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To investigate the relationship between ghrelin and both fetal
and neonatal growth parameters and energy balance, we mea-
sured plasma ghrelin concentrations in 54 cord blood samples
(male, n = 34; female, n = 20; gestational age, 37.0-41.68 wk;
birth weight, 2206-4326 ¢) and 47 neonatal blood samples
(male, n = 27; female, n = 20; postnatal d 3-8). The plasma
ghrelin concentrations in cord blood ranged from 110.6-446.1
pmoliiter (median, 206.7 pmol/iter), which were equal to or
higher than those in normal weight adults. These values were
inversely correlated with birth weight (r = =0.40; P = 0.002),
birth length (r = —=0.36; P = 0.007), placental weight (r = —0.35;
P = (.01), and IGF-I concentration {r = —.49; P = 0.0002), but
were not significantly correlated with the GH concentration

(r = 0.22; P = 0.12). The ghrelin concentrations in small for
gestational age newborn were significantly higher than those
in appropriate for gestational age newborns (P = 0.0008), The
ghrelin concentrations in the vein were significantly higher
than those in the artery in 8 cord blood samples (P = 0.01),
which suggests that the placenta is an important source of
fetal ghrelin. In neonates, the ghrelin concentrations ranged
from 133.0-481.7 pmel/liter (median, 268.3 pmolliter}), which
were significantly higher than those in cord blood {P < 0.0001).
These results suggest that ghrelin may contribute to fetal and
neonatal growth. (J Clin Endocrinol Metab 88: 5473-5477,
2003) '

HRELIN IS AN endogenous ligand for the GH secre-
tagogue receptor that stimulates the release of GH (1,
2). In addition, ghrelin positively regulates the energy bal-
ance as an antagonist of leptin through hypothalamic nuclei
(3, 4). These actions seem to be especially important during
the growth stage in humans. In adults, the major source of
circulating ghrelin in the blood comes from the neurcendo-
crine cells in the fundus of the stomach (5, 6), and the level
of ghrelin rises during fasting and falls to a nadir after eating
(7). Significantly decreased ghrelin levels have been ob-
served in obese individuals (8, 9).

We previously reported changes in the leptin concentra-
tion during the fetal and neonatal periods (10-12). A rela-
tively high level of leptin at birth and the expression of leptin
in the placenta suggested that leptin may play a role during
the perinatal period (10-13). Interestingly, ghrelin has also
been reported to be expressed in the placenta (14). Therefore,
it is important to examine changes in the ghrelin concentra-
tion during the fetal and neonatal periods to evaluate the
relation between ghrelin and both the growth of the fetus and
neonate and the regulation of feto-maternal and neonatal
energy balance.

In the present study we measured ghrelin concentrations
in cord and neonatal blood using a specific RIA system we
developed (15), and examined its relationship to other
growth-related hormones and clinical characteristics of the
fetus and neonate.

Abbreviations: AGA, Appropriate for gestational age; IRI, immuno-
reactive insulin; LGA, large for gestational age; SGA, small for gesta-
tional age.

Subjects and Methods
Subjects

Venous cord blood samples were obtained from 54 full-term new-
borns {34 males and 20 females; gestational age, 37.0-41.6 wk; birth
weight, 2206-4326 g; birth length, 44.0-54.5 cm). Their characteristics
are shown in Table 1. Foriy-four of the newboms were classified as
appropriate for gestational age (AGA), 7 were small for gestational age
(SGAY), and 3 were large for gestational age (LGA). AGA was defined as
a newborn whose birth weight was from —1.5 to +1.5 sp of the mean
birth weight in each gestational age. 5GA was defined as below —1.5sp,
and LGA was defined as over +1.5 sp. The mean birth weight and so
were calculated according to the Japanese population fetal growth curve
published in 1994 by a study group of the Japanese Ministry of Heaith
and Welfare. To estimate the source of ghrelin in the fetal circulation,
both arterial and venous cord blood samples were collected from an-
other 8 full-term newborns. Blood samples for ghrelin assay were col-
lected in chilled tubes containing EDTA'2Na (1 mg/ml} and aprotinin
(500 U/ml), and plasma was separated at 4 C immediately after birth.
Serum was simultaneously separated for other hormone assays. Neo-
natal samples were obtained from 47 full-term healthy neonates (27
males and 20 females; postnatal d 3-8}, whose characteristics are shown
at Table 2. In 27 of these neonates, cord blood had already been collected,
and the change in the ghrelin concentration between cord and neonatal
blood was compared in this group. Each samyple was collected at 0900 h,
and plasma was separated immediately,

Plasma and serum samples were kept frozen at ~80 C until analysis.
All of the newborns and neonates were healthy, and their mothers had
had no remarkable complications during pregnancy. The study protocot
was approved by the ethical committee of University of Tokushima
School of Medicine, and all parents of the newborns gave their written
informed consent before enrollment.

Ghrelin and other hormone gssays

Plasma ghrelin concentration was determined by RIA using poly-
clonat antibodies raised against the carboxyl-terminal fragment ghrelin-
[13-28] (15). The value determined by this RIA system gives the total
concentration of ghrelin. Serum GH and IGF-I were determined using
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TABLE 1. Characteristics of the fetus and plasma ghrelin concentration in cord blood

Total {n = 54) Male (n = 34) Female (n = 20)
Gestational wk 39.4(37.0-41.6) 39.5 (37.0-41.4) 39.3 (37.0-41.6)
Birth bedy weight (g) 2994 (2206 -4326) 3008 (2206-3778) 2884 (2318-4326)
Birth body length (em) 48.5(44.0-54.5) 48.5 (44.0-52.5) 48.3 (46.0-54.5)

12.6 (10.6~15.3)

60.9{49.0-79.4)
532 (322—-804)
206.7 (110.6—446.1)

Values are medians, with the range in parentheses.

12.8 (10.6-15.3)

61.5 (48.0-74.1)
514 (325-804)
207.8 (110.6-404.2)

12.5(11.0-15.2)

60.6 (560.4~79.4)
562 (322-783)
201.1 (119.2-446.1)

Kaup index (glem? X 10)

Birth weight/birth length {g/cm)
Placental weight (g)

Plasma ghrelin (pmolliter)

TABLE 2. Characteristics of the neonate and plasma ghrelin concentration in neonatal blood

Total {n = 47) Male (n = 27) Female (n = 20)

Days after birth

Gestational wk

Birth body weight (g}

Body weight (g)

Body length (cm)

Mean calorie intake (keal/kg-d)
Body weight loss for 5 d (%)

Body weight gain for 1 month (g/d)
Plasma ghrelin (pmol/liter)

5.0(3.0-8.00

4.9(0.5-24.3)

39.3 (37.0-41.4)
3030 (2324-4082)
2870 (2246-3816)

48.9 (44.0-52.0)

66.5 (35.3-105.8)

5.0 (3.0-8.0)
30.4 (37.0-41.4)
3030 (2620-3994)
2966 (2530-3650)
49.0 (44.0-51.5)
57.1(41.0-105.8)
3.9(0.5-24.3)

