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Modified-IFL Therapy for Colorectal Cancer

at the Department of Gastroenterology of Hok-
kaido University Graduate School of Medicine,
Sapporo, Japan or any of seven hospitals making
up the Hokkaido Gastrointestinal Cancer Study
Group. Patients who met the following eligibility
criteria could be enrolled: age 17-75 years; WHO
performance status >2; estimated duration of sur-
vival 23 months; normal bone marrow function
(white blood cell count [WBC] 24000/mm> and
platelet count 2100 000/mm?); normal renal func-
tion (serum creatinine <1.5 mg/dL); and normal
hepatic function (hepatic enzymes <3 times the
upper limit of the institutional normal values
[except in patients with liver metastases] and total
bilirubin <1.5 mg/dL).

‘Written informed consent was obtained from
all subjects. The present study was approved by
the independent ethics committees of Hokkaido
University and of each institution, as well as by
the respective institutional review boards.

Pretreatment Evaluation and Monitoring

Prior to the start of treatment, a history was
obtained and physical examination was performed.
In addition, a complete blood count, hepatic and
renal function tests, other biochemistry tests,
ECG, chest x-ray examination, and CT scanning
of the chest and abdomen were performed. Dur-
ing the study, blood tests were completed again at
5 weeks to detect drug toxicity. Toxicity was as-
sessed according to the National Cancer Institute
Common Toxicity Criteria (NCI-CTC), version
2.0.4 After the completion of each course of
therapy, a chest x-ray film and CT scans of the
chest and abdomen were obtained to evaluate
response. The response of assessable disease sites
was evaluated according to the Response Eva-
luation Criteria in Solid Tumors.['*]

Treatment Plan

Irinotecan (Yakult Honsha Co., Ltd, Tokyo,
Japan; and Daiichi Pharmaceutical Co., Ltd,
Tokyo, Japan) was dissolved in 500 mL of saline
or 5% glucose and was then administered by in-
travenous infusion over 90 minutes. Levoleu-
covorin was obtained from Wyeth Lederle Japan,
Ltd (Tokyo, Japan). A dose of 250 mg/m? was
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mixed with 500 mL of saline and administered by
intravenous infusion over 120 minutes im-
mediately after the completion of irinotecan ad-
ministration. Fluorouracil (Kyowa Hakko Kirin
Co., Ltd, Tokyo, Japan) 600 mg/m? was admin-
istered intravenously as a bolus 1 hour after
levoleucovorin administration. The modified-
IFL combination evaluated in the current stud-
ies, unlike IFL therapies reported previously,
included administration of irinotecan escalating
to a dose of 150 mg/m? every 2 weeks (on days 1
and 15). This method was used because a dose of
150 mg/m? every 2 weeks is the standard regimen
for irinotecan monotherapy in Japan in light of
the fact that the drug often causes severe adverse
reactions when administered once weekly, and it
is difficult to administer irinotecan for four con-
secutive weeks. Conversely, a combination of
fluorouracil and levoleucovorin can be adminis-
tered satisfactorily on a weekly basis, and both of
these drugs were accordingly administered on
days 1, 8, 15 and 22 of the treatment cycle.

The doses of fluorouracil and levoleucovorin
were fixed at 600 and 250 mg/m2, respectively,
while the irinotecan dose was escalated from
100 mg/m? in 25 mg/m? increments. At least three
patients were entered at each dose level. If one of
three patients developed dose-limiting toxicity
(DLT) at a given dose level during treatment
course 1, three additional patients were entered at
that dose level. DLT was defined as any of the
following NCI-CTC findings during treatment
course 1: grade 3 non-haematological toxicity
other than nausea, vomiting, anorexia, fatigue
and hyponatraemia; grade 4 thrombocytopenia
or grade 3 thrombocytopenia with haemorrhage;
WBC <3000/mm?; platelet count <10 000/mm? or
non-haematological toxicity of grade 2 or higher
on day 22, requiring treatment to be discontinued
for >8 days. The MTD was defined as one dose
level below the dose that resulted in DLTs in four
of six patients during the first treatment course.

