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Cancer cachexia is a frequent complication observed in patients with malignant tumors. Although several decades have passed
since the first focus on the metabolic dysfunction’s associated with cancer, few effective therapeutic interventions have been
successfully introduced into the medical armamentarium.

The present study thoroughly reviews the basic pathophysiology of cancer cachexia and the treatment options already investigate
in that field. Experimental and clinical studies were evaluated individually in order to clarify the intricate alteratioresdabse
tumor-bearing patients. The difficulties in introducing sound and effective nutritional support or metabolic manipulatersdo re
cancer cachexia are outlined in this review.

DESCRIPTORSCancer. Cachexia. Metabolism. Cytokine. Insulin.

The origin of malnutrition in can- vivo studies in transplanted tum@rer  clinical significance and current prob-
cer patients is multi-factorial. Anorexia on in vivo use of the substrate by sar-lems in applying nutritional support to
may be attributed to altered taste andoma-bearing human limfscan be those patients.
smell, or to changes in the hypotha-substantial and may account for small
lamic food regulatioh Food intake is increases in energy expenditure at rest. Metabolic Alterations in Cancer
diminished by mechanical obstructionHowever, only a very large tumor Patients
of the alimentary tract. Disturbance of (above 1.4 kg) would consume 50% of- Alterations specific to cancer patients-
digestion and absorption also accomihe intake of the patient at r&st
panies some tumors. Nutritional de- Understanding the basic mecha-1. Glucose Metabolism
mand in the tumor-bearing state is in-nisms of metabolic alterations ob-  Altered glucose metabolism in can-
creased due to alterations either by theerved in the tumor-bearing state is theer patients is characterized by in-
neoplasm itself or by the stressed hosbasis for developing optimum treat-creased whole-body glucose turnover
Wasting is accelerated by the proteolyiment for those patients with malig- rate, decreased glucose uptake and uti-
sis of skeletal muscle and consumptiomancy. lization due to insulin resistance, and
of body fat. Accelerated mobilization In this chapter, the basic patho-increased hepatic glucose synthesis, or
and consumption of host protein storephysiology of metabolic alterations gluconeogenesis, from substrates de-
from peripheral tissues occurs to supobserved in the tumor-bearing stateaived from proteolysis and lipolysis.
port gluconeogenesis and acute phadeoth in animal and humans is pre-
protein synthesfs. In contrast, simple sented, followed by a re-focusing onWhole-body carbohydie metabolism
starvation is associated with a relative Increased whole-body glucose
sparing of lean tissue with the prefer- turnover has been documented in gas-
ential consumption of fat. Substrate From the Department of Surgery, Hospital das  trgintestinal cancer patients, and this

. Clinicas, Faculty of Medicine, University of | .
consumption by the tumor, whethersso paulo (LIM 62), Department of Thoracic  increase was proportional to the extent
based on analogy with glucose con-Surgery, Hospital do Cancer AC Camargoand  of the diseasé Whole-body glucose

. . . . Universidade Paulista. . L
sumption in the human brdjnon in production rates were also significantly
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increased in patients with lung cancertumor-bearing state has been claimedreased enzyme activity. PEPCK
(n=29, 3.40.2 mg/kg/min) compared to be one of the major causes of canmRNA levels were equally elevated in
to levels in controls (n=18, 2t8B.1 mg/ cer cachexia, mobilizing peripheral tumor bearers and controls in the 24-
kg/min)2, In those patients, the fastinglean tissue mass as a substrate for glinour-fasted state. These results suggest
serum alanine level was significantly coneogenesis. Roh et&teported in- that tumor-bearing stimulates the fasted
lower than for controls, suggesting thatcreased gluconeogenesis from alaninetate associated with hypoglycemia,
alanine was being released at a normand lactate in tumor-influenced hepa-which in turn triggers induction of the
or enhanced rate and was utilized moréocytes in the presence of decreasedluconeogenic enzyme, PEPCK. Sub-
rapidly for the production of glucose in serum glucose level. It was associatedtrate availability may be a key in in-
patients than in controls. Increasedwith increased gluconeogenic capacityduction of gluconeogenesis in this tu-
Cori cycle activity or glucose carbon and accelerated alanine transport.  mor animal model.
recycling in patients with malignant ~ The increased energy cost of en- We also measured PEPCK activity
disease is well documented by severahanced gluconeogenesis would only bén the livers of Gl cancer patients. Al-
studie$*413 significant if this process persistedthough there were cases in which
throughout a 24-hour period and mayPEPCK activity was elevated, the mean

