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Background: Cachexia is a metabolic disorder characterised by muscle wasting, diminished response to anti-cancer treatments
and poor quality of life. Our objective was to identify blood-based biomarkers of cachexia in advanced cancer patients. Hence, we
characterised the plasma cytokine and blood cell mRNA profiles of patients grouped in three cohorts: patients with cachexia, pre-
cachexia (no cachexia but high CRP levels: >5mg|71) and no cachexia (no cachexia and CRP: <5mg|71).

Methods: A total of 122 newly diagnosed cancer patients with seven cancer types were studied prior to their initial therapy.
Plasma levels of 22 cytokines were quantified using the bio-plex technology. mRNAs isolated from whole blood and expression
profiles were determined by the chip array technology and Ingenuity Pathway Analysis (IPA) software.

Results: In comparison with non-cachectic individuals, both pre-cachectic and cachectic patients showed an increase (> 1.5-folds)
in mRNA expression of neutrophil-derived proteases (NDPs) and significantly elevated angiotensin Il (Ang Il) (P=0.005 and
P=0.02, respectively), TGFf1 (P=0.042 and P<0.0001, respectively) and CRP (both P<0.0001) in the plasma. Moreover, cachectic
patients displayed a significant increase in IL-6 (P=0.005), IL-8 (P=0.001) and absolute neutrophil counts (P=0.007).

Conclusions: Ang Il, TGFf1, CRP and NDP are blood biomarkers for cancer cachexia. These findings contribute to early diagnosis
and prevention of cachexia.

Progressive muscle wasting reduces the ability of patients to
perform the tasks of daily living and causes severe fatigue, leading
to a major impairment in quality of life (Murphy and Lynch, 2009).
It is accompanied by a reduced response to therapy, increased drug
toxicity and consequent rise in morbidity and mortality. Although
cachexia prevalence varies among different cancer types, it is
estimated to cause up to 20% of all cancer deaths. When muscle
wasting develops, it is rarely possible to reverse this deleterious
cascade (Argiles et al, 2014). Muscle mass is regulated by a balance

between protein synthesis and protein degradation. Loss of
muscle mass is commonly observed in a variety of major chronic
disease states, notably diabetes, chronic obstructive pulmonary
disease, chronic heart failure, chronic renal failure and in advanced
cancer. This phenomenon is associated in muscle with decreased
protein synthesis and an increase in protein degradation caused by
still poorly understood molecular mechanisms. A number of
upstream regulators of protein degradation including growth
factors (myostatin), hormones (glucocorticoids) and inflammatory
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cytokines promote the activation of the major catabolic systems of
protein breakdown including the ubiquitin/proteasome pathway
(UPP), the lysosome pathway, caspases, cathepsins and calcium-
dependent calpains (McCarthy and Esser, 2010). The plasma
concentration of a variety of pro-inflammatory cytokines has been
analysed in numerous clinical studies of patients with cancer
cachexia (Amitani et al, 2013). However, these studies do not show
a clear reproducible pattern whereby the plasma concentration of
any single cytokine can be correlated to the development of
cachexia. Taken together, many single tumour-associated cytokines
and other biomarkers have been identified; yet, none of them has
served individually as a precise biomarker of cancer pre-cachexia
and cachexia, impending the development of therapeutic targets,
an unmet important medical need. We hypothesised that, in part,
the failure of these previous studies is linked to the complex
multi-faceted nature of cancer cachexia and from the fact that
these studies focus on patients already presenting documented
cancer cachexia. Consequently, our objectives were to examine a
pre-cachexia patient cohort for changes in cytokines and
transcriptomics in circulating white blood cells that could mirror
early events of the wasting syndrome cascade. Such an approach
has been used successfully in other diseases including in wasting
syndrome associated with heart diseases (Delafontaine and Akao,
2006; Celik and Yaman, 2010; Castillero et al, 2015). We employed
integrating algorithms such as Ingenuity Pathway Analysis (IPA)
CNA (casual network analysis to identify the master upstream
regulators) and URA (upstream regulator analysis to identify
intermediate regulators) that provide additional levels of analysis,
as not only specific biomarkers are identified but also a series of
mechanistic networks and signalling pathways that are simulta-
neously affected by the same upstream regulators. Both IPA
algorithms predict the activation or inhibition state of regulators
based on downstream differentially expressed genes and known
directionality of the expression. The CNA and URA algorithms
include paths from regulators to regulated genes taking into
account gene expression, molecular interactions or relationships
based on published literature (Kramer et al, 2014). We reasoned
that a comprehensive analysis of both plasma cytokine and mRNA
profiles from the immune cells from pre-cachectic patients with
cancer, as well as control cancer patient cohorts with no cachexia
and documented cachexia, might permit the identification of
specific early signatures of cancer cachexia. Herein, we analysed
plasma samples of pre-cachectic patients with established inflam-
mation but not sarcopenia in order to identify predicted blood
signatures expressed. We report that neutrophil-derived proteases
(NDPs) and angiotensin II (Ang II) are key master upstream
regulators of cancer pre-cachexia and cachexia.