If dose level 1 was judged to be the MTD, a
lower irinotecan dose of 80 mg/m? was scheduled
to be assessed next. If the MTD was not reached
at dose level 3, this dose would still be regarded as
the recommended dose. This treatment course
was repeated every 5 weeks with an allowance for
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a delay in treatment if toxicity was observed. The
next course was started only for patients whose
organ biological parameters had been maintained
at levels satisfying the eligibility criteria, except
for the WBC (<3000/mm?), and with no disease
progression observed. Treatment was designed to
be given on an outpatient basis, but the first
course was administered in hospital, after which
further courses were given in an ambulatory setting
if adverse reactions were mild. To prevent diar-
rhoea due to irinotecan, 7.5 g of ‘hangeshashintow’
(a herbal medicine) was administered after each
meal.l'®! In patients with constipation, a reduction
in the dose or discontinuation of this medication
was allowable. If diarrhoea occurred, loperamide
was given.

Pharmacokinetic Study

The blood concentrations of fluorouracil, levo-
leucovorin, irinotecan and SN-38 (the major ac-
tive metabolite of irinotecan) were measured in
three patients during the first course of therapy.
Blood samples for the pharmacokinetic study
were collected before starting infusion of irinotecan;
at 30, 60 and 90 (completion of administration)
minutes after the initiation of infusion; and
15 minutes, 30 minutesand 1, 2, 4, 6, 8, 12, 24, 48
and 72 hours after completion of administration.

Results

Between February 2001 and December 2003,
nine patients were enrolled in the phase I study
and an additional 13 patients were enrolled in the
phase Il study. Of these 22 patients, 14 were male
and 8 were female. Patient characteristics are lis-
ted in table I. The median age was 55 years (range
17-75 years) and the performance status was 0 or
1 in most of the patients. The mean number of
treatment cycles was 4, and 93% of the patients
completed at least two courses.

In the phase I study, three patients were as-
signed to dose level 1 and six patients received
dose level 2. All nonhaematological toxicities
were mild, except for grade 2 diarrhoea and
nausea/vomiting in one patient at dose level 2
(table II). On the other hand, grade 3 neutropenia
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occurred in one patient at dose level 1 and in three
patients at dose level 2. One of the three patients
with neutropenia at dose level 2 also had a tem-
perature 238°C. Therefore, grade 3 neutropenia
was regarded as the DLT. Grade 4 neutropenia
also occurred in one patient at dose level 2. Two
patients showed partial remission (PR) at dose
level 1 and five patients achieved PR at dose level
2, for a response rate of 77.8%. Because the DLT
occurred in four patients at dose level 2, this was
considered to be the MTD and the recommended
dose of irinotecan for the phase 11 study was set at
100 mg/m?, which was dose level 1.

The phase 1I study included an additional
13 patients (n=22), all receiving the irinotecan
dose level of 100 mg/m? to assess efficacy and safety.
In this study, the response rate was also high
(63.6%; table 1II). The response rate was 75.0%
for undifferentiated cancer and 61.1% for differ-
entiated cancer. Four patients developed grade 4
neutropenia, but this resolved after withdrawal of
therapy or dose reduction. The median time to
progression was 197 days (95% CI 111, 283) and
the MST was 414 days (95% CI 116, 712). The
l-year survival rate was 55.5%. When survival
was stratified by the site of metastasis, the MST
was 705 days (95% Cl 489, 921) for patients
without liver metastasis versus 188 days (95% CI
14, 362) for those with liver metastasis, and the

Table 1. Baseline characteristics of the study population (n=22)

Parameter n(%)*
Sex

Male 14 (64)
Female 8(36)
Age (y)

Median (range) 55 (17-75)
Pathology

Differentiated 18 (82)
Undifferentiated 4(18)
Location

Caecum-ascending colon 5(23)
Transverse-descending colon 3(14)
Sigmoid 6(27)
Rectum 8 (36)

a Except where stated otherwise.
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Table I. Number of patients experiencing different types of toxicity
by irinotecan dose level

Dose leveladverse event Toxicity grade

1 2 3 4
1: Irinotecan 100 mg/m? (n=3)
Neutropenia o [ 1 o
Leukopenia o 1 o 0
Anaemia 1 2 o 0
Diarrhoea 0 0 0 0
Nausea/vomiting 1 0 [ 0
2: Irinotecan 125 mg/m? (n=6)
Neutropenia 1 0 3 1
Leukopenia 0 2 3 0
Anaemia 2 3 1 0
Diarrhoea 3 1 0 0
Nausea/vomiting 0 1 0 0
3: Irinotecan 150 mg/m? (n=0)
Neutropenia 0 o o 0
Leukopenia 0 4] [ [
Anaemia 0 o o ]
Diarrhoea 0 0 o o
Nausea/vomiting [ o 0 [

prognosis was significantly better in the former
group (p=0.0079).

