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ABSTRACT an increase in body fluid (4). Another appetite stimulant, the serotonin
o ) ) ) antagonist cyproheptadine, failed to significantly abate progressive
Calncer fa_Chex'a IS Ch;“?de”zed tl’y S]:e'ECt'V‘? dip'e“,on of Skﬁ'etf”" weight loss in cachectic patients (5). Thus, provision of excess calo-
MUSCIE Protein TESEIVES. S0leus MUSCIES Trom mice bearing a cacheXias;q s a10ne js unable to counteract loss of skeletal muscle in cachexia.
inducing tumor (MAC16) showed an increased protein degradationin These results suggest that metabolic alterations in cachexia are
vitro, as measured by tyrosine release, when compared with muscles from ) h 99 o diati | ¢ skeletal |
nontumor-bearing animals. After incubation under conditions that mod- ~ MOre Importa.lnt than anorexia in me lating loss of skeleta muscie.
ify different proteolytic systems, lysosomal, calcium-dependent, and ATP- Whereas various cytokllnes have .been pqstulated to .be responsible for
dependent proteolysis were found to contribute to the elevated protein the metabolic changes in cachexia seen in some animal models, there
catabolism. Treatment of mice bearing the MAC16 tumor with the poly- is little evidence that they play a major role in human cancer cachexia
unsaturated fatty acid, eicosapentaenoic acid (EPA), attenuated loss of (6). We have isolated a PiFproduced by cachexia-inducing murine
body weight and significantly suppressed protein catabolism in soleus (7) and human tumors (8), which is distinct from the cytokines and is
muscles through an inhibition of an ATP-dependent proteolytic pathway.  gple to induce protein catabolism directly in isolated skeletal muscle
The ATP-ubiquitin-dependent proteolytic pathway is considered to play a (9). PIF was found to be excreted in the urine of patients with
major role in muscle catabolism in cachexia, and functional proteasome carcinomas of the pancreas. liver. rectum. colon. breast. lund. and
activity, as determined by "chymotrypsin-ike” enzyme activity, was sig- ovary where the we?ght loss {/vas g’reater th:em or e'qual to 1 kg/?ﬁonth

nificantly elevated in gastrocnemius muscle of mice bearing the MAC16 ) . . . .
tumor as weight loss progressed. When animals bearing the MAC16 (10). PIF was detected in the urine of 80% of patients with pancreatic

tumor were treated with EPA, functional proteasome activity was com- Ccancer (n= 55; Ref. 11). These patients had a significantly greater
pletely suppressed, together with attenuation of the expression of 20S total weight loss and rate of weight loss than in patients without PIF
proteasomea-subunits and the p42 regulator, whereas there was no effect in the urine. The activity of PIF is attenuated by the polyunsaturated
on the expression of the ubiquitin-conjugating enzyme (E2,). These fatty acid, EPA, in model systems (12), and EPA is able to prevent the
results suggest that EPA induces an attenuation of the up-regulation of weight loss induced by the MAC16 colon adenocarcinoma, with
proteasome expression in cachectic mice, and this was correlated with an preservation of lean body mass (13). This effect is attributable to
increase in myosin expression, confirming retention of contractile pro- j,hibition of the increased protein degradation seen in skeletal muscle.
teins. EPA also inhibited growth of the MAC16 tumor in a dose-dependent EPA alone has been shown to attenuate the development of weight

manner, and this correlated with suppression of the expression of the 20S | . ti tients (14 d. when i ted int
proteasome a-subunits in tumor cells, suggesting that this may be the 0ss in pancreatic cancer patients (14) and, when incorporated into a

mechanism of tumor growth inhibition. Thus EPA antagonizes loss of Nutritional supplement, produced significant weight gain (2.5 kg at 7
skeletal muscle proteins in cancer cachexia by down-regulation of protea- Weeks; Ref. 15). Unlike nutritional supplementation alone, body com-
some expression, and this may also be the mechanism for inhibition of position analysis showed a significant gain in lean body mass with no
tumor growth. change in fat mass or percentage body water. This suggests that an

EPA-enriched nutritional supplement may be able to reverse cachexia

in advanced pancreatic cancer. A recent clinical study (16) in patients
INTRODUCTION with generalized solid tumors also showed EPA to prolong survival.

