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Figure 4. Intra-day variation in paraxanthine. A. In all patients. At 6:30 AM: 0.75x1073 (95% Cl, 0.28-2.7x10™%) in patients with cachexia vs.

3.61x1073

(1.91-5.48 x10 %) pg/ml in those without cachexia, p =0.35; TNF-0: 7.1 (1.2 to 30.2) vs. 3.3 (1.2 to 30.0) pg/ml, p=0.27; leptin: 2.4 (1.0 to

9.8) vs. 4.0 (2.0 to 9.9) ng/ml, p =0.27, respectively. B. In male patients. IL-6: 15.2 (range, 2.6 to 23.4) in patients with cachexia vs. 9.4 (1.4 to 28.7) pg/ml
in those without cachexia, p=0.57; TNF-o: 124 (1.2 to 29.0) vs. 3.2 (1.4 to 28.6) pg/ml, p=0.29; leptin: 2.3 (1.0 to 8.8) vs. 3.45 (2.0 to 2.8) ng/ml,

p =0.34, respectively.
doi:10.1371/journal.pone.0113259.g004

including lactic acid, alanine, catechol, and paraxanthine.
Metabolites with significant differences in intra-day levels on
univariate analysis were (fold change in levels in the cohort with
cachexia to that without, p-value): at 6:30 AM, catechol (0.70,
p =0.04) and paraxanthine (0.21, p=0.006); at 11:30 AM, valine
(0.68, p=0.01), proline (0.66, p=0.049), p-hydroxybenzoic acid
(0.79, p=0.03), and paraxanthine (0.16, p=0.006); and at 4:30
PM, valine (0.62, p=0.02) and paraxanthine (0.13, p=0.007).
Although differences in levels of paraxanthine were not statistically
significant (0.26, p = 0.08) at 9:30 PM, the levels were clearly lower
in the cohort with cachexia at all time points (Figure 4). Of note,
the fernale patient with outlying paraxanthine values in the cohort
with cachexia was the study’s only heavy drinker of coffee, which is
a metabolic substrate of paraxanthine (Figure 3 D).

Serological markers

Median levels of IL-6, TNF-¢, and leptin at 6:30 AM didn’t
differ significantly between the cohorts with and without cachexia,
and the observed trends in level fluctuations were similar to those
previously reported (Figure 5A) [7] [9]. Because serum serological
marker levels in healthy volunteers vary substantially depending
on gender and age [21], we analyzed values in men. In the 16
male patients, median levels of IL-6, TNF-a,, and leptin at 6:30
AM didn’t differ significantly between the cohorts with and
without cachexia (Figure 5B). Leptin concentrations during the

PLOS ONE | www.plosone.org

day remained lower in the cohort with cachexia than in that
without (Figure 6). However, median leptin levels did show
substantial intra-day variation; 2.4 (range, 1.0 to 9.8) ng/ml and
1.1 (0.8 to 4.4) ng/ml at 6:30 AM and 11:30 respectively for
patients with cachexia (p =0.003), and 3.95 (2.0 to 9.9) ng/ml and
3.1 (1.5 to 7.8) ng/ml at 6:30 AM and 11:30 respectively for those
without cachexia (p =0.03).

Discussion

Cancer cachexia is a multifactorial syndrome characterized by
body weight loss and muscle and adipose tissue wasting and
inflammation, and is often associated with anorexia. Abnormalities
commonly associated with cachexia include alterations in carbo-
hydrate, lipid and protein metabolism. A substantial amount of
research is currently focused on determining the mechanism
behind cachexia development, with several factors considered to
be putative mediators of cancer anorexia, including hormones (e.g.
leptin), neuropeptides, cytokines (e.g. IL-1, IL-6, and TNF-o), and
neurotransmitters (e.g. serotonin and dopamine). Here, we
examined levels of typical serological factors, such as IL-6, TNF-
o, and leptin, and used metabolomics to identify metabolites
associated with cachexia in patients with pancreatic cancer and
investigate intra-day variations in levels of these metabolites. To
our knowledge, this is the first study to analyze cancer cachexia
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Figure 5. Serological markers between patients with cachexia and those without cachexia. A. In all patients. IL-6: 13.8 (range, 2.6 to 23.4)
in patients with cachexia vs. 6.8 (1.4 to 28.7) pg/ml in those without cachexia, p=0.35; TNF-o: 7.1 (1.2 to 30.2) vs. 3.3 (1.2 to 30.0) pa/ml, p=0.27;
leptin: 2.4 (1.0 to 9.8) vs. 4.0 (2.0 to 9.9) ng/ml, p=0.27, respectively. B. In male patients. IL-6: 15.2 (range, 2.6 to 23.4) in patients with cachexia vs. 9.4
(1.4 to 28.7) pg/ml in those without cachexia, p =0.57; TNF-0:: 12.4 (1.2 t0 29.0) vs. 3.2 (1.4 t0 28.6) pg/ml, p =0.29; leptin: 2.3 (1.0 to 8.8) vs. 3.45 (2.0 to
2.8) ng/ml, p=0.34, respectively.

doi:10.1371/journal.pone.0113259.9005
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with consideration to the mfluence of intra-day variation of
metabolite levels.