No drug interactions were detected in three
patients evaluated in the pharmacokinetic study.
The mean maximum peak concentrations of iri-
notecan (1.786 ug/mL) and its major metabolite
SN-38 (22.54ng/mL) were similar to those ob-
tained with irinotecan monotherapy (1.33 ug/mL
and 20.6 ng/mL, respectively) in an earlier study
by Saltz et al.l!7}

Discussion

In 2000, the US FDA approved the use of
combined therapy with irinotecan, fluorouracil
and levoleucovorin. However, an alert was sub-
sequently issued after a high early death rate was
reported in the IFL groups of two trials
(N97410'®) and CALGB [Cancer And Leukemia
Group B] 89803U'%)), As careful review of these
trials revealed that most of the deaths were
caused by gastrointestinal toxicity or thrombosis,
the FDA issued an alert about IFL therapy.[8-20]
The results of the N9741 trial, however, demon-
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strated the significant efficacy of FOLFOX4
(oxaliplatin/leucovorin/fluorouracil) therapy.[2!]
When FOLFIRI therapy and FOLFOX6 (an-
other oxaliplatin/leucovorin/fluorouracil com-
bination) therapy were compared in a Groupe
Coopérateur Multidisciplinaire en Oncologie
(GERCOR) trial, toxicity was found to be ac-
ceptable for both regimens (although the nature
of the toxicity differed between regimens) and there
was no difference in mortality up to 60 days.[22
Based on these results, and an indirect compar-
ison with FOLFOX therapy, FOLFIRI therapy
with continuous infusion of fluorouracil was
considered to be a better treatment than IFL ther-
apy with bolus administration of fluorouracil,
and FOLFIRI and FOLFOX in this way became
recognized as the standard treatments. Goldberg
et all? reviewed the dosages used in IFL therapy
and conducted a trial of reduced-IFL therapy
(R-IFL) after the high early death rate in the IFL
group in the N9741 trial became controversial.
They reported that the early death rate (death
within 60 days) was 2.7% in the R-IFL group
and 2.0% in the FOLFOX4 group. Goto et al.24]
also reported that the modified Saltz regimen
(in which fluorouracil is administered as a bolus)
is safe and efficacious for Japanese patients.

The present modified-IFL regimen was de-
signed to reduce the toxicity of the original IFL
therapy developed by Saltz et al.” without any
decrease in efficacy, and was also intended to be
suitable for administration in an ambulatory
setting. It was decided that irinotecan should be
given on days 1 and 15 of each course. Although
fluorouracil is generally administered as a con-
tinuous infusion, the phase I1I study conducted
by Kohne et al.?) showed that bolus adminis-
tration is not inferior to continuous infusion

Table Iii. Overall response in the study population (n=22)

Response type No. reported

Complete response 0

Partial response 14

Stable disease 6

Progressive disease 2

Non-evaluable ]

Response rate (%) 63.6 (95% Cl 43.5, 83.7)
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because there was no significant difference in
survival. With reference to the Roswell Park
Memorial Institute (RPMI) method,) it was
decided to administer four doses of fluorouracil/
levoleucovorin (on days 1, 8, 15 and 22), and to
repeat this treatment every 5 weeks after a
1-week withdrawal period. Using this modified-
IFL therapy, diarrhoea occurred in 18% of patients,
but grade 3 or 4 diarrhoea was not observed. The
incidence of nonhaematological adverse reac-
tions was also reduced, because administration of
irinotecan was limited to days 1 and 15. Grade 4
neutropenia occurred in five patients (23%) dur-
ing the combined phase I/phase 1I studies, but
treatment could be continued after reducing the
irinotecan dose according to the protocol, sug-
gesting that this therapy can be used on an out-
patient basis.

In patients administered modified-IFL ther-
apy, irinotecan is likely to be the major cause of
adverse reactions. Abnormal irinotecan metabo-
lism has been reported in people with reduced
uridine diphosphate glucuronosyl transferase 1
(UGTI1AL) activity, resulting in more severe ad-
verse reactions.’) UGTIA1 homozygosity was
found among patients with grade 4 neutropenia
in the phase 1 study, but a dosage reduction al-
lowed patients to be treated safely. This finding
suggests that it may be useful to conduct a study
in which the irinotecan dose is modified after
identification of genetic variations in UGTIA1
activity. In terms of efficacy, the modified-IFL
regimen achieved a high response rate of 63.6%,
while the MST and median time to progression
were 414 and 197 days, respectively, results that
were comparable with the response to the Saltz
regimen.[’)

