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ABSTRACT (5, 6). Although profound alterations in host substrate metabolism in
) ) o ) _cancer patients have been reported, mechanisms responsible for the
Profound alterations in host metabolism in lung cancer patients with observed weight loss are as yet poorly understood. Isotope tracer
weight loss have been reported, including elevated phosphomonoesters . . .
1 . studies showed elevated protein breakdown and glucose turnover in
(PMEs) as detected by*P magnetic resonance spectroscopy (MRS). In . . .
healthy subjects, infusion of L-alanine induced significant increases in lung cancer pgtlents (7__9)' Increased gluconeogengsm from alar_une
hepatic PMEs and phosphodiesters (PDEs) due to rising concentrations of Was observed in tumor-influenced hepatocytes (10), in tumor-bearing
3-phosphoglycerate and phosphoenolpyruvate, respectively. The aim of &nimalsin vivo (11), and in cancer patients with various tumor types
the present study was to monitor these changes in the tumor-free liver of (12). We recently reported increased whole-body gluconeogenesis
lung cancer patients during L-alanine infusion by means of simultaneous from alanine in lung cancer patients with weight loss (13). A signif-
%P MRS and turnover measurements. Twenty-one lung cancer patients jcant correlation between gluconeogenesis from alanine and the de-
without liver metastases with (CaWL) or without weight loss (CaWs), and gree of weight loss was also observed.
12 healthy control subjects were studied during an i.vL-alanine challenge Because the liver is the main site for gluconeogenesis from alanine
of 124_2'8 mmOI/k.g fol_lowed by 2'8. mmOI/Kg/h.for .90 min. Plasma.- (14), the observed increase in gluconeogenesis from alanine as ob-
alanine concentrations increased during alanine infusion, from 0.35-0.37 . . . ; L
mm at baseline to 5.37+ 0.14 mv in the CaWL patients, 6.67 = 0.51 mu served n Welght-losw_]g lung cancer patients Is Ilkely_ to be partly
in the CaWs patients, and 8.47+ 0.88 mv in the controls (difference from related with gltered liver mgtgbollsm (15, 16). In animal .models,
baseline and between groups during alanine infusion, alP < 0.001). @altered hepatic enzyme activities (17, 18) and decreased liver phos-
Glucose turnover and liver PME levels at baseline were significantly phorylation status (19) and energy balance (18) were correlated with
elevated in the CaWL patients. Alanine infusion increased whole-body tumor burden (20). Furthermore, elevated concentrations of gluconeo-
glucose turnover by 8+ 3% in the CaWs patients (P = 0.03), whereas no genic intermediates such as glucose-6-phosphate were observed
significant change oc'curred in the CaWL and controls. PME levels in- yjithin the livers of these animals (18). Another experimental study
creased by 50+ 16% in controls (area under the curve,P < 0.01) and by reyegled altered hepatic metabolism in response to fructose infusion,
87+ 31% in the CaWs patients @ < 0.05) after 45-90 min. In contrast, o, i rats with minimal tumor burden (21). These alterations pre-
no significant changes in PME levels were observed in the CaWL patients. ceded the onset of cachexia, and it was suggested that they were
Plasma insulin concentrations increased during.-alanine infusion in all . ! S .
groups to levels that were lower in the CaWL patients than in the CaWs related to elevated hepatic .gluco_neogenetﬁls in these animals. )
patients and controls @ < 0.05). In lung cancer patients, but not in Because of a lack of noninvasive techniques, data on altered liver
controls, changes in PME and PDE levels during alanine infusion were metabolism in humans with lung cancer are limited. In recent studies
inversely correlated with their respective baseline levelsr(= —0.82 and  using>'P MRS? elevated concentrations of PMEs were observed in
—0.86, respectively;P < 0.001). In addition, changes in PMEs during the livers of weight-losing cancer patients with various tumor types
alanine infusion in lung cancer patients were inversely correlated with the  (22) and lung cancer (23). In contrast, liver PME levels in weight-
degree of weight lossi(= —0.54; P < 0.05). This study demonstrates the gtaple cancer patients were not significantly different from those in
presence of major alterations in the pathway of hepatic gluconeogenesis in healthy subjects. Furthermore, hepatic PME levels were significantly
weight-losing lung cancer patients, as shown by elevated glucose ﬂuxcorrelated with the rate of gluconeogenesis from alanine in lung
before and during L-alanine infusion, and by the increased PME and PDE . . . .
levels, which reflect accumulation of gluconeogenic intermediates in these cancer patients, but n(_)t In hea'FhY SUbJeC_tS (23)'_ MRS StUd'efS have
patients. Weight-stable lung cancer patients show accelerated increases in@/S0 been used to obtain dynamic information on liver metabolism by
PME and PDE levels during L-alanine infusion, suggesting enhanced Monitoring changes in hepatic metabolite concentrations during infu-
induction of the gluconeogenic pathway. Our results suggest altered glu- sion of a gluconeogenic substrate. Changes in PME and ATP levels
coneogenic enzyme activities and elevated alanine uptake within the livers were reported in studies usifgP MRS with L-alanine infusionin
of weight-losing/weight-stable lung cancer patients. vivo in healthy rats (24) as well as in rats after ischemia (25) or
surgery (26). In healthy human$P MRS with either a bolus (27) or
continuous (28) infusion of-alanine has been shown to provide
information on changes in concentrations of gluconeogenic interme-
Weight loss in lung cancer is associated with both impaired theragiates within the liver. However, information on liver gluconeogenic
outcome (1) and reduced survival (1-4). Characteristic featuresifermediates during a metabolic challenge in lung cancer patients is
weight loss in lung cancer are breakdown of both fat mass and skeld&gking.
muscle, whereas visceral organs typically are spared or even enlargethe aims of the present study were to compare glucose metabolism
in the tumor-free livers of weight-losing and weight-stable lung can-
Received 6/14/99; accepted 12/3/99. cer patients and healthy subjects by mean$®fMRS, with infusion