5.0 (3.0~6.0)
39.1(37.0-40.6}
2961 (2324-4082)
2758 (2246-3816)
48.6 (45.0-52.0)
72.4 (35.3-87.0)
6.4 (1.7-9.7)

46.5 (12.3-69.4)
268.3 (133.0-481.7)

47.7(12.3-69.4)
2720 (133.0-421.0)

45.7 (30.4-57.9)
265.0 (172.3-481.7)

Values are medians, with the range in parentheses.

immunoradiometric assay kits (Daiichi Radioisotope Laboratories, To~
kyo, Japan). Serum IGF-II was determined using an ELISA kit (Diag-~
nostic Systems Laboratories, Inc., Sinsheim, Germany}. Serum immu-
noreactive insulin {(IRT) was determined using an immunoradiometric
assay kit (Fiken Chemical, Tokyo, Japan). Serum IGF-binding protein-3
was determined using an RIA kit (Cosmic Corp., Tokyo, Japan). Serum
leptin was determined using an RIA kit {Linco Research, Inc, St
Charles, MO).

Statistical analysis

All quantitative data are presented as the median and range. Pear-
son's correlations were used to examine relationships among clinical
growth-related parameters and hormone levels. Differences between
groups were evaluated by Mann-Whitney (] test or Wilcoxon’s signed
rank test. Significance was considered to be P < 0.05. The analysis was
conducted with StatView software (version 5.0 for Windows, SAS In-
stitute, Inc., Cary, NC} or SPSS software (version 11.0] for Windows,
SPS5. Inc., Chicago, IL).

Results

In 54 cord blood samples, plasma ghrelin concentrations
ranged from 110.6-446.1 pmol/liter (median, 206.7 pmol/
liter). Ghrelin concentrations were inversely correlated with
birth weight (r = —0.40; P = 0.002), birth length (r = —0.36;
P = 0.007), placental weight (r = —0.35; P = 0.01), birth
weight/birth length ratio (r = —0.38; P = 0,004), Kaup index
(r = ~0.28; P = 0.04), IGF-I concentration (r = —0.49; P =
0.0002), and IGF-binding protein-3 concentration (r = —0.30;
P = 0.03), Ghrelin concentrations in SGA newborn were
significantly higher than those in AGA and LGA newborns
(P = 0.0008 and P = 0.02, respectively; Figs. 1 and 2). No
significant correlation was observed between ghrelin and
GH concentrations {(r = 0.22; P = 0.12; Fig. 2 and Tables 1
and 3).

As some anthropometrical parameters and IGF-I concen-
trations were inversely correlated with ghrelin concentra-
tions, we performed some partial correlation analyses to
determine which factor was predominantly correlated with
them. The partial correlation analysis calculates a correlation

A p =0.02

500 4
. p =0.0008
3 400 4 [ ] p=oxn
g |
K= T
= 300
B 1 —t
-5 200 - —_
o
= 1
2 100 4
I

SGA AGA LGA
(n=7) (n=44) (n=3)

B

500 -
= 9 Q 3 ='0.40
= 4004 o p =0.002
= ]
B
£ 300
5 ]
"En 200 -
]
E
& 1007
A )

3000 7500 3boo 3500 4600 4500

Birth body weight (g)
Fic. 1. A, Comparison of plasma ghrelin concentrations in SGA,
AGA, and LGA newborns (mean * sgM). Ghrelin concentrations in
SGA newborns were significantly higher than those in AGA and LGA
newborns. B, Inverse correlation between plasma ghrelin concentra-
tion and birth weight for the subjects in A. The solid line represents
the regression line,

between two variables while controlling for the effect of other
additional variables. The partial correlation between ghrelin
and IGF-I, while controlling for birth weight, birth length, or
placental weight, was still significant (r = —0.43, —0.47, and
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—0.39; P = 0.002, 0.001, and 0.006, respectively). On the cther
hand, the partial correlation between ghrelin and birth
weight, birth length, or placental weight, while controlling
for IGF-I, showed diminished statistical significance (r =
—0.26, —0.28, and —0.19; P = 0.07, 0.05, and 0.20, respec-
tively). These results suggest that IGF-I is a predominant
factor that is correlated with the ghrelin concentration. The

A

5004 r=0.22
o~ b [ —
S 400 . o p=0.12
E‘; ] g ©
i§ 300 ' o o% Q ° o

) & ° o

%0200- w@%g&%o w0 ©
3 )
2 100
R

0

1} 10 20 30 40 ;0 t|30 ':’0
GH (ugh)

vy]

Plasma ghrelin (pmol/T)

O 20 40 60 80 100 120 140 160 180
IGF-1 (ug/l)

Fic. 2. A, Correlation between the ghrelin and GH concentrations in
cord blood. No significant correlation was observed. B, A significant
inverse correlation was seen between ghrelin and IGF-I concentra-
tions in cord blood. The solid line represents the regression line.

TABLE 3A. Correlation coefficients between cord blood levels and size at birth

partial correlation between ghrelin and GH while controlling
for each anthropometrical parameter or IGF-I confirmed the
"absence of a significant correlation between GH and ghrelin

J Clin Endocrincl Metab, November 2003, 88(11):5473-5477 5475

concentrations.

In the eight newborns whose cord blood samples were
collected from both the artery and vein, plasma ghrelin con-
centrations in the vein (median, 304.9 pmol/liter; range,
218.7-403.8 pmol/liter) were significantly higher than those
in the artery (median, 287.5 pmol/liter; range, 181.9-392.4

pmol/liter; P = 0.01; Fig. 3).

In neonates, the plasma ghrelin concentrations ranged
from 133.0-481.7 pmol/liter {median, 268.3 pmol/liter),
which were significantly higher than those in cord blood (P <
0.0001). The sequential analysis of ghrelin concentrations
after birth in 27 newborns confirmed that the ghrelin con-
centrations significantly increased during the early neonatal
period (P < 0.0001; Fig, 4). The ghrelin concentrations in
neonates did not significantly correlate with percentage body
weight loss from birth to the sampling day (r = -0.13; P =
0.37), calorie intake per body weight on the sampling day (r =
0.04; P = 0.80), or the mean daily body weight gain during
the first month of life (r = 0.23; P = 0.13; Table 4). No
significant gender difference in ghrelin concentration was
observed in either cord or neonatal blood (Tables 1 and 2).

Our results showed that ghrelin is present in cord and
neonatal blood at concentrations 1.5- to 2-fold higher than
those found in normal weight adult (6, 9). The existence of
ghrelin in cord blood is consistent with previous observa-
tions, although the use of nonextracted plasma is different

Discussion

compared with our study (16).