Conclusions

Modification of the IFL regimen by adminis-
tering irinotecan every 2 weeks is considered to
have reduced the occurrence of adverse reactions
in this study. Since the fluorouracil/levoleucovorin
dosage for RPMI therapy was adopted without
modification, the modified-IFL regimen also
achieved a high response rate. However, enrol-
ment of previously untreated patients may also
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have led to a higher response rate. Our modified-
IFL regimen can be expected to achieve a stronger
anti-tumour effect than FOLFOX because fluo-
rouracil is administered as a bolus. Hurwitz
et al.?7 reported that IFL is highly compatible with
bevacizumab, suggesting that our modified-IFL
regimen may also be used in combination with
molecular-target drugs. The main finding of the
study, i.e. that the modified-1FL regimen will be
an effective treatment option for some patients
and/or some situations of advanced colorectal
cancer, is applicable globally and not only to Japan.
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L, M7V e Bb ¢ TEREET S
FH, B2k, SOEKETICES T3
o bV REFE, FESKAASHTIZEHS
TRR%L, ZhETRESTHTH--BHED
5-HT2B ZFHB L UFEMECHFE L EROH
b o T 5 5HT2C ZBETHo 72, AE
TFHOBBRARD1OTHAHHE, ABBLUSE
FITE I NS flavonoid, coumarin 3B X UF phenol
A, Lo b V2BBIUV2CZFARICERL
T7VY v reREL, EREAEIELZL
PO E R 7P (Figure 1). 28, 2oL
) Y REERIX, EROBAEEGUEET
HBEFEURYFY, X2 FF3 FIZREDS
Ny, REFEREOERLEZ N BIE,
FfoEFLVERY, YRATSFVH5HTAC S
BHEEALTCHETHROS LY Y53l BREE
T3®LZE, AEFEHIXSHT2C SAKEHIE
BEzALTHEETHOZ V) V52 %ELES
ZEDPRENTVAY,

EHIT, MIOEL LA BRI TWAR
Fto b= b5y 2K—% —HEH (SSRI)
%, SHT2C ZBHEEN LT VY VAW EET
SEEHRRFIELTIEB T2 &, ABFHIZSSRI
KEB7VY) VW, AREEBETHILY, Ty
PERWEERTREATWAY, ZoZ tig,
SSRI DFARBERICLITLIZRD 5 31t
FEROERE LT, 5HT2C £EERBICE 5
TV Y RUMOBRTARESTAZ L 2B RRT
55D ThA. EE, BEMKREFIBNTY, X

(12)

ETFHOMAD fluvoxamine DEMER 2B S ¢
AILEFELNPITENTWEY, S5, BED
BERI V574 TICEBRETH, XEFHED2
ARSI LY, MBE7T VTV UHBEEEICH
M3 52 EEHE ST A (Figure 2).
ZUVY VIEBRET B R O AgRP/NPY
Za-—BYIIBWTERELESELE LI,
RERMBERRO S V) VY EEMIER L TERER
RROEZHEML, REMEETOBREHTEHER
ZRETLIZLFEHOATVEY., KETFHE,
TV OEMEN L TERENEITL L ED
2, BEB*RETHILICLISTFDZIIL®
Y5 LBHLEOBBERE L RET 2 Tk
Zzbhb. F, ThooMEICE-T, B
BRICODREN TV AERRRICH T A2AETFH
DRRPHENCETF SRz L2 615" (Fig
ure 3).
V REFBRIMBICLI2BHTEERE S
BEFETHESIES
REFHEZILDLT2EFEOHEL LT,
ZHAHRTH DI 21T, HAIHT 5 eH A
BEEETHILEDTONE. XEFHOAR
FEREERAOBELLT, VLY r5iREE
BUSC D BB OEREIFET 5 2 EXFHEE
a9, EE bhbhdfTolzEli~y A% H
WRETTI, SV SR RBRR o BET
EMENELSEDZLFHLPIC 2o TWVRBEY,
BRECBIIZ2ERFRORE L LT, 4%
B, o HEERR: FOMERE, Y-
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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

pressions of orexigenic peptid

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: (7) inoculation of human lung cancer LC-6 cells that secreted PTHP, (if) 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 1a,25(0H),D; that resulted in hypercalcemia. The LC-6-bearing rats and AA rats were treated

