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New treatment of cachexia
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ARC : k4., VMH : BNl 4% DMH : ##4#, LHA: %%, PVN: Z {4 NPY : neuropeptide Y. POMC : proopiomelanocortin, CART ! cocaine-and
amphetamine-regulated transcript. ZAG : zinc- a 2-glycoprotein, MuRF1 : muscle ring-finger protein 1, MAFbx @ muscle atrophy F-box, APP : acute phase

protein, UCP ! uncoupling protein, DGC ! dystrophin glycoprotein complex
(XEE1) 2)E0EE - 318D

HE—FHl & B vol.30 no.4
' Presented by Medical*Online

46(294)

e



xR, BEREEYINOANZTICHT 2BEERE

B PN KA AN = AL HREENEE BRERE E
Megace® ES Par Pharmaceutical e A 52 bao— EL I A N FDAJGZ  Belller. et al © 1997
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Loprinzi, et al @ 1950
Anamorelin Helsinn Therapeutics ¥ A Garcia. et al : 2013
Vitor™ Ark Therapeutics Fif A Smith. 2006
EPA Nestle, Danone, SODTEENSE S X UTUPPIGHEIL  #8 BT /MM Hardman, et al : 2004
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Fearon, et al : 2006
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P-0861 Polypeptide Laboratories B ML ' BT Lundholm, et al : 2010
SUN11031 Asubio Pharmaceuticals GHe b L) S B e B I Levinson, et al © 2012
INCB018424 Incyte Jakl/2l1% [ 0975 FEIH Eghtedar, et al : 2012
OHR118 OHR Pharmaceutical AT F NG R A TA K EIH Chasen, et al : 2011
Celecoxib Pfizer COX-2pH%E 3 #HHH Mantovani, et al : 2010
{Celebrex) ‘
BYM338 Novartis v hE/ 7 O—F Witk i B4 N
MT-102 PsiOxus Therapeutics B Z R AERT # EIAN Stewart. et al : 2011
ALD518 Alder Biopharmaceuticals v MEIL-6F /7 7 u—F Uik # EiR Bavliss. et al : 2011
{(BMS-945429)
CK-2017357 Cytokinetics R T AR a2 1 EhESETE AR b BT Shefner, et al : 2012
AEZS-130 Aeterna Zentaris 7V ) o F R R B E 14 Piccoli. et al : 2007
(EP-01572) _
Lenalidomide Celgene +) FvA4 F7Fus ] 514 Sharma. et al : 2006
Olanzapine Eli Lilly . HiEE R feeE i 2141 Braiteh, et al : 2008
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ACE031 Acceleron Pharma Ty FEEEGETN{ERE  REFE 14 Attie. et al : 2013
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GLPG0492 Galapagos SARM fE & HI144 Nique, et al : 2012
BL-6020/979 Santhera Pharmaceuticals MC4 R #5848 E BTEEAR Dallmann, et al : 2011
IL-15 Immunex. Amgen DI ## IR Harcourt, et al : 2005
PG-873637 Procter & Gamble Pharmaceuticals CRF2R{EB)3E # il R A Argilés, et al : 2008

SOD : superoxide dismutase, UPP : ubiquitin proteasome pathway. IL-6 ! interleukin-6, Hi : histamine 1. CRF2R : corticotropin-releasing {actor 2 receptor
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Approach to cachexia by palliative care team
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Similar changes of hypothalamic feeding-regulating peptides
mRNAs and plasma leptin levels in PTHrP-, LIF-secreting
tumors-induced cachectic rats and adjuvant arthritic rats
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Parathyroid hormone-related protein (PTHrP) is a causative factor of humoral hypercalcemia in malignancy. However, it is
difficult to explain the mechanism of anorexia/cachexia with PTHrP secretion in detail. Previously, we demonstrated that the
expressions of orexigenic peptides increased and anorexigenic peptides decreased under cachectic conditions in rats carrying
tumors secreting PTHrP. In this study, we investigated whether such changes in the expression of hypothalamic feeding-
regulating peptides can be solely attributed to PTHrP or are a general response under cachectic conditions. Cachectic syndromes
were induced in rats by: (/) inoculation of human lung cancer LC-6 cells that secreted PTHrP, (ii) inoculation of human melanoma
SEKI cells that secrete not PTHrP but LIF1, (iii) injection of heat-killed Mycobacterium leading to arthritis (AA) and (iv) oral
administration of a high dose of 1e,25(0H),D3 that resulted in hypercalcemia. The LC-6-bearing rats and AA rats were treated
with or without anti-PTHrP antibody and indomethacin, respectively, and the expression of the hypothalamic feeding-regulating
peptide mRNAs were examined by in sifu hybridization histochemistry. The orexigenic peptide mRNAs, such as neuropeptide Y
and agouti-related protein, were significantly increased, and that of anorexigenic peptide mRNAs, such as proopiomelanocortin,
cocaine- and amphetamine-regulated transcript and corticotropin-releasing hormone were significantly decreased when they
developed cachectic syndromes and AA. A high dose of 1¢,25(0H),D5 caused hypercalcemia and body weight loss but did not

affect the expression of hypothalamic feeding-regulating peptide mRNAs. The expressions of the hypothalamic feeding-
regulating peptides change commonly in different chronic cachectic models without relating to serum calcium levels.