Cancer patients with cachexia show a specific depletion of their Tere are three major proteolytic pathways responsible for the
skeletal muscle mass, whereas the visceral protein compartmentc@abolism of proteins in skeletal muscle: the lysosomal system,
mains unchanged (1). This loss of muscle protein forms part of tM\@lch is predominantly concerned with proteoly3|s_ of ext_racellular
syndrome of cancer cachexia, which results in the loss of function Rfioteins and cell surface receptors (17); a cytosoli¢ ‘Gactivated
the cancer patient and eventually death from hypostatic pneumorfi¥Stém, which may play an important role in tissue injury, necrosis,
attributable to the loss of respiratory function. and autolysis (18) and which is independent of ATP; and an ATP-
Most treatments that have been investigated to alleviate this terpiquitin-dependent proteolytic pathway, which is believed to be

nal decline have not succeeded in attenuating the loss of muscle mgasgponsmle for the breakdown of the bulk of the intracellular proteins
Thus, administration of total parenteral nutrition resulted in a shoffl Skeletal muscle (17). In the present study, the effect of EPA on each
term weight gain, suggesting retention of water (2), whereas boe{,the proteolytic pathways has been examined in skeletal muscle of
composition analysis showed no preservation of lean body mass &hge bearing the MAC16 tumor, which produces profound cachexia
a temporary maintenance of fat stores. The appetite stimulant megh small tumor masses (19). Previous studies (20) have shown that
trol acetate has also been shown to induce a weight gain of gredf§ ATP-ubiquitin-dependent proteolytic pathway is responsible for
than 5% in 15% of the patients treated (3), although body compositig?? loss of skeletal muscle in such cachectic mice, and attention has
analysis showed no evidence for an increase in lean body mass, B8 focused on this catabolic pathway.

the weight gain appeared to arise from an increase in adipose tissue or
MATERIALS AND METHODS
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implanted s.c. in the flank with fragments of the MAC16 tumor by means @fuantitate differences, and a parallel gel was silver stained to ensure equal

a trochar, selecting from donor animals with established weight loss (1®)ading.

Weight loss was evident 10—12 days after transplantation, when the animal$tatistical Analysis. Values are given as mean SE. Differences between

were randomized to receive EPA (0.5 and 2.5 g/kg/day) p.o. by gavage or oly@ups were determined by a two-factor ANOVA, followed by Tuckey’s test.

oil as control. Nontumor-bearing animals of the same age and weight formed

a control group. All of the groups contained 6—8 mice. Animals were treat?ﬂESULTS

at 0, 24, and 48 h, and body weight and tumor volume were monitored daily.

They were terminated by cervical dislocation 2 h after the last dose. The soleushe effect of EPA on body weight of mice bearing the cachexia-

muscles were quickly dissected out, together with intact tendons, and m"’leucing MAC16 tumor is shown in Fig. 1. Animals with a 8.1%

tained in isotonic ice-cold saline before determination of protein degradati%eight loss were randomized to receive either olive oil (control) or
Materials. Mouse monoclonal antibody to 20S proteasome subunilts2, PA p.o. at two dose levels (0.5 and 2.5 g/kg) over a 48-h period. This

3,5, 6, and 7 (clone MCP231) was purchased from Affiniti Research Produc sél nsidered to be th fliest point at which an effect Id b
Exeter, United Kingdom. Mouse monoclonal antibody to p42 was a gift fro S considered 1o be the earliest point a ch an efiect cou e

Dr. Jane Arnold. Rabbit polyclonal antisera to ubiquitin-conjugating enzyni€n- Previous studies (13) Used_ dal!y dosing over a 10-Qay p.enod_
E2 (anti-UBC2 antibody) was a gift from Dr. Simon Wing, McGill University, 1 here was a dose-related reduction in body weight loss in animals
Montreal, Quebec, Canada. The antibody recognizes both isoforms,gf EAreated with EPA, which was significant at both dose levels and an
encoded by HHR6A and HHR6B (21). Ti#HR6Bgene encodes the isoform increase in soleus muscle wet weight at 2.5 g/kg EPA (3:13.02

for which mRNA levels increase in atrophying muscles. The antibody detectadd 0.11+ 0.02 for EPA and control group, respectively).