MATERIALS AND METHODS

Newly diagnosed patient characteristics. Adult patients with a
new diagnosis of advanced cancer, prior to receiving any oncology
treatment, were recruited from the McGill University Health
Centre and the Jewish General Hospital between 19 February 2009
and 22 June 2011. The description of 122 cancer patients included
in the study is based on cancer type, age range, sex and disease
stage (Supplementary Table 1). Patients were included if they had
an Eastern Cooperative Oncology Group (ECOG) performance
status of 0, 1, 2 or 3, a life expectancy of at least 3 months and no
symptomatic brain metastases. Ethical approval was obtained from
the McGill University Research Ethics Board, and all patients and
healthy subjects provided written informed consent.

Clinical data collection

Muscle mass estimation. Patients’ computed tomography scans
performed for clinical purposes within 90 days of their baseline

assessment were used to quantify their muscle cross-sectional area
at the third lumbar (L3) vertebrae. L3 images were analysed by
automated segmentation with MATLAB software (The Math
Works, Inc; Natick, MA, USA) with manual correction by an
expert in musculoskeletal anatomy (Software was kindly provided
by Dr Vickie Baracos and Dr Dana Cobzas, University of Alberta,
Alberta, Canada). Skeletal muscle index (SMI) was calculated
as muscle cross-skeletal area (cm?) per squared height (m?).
A variable called mean sex-specific skeletal muscular index Z-score
(z-SMI) derived from the difference between patient’s SMI and
sex-specific lower limit of healthy control values (L3 SMI
<55cm®*m % in men and <39cm®m % in women) was created
where negative values indicate sarcopenia (Mourtzakis et al, 2008).
Definition of cancer cachexia: cachectic patients had >5% weight
loss over the past 6 months, or ongoing weight loss of >2% with a
body mass index (BMI) <20Kgm ™~ °, and/or sarcopenia (males
<7.27 Kgm ™ ?; females <5.45 Kgm ~ > determined by dual energy
X-ray absorptiometry) (Fearon et al, 2011). In this study, patients
who did not meet the criteria for cachexia and had a serum
C-reactive protein (CRP) >5mgl~ ' were considered as pre-
cachectic. This later criterion was used, because high CRP is a
marker of systemic inflammatory response and one of the main
factors associated with weight loss and skeletal muscle loss in
patients with cancer (Douglas and McMillan, 2014). As component
of GPS, CRP has equivalent or superior prognostic value compared
with the subjective ECOG (Laird et al, 2013). In previous studies,
CRP was also used to identify pre-cachectic patients (Argiles et al,
2011). Non-cachectic patients display CRP level <5mgl™".
Clinical biomarkers: CRP was analysed by the McGill University
Health Centre clinical laboratory and Jewish General Hospital
central laboratories (normal range = 0.0-5.0 mgl~'). White blood
cell count (WBC) was carried out with a Beckman coulter LH750
instrument.

