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Abstract

Background Cachexia is a wasting syndrome associated with systemic inflammation and metabolic disruption.
Detection of the early signs of the disease may contribute to the effective attenuation of associated symptoms. Despite
playing a central role in the control of metabolism and inflammation, the liver has received little attention in cachexia.
We previously described relevant disruption of metabolic pathways in the organ in an animal model of cachexia, and
herein, we adopt the same model to investigate temporal onset of inflammation in the liver. The aim was thus to study
inflammation in rodent liver in the well-characterized cachexia model of Walker 256 carcinosarcoma and, in addition,
to describe inflammatory alterations in the liver of one cachectic colon cancer patient, as compared to one control and
one weight-stable cancer patient.

Methods Colon cancer patients (one weight stable [WSC] and one cachectic [CC]) and one patient undergoing
surgery for cholelithiasis (control, n = 1) were enrolled in the study, after obtainment of fully informed consent.
Eight-week-old male rats were subcutaneously inoculated with a Walker 256 carcinosarcoma cell suspension
(2 x 107 cells in 1.0 mL; tumour-bearing [T]; or phosphate-buffered saline—controls [C]). The liver was excised on
Days 0 (n = 5), 7 (n = 5) and 14 (n = 5) after tumour cell injection.

Results In rodent cachexia, we found progressively higher numbers of CD68% myeloid cells in the liver along
cancer-cachexia development. Similar findings are described for CC, whose liver showed infiltration of the same cell
type, compared with both WSC and control patient organs. In advanced rodent cachexia, hepatic phosphorylated
c-Jun N-terminal kinase protein content and the inflammasome pathway protein expression were increased in
relation to baseline (P < 0.05). These changes were accompanied by augmented expression of the active interleukin-
1B (IL-1B) form (P < 0.05 for both circulating and hepatic content).

Conclusions The results show that cancer cachexia is associated with an increase in the number of myeloid cells in
rodent and human liver and with modulation of hepatic inflammasome pathway. The latter contributes to the aggrava-
tion of systemic inflammation, through increased release of IL-1p.
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Introduction

Cancer cachexia is a devastating syndrome, severely reducing
the quality of life and overall survival in cancer patients.® It
represents the direct cause of death for ~20-40% associated
with the disease.? It is considered a multifactorial syndrome,
characterized by rapid and progressive involuntary weight
loss, sustained by both adipose tissue depletion and muscle
wasting, which cannot be reversed by conventional nutrition
therapy.?

Cachectic patients present systemic chronic inflammation.?
Nevertheless, the compartment(s) triggering the release of
pro-inflammatory cytokines remain(s) not fully established,
as this alteration probably results from an orchestration of
signals deriving from the tumour, host organs and immune
system cells.* Many studies have shown that the visceral
organs are able to markedly contribute to the increase
pro-inflammatory cytokines expression, which could sustain
or augment cachexia.’

The liver is the central organ in the control of energy sub-
strate distribution to the organism and governs intermediary
metabolism, regulating the transport, storage, breakdown
and utilization of glucose, lipids and proteins.® Impairment
of liver metabolism during cachexia has been found to favour
disease progression, by causing energy imbalance in the face
of compromised mitochondrial function.”® Despite the fact
that many of the disruptions present in the liver in cachexia
could bear a relevant relationship with muscle wasting,®
much remains to be addressed.

In this study, we investigated whether the inflammasome
and nuclear factor-xkB (NF-xB) pathways are activated in the
liver of cachectic tumour-bearing rats, having shown before,
in the same model, that inhibition of prostaglandin E,
(PGE,) synthesis ameliorates cachexia, with a direct effect in
the liver.'®** According to Martignoni et al.,**> the common
myeloid marker CD68 is increased in the livers of cachectic
patients, compared to non-cachectic counterparts. These
cells are associated with a more aggressive tumour
phenotype.'? We thus wanted to address the hypothesis that
the same would be observed in the well-established Walker
256 model of cachexia and in the liver of cachectic patients
with colon cancer, the third most common cancer in the
world.®® Furthermore, as inflammatory cell infiltration has
been robustly associated with increased inflammatory
cytokine expression and secretion in many organs, including
the liver,™* we examined cytokine secretion and the respec-
tive intracellular pathways involved in their production.