(i

with or without anti-PTHrP antibody and indomethacin, respectively, and the exp of the hyp g

peptide mRNAs were d by in situ hybri

histochemistry. The orexigenic peptide mRNAs, such as neuropeptide Y

and agouti-related protem were significantly increased, and that of anorexigenic peptide mRNAs, such as proopiomelanocortin,

-releasing hormone were significantly decreased when they

cocaine- and amph:

transcript and corticotropi

developed cachectic syndromes and AA. A high dose of 1a,,25(0H),D; caused hypercalcemia and body weight loss but did not

affect the exp of hypothalamic feeding-regul

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-
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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 hani The hypothal 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 mcreases 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 o-melanocyte-stimulating hormone
(oMSH), which is derived from the proopiomelanocortin
(POMC). AgRP promotes food intake via the inhibition of
oMSH-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 neuropeptides.®'”'®

Previously, we showed that in animals carrying tumors
secreting PTHIP, 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, 3,) 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,.35 Ref. 12) was dissolved in saline. Indomethacin
and 10,25(0H),D; 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: # = 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,
Japan.** 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 PTHIP secretion or
hypercalcemia after implantation of the cells.® Body weights
(SEKL: 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: # = 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(0H),D; (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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day 22 (Group 3) and day 3 (Group 4). The brains were rap-
idly removed, placed on a glass plate on dry ice and stored at
—80°C until use. Trunk blood was collected and the plasma
concentration of iCa was measured on the same as above
and plasma concentrations of leptin were measured using an
ELISA kit (YKO51 Rat Leptin-HS, Yanaihara Institute, Shi-
zuoka, Japan). The animals used in the experiment were
treated in accordance with the ethical guidelines for animal
care, handling and termination promulgated by the Chugai
Pharmaceutical Co. (Tokyo, Japan).

In situ hybridization histochemistry

Frozen 12-pum-thick coronal brain sections were prepared in
a cryostat at —20°C, thawed, and mounted onto gelatin/
chrome alum-coated slides. The PVN, Arc and LHA were
determined according to coordinates given by the atlas of
Paxinos and Watson.”® The localization of sections from each
rat was checked by microscopic observation. Two sections
containing the PVN (plate 24; Ref. 29) and four sections con-
taining the Arc (plate 27 and 28; Ref. 29) and LHA (plate 28;
Ref. 29) were used from each rat to measure the density of
the autoradiography. In situ hybridization was performed as
previously described.*? Hybridization was carried out under a
Nescofilm coverslip (Bando Chemical IMD, Osaka Japan).
[¥%8)3'-end-labeled deoxyoli leotides comy y to
transcripts coding for NPY (5’-GGA GTA GTA TCT GGC
CAT GTC CTC TGC TGG CGC GTC-3'), AgRP (5'-CGA
CGC GGA GAA CGA GAC TCG CGG TTC TGT GGA
TCT AGC ACC TCT GCC-3'), POMC (5'-CTT CTT GCC
CAG CGG CTT GCC CCA GCA GAA GTG CTC CAT
GGA CTA GGA-3'), CART (5'-TGG GGA CTT GGC CGT
ACT TCT TCT CAT AGA TCG GAA TGC-3'), orexin (5'-
TTC GTA GAG ACG GCA GGA ACA CGT CIT CIG
GCG ACA-3') and CRH (5'-CAG TTT CCT GTIT GCT GTG
AGC TTG CTG AGC TAA CTG CTC TGC CCT GGC-3')
were used as the specific probes. The specificity of the probes
was described previously.'***=*¢ Total counts of 6 x 10°
cpm/slide for NPY, AgPR, POMC, CART and CRH and 4 x
10° cpmy/slide for orexin were used. Hybridized sections con-
taining the Arc, the LHA and the PVN were exposed to au-
toradiography film (Hyperfilm; Amersham, Buckinghamshire,
UK) for 4 days for orexin and 7 days for NYP, AgRP,
POMC, CART and CRH. The autoradiographic images were
quantified using an MCID imaging analyzer (Imaging
Research, St. Catherines, ON, Canada). The images were cap-
tured by a charge-coupled device camera (Dage-MTI, Michi-
gan City, IN) at 40x magnification. The mean absorbance of
the autoradiographs was measured and compared with simul-
taneously exposed '*C microscale samples (Amersham). The
standard curve was fitted by the absorbance of the 'C
microscale on the same film.

Statistical analysis
All data are given as mean * SE calculated from the results
of the in situ hybridization histochemistry. The results of
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each experimental animal group were compared with those
of the control group. The data were analyzed using a one-
way factorial ANOVA followed by a Bonferroni correction
for multiple comparisons. The changes in body weight, iCa
and arthritis index were also statistically analyzed using one-
way ANOVA followed by a Bonferroni correction for multi-
ple comparisons. Statistical significance was defined as p <
0.05.