E2,4 as aM, 17,000 band. Mouse monoclonal antibody to myosin was The role of lysosomal proteolysis in protein degradation in soleus
purchased from Novacastra (Newcastle-upon-Tyne, United Kingdom). Pergyyscle of control mice and those bearing the MAC16 tumor and the
idase-conjugated rabbit antimouse antibody was purchased from Dako ld&act of EPA on this process is shown in Table 1. In all of the
(Cambridge, United Kingdom), and peroxidase-conjugated goat antirabQ{{,eiments except for that shown in Table 1, there was a significant

antibody was purchased from Sigma Chemical Co., Dorset, United Kingdom'crease in protein catabolism in soleus muscles from mice bearin
Determination of the Mechanism of Muscle Protein Degradation.The P 9

freshly dissected soleus muscles were fixed via the tendons to aluminum Wi§ MAC16 tumor (Table 2 and Table 3). However, the overall
supports, under tension, at approximately resting length to prevent mus@Merage from muscles incubated with methylamine=( 20) show
shortening and preincubated for 45 min in 3 mi of oxygenated (95% oxygef@ntrol 422+ 34 umol of tyrosine g* 2 h™* and MAC16 695+ 3
59%carbon dioxide) Krebs-Henseleit bicarbonate buffer (pH 7.4) containingegnol of tyrosine g* 2 h™* (P = 0.001). Lysosomal function in
mm glucose and 0.5 mn cycloheximide. The protein degradation rate wasnimals bearing the MAC16 tumor was blocked with methylamine, an
determined during a further 2-h incubation by the release of tyrosine (22). Fahibitor of lysosomal acidification (23). As reported previously (20)
the evaluation of lysosomal proteolysis, the incubation medium contained ffcontrol animals, lysosomal proteolysis did not contribute to overall
mm ammonium chloride, 250m chloroquine, 10 m methylamine, and 3gM  protein degradation. There was a significant attenuation in overall
leupeptin (23). Calcium-dependent proteolysis was determined by Comparg\%tein catabolism in both control and tumor-bearing animals admin-

the rate_of tyrosine rEIE.ase from ".]usc'e.s incubated in me(.j'um containing Fered EPA, and this difference was maintained in the presence of
mm calcium with those incubated in calcium-depleted medium containing the

calpainl and II inhibitor E-64 (100um; Ref. 24). The muscles were also methylamine (Table 1), showing that EPA inhibited a proteolytic
incubated in the presence of 10wmethylamine to inhibit lysosomal protein Pathway other than the lysosomal system.

degradation. To study the role of energy-dependent proteolysis, muscles werd© determine the role of the €a-dependent pathway, soleus
depleted of intracellular ATP by a 1-h preincubation in medium containing Huscles were incubated in the presence of E64, which is known to
mm deoxyglucose and 0.2 msodium azide in the absence of glucose. Thélock calpainsl andII (24) in the absence of €a. There was a
muscles were then incubated for an additional 2 h in the absence of calcigignificant reduction in the rate of protein degradation in both control
and with inhibition of lysosomal protein degradation, and the tyrosine releasgflimals and in mice bearing the MAC16 tumor, suggesting that the
was compared with that from muscles incubated in the presence afi 5 w2 -dependent pathway contributed to protein degradation (Table
glucose. Thus, changes in tyrosine relegse reflect nonlysosomal, calci%\l- EPA significantly inhibited protein degradation in the animals
independent, energy-dependent proteolysis. bearing the MAC16 tumor, but this inhibition was not seen in the