Finally, as to confirm that the alterations were not
exclusive to rodent cachexia, we examined the liver of two
colon cancer patients (cachectic and weight stable) in
comparison to a patient who did not have cancer.

Materials and methods
Casuistics

Liver biopsies from two colon cancer patients and one
non-cancer patient (cholelithiasis) obtained during surgery
were analysed. The two patients with colon cancer were
classified as (1) weight stable (WSC) and (2) cachectic (CC).
The WSC patient did not present weight loss in the last
6 months, and his body mass index (BMI) was 26.0,
C-reactive protein concentration was 3.7 mg/L and albumin
concentration was 5.63 g/dL. The CC patient showed weight
loss of 29.1% within the 6 months prior to the enrolment,
with BMI of 20.7, C-reactive protein concentration of
12.1 mg/L and albumin concentration equal to 2.55 g/dL.
The non-cancer patient did not report any weight loss in
the previous semester and presented with a BMI of 24.65,
C-reactive protein concentration equal to 0.2 mg/L and the
circulating albumin concentration of 4.41 g/dL. The study
was carried out in accordance with the recommendations of
the Ethics Committee on Research involving Human Subjects
of the Biomedical Sciences Institute of the University of Sdo
Paulo (USP) (1117/CEP) and was also approved by the Human
Ethics Committee of the University Hospital/USP (CEP 1388/
14). The study was registered in the Brazilian authority
platform under Number CAEE:14197413.9.0000.5467.
Written informed consent was obtained from all the patients
before admission to the protocol.

Animals

Male adult Wistar rats (270-300 g), obtained from the
Institute of Biomedical Sciences, USP, were maintained in
metabolic cages, under a 12-h light/12-h dark cycle and
controlled temperature conditions (23 + 1°C), receiving
water and food (commercial chow; Nuvilab, Nuvital, Brazil)
ad libitum. The |Institute of Biomedical Sciences/USP
Ethical Committee for Animal Research approved all the
adopted procedures (050/102 ECAR), which were carried
out in accordance with the ethical principles stated by the
Brazilian College of Animal Experimentation. A Walker 256
tumour cell suspension (2 x 10’ cells) was injected
subcutaneously into the right flank of the animals.*?
Control rats (n = 5) received saline injections on the same
day of tumour inoculation. The experiments were
designed as a time-course study, and the rats were
sacrificed by decapitation on Days 0 (baseline), 7 and 14
after inoculation (n = 5 per group) following a 12-h
fasting period.
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Patient liver collection

Obtainment of liver biopsies

During surgery, a 0.5-cm® fragment of the liver was collected,
without interfering with regular surgical procedure (the
biopsy was for the assessment of metastasis in the case of
the cancer patients, whereas in the control patient, also the
normal procedure was strictly followed). The tissues were
transferred to 4% paraformaldehyde for fixation and then
embedded in paraffin; non-serial 5-um sections were ob-
tained for histological evaluation.

Rodent study

The livers were excised and weighed, and one fragment of
0.5 cm was embedded in optimal cutting temperature (OCT)
compound for histological analyses. The remainder was
snap-frozen in liquid nitrogen and stored at —80°C for RNA
and protein analyses.

Immunohistochemistry

The livers were placed into plastic cassettes, mounted with
OCT compound medium (Sakura Finetek Japan Co., Ltd.,
Tokyo, Japan) and frozen in liquid nitrogen. Sections were ob-
tained (7 um) and subjected to haematoxylin and eosin stain-
ing for the analysis of liver histology as well as for
immunohistochemical study. Liver sections were fixed with
methanol/acetone (1:1), permeabilized with 0.02% Tween
20 in phosphate-buffered saline (PBS-T) and blocked with
5% goat serum in PBS-T. Sections were incubated overnight
at 4°C with anti-CD68 (1:200, Abcam, ab 31630, rabbit) to de-
tect liver macrophages. Antibody detection was performed
by employing a horseradish peroxidase-conjugated secondary
antibody (goat anti-rabbit 1gG H&L [Biotin] ab97049, 1:500),
the VECTASTAIN ABC Kit (Vector Laboratories) and

Table 1 Body and tissue mass in control (C) and cachectic (T) animals

SIGMAFAST 3,3-diaminobenzidine as substrate (Sigma, St.
Louis, MO, USA). Sections were counter-stained with
haematoxylin.