Results

Body weight, arthritis index, iCa and plasma leptin in
Normal rats, HHM rats, SEKI rats, AA rats and

1¢,25(0H),D; rats

Consistent with previous results,'****** the body weight of
the HHM rats bearing PTHrP secreting LC-6 significantly
decreased after day 30, but significantly increased after the
HHM rats were given the anti-PTHrP antibody (Fig. 1a).
The body weights of the SEKI rats and the AA rats also
decreased after day 30 and after day 13, respectively, but sig-
nificantly increased in the AA rats after they were given in-
domethacin (Figs. 15 and 1c). The arthritis index in the AA
rats increased sharply from day 10 to 19 and remained the
same until day 22, but significantly decreased after they were
given indomethacin (Fig. 1d). The rats treated with
10,25(0H),D; had a significant decrease in body weight
accompanied by an elevation of iCa (Figs. le and 1f). The
levels of iCa in the HHM rats were significantly higher than
in the normal rats, but it decreased when the HHM rats
received the anti-PTHIP antibody (Fig. 1f). On the other
hand, the SEKI rats had no change in the levels of iCa,
though they experienced body weight loss (Figs. 16 and 1f),
and neither did the AA rats (Figs. 1c and 1f).

Concentration in plasma leptin in HHM rats were signifi-
cantly lower than that in nontumor-bearing rats and also
lower in SEKI and AA rats. Administration of anti-PTHrP
antibody to HHM rats increased the plasma leptin level, but
it was still lower than that of the nontumor-bearing rats. On
the other hand, vitamin D treated rats did not change the
plasma leptin concentration (Fig. 2).

of hypothalami i Po— i

genes in HHM, SEKI AA and la ,25(0H),D; rats

After the HHM rats developed cachexia, the levels of orexi-
genic peptide mRNAs, NPY and AgRP in the Arc were sig-
nificantly higher than in normal rats. Administration of the
anti-PTHrP antibody to the HHM rats showed reduced levels
of NPY and AgRP mRNAs compared with levels in the
untreated HHM rats (Figs. 3a-3d). Although neither the
SEKI rats nor the AA rats showed elevated levels of blood
iCa (Fig. 1f), similar changes in the mRNA expression of
orexigenic peptides were observed in both rat models; the
orexigenic peptide mRNAs, such as NPY and AgRP in the
Arc, became higher (Figs. 3a-3d). Administration of indo-
methacin to the AA rats not only improved their body
weight and arthritis index but also restored the mRNA levels
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Figure 1. Time course of changes in body weight in Group 1 containing nontumor-bearing rats (Normal), humoral hypercalcemia of
malignancy rats (HHM) and HHM rats intravenously (i.v.) injected with anti-PTHrP antibody (HHM + Ab) (a), Group 2 containing nontumor-
bearing rats (Normal) and SEKI rats (SEKI) (b) and Group 3 containing rats injected with vehicle (Control), adjuvant-induced arthritis rats
treated with vehicle (AA), and AA rats perorally (po) treated with indomethacin (AA + indo) (c). Changes in the arthritis index in Group 3
(d). Time course of changes in body weight in Group 4 containing rats treated with vehicle (Control) and rats orally treated with 10 ng/kg
of 10,25(0H),D; (Vit. D3) daily from day O to 3 (e), and changes in iCa of the rats in Group 1 to Group 4 (f). For treatment with or without
an anti-PTHrP antibody, the rats were given 3 mg/kg of anti-PTHrP antibody or saline i.v. on days 42 and 49 in Group 1. AA rats in Group 3
were not treated or orally ini 1 mg/kg of ind: hacin daily from days 15-21. Data points, mean (n = 6); bars, SE. *p < 0.05
and **p < 0.01 compared with each control. *p < 0.05 and *p < 0.01 compared with HHM rats or AA rats.
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of the hypothalamic feeding peptides. The level of orexin ~was not increased by administration of indomethacin (Figs.
mRNA in the LHA did not change even under cachectic con-  3e and 3f).

ditions in the HHM rats, but decreased in the SEKI rats and Because HHM rats bearing LC-6 concurrently develop
AA rats when they developed cachexia and, in the AA rats, cachexia and hypercalcemia, there is a possibility that serum
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Figure 2. The changes of plasma leptin concentration in Group 1
containing nontumor-bearing rats (Normal), humoral hypercalcemia
of malignancy rats (HHM) and HHM rats intravenously (i.v.) injected
with anti-PTHrP antibody (HHM + Ab), Group 2 containing
nontumor-bearing rats (Normal) and SEKI rats (SEKI), Group 3
containing rats injected with vehicle (Control), adjuvant-induced
arthritis rats treated with vehicle (AA) and AA rats perorally (po)
treated with indomethacin (AA + indo) and Group 4 containing
rats treated with vehicle (Control) and rats orally treated with
10,25(0H),D5 (Vit. D3). Data points, mean (n = 6); bars, SE.