Measurement of Proteasome Activity. The chymotrypsin-like activity of Lo
the proteasome was determined fluorometrically according to the methodp(ggsence of E64 (Table 2), although E64 produced a significant

Orino et al. (25), with some modifications. Cells were washed twice with
ice-cold PBS and scraped from the substratum into 20Tms HCI (pH 7.5), 105 -
2 mv ATP, 5 mv MgCl,, and 1 nm DTT (0.5 ml). The cells were dissociated
by sonication with three pulses of 15 s with 10-s intervals at 4°C. The sonicate
was then centrifuged for 10 min at 15,000 rpm at 4°C, and the resulting
supernatant (0.1 ml) was used to determine chymotrypsin-like activity using,
the fluorogenic substrate succinyl-LLVY-MCA (0.1 in a total volume of % 95 1
0.2 ml of 100 nm Tris HCI (pH 8.0) for 1 h. The reaction was terminated by S
the addition of 80 m sodium acetate (pH 4.3; 1 ml), and the fluorescence wage 90 -
determined with an excitation wavelength of 360 nm and an emission wave-
length of 460 nm after further dilution with 2 ml 80nmsodium acetate. The 85 -
activity was adjusted for the protein concentration of the sample, determined
using the Bradford assay (Sigma Chemical Co.).

Western Blot Analysis. Samples of gastrocnemius cytosolic protein (2.5 to
5 ng) were resolved on 10% SDS-PAGE and transferred to paSaitrocel-
lulose membranes (Hybond A; Amersham, Herts, United Kingdom), which Time (h)
had been blocked with 5% Marvel in Tris-buffered saline (pH 7.5) at 4°C fig 1. Effect of p.o. dosing of female NMRI mice bearing the MAC16 tumor and with
overnight. The primary antibodies to 20S and,E2vere used at a 1:1000 established weight loss (8.1%) with either olive oil (2.5 g/ky; EPA (2.5 g/kg;®), or
dilution, whereas those for p42 and myosin were used at 1:120 and 1:2B68A (0.5 g/kg) together with olive il (2.0 g/kds) on body weight (including the tumor
ss). Animals were treated at times 0, 24, and 48 h and were terminated 2 h after the final

respectively. The secondary antibodies were used at a 1:2000 dilution. In se for additional studies. Differences from the control group are indicated as: (a)

bation was for 70 min at room temperature, and development was by enhanged o,05: (b)P < 0.01; and (c)P < 0.001 as determined by one-way ANOVA with
chemiluminescence (Amersham). Blots were scanned by a densitometeBdoferroni correction.
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Table 1 The effect of inhibition of lysosomal function on protein degradation in soleugausing a decrease in activity, although this was still significantly
muscle of control mice and those bearing the MAC16 tumor, with or without reater than that found in nontumor-bearing control animals. In con-
administration of EPA (2.5 g/kg) g . . g .
trast, the chymotryptic activity of heart muscle was found to be
decreased with weight loss. These results correlate with the loss of
Addition ca C+EPA PP T2 T+EPA PP gastrocnemius muscle and preservation of heart muscle in cachectic
None 533+ 55 423+36 <0.01 576+24 400+28 <0.05 mice bearingthe MAC16 tumor. To measure the functional activity of
’\P"bemy'am'“e 52’\% 70 45%\?544 <0.01 42?020 357Nis7 <001 the proteasome after administration of EPA, the “chymotrypsin-like”
. . - : enzyme activity in gastrocnemius muscle was determined in the
aC, control mice; T, mice bearing the MAC16 tumor. b fth inhibi | . 0. 2
P NS, not significant; number of animals; @,= 6; T, n = 8. Control and tumor- absence or presence of the prOteaSOme inhibitor 'actacystln @o. <.
bearing groups were run concurrently. There was complete loss of lactacystin-suppressible enzyme activity
at both dose levels of EPA, suggesting complete inhibition of the
increased proteasome activity seen in skeletal muscle of cachectic
ranimals. To determine cellular expression of proteasome subunits,