Real-time polymerase chain reaction

Total RNA was isolated from tissues with TRIzol® (Invitrogen,
Carlsbad, CA, USA), following the manufacturer’s recommen-
dations. The first strand of cDNA was generated from 2 pg of
total RNA extracted, using a commercially available kit (High-
Capacity cDNA Reverse Transcription Kits, Invitrogen, Foster
City, CA, USA). Polymerase chain reaction (PCR) amplification
was performed in duplicates with SYBR Green PCR Master
Mix (Applied Biosystems, Foster City, CA, USA) in the
QuantStudio 12K Flex Real-Time PCR (Applied Biosystems),
adopting the primers listed in Table 1. Gene expression was
normalized to the ribosomal protein L27 (Rpl27) reference
gene. Data were calculated using the 272¢T method and
are presented as fold changes in gene expression relative to
control samples.

Liver cytokine levels

Rat livers (0.05-0.08 g) were homogenized in
radioimmunoprecipitation assay (RIPA) buffer (0.625%
Nonidet P-40, 0.625% sodium deoxycholate, 6.25-mM so-
dium phosphate and 1-mM ethylenediaminetetraacetic acid,
at pH 7.4), containing a protease inhibitor cocktail (protein-
ase and phosphatase inhibitors, Roche). Homogenates were
centrifuged at 15 000 x g for 30 min at 4°C. The supernatant
was collected, and protein concentration was determined
with a bicinchoninic acid assay (BCA) protein quantification
kit (Pierce, Rockford, IL, USA), with bovine serum albumin
(BSA) as a reference. Liver samples were assessed for the
content interleukin-6 (IL-6) (DuoSet, DY506), tumour necrosis
factor-a (TNF-a) (DuoSet, DY510), interleukin-10 (IL-10)
(DuoSet, DY522) and interleukin-1f (IL-1B) (DuoSet, DY501).

TO T14 c14
Baseline 256.9 + 6.86 267.12 = 8.82
BM-TM (g) 266.3 = 17.1 278.97 = 8.79 296.61 = 10.56* 328.2 £ 9.12
™ (9) 5.23 £ 2.35 19.19 = 4.70

Liver (g) 6.32 = 0.72 8.60 = 0.71 11.17 = 1.56 11.03 £ 1.13
Soleus (g) 0.11 = 0.02* 0.13 = 0.01
Gastrocnemius (g) 1.63 = 0.17* 2.0 £ 0.10
MEAT (9) 1.10 £ 0.56 1.47 £ 0.22 1.24 £ 0.34 1.60 = 0.23
RPAT (g) 0.97 0.4 2.11 £ 0.75 2.17 £ 0.75 2.79 = 1.30
EAT (g) 1.74 £ 0.54 3.06 = 0.78 3.26 + 0.82 3.39 + 0.85

Note: Values are expressed as mean + SEM (n = 5). Abbreviations: BM-TM, body mass-tumour mass; EAT, epididymal adipose tissue;
Abbreviations: MEAT, mesenteric adipose tissue; RPAT, retroperitoneal adipose tissue; TM, tumour mass.

‘P <0.01.
“P = 0.051.
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Protein concentration was measured by enzyme-linked im-
munosorbent assay (ELISA) (DuoSet ELISA, R&D Systems,
Minneapolis, MN, USA). Assay sensitivities were determined
to be 8000 pg/mL in the range of 125-8000 pg/mL for IL-6
and 4000 pg/mL in the range of 62.5-4000 pg/mL for TNF-
a, IL-10 and IL-1PB, and the results were normalized to total
protein. For IL-1 measurement in the serum, we performed
multiplex assay (MILLIPLEX® MAP Rat Adipokine Panel,
RADPKMAG-80K). All samples were run as duplicates, and
the mean value was reported.