Cachexia is characterized by weight loss involving massive
depletion of adipose tissue and lean body mass. Nutritional sup-
plementation cannot replenish the loss of lean body mass.'”
The severity of cachexia in disease states such as cancer, end-
stage renal disease, rheumatoid arthritis (RA) and acquired im-
munodeficiency syndrome may be the primary determining fac-

ey words: cachexia, PTHrP, calcium, feeding-regulating peptides,
hypothalamus

Grant sponsor: The Ministry of Education, Culture, Sports, Science
and Technology, Japan; Grant numbers: 19591771, 18077006; Grant
sponsors: The Naito Foundation, Yamaguchi Endocrine Research
Foundation

D@Ol: 10.1002/ij¢.25535

History: Received 14 Jan 2010; Revised 8 Jun 2010; Accepted 10 Jun
2010; Online 10 Jun 2010

Correspondence to: Yoichi Ueta, Department of Physiology, School
of Medicine, University of Occupational and Environmental Health,
1-1 Iseigaoka, Yahatanishi-ku Kitakyushu 807-8555, Japan,

Tel.: +81-93-691-7420, Fax: +81-93-692-1711,

E-mail: yoichi@med.uoeh-u.ac.jp

Int. J. Cancer: 128, 2215-2223 (2011) © 2010 UICC

tor in both the quality of life and eventual mortality.>* Hyper-
calcemia is also a frequent paraneoplastic syndrome and
represents an important factor affecting the morbidity and mor-
tality of cancer patients.” The main cause of humoral hypercal-
cemia in malignancy (HHM) is the tumor production of para-
thyroid hormone-related protein (PTHrP) that stimulates
osteoclastic resorption and renal reabsorption of calcium.®

The homeostasis of food intake and body weight is con-
trolled by complex mechanisms. The hypothalamus receives
and integrates the neural and humoral signals that inform
energy status from peripheral tissues.” Appetite and feeding
behaviors are primarily controlled by feeding centers in the
lateral hypothalamic area (LHA), the satiety center in the
ventromedial hypothalamic nucleus, the arcuate nucleus
(Arc) and the paraventricular nucleus (PVN) in the hypothal-
amus.** Among the hypothalamic feeding-regulating pep-
tides, neuropeptide Y (NPY) and agouti-related protein
(AgRP) in the Arc are potent orexigenic neuropeptides.
Under physiological conditions, the orexigenic hormone
ghrelin increases energy intake by increasing NPY and AgRP
neurons.'® Plasma ghrelin levels in anorexia nervosa patients
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are high and return to control levels after weight gain by
renutrition.'' On the other hand, anorexigenic hormone lep-
tin, which derives mainly from fat tissue, decreases the activ-

ity of NPY and AgRP neurons and suppresses energy

intake.'"> AgRP is an endogenous antagonist of the anorexi-
genic  neuropeptide  a-melanocyte-stimulating  hormone
(aMSH), which is derived from the proopiomelanocortin
(POMC). AgRP promotes food intake via the inhibition of
oaMSH-stimulated signaling and antagonist of Type 4 central
melanocortin  receptors (MC4R)."> Early studies in obese
humans showed that leptin mRNA concentrations in adipose
tissue and serum leptin concentrations correlated positively
and closely with fat mass.'* The leptin receptor is located in
the hypothalamus as well as in some peripheral tissues.
Injury to the hypothalamus can cause obesity, partly by
destroying neurons that express the leptin receptor. In addi-
tion to NPY and AgRP, orexins in the LHA are also thought
to participate in feeding regulation. Bolus injection of orexins
to the rat lateral ventricle stimulated the food intake dose
dependently, and orexin mRNA levels were upregulated on
fasting.'” Besides POMC, which blocks the autonomic, satiety
and metabolic effects of leptin via the antagonism of
MCRs,'® cocaine- and amphetamine-regulated transcript
(CART) in the Arc, which is also regulated by leptin, and
corticotropin-releasing hormone (CRH) in the PVN function
as anorexigenic neu.ropeptides.8’17’18