Cytokine profile. For the cytokine profiling, we used blood
samples from 122 advanced cancer patients and 6 healthy controls.
Blood was collected in EDTA-coated tubes and immediately stored
at 4°C. Within 2h after collection, samples were processed to
isolate plasma. Collection tubes were centrifuged at 2500 rpm, at
4°C for 10min, and the plasma was stored at —80°C until
analysis. A total of 22 cytokines were simultaneously measured in
plasma. We detected IL-1p, IL-4, IL-6, IL-10, IFNy, MCP1, IL-15,
IL-8, IL-12 (p70), IL-5, IL-1a, IL-3, IL-18, TNFu, leptin, ghrelin,
adiponectin, TRAIL, TGFf1, 2, 3 with the multiplexing Kkits:
Bio-Plex Pro Human Cytokine Group II Assay for 4 cytokines
(IL-1a, IL-3, IL-18, TRAIL), Bio-Plex Pro Human Cytokine Group
I Assay Group for 10 cytokines (IL-1f, IL-4, IL-6, IL-10, IFNy,
MCP1, IL-15, IL-8, IL-12 (p70), IL-5), Human cytokines (TGFf1,
2, 3 Bio-Rad Laboratories, Hercules, CA, USA) and Leptin,
Ghrelin, TNFx and Adiponectin (Millipore, Etobicoke, ON,
Canada). Results were analysed using the Bio-Plex Manager 6.0
Software (Bio-rad Laboratories). Ang II levels were quantified by
ELISA (Sigma Aldrich, Oakville, ON, Canada).

mRNA profile analysis. Prior to the start of any therapeutic
regimen, mRNA was isolated and purified from the blood of 62
patients with low (breast cancer, 32-48%), medium (lung cancer,
54-60%) and high (pancreatic cancer, 83-85%) incidence of
cachexia (Tuca et al, 2013). Whole blood (300 ul) was collected
from these cancer patients at a first visit to the cancer clinic
following their diagnostics. The blood was mixed with 900 ul of
RNA later (Ambion, Burlington, ON, Canada) and stored at
—20°C. The RNA was purified with the RiboPure Blood Kit
(Ambion). The RNA quality was first measured with a Bioanalyzer
and then Affymetrix microarray assay was performed using
Human Gene 1.0 ST chips. The purified RNA was sent to the
Gene Expression Service Department of Genome Quebec. The
analysis was performed on 1000 genes based on their reported
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expression in immune and cancer cells. We created two data sets,
the pre-cachexia and cachexia data sets, by comparing the mRNA
expression profiles of the patients with pre-cachexia and cachexia,
respectively, vs those with no cachexia. Both data sets were
analysed with the IPA’s CNA and URA algorithms (Qiagen,
Toronto, ON, Canada). In addition, we identified the most relevant
genes, whose expression increased or decreased > 1.5-fold.

Statistical analysis. The mRNA profile analysis for the canonical
pathways was calculated using Fisher’s exact test right-tailed and
the comparisons of mRNA expression and cytokine profiles
between the three different cachexia cohorts were determined
with two-way ANOVA and uncorrected Fisher’s LSD (parametric
distribution) and Kruskal-Wallis and Dunn’s Multiple Compar-
ison Test (non-parametric distribution). Correlation analyses
between clinical data and cytokine profile were performed with
non-parametric Spearman’s correlations using Prism 6.0 Project,
Graph Pad Software Inc., La Jolla, CA, USA. P-values <0.05 were
considered significant.

RESULTS

Population. We recruited 122 newly diagnosed advanced cancer
patients (stages III and IV). A large proportion of patients had
> 5% weight lost (46.7%), CRP level >5mglf1 (61.5%) and
sarcopenia (65.6%). About half of the population (50.8%) was
classified as cachectic and 28.7% as pre-cachectic (Supplementary
Table 1).