Western blotting

Frozen livers were homogenized in RIPA buffer (0.625%
Nonidet P-40, 0.625% sodium deoxycholate, 6.25-mM sodium
phosphate and 1-mM ethylenediaminetetraacetic acid, at
pH 7.4, with proteinase and phosphatase inhibitors, Roche).
Homogenates were centrifuged at 15 000 x g for 30 min at
4°C; the supernatant was collected, and protein concentra-
tions were determined with a BCA protein quantification kit
(Pierce, Rockford, IL, USA), with BSA as a reference. Samples
containing 50-mg protein were separated by electrophoresis
in 10% Tricine—sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS—PAGE). Proteins were then transferred
to polyvinylidene difluoride (PVDF) membranes at 25 V for
40 min (Trans-Blot Turbo Blotting System, Bio-Rad) in transfer
buffer, consisting of 20-mM Tris, 150-mM glycine and 10%
methanol. PVDF membranes were then blocked in
Tris-buffered saline (TBS) containing 0.1% Tween 20 and 5%
(w/v) non-fat dry milk for 1 h. After three washes with TBS con-
taining 0.1% Tween 20, the PVDF membranes were incubated
with primary antibodies against phosphorylated c-Jun
N-terminal kinase (p-JNK) (Santa Cruz, SC-6254 mouse), c-Jun
N-terminal kinase (JNK) (Santa Cruz [D-2], SC-7345 mouse),
toll-like receptor 4 (TLR4) (Santa Cruz, SC-30002 rabbit), IL-1P3
(Santa Cruz, SC-1251 goat) and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (Santa Cruz, SC-25778 rabbit). HRP-
conjugated secondary antibody anti-rabbit (Cell Signaling
#5127), anti-mouse (Cell Signaling #7076) and anti-goat
(Abcam ab 6885-1 UK) for 2 h at room temperature and bands
were detected by enhanced chemiluminescence (Amersham,
Little Chalfont, UK). The blots were stripped and incubated
with anti-GAPDH (Santa Cruz, SC-25778 rabbit) as a loading
control. Quantification of antigen—antibody complexes was
performed by employing the Imagel) analysis software
(http://rsb.info.nih.gov/ij/). Optical density units were given
in pixels for fold target protein/control protein.

Statistical analysis

Data are expressed as mean values and standard error of the
mean. Differences among the experimental groups (TO, T7

and T14) were analysed with GraphPad5 software (GraphPad,
San Diego, CA, USA), and statistical significance was deter-
mined by performing one-way analysis of variance (ANOVA)
with Tukey’s post hoc test for comparison among groups. Body
and tissue mass on Days 0 and 14 for control and tumour were
analysed using Student’s t test. For food consumption assess-
ment, we analysed data by employing the two-way ANOVA
repeated analyses with Bonferroni’s multiple comparison test.
A value of P < 0.05 was considered significant.

Results

In order to elucidate the mechanisms by which the liver con-
tributes to systemic inflammation in cancer cachexia, we em-
ployed the Walker 256 model within a time-course approach
to address the progression of the changes (7 and 14 days after
tumour injection). We examined cell infiltration and transcrip-
tion factor activation during the development of cancer
cachexia. Corroborating Martignoni et al.*? results, we also re-
port CC patient liver to show a qualitative increase in CD68™
myeloid population, compared to WSC and with the control
patient (Figure 1IA). The challenges imposed to obtain a suffi-
cient number of biopsies from patients as to support quantita-
tive analysis of liver inflammation in the scenario of cancer
cachexia (especially when assessing temporal evolution) led
us to employ the well-characterized rodent W256 model, to
the end of describing the molecular aspects of liver inflamma-
tion in cachexia. Fourteen days after tumour cell injection, ex-
perimental cachexia induced a 10.6% reduction in body weight
gain (compared to age-matched control animals) (Table I).
The white adipose tissue did not show a significant change in
T14 compared to C14; however, the muscle, specifically the
gastrocnemius, showed reduced mass in T14 compared to
C14, indicating cachexia-associated atrophy (Table 7). We also
observed a reduction of food consumption after 8 days after
tumour injection (Figure S1) as compared with the control
group. In accordance with the literature, the reduction in food
consumption is a synergetic effect on body wasting of cancer
cachexia, but not its trigger.’® In addition, we observed a
qualitative increase in the CD68" myeloid population in the
organ already after 7 days of the tumour cell injection, which
was more pronounced on Day 14 after tumour injection
(Figure 1B).