The costs of publication of this article were defrayed in part by the payment of pagé L-alanine as a gluconeogenic substrate. Data were compared with
charges. This article must therefore be hereby masgdertisemenin accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

INTRODUCTION

1 Supported by Grant 94-800 from the Dutch Cancer Society. 3The abbreviations used are: MRS, magnetic resonance spectroscopy; PME,
2To whom requests for reprints should be addressed, at Department of Epidemiolqgypsphomonoester; AUC, area under the curve; CaWL, lung cancer with weight loss;
Maastricht University, 6200 MB Maastricht, The Netherlands. CaWSs, lung cancer with weight stable; PDE, phosphodiester; 3PG, 3-phosphoglycerate.
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flux measurements, using stable isotope tracers before/during alarsitage was reached; phase 2, at 15-min intervals during continualaine
infusion. infusion. Phosphorus MR spectra of the liver were obtained at baseline and at
3-min intervals during.-alanine infusion.
3P MRS of the Liver. t tudi f ith
MATERIALS AND METHODS S of the Liver Spec rosc_opy suc_lles were per orme_d with a
whole-body MR system equipped with a Helicon magnet operating at 2 T

Subjects. The study was approved by the Medical Ethics Committee of tHe/ISion Magn.eton;318|emens AG, Erlangen, Germany). A 16-cm diameter
Erasmus University Medical Center Rotterdam, Rotterdam, The Netherlani@nsmit/receive’H/°!P surface coil was used for MR imaging localization,
Patients with non-small cell lung cancer stage IIA/B or IV (WHO gradin%h'mm'ngr and*P MRS. Elastic bands were used for positioning the coil
system) attending the outpatient department of the University Hospital REteral to the liver in the mid-axillary plane. Field homogeneity achieved in
terdam, The Netherlands, were recruited. Patients who were in remissiorsBfmming resulted in water peak line widths that were usuaid Hz (0.5
apparently cured were excluded. Additional exclusion criteria included liv@PM)- After animage of the region of interest was obtained, a one-dimensional
metastases (as checked for by computed tomography/ultrasound), metatglgmical shift imaging sequence was applied on a transverse slice of 4 cm
disease, corticosteroid treatment, elective surge/ months prior to the centered on the surface coil and the liverX14 phase-encoded matrix, field
study, chemo- o radiotherapy4 weeks prior to the study, alcohol consump-Of View 40 X 40 cn?), yielding volumes of 40< 10 X 4 cn (29). Spectra
tion of >100 g/week (10 glasses), pregnancy, and extreme anorexia or artffer® collected with a 64@s Hanning-sinc-shaped radio frequency pulse,
cial weight reduction by dieting. Healthy subjects without weight loss wer&sulting in a flip angle of 135 degrees in the center of the coil, and 60 degrees
included as a control group. All participants signed informed consent.  (Weighted average) in the liver volume with a repetition tinfelos (40