In adults, the plasma ghrelin concentration is mainly de-
termined by the energy balance. Patients with anorexia ner-
vosa and cachexia show elevated levels of ghrelin (6, 17},
whereas obese subjects have reduced levels (8, 9). Thus, it is
interesting that ghrelin concentrations were inversely corre-
Jated with several growth-related anthropometric parame-
ters and the IGF-I concentration in the fetus. This result

Ghrelin GH IGF-1 IGF-I IGFBP-3 Leptin Insulin
Birth weight —0.40° —0.38% 0.30% -0.05 0.23 0.58° 0.34°
Birth length -0.36° -0.41° 0.18 -0.23 0.15 0.25 0.24
Kaup index —0.28° -0.19 0.30° 0.19 0.23 0.54¢ 0.27
Body weight/body length -0.38° -0.32° 0.32° 0.05 0.25 0.56° 0.33°
Placental weight -0.35" -0.21 0.33* -0.23 0.12 0.27 0.08

TABLE 3B. Correlation coefficients between cord blood levels

Median (range) Ghrelin GH IGF-I IGF-II IGFBP-3 Leptin
GH (pgfliter) 17.8 (5.7-61.0) 0.22 :
IGF-I (ug/liter) 77 (12-160) ~0.49¢ —0.47¢
IGF-II (pgfliter) 310 (181481} -0.13 0.08 0.02
IGFBP-3 (mgiter) 0.76 (0.45-1.28) -0.30° —0.40" 0.72¢ 0.22
Leptin (ugliter) 3.5(0.8-13.8) —0.12 —-0.08 0.14 0.30° 0.28°
Insulin (pmol/liter) 11.4 (6.0-100.2) -0.17 -0.26 0.25 -0.15 0.20 0.01
IGFRP-3, IGF binding protein-3.
2 P < 0,005.
&P < 0.05.
¢ P < 0.0005.
4 P < 0.0005.
P < 0.05.
fP < 0.005,
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F1c. 8. Comparisen of plasma ghrelin concentrations in arterial and
venous cord blood. The plasma ghrelin concentrations in arterial and
venous cord blood were compared in eight full-term newborns. Each
bar links the arterial and venous ghrelin concentrations in each new-
born, The plasma ghrelin concentrations in the vein were significantly
higher than those in the artery (P = 0.01).

suggests that the ghrelin concentration might be mainly reg-
ulated in a fetal growth-related manner in ufero, as if its role
was to accelerate fetal growth. In an experimental study, a
significant level of GH secretagogue receptor expression was
observed in the fetal rat hypothalamus, pituitary, and brain-
stem (18). However, fetal GH may not contribute to fetal
growth itself to a large extent, as patients with Pit-1 gene or
GH-1 gene deficiency, which are congenital disorders of
pituitary GH synthesis, show nearly normal fetal growth.
Petal growth essentially depends on the energy transport
from the mother. A positive correlation between size at birth
and cord blood IGF-I concentration has been reported (19,
20). Considering that the ghrelin concentration correlated not
with GH but with the IGF-I concentration, and the remark-
able elevation of the ghrelin concentration in SGA newborns,
negative feedback regulation between fetal growth and the
ghrelin concentration may not originate in the fetal GH axis,
but, rather, in feto-maternal energy transport, which would
affect fetal growth and the IGF-I level.

In the rat, ghrelin mRNA is expressed at a very low level
in the fetal stomach (21, 22), whereas significant expression
is observed in the placenta (14). In humans, ghrelin mRNA
is also expressed in the placenta (14). Therefore, it is possible
that some of the ghrelin in the fetal circulation might orig-
inate from the placenta, like leptin, and regulate feto-mater-
nal energy transport locally, as ghrelin concentrations in the
umbilical vein were significantly higher than those in the
artery. In addition, immunohistochemical studies of the hu-
man fetus showed that ghrelin-immunoreactive cells were
fairly well represented in the stomach, duodenum, pancreas,

Kitamura ¢f al. » Ghrelin Concentration in Fetus and Neonate
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Fii. 4. Change in plasma ghrelin concentration after birth. The
plasma ghrelin concentrations at birth (cord blood) and during the
early neonatal period (postnatal d 3-7) were compared in 27 newborns
(male, n = 18; female, n = 9). Each bar represents the change in the
ghrelin concentration in each newborn. Ghrelin concentrations dur-
ing the early neonatal period were significantly higher than those in
cord blood (P < 0.0001).

TABLE 4. Correlation coefficients between neonatal ghrelin
levels and energy balance

Ghrelin (P)
Birth weight -0.21(0.18)
Body weight -0.17 (0.26)
Body length —-0.22 (0.14)
Kaup index —-0.10 (0.49)
Mean calorie intake® 0.04 (0.80)
Body weight loss? -0.13 (0.37)
Body weight gain® 0.23 (0.13)

“ Calorie intake per body weight on sampling day (kilocalories per
kilogram).

% Percentage body weight loss from birth to sampling day (per-
centage).

¢ Mean daily body weight gain during first month of life (grams per
day).

and lung from wk 10 of gestation (23, 24). The contributions
of these peripheral organs may also be taken into
consideration.

In our previous study the leptin concentration rapidly
decreased after birth and remained at a low level during the
early neonatal period (11). In contrast, plasma ghrelin con-
centrations at approximately 5 d after birth were significantly
higher than those in cord blood. After birth, the energy sup-
ply through the placenta is interrupted, and a newborn needs
to start taking milk for growth. Thus, in contrast to leptin,
which reduces energy intake, it is reasonable for the ghrelin
concentration in neonates to increase to stimulate appetite
and give a positive energy balance. However, in rat stomach,
the expression of ghrelin mRNA in neonates is lower than
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that in adults (21, 22). The origin of the high concentration of
ghrelin in neonates may need further investigation, with
regard not only to its synthesis and secretion, but also to its
degradation and clearance during the neonatal period.

In summary, this study demonstrates the existence of
ghrelin in fetal and neonatal blood at rather high concen-
trations, an inverse correlation between the cord bicod
ghrelin concentrations and fetal growth-related parameters,
and a significant elevation of the ghrelin concentration dur-
ing the early neonatal period. Further study of ghrelin con-
centrations in fetuses and neonates with pathological status,
such as premature delivery or severe intrauterine growth
retardation, may provide usefu] information about regula-
tion of the ghrelin concentration and its role during the fetal
and neonatal periods.
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Abstract