We performed gene expression analysis aiming at genes
upstream of the NF-xB pathway, such as myeloid
differentiation primary response 88 (Myd88) and TNF
receptor-associated factor (Traf6), required for activation
of NF-kB, and also the subunit p65 of NF-kB (RelA). None
of these were statistically different for any of the time
points analysed (Figure 2A—C), suggesting that the NF-xB
pathway does not play a role in rodent hepatic inflamma-
tion. We found that TIr2 and Tir4 gene expression was
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Figure 1 CD68" cell infiltration in the liver of a cachectic patient. (A) Immunohistochemistry for CD68 in the liver of control, weight-stable and cachec-
tic cancer patients. x20 and x40 magnification. (B) H&E staining and immunohistochemistry for CD68 in rodent liver in TO, T7 and T14 after tumour

injection. x40 magnification.
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Figure 2 Gene expression of inflammatory pathways in the liver along cachexia progression. Values are expressed as box and whiskers min—-max
(n =5). The liver was collected at three time points (TO, T7 and T14 after tumour injection). P < 0.01. P < 0.001. P < 0.0001. (A) Gene expres-
sion of Myd&8. (B) Gene expression of Trafé6. (C) Gene expression of NF-kBp65. (D) Gene expression of TIr2. (E) Gene expression of TIr4. (F) Gene ex-

pression of IL-1.

increased on Day 14 (Figure 2D,E), which could be associ-
ated with inflammation and the induction of various down-
stream proteins and activation of the inflammasome.®® In
line with CD68* myeloid population infiltration in the liver
observed in the human CC sample, rodent samples and pub-

lished data,'? we found gene expression for myeloid recruit-
ment protein to be increased, Cc/Z; in addition, markers of
CD68" myeloid population, F4/80 and Cd68, also increased
during cancer-cachexia development (Figure S2A-C). L-1
gene expression was higher on Day 7 and still increasing
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Figure 3 Inflammatory cytokine expression in rodent liver along the progression of cachexia. Values are expressed as box and whiskers min—-max
(n = 5). The liver was collected at three time points (TO, T7 and T14 after tumour injection). *P < 0.05. P < 0.01. (A) Protein expression of total
IL-1P. (B) Protein expression of IL-6. (C) Protein expression of TNF-c. (D) Protein expression of IL-10.

on Day 14 (Figure 2F) and then accompanied by higher II-18
protein levels in the organ (Figure 3A). A positive correlation
was observed between Ccl2, F4/80 and Cd68 genes and the
IL-1B gene (Figure S2D-F), suggesting that CD68" myeloid
population infiltration is related to the increased IL-1f ex-
pression. TLR4 can also induce the transcription activation
of 1I-1B. Although 1I-1B was higher in the liver in terminal ca-
chexia, the other cytokines examined, such as IL-6, TNF-a
and IL-10, were not significantly different to those observed
in TO (Figure 3B-D).

To determine whether IL-1f protein content was translat-
ing into the activated form of the protein, we performed
western blot for cleaved fraction detection, which showed in-
creases on T14 (Figure 4B). We searched for possible
pathways that would induce transcription of the IL-2f gene,
having found that p-JNK protein content was enhanced in
T14 (Figure 4C). Nevertheless, this transcription factor seems
not to be activated by TLR4, because the latter was un-
changed in the livers of cachectic rodents, as compared to
controls (Figure 4D).