mRNA expression profile analysis of pre-cachexia and cachexia
data sets with IPA. Master upstream regulators can connect
through intermediate regulators to modify the gene data set target.
With the use of IPA’s CNA and URA algorithms, we aim to
identify regulatory networks that represent possible causes of
underlying mechanisms for observed gene expression changes in
the pre-cachexia and cachexia data sets. These algorithms help us
predict the affected signalling pathways and the biological activities
occurring in immune cells from cancer patients with different
cachexia status (pre-cachexia and cachexia). The mRNA profile
analysis predicts Ang II as master upstream regulator based on the
downstream-regulated genes that were differently expressed
between pre-cachexia and no cachexia, whereas IFNy (P-value
<0.0001), TNFo (P-value <0.0001) and IL-6 (P-value <0.0001)
were identified as intermediate regulators acting downstream of
Ang II. We found that these factors affect the pre-cachexia data set
through the regulation of several signalling pathways including
IL-8, glucocorticoid receptor (GCR), CCL5, TGEf group, TGEf1,
Ang II, TRAIL, PTGS2 and C5 (threshold established for P-values
<0.05). On the basis of the P-values, TGFf1 and GCR were the
most significant signalling pathways represented by the higher
number of genes from the pre-cachexia data set (the lowest
P-values indicate the highest probability of association of molecules
from the pre-cachexia data set with the canonical pathway)
(Figure 1A and Supplementary Tables 2-4). The mRNA profile
analysis of the cachexia data set indicated that NDP cathepsins B
and G were master upstream regulators (top inducers of the
signalling cascade). In this case, TNFo (P-value <0.0001) and
IFNy (P-value <0.0001) were the predicted intermediate regula-
tors acting downstream of neutrophil-derived cathepsins that affect
GCR, IL-8, C5, CCL5 and TGEFp1 signalling pathways and
target genes in the cachexia data set. As previously observed in
the pre-cachexia data set, TGFfi1 and GCR signalling pathways
were represented by higher number of genes from the cachexia
data set (Figure 1B, Supplementary Tables 5-7). Genes that were
commonly upregulated for the three cancer types in pre-cachexia
include known genes to be expressed by neutrophils such as NDPs:
elastase (ELANE, fold change pre-cachexia/no cachexia ratio

or fold change=1.8), cathepsin B (CTSB, fold change=1.5)
and defensins (DEFA4, fold change=3.2). We also observed
upregulation of components of the nuclear factor-kappa B (NF-«B)
and p38 mitogen-activated protein kinases (MAPK) pathways
such as the upstream p38MAPK kinase, MKK3 (MAP2K3,
fold change=1.5) and sharpin (SHARPIN, fold change=1.6, a
member of linear ubiquitin chain assembly complex required for
NEF-kB activation (Ikeda et al, 2011) (Figure 1C and Supplementary
Table 8). Similarly to pre-cachexia, the expression of MAP2K3
(cachexia/no cachexia ratio or fold change=1.4), CTSB (fold
change =1.4) and SHARPIN (fold change=1.3) is consistently
upregulated in cachexia. This was also true when separately
examined in each of the three cancer types. Interestingly, adipsin,
the additional upregulated gene in cachexia (CFD, fold
change = 1.5), is known to be primarily expressed by adipocytes
and monocytes-macrophages in humans (Fantuzzi, 2005). As the
mRNAs were collected from immune cells, the increased adipsin
expression corresponds to monocyte-macrophage compartments
(Figure 1D). In contrast, CD8 T-cell lineage marker (CD8A, fold
change = — 0.6) was the only significantly downregulated gene in
the pre-cachexia and cachexia data sets, suggesting a defect of CD8
T-cell compartment (Supplementary Table 9).

Cytokine profile analysis and correlations with clinical markers.
In addition to gene array studies, cytokine profile analysis from the
plasma of 122 cancer patients showed the presence of higher
plasma levels of TGFf1 in patients with pre-cachexia and cachexia
compared with those with no cachexia and higher levels of IL-8
and IL-6 in cachectic compared with non-cachectic patients.
Only IL-8 was significant between pre-cachexia and cachexia
(Figure 2A-C). In contrast, TRAIL levels decreased in cachectic
compared with non-cachectic patients (Figure 2D). These results
indicated that as the disease progresses to cachexia an inflamma-
tory state is present.