Periphemal carbohydate metabolism  not be detected if feeding is a compenvalue in patients with advanced Gl can-

Glucose intolerance is one of thesating factof. Waterhouse et ldem- cer without significant weight loss was
earliest recognized metabolic alter-onstrated normal suppression of in-not different from that of controls (sub-
ations in patients with cancer. In ex-creased gluconeogenesis from alaninenitted for publication). Increased glu-
perimental animal models, hypoglyce-with a small amount of carbohydrate inconeogenesis in cancer patients has
mia is a characteristic finding. In can-overnight-fasted patients with progres-been documented by isotope infusion
cer patients, fasting hypoglycemia issive malignant disease. This findingtechniques, but no data on PEPCK ac-
not commonly seen; however, brings into question the significance oftivity in the liver is available except our
Glicksman and Rawséftreported that the observed increase in gluconeogencurrent study. If this enzyme is a key,
approximately 37% of all patients with esis in the tumor-bearing state and emtherapy targeting this enzyme may
cancer had abnormal glucose tolerancehasizes the possible regulation of thisnodulate cancer cachexia. Hydrazine
Details of glucose intolerance or insu-catabolic pathway by nutritional ma- sulfate inhibits the conversion of oxalo-
lin resistance are discussed in the folnipulatiort®. acetate to phosphoenolpyruvate by in-
lowing section. The decreased glucose We previously studied the alter- hibiting PEPCK irreversibly, and 3-
metabolized or glucose clearance fromations of this pathway by examining amercaptopicolinic acid is a specific
the circulation resulted in both signifi- key regulatory enzyme, phospho-blocker of PEPCK. Although clinical
cantly decreased glucose storage anenolpyruvate carboxykinase (PEPCK)trials had been attempted on both
glucose oxidation in gastrointestinalat both the activity and mRNA levels. drugs, no significant benefits were
(GI) and lung cancer patients. PEPCK is a well-studied pacemakerdemonstrate§?7-28

Increased circulating lactate wasenzyme of gluconeogene®isA num-
found in animal models as well as inber of hormones are known to regulate?. Fat Metabolism
some cancer patients. Studiasvivo the synthesis of this enzyfieinclud- Fat loss is frequently observed in
of human tumors demonstrated signifi-ing glucagon, epinephriffe and thy- advanced malignant disease, but may
cant glucose use and lactate producroid hormoné, which increases, and also occur in patients with early stage
tion'’. Lactate thus produced may beinsulin, which decreases the synthesiscancer when tumor volume is still rela-
used by the liver as a gluconeogeni®®EPCK activity in liver cytosol, after tively smalf°. Studies in experimental
precursor to synthesize glucose, whicla 24-hour fast, was significantly higheranimals have shown a progressive
may be used by both the host and the tumor-bearing rats than in their pair-depletion of carcass fat stores during
tumor. In this process, energy isfed controls. The increase in enzymeaumor growti®332 Profound alter-
wasted, because only 2 molecules o&ctivity was clearly evident at 8% tu- ations in host lipid metabolism occur
ATP are produced by glycolysis while mor burden and correlated positivelyin both tumor-bearing anim&f§*3s3¢
6 molecules of ATP are utilized to syn-with the degree of tumor burdenand humarig383153940 manifested by

thesize glucose from lactate. (r=0.85, p<0.01). Removal of the tu- hypertriglyceridemia and increased cir-
mor produced a complete reversal otulating non-esterified fatty acid
Hepatic glucose metabolism PEPCK activity 10 days after excision.(NEFA).