Experimental Design. All subjects kept a dietary record during 7 days andcquisitions).
refrained from alcoholic drinks for 3 days prior to the MRS measurements. Time domain data were Fourier transformed after gaussian multiplication
Data on pre-illness stable weight, current weight, and weight loss over tffg€nter, 0 ms; width, 30 ms) and phase corrected. Quantification of spectral
previous 6 months were taken from hospital records supplemented with d?§Rk areas was performed using a Numaris-3 software package (Siemens AG,
information from patients. The subjects were studied between 7:30 a.m. dxéangen, Germany), including polynomial baseline correction followed by
1:00 p.m. after an overnight fast (12—14 h). Body weight was measured to frRguency domain curve fitting (30). Metabolite concentrations were calculated
nearest 0.1 kg on an electrical weighing scale (Seca 707; Hamburg, Germafig) peak areas and expressed relative to total MR-detectable phosphate as
height was measured to the nearest 0.1 cm, and the thicknesses of fifficribed previously (22). Total MR-detectable phosphate did not change
skinfolds (triceps, biceps, subscapular, and supra iliac) were measured todH#ng L-alanine infusion (data not shown).
nearest 0.2 mm, using a standard skinfold caliper (Holtain Ltd., London, Substrate Concentrations and Glucose Turnover.Blood samples were
United Kingdom). A cannula (0.& 25 mm) was placed in the left cubital vein collected in tubes containing lithium heparin (Vacutainer; Becton Dickinson,
for the infusion of the stable isotope tracer and unlabeledanine. In the Meylan Cedex, France) and stored immediately on ice. After centrifugation (10
contralateral cubital vein, an identical cannula was positioned for blood safin, 1200 x g, 4°C), the plasma was collected and stored-20°C until
pling. To determine whole-body glucose turnover, a solution was prepar@galysis. Blood glucose concentrations were measured enzymatically with a
containing [6,62H,]-p-glucose, 98 atom% (Mass Trace, Woburn, Massach@lucose-oxidase/peroxidase assay system (Boehringer Mannheim, Mannheim,
setts) in water, sterilized by autoclaving in glass vials. A solution of (unlg&ermany). Plasma alanine concentrations were determined enzymatically as
beled)L-alanine in water (100 g/l; Bufa B.V., Uitgeest, The Netherlands) wadescribed by Williamson (31). Isotopic enrichment of deuterium-glucose (mole
prepared, sterilized by autoclaving in glass bottles, and warmee3@fC. percent excess) in plasma was determined by gas chromatography-mass spec-