Protein degradatiorunol tyrosine g * 2 h™ 1)

Table 2 The effect of inhibition of the é’é’—dependent proteolytic system on protein
degradation in soleus muscle of control mice and those bearing the MAC16 tumo

with or without administration of EPA (2.5 g/kg) supernatants of gastrocnemius muscles were Western blotted using
Protein degradationumol tyrosine g * 2 h™ %) MCP231 antibody, a murine monoclonal to the 20S proteasome,
which reacts with the six different-type subunits (Fig. 3). Three
Addition c® C+EPA P° T  T+EPA PP yp (Fig. 3)
caCl, 459+ 4 410+5 NS 618+22 516+ 12 <0.005
No C&" + Inhibitor 384+ 2 381+21 NS 441+6 475+7 NS
po <0.01 NS <0.005  0.05 A 250

2C, control mice; T, mice bearing the MAC16 tumor.
PNS, not significant; number of animals; @, = 6; T, n = 8. Control and tumor-

bearing groups were run concurrently. 200 ;(—\)?
4L
% of activity 4, ax/ \a
Table 3 The effect of inhibition of ATP production on protein degradation in soleus without X
muscle of control mice and those bearing the MAC16 tumor, with or without .

administration of EPA (2.5 g/kg) welght loss 100x a

Protein degradatiorumol tyrosine g * 2 h™?%) \M[
Addition c* C + EPA p° T T + EPA PP 50
None 476+ 19  441x25 NS  591+20 440=36 <0.01 0 | | \ 1
—ATP 446+ 39 436+ 51 NS  436+23 414+ 11 NS ' ' !
PP NS NS <0.01 NS

0 5 10 15 20

2C, control mice; T, mice bearing the MAC16 tumor.
P NS, not significant; number of animals; @ = 6; T, n = 8. Control and tumor-
bearing groups were run concurrently.

o9)

on

reduction in protein degradation in MAC16-bearing mice, with oréL 25
without EPA. This suggests that EPA had no effect oR'Gdepend- o o 20
ent proteolysis or that it is not completely attenuating this pathway.% g 15
To investigate the role of the ATP-dependent pathway, soleus? & 10
muscles were depleted of ATP after blocking both lysosomal anc% 5
Ca"-dependent proteolytic pathways. Under these conditions, pra= 0

tein degradation in nontumor-bearing animals was not significantl)}"‘
reduced, showing that ATP-dependent proteolysis was not important
in protein degradation (Table 3). In animals bearing the MAC16 [EPA] (g/kg)
tu.mor’ protein degradation was Sl.g.mflcantly elevatléek(Q.OS), and Fig. 2. A, the effect of progressive weight loss in mice bearing the MAC16 tumor on
this was attenuated under conditions of ATP depletion (Table 3¢ “chymotrypsin-like” enzyme activity of the proteasome in gastrocnemius muscle (X)
suggesting that this pathway was an important contributor to thed heart b(l). Results ellre ezpressed ﬁs|maﬁE wheren :dag. Dgifferences (;rc(Jg;

: : umor-bearing animals without weight loss are expressedap® € 0.05; an
e_Xce_s_S proteolytl_c ra_te’ as observed preVIOUSIy (20) _EPA Causebo 0.01 as determined by Student'sest. B, “chymotrypsin-like” enzyme activity in
significant reduction in the rate of protein degradation in the musci@strocnemius muscles from mice treated with EPA, as described in the legend to Fig. 1,

of tumor-bearing mice, but this was not further reduced in the abseritgither the absence (M) or presence (Y) of 40 lactacystin. Lactacystin caused a
nificant suppression (P 0.0015) of the total “chymotrypsin-like” enzyme activity, but