Growth hormone secretagogue receptor (GHS-R) is widely expressed in various regions of the body, such as the brain, pituitary gland,
heart and gastrointestinal tract. Recently, ghrelin, an endogenous ligand for GHS-R, was found in the rat stomach, and several studies have
suggested that ghrelin acts via the vagal afferent nerve. In this study, we studied the expression of GHS-R mRNA in the rat nodose ganglion
by reverse transcriptase-polymerase chain reaction and in situ hybridization, the resuits of which clearly demonstrated the presence of GHS-
R mRNA and GHS-R producing cells in the rat nodose ganglion. We also studied the reirograde tracing of nodose ganglion cells to the
stomach and found that some GHS-R mRNA-expressing cells contain the retrograde rebelling. Our results provide direct morphological
evidence that GHS-R is produced in afferent neurons of the nodose ganglion and suggest that ghrelin signals from the stomach are transmitted

to the brain via vagal afferent nerves.
© 2003 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Growth hormone secretagogue receptor; Nodose ganglion; Rat; Reverse transcriptase-polymerase chain reaction; In situ hybridization; Retrograde

tracing; Fluorogold; Stomach

Growth hormone secretagogue (GHS) is a synthetic peptidyl
or non-peptidyl compound, and its physiological effects
such as GH release and food intake are mediated by the
growth hormone secretagogue receptor (GHS-R) [4].
Ghrelin, a novel endogenous ligand for GHS-R, was
recently discovered in the rat stomach and found to consist
of 28 amino acids, the third serine residue of which is n-
octanoylated {13]. It is well known that ghrelin and GHS-R
are widely expressed in central and peripheral tissues [9,10,
17,181 and that circulating ghrelin is mainly produced in the
stomach [1]. Peripheral intravenous administration of
ghrelin stimulates not only GH release but also food intake
[19], gastric acid secretion and gastric motor activity [8,14].
Interestingly, it has been reported that most of these effects
are abolished by either atropine treatment or vagotomy [7,8,
14].

On the other hand, visceral sensory neurons of the nodose

* Cotresponding author, Tel.: +-81-48-858-3422; fax: +81-48-858-3422.
E-mail address: tsakai@seitai.saitama-v.ac.jp (T. Sakai).

ganglion innervate many organs such as cardiovascular,
respiratory and gastrointestinal organs [3,21]. It has also
been shown that they have peripheral axons in the vagus
nerve and contain many receptors, i.e. cardiac receptors,
chemnoreceptors and gastric receptors [3,21]. Moreover, it
has been demonstrated that many gastrointestinal peptides
regulate short-term food intake via vagal afferent neurons
[3,21]. For example, it has been shown that leptin and
cholecystokinin (CCK) receptors are expressed in the
nodose ganglion and transmit leptin or CCK signals from
the gastrointestinal tract to the central nervous system [5,6,
16].

It has been shown that ghrelin suppressed firing of the
vagal afferent nerve [2,7]. Therefore, in order to determine
whether gastric ghrelin signals act through vagal afferent
neurons, we studied the existence of GHS-R mRNA in the
nodose ganglion by RT-PCR and in situ hybridization, and
the projection to the stomach was determined by retrograde
tracing with Fluorogold (FG).

Male Wistar rats (weighing 200—240 g) were purchased

0304-3940/03/% - see front matter © 2003 Elsevier Science Ireland Lid. All rights reserved.

doir10.1026/50304-3940(03)00294-5



184.. I. Sakata et al. / Neuroscience Letters 342 (2003) 183-186

from Japan Laboratory Animals, Inc. (Tokyo, Japan) and
were housed under controlled conditions (23 °C, lights on
from 08:00 to 20:00 h). The rats were also provided with
standard rat chow and water ad libitum. AHl procedures used
in this study were performed in accordance with insti-
tutional guidelines for animal care at Saitama University.
Animals were deeply anesthetized with sodium pento-
barbital (50 mg/kg, i.p.) and perfused first with 10 mM

phosphate-buffered saline (PBS, pH 7.5), and then with 4%

paraformaldehyde in 50 mM phosphate buffer (PB, pH 7.4).
Nodose ganglia were quickly removed from the rats and
postfixed with a microwave for 15 s as described elsewhere
[12]. The tissues were dehydrated with an ascending ethanol

series and then immersed in xylene and embedded in

Paraplast (Oxford Labware, MO, USA). Serial sections (8
pmn thick) were mounted on silane (ShinEtsu Chemicals,
Tokyo, Japan)-coated slides.

Total RNA was extracted from the rat nodose ganglion
using an RNeasy Mini Kit (QIAGEN, Germany) according
to the manufacturer’s instructions. Trace DNA contami-
nation was removed by DNase digestion. RT-PCR was
performed using a one-step RT-PCR kit (QIAGEN,
Germany) according to the manufacturer’s instructions.
The following primers were designed to amplify GHS-R
(fragment size: 728 bp): sense primer, TCAC-
TATGCTGGTGGTGTCC; antisense primer, CAGGTTG-
CAGTACTGGCTGA. The following primers were used to
amplify the rat glyceraldehydes 3-phosphatase dehydrogen-
ase (GAPDH) as an internal control (fragment size: 457 bp):
sense primer, CCATCACCATCTTCCAGGAG:; antisense
primer, TTCAGCTCTGGGATGACCTT. Reactions were
performed using an i-Cycler (Bié Rad, MA, USA). The
cycle profile was programmed as follows: 30 min at 60 °C
{reverse ftranscription), 15 min at 95 °C (initial PCR
activation step), { min at 94 °C (denaturation), 1 min at
60 °C (annealing) and 1 min at 72 °C (extension). Forty
cycles of the profile were run, and the final extension step
was increased to 10 min at 72 °C. To examine the specificity
of PCR reactions, the PCR products of GHS-R were treated
with the restriction enzyme Smal for 1 h at 37 °C.

For retrograde tracing, 1 ul of 1% water-diluted solution
of the fluorescent tracer Fluorogeld (FG, Fluorochrom, CO,
USA) was injected into five to seven points of the gastric
wall. After 5 days, rats were killed and nodose ganglia were
removed for preparation of frozen sections.

For in situ hybridization, we used digoxigenin (DIG)-
labeled GHS-R anti-sense and sense RNA probes (positions
185~790, 2826-2934, GenBank # U94321) synthesized
from pituitary ¢cDNA using a labeling kit (Boehringer
Mannheim, GmbH, Germany). GHS-R antisense and sense
probes performed alkaline hydrolysis to 150 bp. The
sections were deparaffinized with xylene, rehydrated
through descending concentrations of ethanol, and washed
in PBS for 15 s twice. The sections were then washed in
PBS, treated with 8.0 pg/mi proteinase K for 30 min at 37
°C, and fixed with 4% paraformaldehyde in 50 mM PB (pH

7.4). After washing in PBS for 1 min, the sections were
incubated with 0.2 M HC] in water and then washed in PBS
for 1 min. The sections were treated with 0.25% acetic
anhydride in 0.1 M triethanolamine for 10 min, washed in
PBS for 1 min, and then immersed in a graded ethanol series
{70%, 80%, 90%) for 15 s each. Next, the sections were
treated with 100% ethanol for 15 s twice and dried for 20
min. Finally, 2 ng/ul of each DIG-labeled RNA probe in a