The study consisted of two phases. During the first phase (baseline)iremetry as described previously (13). Plasma concentrations of insulin and
priming dose of 0.03 mmol/kg of [6,8+,]-glucose was administered, fol- glucagon were determined at two time points during baseline and two time
lowed by a continuous infusion of 0.01 mmol/kg/h for 90 min. During thgpoints during.-alanine infusion by radioimmunoassay techniques (Biosource,
second phase, a priming dose of 1.4-2.8 mmol/kg unlabelgidnine was Fleurus, Belgium, and Euro-Diagnostica, Sweden, respectively).
administered in 5-8 min, followed by a continuous infusion of 2.8 mmol/kg/h Statistical Analysis. Results are reported as meahsSE. In each exper-
L-alanine for 90 min to reobtain a steady state; simultaneously, the isotdpeent, the mean of five subsequent MR spectra was used as baseline value for
tracer infusion was continued. Venous blood samples were collected as faliculations. Mid-time points of MRS data acquisition at 15-min intervals
lows: phase 1, one sample immediately before the isotope tracer infusion wasingL-alanine infusion€.g.,7.5, 22.5, and 37.5 min) were used for graphical
started (for determination of background enrichmenfiafglucose) and at representation, with values being expressed relative to the baseline value of
10-min intervals from 30 to 90 min during isotope tracer infusion, after steadealthy control subjects (100%). As a measure of overall spectral response,

Table 1 Characteristic§ of study population

Lung cancer group P
Control Caws CawL Cancervs. CaWL vs.
(n=12) (n=12) (n=9) controls Caws

Age (years) 37-69 38-76 53-81 <0.01 0.20
Gender (M/F) 2/10 715 712
Disease stage (IIIA/IIIB/IV) 1/5/6 3/2/4
Previous therapyn)®

Surgery 0 2 2

Radiotherapy 0 6 4

Chemotherapy 0 6 0
Weight (kg) 77.0+ 3.0 72.8+ 3.4 60.9+ 3.5 0.36 0.02
Weight change (kg) 0 1 —9.0+x14 0.56 <0.001
Weight change (%) 0 *1 —-12+2 0.59 <0.001
% ldeal body weight 1245 1175 96+ 5 0.33 <0.01
Body mass index (kg/ﬁ) 25.8+ 1.0 25.1+ 1.0 209+ 1.1 0.62 0.01
Sum of skinfolds (mnf) 71+ 6 63+ 6 30+4 0.29 <0.001
Albumin (g/l) 46+ 1° 43+ 1° 38+ 2° 0.34 <0.01
Prealbumin (g/l) 0.30- 0.01 0.29+ 0.01° 0.17+ 0.0 0.47 <0.001

#Mean = SE.
® Range.

¢ Antitumor treatment: surgery3 months, or radio- and chemotherapyt weeks prior to the MRS study (number of patients).
9 'sum of four skinfolds: biceps, triceps, supra iliac, subscapular (mm).
€ One value missing.
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Plasma Substrate Concentrations and Flux Measurements.

w.: 01 * Fasting blood glucose levels were similar in lung cancer patients

- (CaWwL patients, 5.8t 0.3 mv; CaWs patients, 5.3 0.2 mv) and

2 o081 healthy subjects (5.% 0.2 mm) and did not change duringalanine

g infusion (CaWL patients, 5.2 0.4 mv; CaWs patients, 5.0 0.1

£ 06 mwm; controls, 5.5+ 0.2 mv). Baseline plasma alanine concentrations

E were similar between lung cancer patients and healthy controls (0.35—

3 044 0.37 mv). L-Alanine infusion caused a sharp and highly significant

,=Ez ' O Control rise in plasma alanine concentrations to a mean of 53714 mv in

S o2 BCaWs the CawL patier_ns, 6.67 0.51 mm in the CaWsS patients, and

g W CawL 8.47 = 0.88 mm in the controls (CaWLver_susCaWS and CaWS_.

8 versuscontrols,P < 0.001). These postalanine plasma concentrations
0.0 were significantly different between all groug® € 0.001). Turnover

Baseline L-alanine rates of glucose at baseline and duringlanine infusion are pre-

Fig. 1. Whole-body rate of appearance (turnover) of glucose before and duriﬁ&med in Fig. 1. Whole-body glucose turnover at baseline was 35%
primed-continuous.-alanine infusion in healthy control subjec&dntrol, n = 10) and  higher in the CaWL patients compared with both the CaWs patients
and controls P < 0.01). Although during alanine infusion values of
Results are presented as meaosimn3; bars SE. Results for CawL patients were glucOSe turnover appeared to increase in all groups, this was only

weight-stable Caw$S n = 12) and weight-losingGaWL, n = 6) lung cancer patients.
Turnover rates were assessed using a primed-constant infusion ofHg;@tucose.