Validation of Ang II and neutrophil-derived cathepsins as
master upstream regulators. Ingenuity Pathway analysis CNA
predicts that Ang IT and NDP were the master upstream regulators
of pre-cachexia and cachexia, respectively. To independently
validate a potential role for Ang II, we quantified the plasma
concentration of Ang II by ELISA assay from the same group of
patients with lung, pancreatic and breast cancer who were
categorised in the cachexia, pre-cachexia and non cachexia cohorts.
Plasma levels of Ang II were significantly elevated in pre-cachectic
and cachectic compared with no cachectic patients (Figure 3A).
We also observed a negative correlation between Ang II and z-SMI,
indicating that Ang II is associated with sarcopenia in cachectic
patients (Figure 3B). Ang II levels negatively correlated with
survival (Figure 3C). The absolute neutrophil count (ANC) was
significantly increased in cachectic compared with no cachectic
patients, and these values also negatively correlated with z-SMI
(Figure 3D and E). Similarly, the NDP cathepsin B expression
increased in pre-cachexia and cachexia compared with no cachexia,
and, more important, its expression increased over time in the
same group of pre-cachectic and cachectic patients (pancreatic,
lung and breast) 3 months later after the first visit (Figure 3F).
Cathepsin B expression also negatively correlated with patient’s
survival (Figure 3G).

Haematologic and biochemical pronostic variables in cachexia.
We also evaluated neutrophil/lymphocyte ratios, albumin levels,
CRP, LDH concentration, absolute lymphocyte count (ALC) and
WBC. Similarly to ANC, the neutrophil/lymphocyte ratio was
significantly elevated in cachexia compared with no cachexia
(Figure 4A). In contrast, the ALC was not different in the cachexia
cohort (data not shown). We also observed significant lower
albumin levels and increased levels of CRP in both pre-cachectic
and cachectic patients (Figure 4B and C). In contrast, no
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Figure 1. Gene expression profile differences in pre-cachexia and cachexia compared with no cachexia. (A) Master upstream regulator in pre-
cachexia compared with no cachexia, predicted intermediate regulators and significant signalling pathways affected in pre-cachexia (B) master
upstream regulator in cachexia, predicted intermediate regulators and significant signalling pathways affected in cachexia. Heat map of common
significant upregulated genes (> 1.5-fold change) in (C) Pre-cachexia (P) and (D) Cachexia (C) compared with no cachexia (N). Data were analysed

with IPA’'s CNA and URA software.

meaningful differences were detected with regard to LDH
concentrations and WBC (data not shown).

Correlation analysis between cytokine profile and the clinical
indicators of cachexia. The three clinical markers of cachexia
(BMI, weight loss, CRP and sarcopenia) were correlated with
the plasma levels of 22 cytokines and metabolomic hormones.
In pre-cachexia patients, TRAIL plasma levels negatively correlated
with CRP values (Figure 5A). In cachexia patients, only TNFax
correlated with CRP values (Figure 5B), whereas TNFo and
IL-8 levels correlated with sarcopenia (negative z-SMI values)
(Figure 5C and D).

DISCUSSION

Seely has described the biologic complex non linear systems as “ a
system or whole consisting of an extremely large and variable
number of component parts where the individual components
display marked variability over time, and are characterised by a
high degree of connectivity or interdependence between variables’.
The Anorexia Cachexia Syndrome displays the characteristics of
such a system. One can hypothesise that it varies from patient to
patient and even, over time, within the same patient. Among other

variables, cytokine pleiotropy, constantly changing feedback
loops and inconsistent autonomic influences are likely present.
We report on two variables that we believe are important
ingredients of the cachexia stew in cancer patients. In our studies,
we specifically accrued newly diagnosed patients with advanced
cancers. Using blood samples obtained from these individuals prior
to any anti-cancer therapy, we, respectively, profiled plasma
cytokines and gene array, which led to our findings of an
important interplay between Ang II and neutrophil proteases in
both cancer-related inflammation and cachexia. This interaction is
evident in patients before weight loss is apparent. The recognition
of this early phase that we associated with the pre-cachectic state
uncovered a cascade of signalling events, leading to the wasting
syndrome that appears much prior to the presence of weight loss.