~ hybridization buffer containing 50% formamide, 3 X SSC,

0.12 M PB, 1 X Denhardt’s solution, 10% dextrane sulfate,
125 pg/ml yeast tRNA and 0.1 mg/ml salmon sperm DNA
was dropped onto the section, and the section was covered
with Parafilm (American Can Company, CT, USA) and
incubated for 16 h at 47 °C in a humidity chamber, The
covers were removed by soaking the slides in 5 X SSC, and
the slides were immersed in 2 X SSC containing 50%
formamide for 30 min, The sections were then treated with
TNE (10 mM Tris—HCI, pH 7.6, 500 mM NaCl, 1 mM
EDTA, pH 8.0) for 10 min and next with RNase A (50 ng/
ml in TNE) for 30 min at 37 °C. The sections were immersed
in TNE for 10 min at 37 °C and washed with 2 X SSC for 20
min at 55 °C and then with 0.2 X SSC for 20 min, twice
each. The sections were incubated for 5 min in buffer-1 (100
mM Tris~HC], pH 7.5, 150 mM NaCl, 0.01% Tween 20),
immersed in 1.5% blocking reagent (Boehringer Mannheim,
GmbH, Germany) in buffer-1 for 1 h at 37 °C, and then
washed in buffer-1 for 5 min. After washing, the sections
were incubated with an alkaline phosphatase-conjugated
anti-DIG antibody (Roche Diagnostics Corporation, IN,
USA) diluted 1:2000 in buffer-1 for 16 h at 4 °C. This anti-
DIG antibody was absorbed with extracted powder of the
brain before use. The sections were washed in buffer-I for
15 min twice and in buffer-2 {100 mM Tris—HCI, pH 9.5,
100 mM NaCl, 50 mM MgCl,) for 3 min. A chromagen
solution (337 wg/rol NBT, 175 pg/ml BCIP in buffer-2) was
added, and the sections were incubated until a visible signal
was detected, The sections were then washed with distilled
water, dehydrated with a methano!l series, cleared in xylene,
mounted with Entellan, and viewed under a light micro-
scope (BX60, Olympus, Tokyo, Japan). In this study,
instead of DEPC-treated water we used Gengard water
(Gradient A10, Millipore, Tokyo, Japan) as an RNase-free
water.

M 1 2 3

Fig. 1. Determination of expression of GHS-R 1a mRNA by one-step RT-
PCR analysis in the rat nodose ganglion. Agarose gel (2%) electrophoresis
of RT-PCR products using appropriate primers. GHS-R mRNA was found
in the rat nodose ganglion. GAPDH was used as an internal control. In the
negative contrel experiment, PCR was performed without primers. M,
DNA molecular weight; 1, negative control; 2, GHS-R la; 3, GAPDH.
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Fig. 2. Microphotographs of GHS-R mRNA-expressing cells in the nodose ganglion. (A) GHS-R mRNA-expressing cells (arrowheads) were found throughout
the nodose ganglion. No positive cells were found when the sense probe was used (inset). (B) High magnification of the image of GHS-R mRNA-expressing

cells (artowheads). Bar: 200 pm (A), 50 pm (B).

RT-PCR analysis revealed that GHS-R (728 bp} mRNA
was expressed in the rat nodose ganglion (Fig. 1). The
specificity of the PCR for GHS-R was determined by
digesting with the restriction enzyme Smal, and the
predicted sizes of the PCR product were confirmed (data
not shown).

GHS-R mRNA-expressing cells were found throughout
the caudal regions of the nodose ganglion toward the
petrosal ganglion, and two kinds of stained cells, weakly
and strongly stained cells, were scattered throughout the
nodose ganglion (Fig. 2). The sizes of GHS-R mRNA-
expressing cells varied from 25 to 40 pm in diameter. No
positive cells were found when the sense probe was used,
indicating the specificity of this reaction (Fig. 2A, inset).
Results of retrograde tracing studies showed the coexistence
of FG-labeled cells and GHS-mRNA-expressing cells in the
nodose ganglion. However, the number of FG-labeled cells
was much less than that of GHS-R mRNA-expressing cells
(Fig. 3}, and all of the FG-labeled cells expressed GHS-R
mRNA (data not shown).

In this study, we used primers corresponding to GHS-R
type la but not type 1b. It has been reported that GHS-R
type la consists of seven transmembrane (TM) domains and

three intracellular and three extracellular loops, but that
GHS-R type 1b lacks TM 6 and 7, indicating that GHS-R
type la is a bioactive form [11,15]. Therefore, the results
obtained in this study suggest that functional GHS-Rs are
produced in the rat nodose ganglion.

It has been reported that intravenous administration of
ghrelin increased gastric acid secretion and gastric motor
activity in both amplitude and frequency in a dose-
dependent manner [14]. However, lateral cervical vagotomy
and atropine treatment completely abolished the intrave-
nously administered ghrelin-induced gastric acid secretion
and gastric motor activity [14]. Furthermore, truncal
vagotomy eliminated the effect of intraperitoneally admi-
nistered ghrelin-induced food intake [2]. The results of the
present study and previous studies suggest that at least a part
of the ghrelin action is mediated through vagal afferent
nerves in vivo. Further studies are needed to determine how
peripheral ghrelin information is transmitted to the brain

-and regulates food intake, gastric acid secretion and gastric

motor activity.

Ghrelin that is n-octanoylated at the third amino acid
residue is biologically unstable [1]. The half-life of
physiologically active ghrelin in blood is relatively short

Fig. 3. Double visualization of FG-labeled cells and GHS-R mRNA-expressing cells in the same section. Some the GHS-R mRNA-expressing cells (B) were
labeled by Fluorogold (FG), a fluorescent tracer. FG-labeled cells were scattered throughout the nodose ganglion. Bar: 50 pm (A,B).
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because n-octanoylated ghrelin is easily degraded by plasma
esterase and becomes des-n-octanoyl ghrelin, a non-
physiological form [1]. It is reasonable to assume that
ghrelin secreted from the stomach rapidly becomes
biological inactive by passing from the portal vein to the
liver. Therefore, it is questionable whether gastric ghrelin
directly stimulates GH release from the pituitary gland.
Moreover, using an isolated anterior pituitary cell perifusion

system, we demonstrated that ghrelin stimulates GH release

in vitro in a weaker manner than that in vivo [20]. These
results suggest that gastric ghrelin stimulates GH release
from pituitary somatotropes by an indirect route. Our results
taken together with the resuits of these studies suggest that
ghrelin also stimulates GH release via vagal afferent nerves.

Moreover, during the course of our studies, it was
recently reported by Date et al. that ghrelin-induced feeding
and GH secretion were abolished by vagotomy or perivagal
application of capsaicin, and the presence of the ghrelin
receptors in vagal afferent neurons was revealed by using
RT-PCR and in situ hybridization histochemistry [7]. The
results of our study showing the existence of GHS-Rs in the
stomach-projected afferent nerve support the findings of
Date et al.

In this study, we clearly demonstrated the presence of
GHS-Rs in the afferent nerve in the nodose ganglion
projected to the stomach, and this finding suggests that some
gastric ghrelin acts through a neural pathway.
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ABSTRACT

Purpose: Ghrelin, a2 novel growth hormone-releasing
peptide, has been shown to cause a positive energy balance
by stimulating food intake and inducing adiposity. We
seught to investigate the pathophysiology of ghrelin in ca-
chexia associated with lung cancer.