significantly different from CaWs patients and controis:P < 0.05; ++, P < 0.01  statistically significant in the CaWS group (0.650.02 mmol/kg/h;

(ANOVA, adjusted for age and gender). #, significantly different from basefine:0.05

(pairedt tess). P < 0.05). Glucose turnover during alanine infusion was still 36%
higher in CaWL patients than in CaWsS patients and controls

(P < 0.05).
Hepatic Concentrations of Gluconeogenic IntermediatesBase-

integrals of time-response curves (AUC) of peak areas over the 0—45, 45—1%% PMEs were significantly elevated

and 0-90 min intervals during-alanine infusion were calculated and ex-
pressed relative to the baseline values. Between-group differences in basve%
values and response to alanine infusion were analyzed using ANOVA.
Changes from baseline values were analyzed using Student's piatestl
Differences between groups were analyzed by multiple regression analysig,
using age, gender, and priming doseLeflanine as covariates. Pearson’s
correlation coefficients were calculated between baseline metabolite concen-
trations (expressed relative to total MR-detectable phosphate) and absolute
metabolite change (AUC) per minute duringalanine infusion. Statistical
significance was set & < 0.05.

RESULTS

PME (%)

Study Population. Twenty-one patients with non-small cell lung
cancer were included in the study: 9 weight-losiegh@6 weight loss;
CaWL patients) and 12 weight-stable patientsc§6 weight loss;
CaWs patients). Twelve healthy subjects were included as controls.
Characteristics of the study population are listed in Table 1. The mean
age of the lung cancer patients was higher than in controls, although
age ranges largely overlapped. The disease stage was similar in the
CaWL and CaWs patients. The previous antitumor treatment was algp
comparable in both groups, except for chemotherapy, which had been
given as a previous treatment in six CaWs patients but in none of the
CaWL patients. Note that none of the patients received any antitumor
therapy at the time of the study. The CaWL patients had lost-9104
kg (mean= SE) or 12% (range, 6—22%) of their pre-iliness stable
body weight within the 6 months preceding the study. Body weight,
body mass index, and sum of skinfolds were significantly lower in the
CaWL patients compared with the CaWS patients and controls
(P < 0.05). Albumin and prealbumin levels were also significantly
decreased in CaWL patients. Liver function tests were normal in all
subjects. All patients had a history of smoking, compared with 42% of
the healthy subjects. Thirty-eight percent of the CaWL patients, 33%
of the CaWs patients, and 33% of healthy control subjects were actual

PDE (%)

in CaWL patients

0.5 = 1.0%) compared with CaWS patients and controls
9 + 0.5% and 7.9+ 0.7%, respectivelyP < 0.01, corrected for

180 1

160 A

120 A

100

80 4

60

120 1

100 4

80 1

60 4

-10 0 10 20 30 40 50 60 70 80 90
Time of L-alanine infusion (min)

smokers at the time of study. No differences in energy intake wereFig. 2. PME @) and PDE B) concentrations in the livers of healthy control subjects

detected between any of the groups. Because of the differences in aqgn:ts

9) as well as weight-stabl@®( n = 10) and weight-losing&; n = 7) lung cancer
during a primed-constant infusion_edlanine (initial priming, 1.4-2.8 mmol/kg;

and gender between the groups, all data were checked for poteni@kion, 2.8 mmolikg/h)Curvesrepresent meanbars, SE. Baseline values are means of
confounding by age or gender. Although in no case significant wHhwe spectra acquired in each subject beforalanine infusion. Values are expressed as

confounding by age nor gender observed, all presented statistf

ercentage of mean baseline value of healthy subjects (100%). Times dalagine
fiftSion are mid-time points of'P MRS data collection referenced to the start of the

analyses are adjusted for age and gender. L-alanine infusion @ = baseline).
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Table 2 Hepatic phosphorus metabolite levEsiter primed-constant infusion efalanine in healthy control subjects and lung cancer patients