To confirm that the inflammasome pathway is playing a
role in cancer cachexia, we assessed the gene expression of
NirpZ and Nirp3, which were increased in T7 and T14
(Figure 5A,B). We also observed that Caspase 1 gene expres-
sion increased in terminal cachexia (Figure 5C), whereas Nod2
gene expression was increased only on T7, returning to basal
levels in T14 (Figure 5D), whereas Nod and Hif-1o gene ex-
pression did not change during the development of cachexia
(Figure 5E,F). To assess whether augmented IL-1f production
in the liver reflected systemically, we performed ELISA for IL-

1B protein content in the serum, and indeed, the cytokine
was increased in T14 compared to TO (Figure 4E).

Discussion

Cancer cachexia is a complex, intricate and multifactorial syn-
drome, encompassing a diversity of alterations that markedly
decrease survival and compromise quality of life. Many
studies have described the complex interplay between the
tumour and the host’s tissues in the aetiology of chronic
systemic inflammation, which is associated with many of
the symptoms of cachexia.> We herein present results that
suggest that the liver contributes to chronic systemic inflam-
mation during the development and progression of cancer
cachexia in rats bearing the Walker 256 carcinosarcoma, a
broadly studied model of cancer cachexia.®*”/*8

The liver parenchyma and stroma are comprised by many
different cell types, all of which have a role in the secretion
of cytokines and chemokines in health and disease.*® During
chronic disease, the number of infiltrating cells in the organ,
especially that of monocytes, may be greatly increased, as
reported for obesity and diabetes.?%?! In the present study,
we found a linear increase in the CD68* myeloid population,
paralleling the progression of cachexia, which was endorsed
by the finding of increased detection of specific receptors
(F4/80 and Cd68) and chemokine (Ccl2) genes of CD68* pop-
ulation. Previous to our study, Martignoni et al.>? described
CD68" myeloid population infiltration in the liver of cachectic
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Figure 4 Inflammatory protein expression in rodent liver along cachexia progression. Values are expressed as box and whiskers min—-max (n = 4). The
liver was collected at three time points (TO, T7 and T14 after tumour injection). ¥*P < 0.05. P < 0.01. (A) Western blot images. (B) Protein expression
of cleavage II-1f. (C) Protein expression of p-JNK. (D) Protein expression of TLR4. (E) IL-1B protein in the serum.

pancreatic cancer patients. The same authors showed an in-
crease in IL-6 protein expression, as detected by immunohis-
tochemistry in the liver of the patients. Nevertheless, they
failed to produce evidence regarding II-1f protein expression.

Mice under high-fat diet show liver inflammation.?? The
gene expression levels of TNF-q, IL-13 and IL-6 are concomi-
tantly increased, and one such inflammatory reaction has
been suggested to play a major contribution to hepatic fibro-
sis and disruption of lipid metabolism.?>?* A previous study
by our group reported that the livers of cachectic rodents suf-
fer impairment of long-chain fatty acid oxidation, along with
disruption of very-low-density lipoprotein secretion, leading
to steatosis.”

Infiltration of immune cells in cachexia does not represent
a novel finding as, for instance, the white adipose of both ca-
chectic rodents and cancer patients shows the increased den-
sity of inflammatory cells?®27?® from which secreted active
mediators trigger fibrosis.?® That may be in fact the reason
why when analysed as bulk wet weight, the mass of the adi-
pose depots did not change in the present experiment.
Marked immune cell infiltration, in parallel to oedema and fi-

brosis (all previously reported findings by our group, in both
human and rodent adipose tissue) in cachexia,?>3° may
account for the masking of triacylglyceride loss.

In the present study, we describe an increase of the CD68"
myeloid population also in the liver, across the progression of
cachexia, which may be the cause for increased IL-1p protein
secretion that can be detected in the circulation. Thus, as
demonstrated for the white adipose tissue, the liver may con-
tribute to local and systemic inflammation in cancer cachexia.