Experimental design: Plasma ghrelin level was mea-
sured in 43 patients with lung cancer and 21 contrel sub-
jects. Patients with lung cancer were divided into two
groups: patients with cachexia (# = 21) and those without
cachexia (# = 22).

Results: Plasma ghrelin level did not significantly differ
between all patients with lung cancer and contrels (157 = 10
versus 132 * 8 fmol/ml, P = 0.1). However, plasma ghrelin
level was significantly higher in patients with cachexia than
in those without cachexia (180 = 17 versus 135 % 10 fmol/ml,
P = 0.011). Furthermore, plasma ghrelin level increased
significantly in patients with decreased food intake after
chemotherapy (from 136 = 11 fmol/ml te 170 = 16 fmol/ml
on day 8, 179 x 20 fmol/ml on day 21 after start of chem-
otherapy), aithough plasma ghrelin level did not signifi-
cantly change in those without decreased food intake.

Conclusions: Baseline plasma ghrelin level was elevated
in cachectic patients with lung cancer, and follow-up plasma
ghrelin level increased in patients with anorexia after chem-
otherapy, Considering the positive energy effects induced by
ghrelin, increased ghrelin may represent a compensatory
mechanism under catabolic—anabolic imbalance in cachectic
patients with lung cancer.
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INTRODUCTION

Cancer cachexia, which is a catabolic state characterized by
weight loss and muscle wasting, occurs in some patients with
advanced lung cancer (1, 2) and is a strong independent risk
factor for mortality in such patients (3). Furthermore, chemo-
therapy may cause anorexia because of its toxicity (4). Thus,
impaired energy balance is one of the most important problems
in patients with lung cancer.

Ghrelin is-a novel GH*-releasing peptide, isolated from the
stomach, which is identified as an endogenous ligand for growth
harmone secretagogues receptor (5), Recently, ghrelin has been
shown to cause a positive energy balance by decreasing fat
utilization through GH-independent mechanisms (6). In addi-
tion, both intracerebroventricular and peripheral administration
of ghrelin have been shown to elicit potent, long-lasting stimu-
lation of food intake via activation of neuropeptide Y neurons in
the hypothalamic arcuate nucleus (7-9). These findings raise the
possibility that ghrelin plays an important role in the regulation
of metabolic balance. However, little information is available
regarding the pathophysiology of ghrelin in cachexia associated
with lung cancer. In addition, the relationship between plasma
ghrelin and anorexia induced by chemotherapy remains un-
known.

Thus, the purposes of this study were: (@) to investigate
whether plasma ghrelin level is associated with cachexia and
disease severity in patients with lung cancer; and (5} to examine
whether plasma ghrelin level is influenced by anorexia after
chemotherapy.

PATIENTS AND METHODS

Patient Characteristies. Forty-three patients with cyto-
logically or histologically established lung cancer at Hiroshima
University Hospital between January and July 2001 were in-
cluded in this study. Patients with one or more of the following
conditions were excluded: (a) recent antineoplastic therapy such
as chemotherapy, radiation therapy, or surgery; (b) the presence
of active infection or gastric uleer; {c) other primary cachectic
states such as thyroid disease or severe liver disease; and
(d)y chronic tenal impairment (serum creatinine level = 1.5
mg/dl). None of the patients was receiving parenteral or tube
feeding ot had undergone gasterectomy. ECOG performance
stams was used as an index of the patients’ general condition,
Food intake was measured using a self-assessment numerical
rating scale ranging from 0 to 10, where 0 indicates absolntely
no appetite, and 10 indicates an extremely good appetite. The
study included 2! healthy control subjects (17 men and 4
women, mean age = 63, range = 33-78 years). Healthy control
subjects were healthy hospital personnel without recent body -

3 The abbreviations used are: GH, growth hormone; ECOG, Eastem
Coopernative Oncology Group; LDH, lactate dehydrogenase; RIA, ra-
dioimmunoassay; CI, confidence interval.
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weight loss or gain, and they had no acute or chronic disease and
no regular medication, All patients gave informed and written
consent, and the study was approved by the local committee and
conducted in accordance with good clinical practice guidelines.

Patients were divided into two groups by the presence or
absence of cachexia. Cachexia was defined clinically as docu-
mented nonintentional dry weight loss of >5 kg (all >10% of
their previous normal weight) at least in =3 months (10). All
cachectic patients also complained of weight loss. Conse-
quently, 21 of 43 patients with lung cancer were defined as
having cancer cachexia.

Blood Sampling and Assay for Plasma Ghrelin. Blood
samples were taken from the antecubital vein between 7 and
8 a.m. after an overnight fast. The blood was immediately
transferred into a chilled glass tube containing disodium EDTA
{1 mg/ml) and aprotinin (500 units/ml) and centrifuged imme-
diately at 4°C, Before RIA, plasma samples were extracted
using Sep-Pak C18 cartridges (Waters, Milford, MA; Ref. 11).
RIA for plasma ghrelin was performed as described previously
{11). Briefly, a polyclonal antibody was raised against the
COOH-terminal fragment [13-28] of rat ghrelin in a rabbit. A
maleimide-activated mariculture keyhole limpet hemocyanin-
[Cys 0]-ghrelin [13-28] conjugate was used for immunization.
The RIA incubation mixture consisted of 100 pl of standard
ghrelin or unknown sample, norrnal rabbit serum, and 200 pl of
antiserum at a dilution of 1:10,000. After 12-h incubation at
4°C, 100 pi of '**i-labeled ligand (15,000 cpm) were added to
the mixture. After 36-h incubation at 4°C, 100 ! of goat
antirabbit IgG antiserum were added. Free and bound tracers
were separated by centrifugation at 3,000 rpm for 30 min after
incubation for 24 h at 4°C. Pellet radioactivity was quantified
using 2 gamma counter. This assay for plasma ghrelin was
performed in one batch run and in a blinded fashion. The
antiserum exhibited 100% cross-reactivity with rat and human
ghrelin [13-28]. Intraobserver variability of ghrelin measure-
ment was <6%, and its interobserver variability was <9%.

Change in Plasma Ghrelin Level in Patients with and
without Decreased Food Intake after Chiemotherapy. We
examined the time course of plasma ghrelin level in 17 patients
with inoperable clinical stage 1II or IV who underwent single
agent chemaotherapy or combination therapy. Patients undergo-
ing chemotherapy were divided into two groups by the presence
or absence of decreased food intake. Anorexia including de-
creased food intake was evaluated by the toxicity grading cri-
teria of the National Cancer Institute-Cotmmon Toxicity Criteria.
Decreased food intake was defined as toxicity at least grade 2 of
the grading criteria and was observed in [0 of the 17 patients on
day 8 after chemotherapy. Thus, blood sampling for ghrelin
measurement was performed in patients with decreased food
intake (# = 10) and those without (» = 7) at baseline and on
days 8 and 21 after the start of the first chemotherapy course.
The patients were required to have measurable disease, ECOG
performance status of 0-2, adequate bone marrow, and adequate
renal and liver function. Changes in body weight after chemo-
therapy were determined with the following formula: % changes
in body weight = (body weight on days 8 or 21 — baseline body
weight)/baseline body weight X 100.