Angiotensin II. As master upstream regulator of pre-cachexia,
increased plasma levels of Ang II correlated with sarcopenia and
decreased patient’s survival. Ang II can promote cachexia through
several mechanisms. Ang II promotes actin cleavage, proteolysis
and increased apoptosis by inhibiting phospho-Akt and activating
caspase-3 in skeletal muscle (Song et al, 2005). In addition, Ang II
was shown to inhibit protein synthesis by lowering IGF-1 in
skeletal muscle (Trobec et al, 2011). Indirectly, Ang II promotes
muscle atrophy by increasing the levels of circulating cytokines and
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Figure 2. Cytokine profile differences among cachexia status for all cancer types. (A) TGFf1. (B) IL-8. (C) IL-6. (D) TRAIL. All cytokine profile
comparisons were analysed using two-way ANOVA or with uncorrected Fisher's LSD or a non-parametric test, and P-values <0.05 were

considered significant. C = cachexial; P = pre-cachexia; N=no cachexia.

hormones including glucocorticoids, IL-8, IL-6 and TNFox, which
also promote muscle protein degradation. In addition, Ang II
reduces the appetite by acting directly on hypothalamic neurons to
regulate orexigenic/anorexigenic neuropeptides (Fearon et al, 2012;
Vogiatzi et al, 2013; Yoshida et al, 2013). As possible therapeutic
intervention, the inhibition of the renin-angiotensin system may
improve the clinical outcome in cachectic patients and conse-
quently their quality of life and response to the current cancer
therapies. Previous studies demonstrate that the inhibition of Ang
II with the angiotensin-converting enzyme inhibitor prevents
protein degradation in skeletal muscle and improves weight loss
(Sanders et al, 2005; Yoshida et al, 2013).

The contribution of neutrophils and their derived proteases to
cachexia. Higher mRNA expression of NDP, along with increased
ANC observed in pre-cachexia and cachexia, suggests that
activated neutrophils and their products may trigger a cascade of
events required for the progression toward cachexia. A mechanism
of neutrophil-mediated muscle injury appears to be directly
dependent on CD18-mediated neutrophil adhesion to myotubes
and iron-dependent hydroxyl radical production (McLoughlin
et al, 2003). Furthermore, NDP such as cathepsin B can release
Ang II from Ang I and angiotensinogen (Ramaha and Patston,
2002; Vidotti et al, 2004) and induce insulin receptor substrate-1
degradation, lower insulin signalling and increase glucose produc-
tion in primary mouse and human hepatocytes (Talukdar et al,
2012). In accordance with these studies, we observed a significant

increase in cathepsin B expression over time in pre-cachectic and
cachectic patients and a negative correlation between cathepsin B
expression and survival. Together, the chronic elevation of
neutrophils and its proteases in the blood of cancer patients
provides a concerted ‘cocktail’ of proteases and cytokines that may
drive the wasting syndrome.

GCR, TGFfi1 and IL-8. In agreement with the mRNA profile
analysis, the cytokine profile shows increased plasma levels of Ang
II and TGEFp1 in pre-cachectic and cachetic patients. Ang II
regulates several intracellular signalling pathways including
TGEF-f/Smads, NF-«B, glucocorticoids and mitogen-activated
protein kinases (Moreno et al, 2009). We found that GCR and
TGEFf1 are the most represented significant signalling pathways in
both pre-cachexia and cachexia data sets. It is well known that
glucocorticoids promote muscle atrophy by inducing the activation
of UPP and by suppressing the insulin/IGF-1 signalling (Hu et al,
2009). Ang II stimulates TGFf1 expression, promotes its
conversion to bioactive TGFfS1 and upregulates TGFf receptors
(Wolf, 2006). Both glucocorticoids and TGFf1 preferably induce
CD8 T-cell apoptosis (Lanza et al, 1996; Bhadra et al, 2014). Thus,
the marked decrease in CD8A gene expression observed in
pre-cachectic and cachectic patients could be due to severe
immunosuppressive effects of glucocorticoids and active TGFf1
on this immune cell compartment. IL-8 is significantly increased in
cachexia compared with pre-cachexia and no cachexia. IL-8
amplifies the inflammatory cascade by promoting the recruitment
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Figure 4. Quantification of indicators of inflammation and cancer progression. (A) Absolute number of neutrophil/lymphocyte ratio. (B) CRP
plasma levels. (C) Albumin plasma levels. Comparisons were analysed using one-way ANOVA with uncorrected Fisher’s LSD or a non-parametric
test. P-values <0.05 were considered significant. C = cachexia; P = pre-cachexia; N =no cachexia.
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Figure 5. Correlation analysis among cytokine profile and clinical data.
In pre-cachexia: (A) TRAIL vs CRP. In cachexia: (B) TNFo vs CRP.