**p < 0.01 compared with each control. *p < 0.05 compared
with HHM rats.

calcium is also involved in the changes in the expression of
hypothalamic feeding-regulating peptides. The SEKI and AA
rats showed an increased expression of the orexygenic pep-
tide without an increase in serum iCa. This indicates that
changes in the expression of hypothalamic feeding-regulating
peptides are not related to an increase in serum calcium. To
further confirm the relationship between hypercalcemia and
the expression of hypothalamic feeding-regulating peptides,
rats were administered a high dose of 10,25(0OH),D; to
induce hypercalcemia. In the 10,25(0OH),D; rats, the serum
levels of iCa increased as body weight decreased, but the lev-
els of NPY, AgRP and orexin mRNA did not change
significantly.

p of hypothalamic peptides: anor
peptides genes in HHM, SEKI, AA and 10,25(0H),D; rats
POMC and CART in the Arc and CRH in the PVN became
lower after the HHM rats developed cachexia (Fig. 4). The
administration of the anti-PTHrP antibody restored not only
their body weight but also restored the mRNA expression of
the POMC, CART and CRH.

The SEKI rats and the AA rats also showed similar
changes in the mRNA expression of anorexigenic peptides;
the mRNA levels of POMC and CART in the Arc and CRH
in the PVN were lower after they developed cachexia. On the
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other hand, 1¢,25(0OH),D; rats did not experience a change
in the levels of POMC, CART and CRH mRNAs similar to
orexigenic peptides such as NPY, AgRP and orexin mRNAs.
Taken together, the results demonstrate that the upregulation
of orexigenic peptides and downregulation of anorexigenic
peptides are not specific to PTHrP-induced cachexia but
rather to other physiological responses under cachectic condi-
tions. Furthermore, such changes in the expression of hypo-
thalamic feeding-regulating peptides occur independently of
hypercalcemia.

Discussion

Tumor and host tissues containing macrophages often secrete
proinflammatory cytokines and elevated levels of cytokines
have been thought to directly or indirectly transmit signals to
the hypothalumus, repressing the feeding center and activat-
ing the satiety center. In fact, it was reported that macro-
phage inhibitory cytokine-1 (MIC-1), which causes cachexia
in cancer and renal disorders, binds to TGFB Type II recep-
tors and downregulates NPY and upregulatess POMC.*’ In
addition, MIC-1 and leptin have similar effects on the
expression of hypothalamic feeding peptides that act at differ-
ent sites of the hypothalamus.

However, in this study, the expression of orexigenic pep-
tide mRNAs was upregulated and anc peptide
mRNAs expression was downregulated in several cachectic
models. Particularly, nontumor-bearing cachectic AA rats
revealed the same mRNA changes in the hypothalamus as
did HHM and SEKI rats. In addition to the observation that
those mRNA changes were restored in HHM rats after they
were treated with an anti-PTHrP antibody, the AA rats
treated with indomethacin, which suppressed the synthesis of
prostaglandins, had a partial restoration of those mRNA
changes accompanied by a decrease of the arthritis index. It
is possible that under cachectic conditions, the feeding center
is activated and the satiety center is repressed, and yet,
inflammatory cytokines, hormones and bioactive substances
affect the orexigenic and anorexigenic peptide mRNA expres-
sion downstream of the feeding and satiety centers. In addi-
tion, we have previously reported that the body weight loss
in HHM rats was accompanied by reduced amounts of mus-
cle as well as fat.”® Indeed, the concentration of plasma leptin
in the HHM rats was significantly lower and administration
of the anti-PTHrP antibody increased the plasma leptin level.
A recessive mutation in the mouse ob genes results in obe-
sity, and the ob gene encodes a hormone leptin that is
expressed in adipose tissue.*® Leptin regulates energy balance
in part by suppressing NPY neurons and activating POMC
neurons in the Arc® and it would be possible that leptin
deficiency partly affects the changes of the gene expression in
this study.