There was no significant difference in age, sex, body mass
index, tumor stage, histology, or ECOG performance status

Tahble I - Medication list of antineoplastic agents used
* in chemotherapy

Nonplatinum-
Platinum-containing containing
chemotherapy (3 chematherapy ()

Cisplatin

+ Adriamycin + etoposide 2 Gemgitabine 3

+ Etoposide 2 Paclitaxel 2

+ Gemeitabine 2 Docetaxel 1

+ Vinorelbine 1 Irinotecat !
Carboplatin )

+ Paclitaxel 2

+ Etoposide

between patients with and without decreased food intake, Chem-
otherapy regimens were decided by the attending physicians ad
libitum (Table 1). Platinum-containing chemotherapy was more
frequently used in patients with decreased food intake (n = 8)
than in those without (# = 2).

Statistical Analysis. The original accrual goal of this
study was 40 patients. This sample size was based on 80%
power so one could detect a 30% elevation in plasma ghrelin
level of patients with cachexia. All data were expressed as
mean * SE unless otherwise indicated. Compatisons of param-
eters between the two groups were made by Fisher's exact test
or unpaired Student’s ¢ test. Comparisons of parameters among
the three groups were made using one-way ANOVA, followed
by Newman-Keuls test. Comparisons of the time course of
parameters between the two groups were made by two-way
ANOVA for repeated measures, followed by Newman-Keuls
test. 95% Cls for the differences between the two groups were
calculated. Multiple regression analysis was applied to deter-
mine independent relations of clinical parameters with plasma
ghrelin level, P < 0.05 was considered statistically significant.

RESULTS

Patient Characteristics According to Cachexia. The
clinical characteristics of patients with and without cachexia and
control subjects are summarized in Table 2. There was no
significant difference in age or sex among the three groups.
Neither tumor stage nor histology differed between patients with
and without cachexia. Body mass index was significantly lower
in cachectic patients than in noncachectic patients and in control
subjects. ECOG performance status, a score of severity of
general condition, was significantly higher in cachectic patients
with lung cancer than in noncachectic patients. Numerical rating
scale, a marker for food intake, was significantly lower in
cachectic patients. Serum albumin level was significantly lower,
and LDH was significantly higher in cachectic patients than in
noncachectic patients and control subjects. There was no sig-
nificant difference among the three groups in serum total cho-
lesterol, triglyceride, fasting glucose, or creatinine.

Plasma Ghrelin Level in Cachexia; Plasma ghrelin
leveil did not significantly differ between all patients with lung
cancer and control subjects (157 = [0 versus 132 = § fmol/ml,
P = 0.1). However, plasma ghrelin level was significantly
higher in cachectic patients (180 % 17 frmol/ml) than in
noncachectic patients (135 = 10 fmol/ml) and control subjects
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Table 2 Baseling characteristics according to cachexia in patients with lung cancer”

Control (n = 21}

Noncachexia (n = 22) Cachexia (# = 21)

Age (yr) 64+ 3 70 2 63 2
Sex, male/female 14/7 17/5 16/5
Body mass index (kg/m®) 234 0.5 23005 18.5 = 0.5
Tumor stage NA
Non-small cell {(I/II/ILIV}) 3/1/3/9 1/0/2/10
Small cell (limited/extensive) 0/6 35 .
Histology (ad/sq/sni)" NA 12/4/6 11/2/8
ECOG performance status (0/1/2/3) NA (16/3/2/1) (7/5/4/5)
Numerical rating scale (0—10) NA 9.7 0.2 5807
Albumin (g/dy 4.1x01 4.1 x0.1 35000
Total cholesterol (mg/dl) 1933 191 =7 183+ 19
Triglyceride (mg/dl) 116 = 4 119 = 10 114+ 8
Fasting glucose (mg/dl) 92 x| 98 =3 116 = 15
Creatinine {mg/dl) 0.77 = 0.02 0.86 = 0.06 0.75.= 0.04
LDH (IUttiter) 335~ 11 410 x 24 706 = 151
“ Data are mean * SE.
* P < 0.01 versus control,
¢ P << 0.01 versus noncachexia.
“ ad, adenocarcinoima; sq, squamous cell carcinoma; sm, small cell carcinoma.
¢ P < 0.05 versus noncachexia.
7P < 0.05 versus control,
- 400 P=0.0032 "o 400- ‘ P=10.0163 .
E “pmoonz - . P=00427 ©
(-] =
E 3001 8 g . P=0.0235 .
= 2 300 P =0.0084 8
4 o 8 = ‘
= o ® a ©
£ 200 g g z o
2 g (] = 200 3 g i
=
2 | wy @ : £ i g ®; -8
g | o @ 8 o 0 [o]
g g § £ 1001 o 9
B ) 2 g @ o e
B 8
Control Non-cachexia Cachexia Control P I 2 3

Fig. I Plasma ghrelin level in control subjects {Contref), noncachectic
patients with lung cancet (Nown-cackexia), and cachectic patients with
lung cancer (Cachexia).

(Fig. 1). In addition, plasma ghrelin level tended to increase with
the severity of ECOG performance status (Fig. 2). In particular,
plasma ghrelin level was significantly higher in patients both
with ECOG performance status 2 and 3 than in controls. Mul-
tiple regression. analysis (R* = 0.39; P = 0.013) also demon-
strated cachexia and ECOG performance status were indepen-
dently correlated with plasma ghrelin kevel in patients with lung
cancer (Table 3). There were no significant correlations between
plasma ghrelin level and biochemical markers, such as plasma
albumin, total cholesterol, fasting glucese, and creatinine.
Changes in Plasma Ghrelin Level in Anorexia after
Chemotherapy. Decreased food intake was observed in 10 of
the 17 patients after chemotherapy. There was no significant
difference in baseline clinical characteristics between patients
with and without decreased food intake (Table 4). In addition,
baseline plasma ghrelin level did not significantly differ be-
tween the two groups (Fig. 3). Interestingly, plasma ghrelin
level significantly increased in patients with decreased food

ECOG performance status

Fig. 2 Plasma ghrelin level in patients with lung cancer according to
ECQG performance status.