. . e Si
of ATP. This .SUQQeSIS that 'nhlb't!on of ATP-dependgnt proteolyq#;re was no significant difference between the values from EPA-treated animals in the
was responsible for the attenuation of overall protein degradatipmsence or absence of i lactacystin.

by EPA.
To investigate this possibility, the activity of the proteasome en-
zyme system was determined in cachectic mice bearing the Mac*EkBa—]
tumor. Previous studies (20) have suggested activation of the AT
ubiquitin-dependent proteolytic pathway in skeletal muscle from su30 kDa — ’n 3 g s
animals. To confirm this, the “chymotrypsin-like” activity of the
proteasome, which is the most dominant catalytic activity, was mes
ured using the fluorogenic substrate SucLLVY-MCA in gastrocne A BC DE F G H I J K L

mius muscle and heart of mice bearing the MAC16 tumor (FA). 2 Fig. 3. The effect of EPA on expression of 20S proteasesseibunits in gastrocne-
mius muscle from mice bearing the MAC16 tumor. Western blots of extracts from mice

In gaStrocnemlus muscle, e.nzyme ‘a.CtIVIty‘ Increased.WIth I.ncreasmwd with olive oil (Lanes A-D), EPA, 0.5 g/kg (Lanes E-H), or EPA, 2.5 g/kg (Lanes
weight loss up to 10%, with additional increases in weight logsL). Detection was by MCP231 antibody as described in “Materials and Methods.”
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bands were detected at approximately29,000, 32,000, and 35,000.

There was a dose-related decrease in the expression of the z 354 _
proteasomex-type subunits from animals treated with EPA, which
was confirmed by densitometric analysis and shown to be 58¢
(P < 0.001 from control) at 0.5 g/kg EPA and 95% € 0.001 from 280
control) at 2.5 g/kg EPA for the most intense ban#1aB5,000. Other 230 -
a-type subunits were also reduced appropriately. Equal protein Ioaeg 180 T e i
ing was confirmed by silver staining of separate gels. The effect ¢

EPA treatment on expression of p42, an ATPase subunit of the 1¢ 130
regulator that promotes ATP-dependent association of the 20S pr 80
teasome with the 19S regulator to form the 26S proteasome (26) 0 24 48
gastrocnemius muscle, is shown in Fig. 4. EPA caused a dose-rela
suppression of expression, similar to that found with the 20S prote‘B
some, with a 69% reduction in animals treated with 0.5 g/kg EP/
(P < 0.01 from control) and a 78% reduction €20.01 from control)

330

ontrol

Time (hours)

in animals administered 2.5 g/kg EPA. These results suggest that El A KOR— -
induces an attenuation of the up-regulation of the expression - - W - 4
. . . . 30kDa — we _x -
proteasome subunits seen in skeletal muscle from cachectic anim: - - o
To determine the effect of EPA on other components of the ubiquitir -
proteasome pathway, the effect on the expression oivth&4,000 A B C D E FG H I J K L

lflblg.UItln_Conj.UQatl.ng.(.enZym.e (EZk)‘ SqueSted as bel,ng the ratg- Fig. 7. A, effect of p.o. dosing of female NMRI mice bearing the MAC16 tumor with
limiting step in ubiquitin conjugation (27), was determined. Despitgther olive oil (2.5 g/kgO), EPA, (2.5 g/kg:®), or EPA (0.5 g/kg) together with olive
changes in proteasome expression, there was no significant chang® .0 g/kg; ) as described in the legend to Fig. 1. Tumor dimensions were measured
E2,.,, expression in gastrocnemius muscle of EPA-treated mice (F “means of calipers and the volume was calculated from the formula:

5). To determine whether the reduction in proteasome expression length X (width)?

induced by EPA was reflected in muscle protein content, gastrocne- 2

mius muscles were also Western blotted for myosin, a major contrapifferences from the control group are indicated as:Ray 0.05; (b)P < 0.01; and (c)