Although the mechanisms that explain the differences in
the expression of hypothalamic feeding-regulating peptides
between MIC-1-induced cachexia and our models remain to
be elucidated, one possibility is that downstream processes of
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Figure 3. Expression of mRNA for peptide Y (NPY) (a and b), agouti-related protein (AgRP) (c and d) in the arcuate nucleus (Arc) and
orexin (e and f) in the lateral hypothalamic area (LHA) of Group 1 containing nontumor-bearing rats (Normal; b-d, d-d’, f-a’), HHM rats
(HHM; b-b', d-V, f-b') and HHM rats injected with anti-PTHrP antibody (HHM + Ab; b-c, d-c', f-¢’), Group 2 containing nontumor-bearing
rats (Normal; b-d', d-', f-d') and SEKI rats (SEKI; b-¢/, d-¢/, f-¢'), Group 3 containing rats injected with vehicle (Control; b-f, d-f, f-f),
adjuvant-induced arthritis rats treated with vehicle (AA; b-g’, d-g’, f-g"), and AA rats treated with indomethacin (AA + indo; b-H', d-I', f-h")
and Group 4 containing rats treated with vehicle (Control; b-7, d-7, f-f) and rats treated with 1,25(0H),D5 (Vit. D3; b+, d-f, f-i).

D i i of sections hybridized by a >*S-labeled oli leotide probe compl y to mRNA for NPY (b-a'-
/), AgRP (d-a’-}') and orexin (f-a’-f). Signal intensity ranges from high (black) to low (white). Bar, 1 mm. Columns, mean (n = 6); bars, SE.
*p < 0.05 and **p < 0.01 compared with each control. *p < 0.05 compared with HHM rats or AA rats.
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NPY action are affected by humoral factors such as cytokines
and tumor-derived factors.®® In fact, intracerebroventricular
injection of TNF-a reportedly increased the NPY mRNA
level in the hypothalamus but reduced food intake,*’ and
proinflammatory signals decreased the secretion of AgRP but
increased the transcription of the AgRP gene.*

On the other hand, the rats treated with 10,25(0H),D;
had reduced body weight without changes in feeding-regulat-
ing peptide gene expression. One possible explanation is that
changes of metabolic rates and locomotor activity related to
10,25(0OH),D;-induced hypercalcemia may be involved in the
decrease of body weight without affecting feeding. Another
possible explanation is that body fluid balance related to
drinking and urine volume will change and cause dehydra-
tion. The reason why body weight was reduced after
10,25(0OH),D; treatment without affecting the feeding-regu-
lating peptide genes should be clarified by further study.

Previously, using HHM rats treated with anti-PTHrP anti-
body, we have demonstrated: (i) body weight gain accompa-
nied by restoration of locomotor activity and food and water
intake, (ii) restoration of plasma calcium levels and (iii) res-
toration of feeding-regulating peptide genes.®? It could be
possible that proinflammatory cytokines such as IL-1, IL-6
and TNFo are responsible for the changes in feeding-regulat-
ing peptide gene expression, to be sure, but PTHrP might
also be responsible for those changes. In this study, there
were no effects of hypercalcemia induced by 10,25(0H),D;
treatment on the hypothalamic feeding-regulating peptide
gene expression. Consequently, not PTHrP-induced hypercal-

Hypothalamic neuropeptides in cachectic models

cemia but hormonal effects of PTHrP might have brought
about the changes in feeding-regulating peptide gene
expression.

In the HHM rats, the level of orexin mRNA that enhanced
feeding was not significantly increased but rather decreased in
the LHA. Because orexin is involved not only in feeding
behavior but also in sleep regulation and narcolepsy,”~**
orexin expression may be regulated in a more complex man-
ner. Especially, orexin increases the proportion of time spent
awake through projecting fibers for the locus coeruleus that is
a key modulator of attentional state.*® Previously, Onuma
et al. reported that there was an approximately double increase
in the locomotor activity of the HHM rats after they received
the anti-PTHrP antibody.”® Consequently, in tumor-bearing
cachextic rats and AA rats it can be presumed that locomotor
activity and waking state are reduced and result in reduced
orexin gene expression. Further studies are necessary both to
clearly understand the mechanisms of orexigenic and anorexi-
genic peptide regulations in response to cachectic conditions
and the mechanisms by which orexigenic and anorexigenic
peptide regulations could cause the cachectic conditions.
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