Table 3 Multiple regression analysis of variables associated with
plasma ghrelin level in patients with lung cancer

Standardized

Variables coefficient P
Age —0.106 0.5401
Male sex —0.201 0.1891
Body mass index 0.454 0.0587
Sm histology” -0.107 0.5055
Cachexia 0.579 0.0300
ECOG performance status 0.391 0.0251

“ 8m, small cell carcinoma.

intake after cheruotherapy (from 136 = 11 fiol/mi to 170 = 16
fmol/ml on day 8, 179 = 20 fmol/ml on day 21 after start of
chemotherapy), whereas the ghrelin level did not significantly
change in patients without decreased food intake (Fig. 3). The
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Table 4 Alteration of data during chemotherapy*

Baseline” Day 8 Day 21

Numerical rating scale (0-10)

Decreased food intake

(+¥ 7909 55 % LI¢ 6.5 % 0.9

(=) 87 % 10 8.1% 1.0 9.0+ 0.9
% Change in body weight (%) )

Decreased food intake

(+) —1.51 £ 0414 ~121 = 0.1

) 0.65 = 0.69 0.32 + 0.77
Serum albumin (g/dl)

Decreased food intake

(+) 40%02 3.6 £ 0.6% 38£05

(=) 42 %02 4001 319+ 04
Serum sodium (meg/liter)

Decreased (ood intake

{+) [39=1.1 136 £ 0.9 140 = 1.0

() 139+ 0,9 138+ 13 139 14
Neutrophil count (X 10¥/mm?) .

Decreased food intake

(+) . 5.57 % 1.20 3.60 +0.73 522 1.6l

=) 333 +£0.38 282 £0.58 3.75+092
Serum creatinine (mg/dl)

Decreased food intake

(+) 0.94 * 0.05 1.03 = 0.07 099 = 0.05

(-) 0.78 = 0.05 0.85 = 0.09 0.80 = 0,08

“ Data are mean = SE.
" Baseline, before chemotherapy.

“ +, patients with decreased food intake; —, patients without decreased food intake.

4P < 0.0] versus baseline.
¢ P < 0.05 versus patients without decreased food intake.
4P < 0.05 versus baseline.

200+ ) P=0.023 .
P=0033

g
2 Chemotherapy
g
]
5 150 ;
5
4
)
o 4
g
&
o
#P=0.006
1004 ] $ P=0.004

Baseline Day 8 Day 21

Fig. 3 Change in plasma ghrelin level in lung cancer patients with
decreased food intake (@) and those without decreased food intake (O)
after chemotherapy. Baseline, before chemotherapy.

differences between the two groups were 7 fimol/ml (95% ClI,
0-13 fimol/ml) at bageline, 58 fmol/ml (95% CI, 50—65 fmol/
ml) on day 8, and 61 fmol/ml (95% CI, 54-68 fmol/ml) on day
21. Numerical rating scale, body weight, and serum albumin
level significantly decreased in patients with decreased food
intake after chemotherapy, whereas these parameters did not
significantly change in those without. No significant differences
in serum sodium, neutrophil count, or serum creatinine between
the two groups were seen after chemotherapy (Table 4). There

was no significant difference in response rate for chemotherapy
based on the WHO criteria (12) between patients with and
without decreased food intake (P = 0.15).

DISCUSSION

In the present study, we demonstrated that: {2) baseline
plasma ghrelin level was significantly higher in cachectic pa-
tients with lung cancer than in noncachectic patients and control
subjects; and () follow-up plasma ghrelin level increased in the
presence of anorexia after chemotherapy.

Severe weight and appetite loss associated with cachexia is an
important problem in several types of cancer, including lung cancer
(1, 2). In the present study, a marked decrease in body mass index,
appetite loss, and low serum albumin level was observed in ca-
chectic patients with lung cancer. These results suggest the pres-
ence of impaired energy balance in cachectic patients with fung
cancer. In addition, both ECOG performance status and serum
LDH level were significantly higher in cachectic patients with lung
cancer than in noncachectic patients. These results suggest that a
cachectic condition is associated with the severity of lung cancer.
Interestingly, plasma ghrelin level was significantly higher in ca-
chectic patients with lung cancer than in noncachectic patients and
control subjects. Multiple regression analysis demonstrated that
cachexia and ECOG performance status were independently cor-
related with plasma ghrelin level. Recently, peripheral administra-
tion of ghrelin has been reported to induce a positive energy
balance and weight gain by decreasing fat utilization and increasing
carbohydrate utilization, through a GH-independent mechanism
(6). These results raise the possibility that increased plasma ghrelin
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may represent a compensatory mechanism under conditions of
anabolic/catabolic imbalance in cachectic patients with lung can-
cer. In the present study, plasma ghrelin level increased in propor-
tion to ECOG performance status, which is associated with the
severity and mortality of patients with lung cancer (13). Taken
together, measurement of plasma ghrelin may be a simple, nonin-
vasive, and relatively inexpensive method to assess the develop-
ment of cachexiz and disease severity in patients with lung cancer.

A recent animal study has demonstrated that endogenous
production of ghrelin is enthanced by fasting (14). Therefore, in the
present study, ghrelin measurement was repeated after chemother-
apy to examine whether plasma ghrelin level is influenced by
anorexia. After chemotherapy, numerical rating scale, body weight,
and serum albumin level were significantly decreased in patients
with anorexia, reflecting deterioration of nutrition. Expectedly,
plasma ghrelin level was significantly increased in patients with
decreased food intake on days 8 and 21 after the start of chemo-
therapy, although the ghrelin level did not significantly change in
patients without decreased food intake. These results suggest that
anorexia may influence plasma ghrelin level in patients with lung
cancer. Ghrelin has been shown to elicit potent, long-lasting stim-
ulation of food intake via activation of neuropeptide Y neurons in
the hypothalamic arcuate nucleus (7-9). Thus, ghrelin synthesis
may be up-regulated as a compensatory mechanism by chemother-
apy-induced anorexia. It should be noted that plasma ghrelin level
appears to be easily influenced by short-term appetite 1oss, This
result is consistent with earlier findings that ghrelin is rapidly
influenced by fasting and refeeding (6). Appetite loss is known to
be one of the most imporiant adverse effects of chemotherapy (15).
Thus, measurement of plasma ghrelin may serve as a marker for the
severity of chemotherapy-induced toxicity,

A number of studies has examined the effects of medical
treatment on cancer anorexia (10, 16). Nevertheless, some cases
are refractory to those treatments. Ghrelin may have beneficial
effects on energy metabolism not only through GH-dependent
mechanisms but also through GH-independent mechanisms.
Thus, it would be interesting to investigate whether supplemen-
tation of ghrelin would attenuate the development of cachexia in
the most severe forms of lung cancer.

This study included some study limitations: {a) this study is
a cross-sectional observational study, and the patient numbers
are small; additional investigation in a large scale study would
be needed; (b) platinum-containing chemotherapy was more
frequently used in patients with decreased food intake than in
those without; nonetheless, platinum does not have direct bio-
logical effects on the stomach which produces ghrelin; and
() renal dysfunction induced by platinum was not observed in
the present study; thus, elevated plasma level of ghrelin is
unlikely to be attributable to administration of platinum.

In conclusion, baseline plasma ghrelin level was elevated in
cachectic patients with Jung cancer, and follow-up ghrelin level
increased in patients with anorexia after chemotherapy. Consider-
ing the positive energy effects induced by ghrelin, increased ghrelin
may represent a4 compensatory mechanism under catabolic—
anabolic imbalance in cachectic patients with lung cancer.
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