Previously, we showed that in animals carrying tumors
secreting PTHrP, the levels of mRNA for orexigenic peptides
were increased, whereas the levels of mRNA for anorexigenic
peptides were decreased,'”*' under cachectic conditions
including HHM, reduced food intake and body weight loss.
The administration of a humanized anti-PTHrP antibody
raised against the NH,-terminal 34 amino acids of the
human PTHrP (PTHrP, ) rapidly improved the cachectic
symptoms and also normalized the expression of NPY,
AgRP, POMC, oMSH, CART and CRH mRNAs'*?
Although previous results suggested that HHM rats at least
perceived starvation at the hypothalamus, there was no ex-
amination that those changes were observed especially in
HHM rats secreting PTHrP or in other cachectic rats with or
without tumors. There was also no examination of whether
rats with hypercalcemia derive those changes.

In this study, we examined whether the increased mRNA
expression of the hypothalamic orexigenic peptides and the
decreased mRNA expression of the anorexigenic peptides in
rats with cachexia are PTHrP-induced or rather general phys-
iological responses under cachectic conditions. We also asked
whether such expression of the hypothalamic feeding-regulat-
ing-peptides is related to hypercalcemia.

Material and Methods

Drugs

The humanized anti-PTHrP antibody raised against the
NH,-terminal 34 amino acids of the human PTHrP

Hypothalamic neuropeptides in cachectic models

(PTHrP,.34 Ref. 12) was dissolved in saline. Indomethacin
and 10,25(OH),D3 were purchased from Sigma-Aldrich (St.
Louis, MO) and Calbiochem (San Diego, CA), respectively.

Cells and animal experiments

Group 1. PTHrP-secreting human lung cancer cell line LC-6-
JCK originating from human large cell lung cancer was pur-
chased from the Central Institute for Experimental Animals
(Kawasaki, Japan). The cells were maintained in vivo in nude
mice (BALB/cAnN Crj-nu/nu). Small pieces of tumor tissues
(~10 mm’) were subcutaneously (s.c.) implanted into
5-week-old male F344/N Jcl-rnu nude rats. Rats that displayed
blood ionized calcium (iCa) levels higher than 1.8 mmol/L and
at least 0.5 mmol/L higher than normal (control) rats were
used as the HHM rats.”*** Nude mice and nude rats were
purchased from Charles River Japan (Yokohama, Japan) and
Clea Japan (Tokyo, Japan), respectively, and kept in sterilized
cages. For treatment with an anti-PTHrP mAb, the rats were
given 3 mg/kg of anti-PTHrP antibody intravenously (i.v.) on
days 42 and 49 (HHM + vehicle: n = 6, HHM + antibody:
n = 6, and normal: n = 6). The body weight of the normal
and HHM rats was measured once a week, and iCa was deter-
mined on day 51 after implantation of the tumor. Blood was
collected from the tail vein, and the concentration of iCa was
measured using a Ca”"/pH electrolyte analyzer (Bayer 634,
Bayer Diagnostics, Sunbury, UK).

Group 2. A SEKI melanoma cell line which does not express
PTHrP was established at the National Cancer Center, Tokyo,
]apan.24 Five-week-old male F344/N Jcl-rnu nude rats were
s.c. implanted in the right flank with 1 x 107 of SEKI cells;
the rats displayed weight loss without PTHrP secretion or
hypercalcemia after implantation of the cells.*® Body weights
(SEKI: n = 6, and nontumor-bearing rats: n = 6) were meas-
ured once a week, and iCa was measured on day 59.

Group 3. Adjuvant-induced arthritic rat (AA) were also used
as a cachectic model.”*>® To induce AA, 8-week-old male
Wistar rats (Kyudo Co., Saga, Japan) were intracutaneously
(i.c.) injected with 1 mg of heat-killed Mycobacterium butyri-
cum (Difco Laboratories, Detroit, MI) in paraffin liquid at
the base of the tail. The AA rats were divided into 2 groups:
one was orally administered 1 mg/kg of indomethacin in a
0.5 mL suspension of 0.5% methylcellulose daily from day 15
to day 21, and the others was not treated (AA: n = 6, AA +
indomethacin: n = 6, and control: n = 6). Body weight and
arthritis index were measured every day. The arthritis index
was scored by grading each paw from 0 to 4, based on ery-
thema, swelling and deformity of the joints.”**°

Group 4. To create nontumor-bearing hypercalcemic rats,
13-week-old male F344/N Jcl-rnu nude rats were orally
administered 10 pg/kg of 10,25(0OH),D5 (active vitamin D3)
for three consecutive days. )

The animals used for in situ hybridization histochemistry
were decapitated on day 51 (Group 1), day 59 (Group 2),
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