Metabolomics analysis identified some metabolites whose levels
differed significantly in patients with cachexia from levels in those
without. While speculating as to why levels of a substantial number
of metabolites differed markedly by time of sample collection is
difficult in the present study, we did find that levels of
paraxanthine remained lower in the cohort with cachexia than
in that without throughout the day. Paraxanthine, the dimethyl
derivative of xanthine, is the preferential path of caffeine
metabolism in humans. Paraxanthine cannot be synthesized as a
natural plant product and is seen only as a natural metabolite of
caffeine in animals. Because paraxanthine, like caffeine, is a
psychoactive central nervous system stimulant and increases
energy expenditure and lipid turnover, it may be related to the
pathogenesis of cancer cachexia or anorexia [22,23]. It remains
unclear that the reduction in the levels of paraxanthine is
associated with regulation in order to maintain homeostasis of
lipid mobilization.

While paraxanthine concentrations were not detectable using
the common HPLC assay under fasting conditions in a previous
study [23,24], we were able to measure values using a GCMS-
QP2010 Ultra in the present study. We did not strictly control
caffeine intake in subjects but recognized on post-hoc survey that
one patient with outlying values in the cohort with cachexia was a
heavy drinker of coffee. The association between paraxanthine
level and cachexia should be confirmed in further validation
studies.

In agreement with the results of previous studies [9,21,25,26],
median IL-6 and TNF-a levels in the cohort with cachexia were
nearly double those in the cohort without, and leptin levels in the
cohort with cachexia were around half those in the cohort without,
albeit without statistical significance. Serum leptin levels in healthy
volunteers vary substantially by gender (women tend to have
higher values than men), age (elderly tend to have higher values
than younger individuals), nutritional status, and body mass index
[21]. Wallace et al. demonstrated a significant positive correlation
between body fat loss and increase in leptin levels of healthy
subjects and cancer patients (r = 0.731) [27]. The large inter- and
intra-individual variation in levels in the present study suggests
that, although leptin is indeed involved in the pathophysiology of
cachexia, it cannot serve as a useful marker at one time. Intra-day
variation in leptin suggests that leptin level is associated with
anorexia and eating behavior in patients with cancer cachexia, as
well as amount of body fat [28,29].

Several pharmacological and nutritional approaches to the
treatment of cancer cachexia have been evaluated. When
nutritional strategies alone were found insufficient for improving
cachectic syndrome, pharmacological approaches, such as ste-
roids, methylprogesterone, and ghrelin agonists, to counteract
metabolic changes were tried, albeit without success [8]. Devel-
opment of a successful treatment method will likely require a
better understanding of the pathogenesis of cancer cachexia and
identification of a dynamic metabolic surrogate marker of
pharmacological intervention.

We explored the intra-day variation in metabolites in cancer
cachexia by means of metabolomics. Although a major limitation
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APOAI-3  #sk
Pancreatic cancer (n=-103) Healthy control(n=112)
APOCI-0 “”i ; T T, l
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17124 Da QAKEPCVESLVSQYFQTYTDYGKDLMEKVKSPELQAEAKSYFEKSKEQLTPLIKKAGTELVNFLSYFVELGTOPAT
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£1 HIEBEEICSTS ApoAL-2+ApoCII-0 & CA19-9 DR

Healthy control 118 254% (37118) 5.08% (6/118) 678% (8/118)
Invasive ductal adenocarcinoma of the | 243° 65.8% (160/243) 79.8% (194/243) 934% (227/243)
pancreas

Other malignant tumor of the pancreas | 18 722% {13/18) 222% (4/18) 83.3% (15/18)
Benign tumor or cyst of the pancreas 37 351% {13/37) 818% (3/37) 378% (14/37)
Chronic pancreatitis 14 786% {(11/14) 143% (2714 857% (12/14)
Hepatocellular carcinoma 13 692% (9/13) 154% (2/13) 692% (9/13)
Carcinoma of the duodenum 10 700% (7/10) 300% (3/10) 90.0% (9710}
Gallbladder or cholangiocellular 44 56.8% (25/44) 636% (28/44) 818% (36744}
carcinoma

Benign disease of gallbladder or bile = 21 286% (6/21) 143% (3721} 333% (7/21)
duct
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Colorectal cancer 142 3249% {(46/142) 176% (25/142) 408% (58/142)
Gastromtest*nal stromal tumor 3 0% (0/3) 0% (0/3) 0% (03
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