Lung cancer pP
Time of alanine Control Caws CawL Cancervs. CaWL vs.

infusion (n=9) (n = 10) n=7) controls Caws

PME 0-45 min 21+ 9 58+ 14° 7+8 0.31 0.02
45-90 min 50+ 16° 87+ 31¢ 7*x9 0.55 0.22

0-90 min 33+ 119 69 + 19° 11+ 10 0.35 0.28

PDE 0-45 min —-5+7 32+ 20 23+ 15 0.56 0.23
45-90 min -3*10 40+ 33 9+ 12 0.49 0.24

0-90 min —-8=*5 30+ 22 12+ 11 0.46 0.32

@ Area under the curve duringalanine infusion expressed as change from baseline (%, megE).
b Eor between-group differences in response to alanine infusion adjusted for age, gendea)amide prime dose.
cdpifference from baseline values (Student's paitddst):° P < 0.01;9P < 0.05.

age), as reported previously. No differences in PDEs (CaWL grouplSCUSSION

30.6 = 1.9%; CaWs group, 27.& 2.2%; controls, 31.4- 2.0%) In th t studv. hepatic al is f lanine in |
were observed between the groups. n the present study, hepatic gluconeogenesis from alanine in lung
: . . ) : .cancer patients was monitored by means'$f MRS during an i.v.
In Fig. 2, changes in hepatic metabolite concentrations durin

2 . : . Lgalanine challenge, and information on gluconeogenic intermediates
L-alanine infusion are shown. PMEs increased gradually in th

trol d hed statistical signifi t 60 riRe(0.01 Was obtained noninvasively. Simultaneously, glucose turnover before
controls and reached statistical significance a 7(0.01). and duringL-alanine infusion was measured using stable isotope

In CaWs patients, PMEs showed a sharp and highly significant rigg .o,

during the first 30 min and were still significantly elevated at 75 G|ycose flux was significantly elevated in CawL patients at base-
min of L-alanine infusion P < 0.05). The slope of the PME | compared with CaWsS patients and control subjects, confirming
concentration from 0 to 30 min was significantly steeper in CaWger studies (7, 13). Changes in glucose turnover duriaganine
patients than in controls (2.48 0.50%/minversus0.77 + 0.45%/ infusion were minimal, as could be expected in view of the autoreg-
min; P = 0.01). In contrast, PME concentrations in CaWL patientglatory mechanisms that control hepatic glucose output (32—34). Liver
did not change significantly during alanine infusion. PDEs initiallPME levels increased during alanine infusion in both Caws patients
decreased in controls but increased in both CaWS and CaVilhd controls, confirming studies performed in healthy animals (24)
patients, with significantly different slopes for the PDE curves

between 0 and 30 min for the CaWL and CaWsS patiargssus A

healthy subjects (0.62 0.33%/min and 1.26- 0.77%/minversus —

—0.57 = 0.33%/min, respectively® = 0.02). PDE levels as such L-alanine infusion I

were not significantly different from baseline at any time point in
any of the three groups.

Overall Changes during L-Alanine Infusion: AUC. Overall
changes in metabolite concentrations dunirglanine infusion rela-
tive to baseline are presented in Table 2. During the first 45 min of
alanine infusion, the increase in PME concentrations was significantly
less in CaWL patients than in CaWs patients and contRls 0.02).

At 45-90 min of alanine infusion, this difference in response between
the CaWL and CaWs patients and controls remained, although it was
no longer statistically significant.

Hormone Levels. Plasma insulin and glucagon levels are pre-
sented in Fig. 3. Baseline insulin concentrations were lower in CaWL
patients than in the CaWs patients and contrBis<(0.05). Insulin
levels showed a strong increase at 45 minLedlanine infusion
(P < 0.01) and were still significantly elevated from baseline at 90
min in all groups P < 0.01). In CaWL patients, insulin levels
remained significantly lower than in both the CaWS and control
groups during the 90 min of alanine infusioR  0.01). Baseline
glucagon levels were similar in all groupsAlanine infusion caused
a substantial rise in plasma glucagon at 45-90 min in all groups
(P < 0.01). No significant differences in glucagon concentrations
during alanine infusion were observed between any of the groups.