(C) TNFo vs z-SMI. (D) IL-8 vs z-SMI. All correlations were analysed using
non-parametric Spearman’s or Pearson’s correlations. P-values <0.05
were considered significant.

and degranulation of neutrophils releasing their proteases to the
circulation. IL-8 has been reported to be associated with
involuntary weight loss in oesophageal and gastric cancer patients
(Krzystek-Korpacka et al, 2007).

IL-6, TNFc, TRAIL and albumin levels. As previously published
(Narsale and Carson, 2014), IL-6 increases in cachexia. Circulating
levels of this pro-inflammatory cytokine have been shown to
correlate with weight loss and reduced survival in pancreatic cancer
patients. IL-6 stimulates the liver to produce acute-phase response
proteins (Moses et al, 2009). Although the TNFo level was not
significant among the cachexia status, it shows a negative
correlation with z-SMI and a positive correlation with CRP in
cachectic patients. We identified a reduction in TRAIL levels in
cachectic patients, as well as a negative correlation with CRP
in pre-cachectic patients. It has been reported that TRAIL has a
protective role in the immune surveillance against tumours
(Di Pietro and Zauli, 2004). Recent studies have shown that
elevated CRP levels during systemic inflammation in cancer
patients contribute to tumour progression by downregulating
TRAIL expression in immune cells (Secchiero et al, 2013). We also
observed a significant decrease in albumin levels in pre-cachectic
and cachectic patients. As it was recently reported, low albumin
levels along with weight loss, fatigue and high CRP levels predict
shorter survival in cancer patients (Op den Kamp et al, 2012).

The role of Ang IT and NDP. We propose that Ang IT and NDP
are among the major molecular mechanisms that drive cancer
cachexia. As tumour grows, it provokes tissue damage, necrosis
and hypoxia that release a number of chemoattracting factors
favouring the recruitment and activation of neutrophil and
macrophages, which in turn secrete IL-8, a potent neutrophil-
chemoattracting factor. Activated neutrophils release proteases to
the circulation that generate Ang II from Ang I and angiotensino-
gen. Elevated plasma levels of Ang II and Ang II-mediated
production of IL-6, IL-8 and TGFf1 will contribute to the
inflammation state and cause induction of protein degradation
and/or inhibition of protein synthesis. The plasma concentration of
these blood biomarkers markedly increases in pre-cachectic and
cachectic patients (Table 1), in which case muscle protein
degradation and wasting are irriversable. Our clinical study offers
a detailed description of a cellular and molecular cascade present in

Table 1. Schematic distribution of cachexia blood biomarkers

| Cachexia status |

Biomarkers Cachexia | Pre-cachexia | No cachexia
ANC/neutrophil proteases | + + + + + ++ +
Ang Il e e e s +
TGFp e e +
IL-8 ++ o+t + +
IL-6 A+t ++ +
CRP +++++ | A+ +

Abbreviations: ANC = absolute neutrophil count; Ang Il = angiotensin Il; CRP = C-reactive
protein; IL-6=interleukin-6; IL-8 =interleukin-8; TGFf1=transforming growth factor f1.
ANC and plasma levels of neutrophil-derived proteases, Ang Il, CRP, TGFf1, IL-6 and IL-8 in
pre-cachectic and cachectic patients. +vs+ means no significant, +vs+ + and + + vs
+ + + means increase, but no significant; and + vs+ + 4+ means significant.

patients with cancer cachexia. This cascade is driven by the
interplay of the Ang II peptide hormone in the circulation and the
rise in NDP. We found that it is already activated in patients
presenting chronic inflammation but without cachexia. In conclu-
sion, our study suggests that efforts to ease unbridled neutrophil
activity and Ang II are worthwhile approaches to reduce or prevent
the appearance of cancer cachexia.
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