The liver is a central organ in the management of interme-
diary metabolism. In some diseases, as in cachexia, its metab-
olism is disrupted, with major consequences to the host’s
metabolic control and substrate utilization.®*> We have also
previously described that treatment with indomethacin, de-
creasing the production of PGE,, another relevant inflamma-
tory factor, in cachectic rats, ameliorates metabolic parame-
ters in the organ and partly recovers cachexia-induced
wasting.3! It seems thus clear that the combination of meta-
bolic disruption and inflammation that is systemic in cachexia
is also present at the organ/tissue level. The inflammatory re-
action we herein report, with increased hepatic IL-1p gene
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Figure 5 Gene expression of proteins of the inflammasome pathway in rodent liver along the progression of cachexia and circulating IL-1p concentra-
tion. Values are expressed as box and whiskers min—-max (n = 5). The liver was collected at three time points (TO, T7 and T14 after tumour injection).
*p < 0.05. P <001 P<0.001 (A) Gene expression of Nirp1. (B) Gene expression of Nirp3. (C) Gene expression of Caspase 1. (D) Gene expression
of NodZ2. (E) Gene expression of Nod1. (F) Gene expression of Hif-1o.
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Figure 6 The summary of the main results from this paper shows the contribution of the liver to systemic inflammation by the increase of
pro-inflammatory cytokine (IL-1B) and inflammasome pathway in the liver during cancer cachexia.

and protein expression, concomitant to up-regulation of the knockout mice consuming a high-fat diet showed improve-
inflammasome pathway and with JNK protein activation, ment in hepatic fatty acid oxidation, compared to wild-type
seems to be correlated with CD68* myeloid population infil-  (WT) mice under the same diet regimen. This strongly
tration that we found. JNK is considered a potential inflam-  suggests that JNK plays a role in the modulation of fatty acid
matory mediator of metabolic changes in the liver.?® JNK oxidation and in the induction of steatosis and fibrosis.?
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IL-1B is considered a strong pro-inflammatory cytokine and
has been shown to play a role in obesity-induced liver steato-
sis by up-regulating gene expression of lipogenic enzymes.3?
The activity of IL-1f is regulated by the inflammasome com-
plex pathway, and this aspect has been studied in many dif-
ferent diseases.>*3* The inflammasome complex activates
IL-1B by cleavage of the immature form into mature IL-1f,
which, when released, may bind to the IL-1 receptor at local
or distant sites, inducing activation of the IL-1f cascade.?®> We
failed to find in the literature studies showing the role of the
inflammasome pathway in the cachectic patient’s liver. How-
ever, it has been reported that the IL-1f content in the serum
of cachectic patients is increased. As found in the adopted ro-
dent model, the levels of IL-1 3 in the serum and also in the
liver are increased in cachexia. Moreover, this observation
was accompanied by the identification of an up-regulation
of genes taking part in the inflammasome complex in the or-
gan along cancer-cachexia progression. We may hence as-
sume that the higher inflammasome activity in the liver is
leading to higher levels of systemic IL-1f and contributing
to induction of systemic inflammation.

Itis possible to speculate that inflammation at both the sys-
temic and organ levels subsidizes metabolic changes, as sup-
pression of inflammatory pathways reduces wasting. Never-
theless, it is important to comment on two aspects: Firstly,
at the moment, no teleological relationship has been fully
proven, as it could be inflammation causing metabolic disrup-
tion, but one cannot discard that the opposite, metabolic
changes inducing inflammation, or still concomitant action in
the scenario of cachexia. The second relevant point is that in-
flammation presents many faces and a plethora of variations.
We show clear evidence that, differently from the reported to
the adipose tissue, in which both NF-kB and inflammasome
pathways are activated in cancer cachexia,>®>” in the liver,
the inflammasome pathway seems to be the main villain, as
we found no changes in regard to proteins taking part in the
NF-kB via. That could initiate discussion on organ-specific drug
targeting, aiming at mitigating the effects of inflammation in
wasting and metabolic disruption at specific sites, within a
precision medicine approach.

Limitations of this study should be acknowledged. Human
sample availability was the main limitation for performing
statistical analysis as well as different techniques, such as real
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