Correlations. Spectral changes in PMEs and PDEs during alanine

Insulin (mU/l)

Glucagon (ng/l)

infusion were strongly dependent on their respective baseline concen- 0 . . i . . .
trations in lung cancer patients € —0.82 and—0.86, respectively; -120 -80 -40 0 40 80 120
P < 0.001) but not in controlsr(= —0.07 and—0.30, respectively; Time (min)

Fig. 4). Furthermore, patients with a higher degree of weight l0SSFig. 3. Plasma insulin4) and glucagong) concentrations in healthy control subjects

showed smaller increases in PME levels during alanine infusi%ﬂ n = 10), weight-stable®; n = 10) and weight-losing; n = 6) lung cancer patients
efore and during a primed-constant infusion weélanine (initial priming, 1.4-2.8

(r = —0.54;P < 0.05). mmol/kg; infusion, 2.8 mmol/kg/h)Curvesrepresent meangars, SE.
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and humans (27, 28), in which this rise in PMEs was attributed fdasma alanine concentrations in weight-losing lung cancer patients
increased concentrations of 3PG (24, 27). Our finding in the pres¢B8, 39). In the present study, we did not detect any differences in
study that in CaWSs patients, PMEs increased significantly faster anaseline plasma alanine levels between the two groups of lung cancer
reached levels twice as high as in healthy subjects may reflect a mpatients and healthy subjects. This indicates that the elevated alanine
rapid rise in concentrations of 3PG in the livers of these patients. flnx reported previously in weight-losing lung cancer patients (13) is
contrast, in CaWL patients, PME levels were already elevated @iunterbalanced by increased alanine uptake in the liver, resulting in
baseline and did not increase any further during alanine infusiaimilar plasma levels in CaWL and CaWs patients, and controls. It is
Moreover, a strong negative correlation between baseline PME levetsgeworthy that although plasma alanine concentrations increased
and the increase in PMEs during alanine infusion was observedsignificantly in all groups during infusion af-alanine, they did not
lung cancer patients, but not in healthy controls, suggesting that therease to the same extent in all groups, but in the order
3PG levels in CaWL patients were maximal at baseline and could r@aWL < CaWs < controls £ < 0.001). Because all statistical
be increased any further by an i.v. alanine challenge. analyses were adjusted for alanine priming dose, these differences
Although mean PDE concentrations were similar in lung cancarere not explained by the alanine priming dose. This would imply that
patients and healthy controls both at baseline and during alanalanine uptake by the liver during alanine infusion is increased in lung
infusion, a significant difference in slope between patients (increas@ncer patients, especially in weight-losing patients.
and healthy subjects (decrease) was detected in the first 30 min oElevated activities of gluconeogenic key enzymes in the livers of
alanine infusion. As for PMEs, changes in PDEs during alanitamor-bearing hosts have been reported by several authors, which
infusion were negatively correlated with baseline PDE levels in lurgpuld explain the elevated PME levels in CaWL patients at baseline,
cancer patients but not in healthy subjects. The PDE resonance caswell as the faster and larger increase in PMEs observed in CaWs
tains components of phospholipid membranes, such as glycerophmastients during alanine infusion. Increased PDE and PME levels
phorylethanolamine and glycerophosphorylcholine, and the gluconewing alanine infusion, most likely reflecting elevated phosphoenol-
genic intermediate, phosphoenolpyruvate (35). In liver extracts pyruvate and 3PG concentrations, could be explained by enhanced
healthy rats, post-alanine infusion phosphoenolpyruvate concentativities of pyruvate carboxylase (converting pyruvate into oxaloac-
tions were significantly elevated (24, 27), suggesting that the increagate) and/or phosphoenolpyruvate carboxykinase (converting oxalo-
