weight. Another one is the deregulation of a protein and lipid mobilizing
factor with an important role in CAC. Both of them occur as a result of cytokines deregulation,
especially IL6. Moreover, 5,600 gene chip evaluations of resected human PC tissue showed a
significant difference in IL-6 between non-cachectic and cachectic patients (Zhang et al., 2008).

IL-6 production depends on a variety of factors, like genetic factors. It has at least 5
promoter single nucleotide polymorphisms (SNPs); -597 (G/A), -572 (C/G), -174 (G/ C), -634
(C/G), and -190 (C/T) which have associations with some disorders such as lipid abnormalities
(Zhang et al., 2008). In addition, the IL-6-634G allele was significantly overexpressed in the
cachectic patients and patients with less overall survival. The serum IL-6 in cachectic patients
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with PC was significantly higher than in non-cachectic ones. Additionally, resectable pancreatic
adenocarcinoma patients with IL-6-634 CG or GG genotype experienced shorter overall survival
than those with the CC allele (p = 0.023) (Zhang et al., 2008). IL6 with the role of pro-cachexia
cytokines and factors is presented in Table 1.

Table 1. IL6 with the role of Pro-cachexia cytokines and factors

Cell_lines description References
P ti
ANCreatic | PDAC cells extracted adipocyte IL-6 and IL-6 as well as IL-6 receptor (IL6R) in
adenocarci . . . . . (Rupert et al.,
noma. KPC myocytes and circulation. And IL-6 reduction from malignant cells cut adipose 2021)
cells ’ wasting and suppressed dysmetabolism, myosteatosis, and atrophy.
IL-6-related factors were advanced age (P < 0.01), the occurrence of liver metastasis
Advanced (P <0.01), the large volume of liver metastasis (P < 0.01), severe fatigue (P = 0.02), (Miura et al
pancreatic | high carcinoembryonic antigen (P = 0.02), anemia (P < 0.01), and high C-reactive 2015) 7
cancer protein (P =0.02) in multivariate analyses. Skeletal muscle loss was associated with
high IL-6.
Pancreatic | IL-6-634G allele is related to increased susceptibility to cachexia and decreased (Zhang et al.,
cancer survival time of Chinese patients with pancreatic cancer. 2008)

. IL-6 represents a prominent cachexia-associated factor in pancreatic cancer. IL-6 . .
Pancreatic . . . . . . .- . (Martignoni
cancer overexpression in cachectic patients is associated with the ability of certain tumors et al,, 2005)

to sensitize PBMC and promote cytokine in cachectic PBMC. 7
Ad d
vanee IL-6 increases only gradually during the early stages of cachexia, followed by a (Iwase et al.,
Uncertain o
sudden and steep rise just before death. 2004)
cancer
Advanced TNFa, IL-6, and IL-8 were increased significantly in the patients with advanced,
rostate cachectic patients compared with patients without cachexia. In the cachectic (Pfitzenmaier
pros patients, TNFa was associated positively with IL-8, and there was no correlation et al., 2003)
carcinoma .
between PSA levels and any of the cytokine levels.
Pancreatic Ehe lst;i)iciilcity of fe;m; iIL—I?1 iné)ancreitic c(a;;cgl;/ I;atiznts;n wis etitirrlrllat;d .'(a:lt ?3(:1%;1 (Okada et al.,
cancer esulting in acceptable diagnostic accuracy (72.0%) and among them, the detectio 1998)

rates of serum IL-6 elevated significantly with the disease extent (p < 0.01)

8 Role of IL-6 in PDAC patients with cachexia

PDAC is also one of the deadliest cancers, with a 5-year survival less than 9% (Siegel et al.,
2019). Cachexia affects more than 80% of PDAC patients leading to more death (Hendifar et al.,
2019). IL-6 affected PDAC and PDAC-related cachexia, PDAC progression (Ramsey et al.,
2019), and its mortality (Babic et al., 2018). Though serum IL-6 is not always detectable in early
PDAC nor always associated with cachexia degree (Rupert et al., 2021), IL-6 is enough to
produce cachectic mice (Rupert et al., 2021).

9 Discussion and future perspective

Cancer cachexia is usually associated with systemic inflammatory response and adipose
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degradation. Based on various studies, IL-6 was mainly linked with CAC. Furthermore, fat loss
might accompany by CAC progress (Tsoli et al., 2016). Plasma Apolipoprotein E (ApoE) which
significantly decreased in CAC patients is a component of very low-density lipoproteins
(VLDL), chylomicrons (CM), and the remnants as well as 3-VLDL. ApoE correlated with
plasma triglyceride positively (Tao et al., 2014). ApoE is associated with lung cancer and is
considered an appropriate biomarker for NSCLC patients suffering from lymph node
metastasis (An et al., 2019). ApoE was also considered a novel PC marker without association
with PC risk (Liu et al.,, 2017b). In Han et al study, plasma ApoE was under-expressed in CAC
patients compared to non-CAC ones irrespective of gender and tumor kind, emphasizing its
key role in the CAC process (Han et al., 2019).

Free fatty acid (FFA) considers a key agent in skeletal muscle, heart, liver, and pancreas as
the primary fuel, hormone precursors, or non-hormonal signaling molecules. Analyzing CAC
according to gender showed that FFA only enhanced significantly in women while serum IL-6
was significantly increased in both CAC men and women. So, a significant positive association
between serum IL-6 and FFA only in CAC women was reported (not in men). This suggests that
IL-6 as a primary agent in lipolysis induction in females with CAC, resulting in enhanced FFA
(Han et al., 2019).

In this study, we generally found a central role for cancer—derived IL-6 in CAC with
emphasis on PDAC and PC cachexia, cancer-tissue crosstalk via IL-6 and sIL6R signal
transduction, cachexia mechanisms, as well as crosstalk between IL-6, fat, and muscle (Figure
1).
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Figure 1. Mood of IL-6 in CAC

Indeed, IL-6 activity is associated with cachexia severity in PDAC patients. Alternatively,
tissue IL-6 and its signaling agents might be more relevant as markers and more essential for
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wasting onset. Moreover, cell-type synthesis of IL-6 might determine cachexia phenotypes. IL-6
secretion by myeloid cells and fibroblasts in the cancer microenvironment involves PDAC
development, progression, metastasis, chemoresistance, as well as immunosuppression process.
Because of the important role of inflammatory cytokines in chronic diseases, demonstrating
their mechanism of action in future studies seems necessary.
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