H i H i H i ith i < 0.001 as determined by one-way ANOVA with Bonferroni correct®nthe effect
ile protein. There was an increase in myosin expression with Incre§ EPA on expression of 20S proteasomsubunits in the MAC16 tumor. Western blot

ing dose levels of EPA (Fig. 6), which was confirmed by extracts from mice treated with olive oil (Lanes A-D), EPA, 0.5 g/kg (Lanes E~H), or
densitometric analysis to be 42% (not significant from control) at 0BPA, 2.5 g/kg (Lanes I-L). Detection was by MCP231 antibody as described in “Material

g/kg EPA and 97% (P< 0.01 from control) at 2.5 g/kg EPA. and Methods.”
As reported previously (13), EPA not only inhibits cachexia in the
MAC16 model but also inhibits tumor growth. In the present study,
significant tumor stasis was seen at both doses of EPA (Y. 7

46 kDa —— Because the proteasome has been suggested to be a molecular target
seewra . - for cancer therapy (28), the effect of EPA on the expression of the 20S
proteasome in the MAC16 tumor was determined (F&). The effect
30 kDa — mirrored that on tumor growth with minimal suppression at 0.5 g/kg

A B C D E F G H 1 J K L EPA (19% not significant) but 77% inhibitionP(= 0.009 from
Fig. 4. The effect of EPA on p42 expression in gastrocnemius muscle from mif,;é)mro') at 2.5 g/kg EPA. There was no effect of EPA on th.e gxpres—
bearing the MAC16 tumor. Western blot of extracts from mice treated with olive ogion of p42 or E2,,. Thus, EPA may act as a tumor growth inhibitor

(Lanes A-D), EPA, 0.5 g/kg (Lanes E—-H), or EPA, 2.5 g/kg (Lanes I-L). Detection w; suppression of the expression of the 20S proteasome
by p42 monoclonal antibody as described in “Material and Methods.” b”y PP P P ’

DISCUSSION
21.5 kDa — . L .
Protein catabolism in skeletal muscle could occur via either the
.. - - . lysosomal, calcium-dependent, or the ubiquitin-proteasome-depend-
14.3 kDa — - ent proteolytic pathways. However, it has become apparent from a

number of studies that the first two pathways play a minor role in this
A B C D E F G H I J K L tissue, contributing less than 15-20% of total protein breakdown, and
Fig. 5. The effect of EPA on Eg, expression in gastrocnemius muscle from miceare not responsible for the catabolism of myofibrillar proteins (29).
bearing the MAC16 tumor. Western blot of extracts from mice treated with olive oj ; e N
(Lanes A-D), EPA, 0.5 g/kg (Lanes E-H), or EPA, 2.5 g/kg (Lanes I-L). Detection W:lzll@Stead‘ the patr_]way responsu_ble for the accglera_ted _prOtEOIySIS in
by rabbit polyclonal antisera to 2, as described in “Material and Methods.” duced by starvation (30), sepsis (31), metabolic acidosis (32), dener-
vation atrophy (33), and cachexia induced in rats by either the Yo-
shida ascites hepatoma (34) or sarcoma (35) and in mice by the
o 2 e MAC16 tumor (20) is attributable to the ubiquitin-proteasome system,
220kDa —— i - - - although in the latter model the lysosomal and calcium-dependent
» pathways also play a role. The importance of the proteasome pathway
in cancer-induced muscle catabolism in cancer patients has recently
been demonstrated (36) by a 2—4-fold increase in tissue levels of
) ) o ) 'MRNA for ubiquitin and 20S proteasome subunits in rectus abdomi-
Fig. 6. The effect of EPA on myosin expression in gastrocnemius muscle from mice | f tient d with tient ith beni
bearing the MAC16 tumor. Western blot of extracts from mice treated with olive oﬁ'.us muscle o cancer pauents co_mpgre wi pg ients wi enign
(Lanes A-D), EPA, 0.5 g/kg (Lanes E—H), or EPA, 2.5 g/kg (Lanes I-L). diseases. In the present study, using/itro preparations of muscle
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