in PDE in lung cancer patients observed in the present study is masetate into phosphoenolpyruvate). The observed increase in glucose
likely due to elevated accumulation of phosphoenolpyruvate. production could also be the result of enhanced glucose-6-phospha-
The mechanisms involved in the increasing levels of PME befotase activity. Indeed, animal studies showed elevated activities of
and during alanine infusion in lung cancer patients could be enhangaauvate carboxylase in the livers of rats bearing mammary adeno-
uptake of alanine within the hepatocytes and/or elevated gluconearcinomas (40), and phosphoenolpyruvate carboxykinase (41) and
genic enzyme activity. In animal studi@s vivo, alanine concentra- glucose-6-phosphatase (42) in the livers of sarcoma-bearing rats.
tions in the livers of tumor-bearing hosts were elevated (36), wherdgactors that may be involved in the enhanced activities of gluconeo-
plasma alanine concentrations were decreased (37), suggesting gd@ic enzymes are decreased insulin or increased glucagon concen-
vated uptake of alanine by the liver. Some authors reported redudeations (37, 43, 44), which would stimulate gluconeogenic key en-
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zymes (45). Relatively higher glucagon:insulin ratios were observéd Herzfeld, A, and Greengard, O. The effect of lymphoma and other neoplasms on
in CaWL patients compared with CawWs patients hepatic and plasma enzymes of the host rat. Cancer 8&231-238, 1977.
P X p p i . 18. Argiles, J. M., and Lopez-Soriano, F. J. The energy state of tumor-bearing rats.
In summary, this study demonstrates the presence of major alterations, Biol. Chem. 266: 2978—2982, 1991.
in gluconeogenesis in the tumor-free livers of lung cancer patients béﬁnzagnzhehp- Ch BT”J- D, Wllllartr:s, SHCI;, %ates, L- |E AbelaP-lD-, and Foster, C. i
. . B . _ B . tere! phosphory ation status, phospholipi metabolism an gluconeogenesis in the
with and without Welght loss. Welght Iosmg Iung can_cer p_atle_nts have host liver of rats with prostate cancer># magnetic resonance spectroscopy study.
markedly elevated glucose flux before as well as duriadanine infu- Br. J. Cancer7: 1303-1309, 1993.
sion. This is also confirmed by elevated PME and PDE levels within t38- Schneeberger, A. L., Thompson, R. T., Driedger, A A., Finley, R. J., and Inculet, R. I.
. . . L. . . Effect of cancer on thé vivo energy state of rat liver and skeletal muscle. Cancer
liver, which reflect accumulation of gluconeogenic intermediates in these gas 49: 11601164, 1989.
patients both before and during alanine infusion. Neither glucose flux rar Gehman, K. E., Inculet, R. I, Brauer, M., Marsh, G. D., Driedger, A. A., and
the concentrations of gluconeogenic intermediates within the liver Thompson, R. T. Early detection of cancer cachexia in the rat uSignagnetic
. . . . . R . resonance spectroscopy of the liver and a fructose stress test. NMR Bid¥ned.,
showed any change during alanine infusion in weight-losing cancer 271_775 1906.
patients, suggesting that gluconeogenesis is already maximally inducettaPagnelie, P. C., Sijens, P. E., Kraus, D. J. A., van Dijk, P., van den Berg, J. W. O.,
: . : . _ . . lanting, A., Oudkerk, M., and Wilson, J. Abnormal liver metabolism in cancer
baseline in these patients. Weight-stable Iung cgncer patients, having %atiems detected bJP MR spectroscopy. NMR Biomed., in press, 2000,
normal glucose flux, showed an accelerated rise in PME and PDE levels eij-Halfwerk, S., Dagnelie, P. C., van den Berg, J. W. O., and Sijens, P. E. Hepatic
duringL-alanine infusion. Our results suggest that both altered gluconeo- sugar phosphate levels and rate of gluconeogenesis in lung cancer: simultaneous

; >R , ; t ts aftP fi troscapyivo. Clin. Sci.
genic enzyme activities within the liver and elevated alanine uptake are ;- oys | casdrements ant: magnetic resonance spectroscapyive. tin. Sci

involved in these abnormalities. 24.
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