Increased gluconeogenesis in theRegular feeding also abolished this in-
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Hyperlipidemiaand whole-body lipid diffuse disease or weight loss had sigidly growing tumors is slo#. An aug-
kinetic study nificantly higher fat oxidation rates, mented supply of NEFA by lipolysis to
In our model of Fisher 344 rats while Waterhouse et“dlcould not see the livef***may not be utilized for oxi-
with methylcholanthrene-induced a significant difference in the rate ofdatiorf® preferentially esterified to
(MCA) sarcoma, hyperlipidemia is one NEFA oxidation under basal conditionsform TG, which is secreted as very low
of the early changes, progressivelyin cancer patients and control. We exdensity lipoprotein.
aggravated by tumor growth and com-amined the role of fatty acid oxidation
pletely abolished by curative tumor re-by carnitine palmitoyltransferase activ-Lpolytic factor
moval. In human cancers, some paity in the Fisher344 rat with MCA sar-  The concept of a lipolytic factor se-
tients with leukemia and lung cancerscomd?®. This enzyme is bound to bothcreted by the tumor has been pro-
have been documented to have elevatatie inner and outer surface of the inneposed”®. Costa and Hollarfd were
levels; however, hyperlipidemia is not mitochondrial membrane and regulatesble to induce a substantial fat loss in
universally observedl Patients with the membrane transport of cytosolicnon-tumor-bearing mice following the
solid tumors such as esophageal, gadatty acylCoA into mitochondrial matrix injection of nonviable tumor prepara-
tric, colorectal, and breast cancer verywhere oxidation takes pla€eln this tion. Although data from several stud-
rarely manifest these alteratidhs model, there was no difference in endes indirectly support the existence of
Shaw and Wolf& demonstrated in- zyme activity between tumor-bearinga tumor-related “lipolytic factor”, at-
creased rates of glycerol and fatty acidats and controls, which suggested thaempts to discover such a factor have
turnover in weight-losing gastrointes- the tumor bearers did not utilize an augbeen unsatisfactory in animal models
tinal cancer patients, compared withmented supply of NEFA for oxidation and patient$>%
either weight-stable cancer patients oin the fed state. Since fatty acylCoA

controls. formed in the cytosol is either oxidized Triglyceride cleaance
in the mitochondria or converted to TG  Lipoprotein lipase (LPL), synthe-
De novo fatty acid synthesis and phospholipids in the cytosol, en-sized by parenchymal cells of adipose

We have previously shown thde hancement of the latter may contributeand muscle tissues and transported to
novofatty acid biosynthesis in the liv- to the significant increase in circulatingthe vascular endothelium, regulates the

ers of tumor-bearing rats is signifi- TG levels. rate at which hydrolysis of circulating
cantly decreased as a function of de- TG occurs, delivering NEFA for meta-
gree of tumor burdéh Lipogenesis by Lipolysis bolic needs of the tisstieThis enzyme

adipose tissue was also shown to be The rate of free fatty acid (FFA) is unique in that the tissue-specific
decreased in the tumor-bearingproduction in epididymal adipose tis- changes in the catalytic activity closely
mousé*. Thompson et & demon- sue removed from tumor-bearing ratsreflect alterations in the physiological
strated a gradual decline of lipogenesisvas shown to be increased, comparesdtate. Reciprocal changes during star-
per gram wet weight of liver with tu- to that of control¥. We previously vation in LPL activity in muscle, where
mor growth by measuring the incorpo-documented on increased rate of li{.PL provides fatty acids for fuel, and
ration of *H from *H,O into lipids. polysis (elevated FFA-Ra), associateddipose tissue, where the acyl groups
Their conclusion was that the totalwith the maintained FFA clearance rateare used for TG storage, are well docu-
amount of lipid synthesis was not sig-by the hepatocytes, which are majomented®*:

nificantly altered in tumor-bearing sites of uptake of FFA in Fisher344 rats We documented decreased enzyme
mice, since liver weight increased aswith MCA sarcom&. A significant in-  activity with increasing tumor burden,
the tumor grew. However, the tissuecrease in the FFA-Ra has been alsand the reversal of these changes, by
composition analysis of our model shown in patients with significant tumor removal in Fisher344 rats with
has previously shown that liver proteinweight los&®. MCA sarcomé&. One possible mecha-
content in tumor-bearing animals isno  Why is liberation of FFA needed in nism to explain the decreased LPL in
greater than that of pair-fed controls,the tumor-bearing state? Some investhe fasted tumor-bearing rats is hy-
although liver wet weight of the former tigators have suggested that tumopoglycemia, induced by the presence

is greater than that of the latter. growth is associated with an enhancedf tumor. The LPL response to dietary
mobilization of stored triglycerols so carbohydrate appears to depend largely
Beta oxidation that the resulting liberation of FFA canon the insulin secretory response to the

Arbeit*®* and Hansefl in separate be utilized for tumor growf. How- ingested carbohydrafe The finding
studies documented that patients withever, the delivery rate of FFA to rap-that withdrawal of glucose from the
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media decreased LPL activity in 3T3-in cancer cachexia Because the rate tein synthesis and catabolism by isoto-
L1 adipocyte® suggests that the sub-of protein synthesis in human tumorspic infusion of alpha!fN]-lysine and
strate itself may play an important roleis approximately the same as that of th¢'®N]2-urea in 20 patients with ad-
in the regulation of this enzyme. Ongtissue of origif®, and human tumors vanced-weight-loss (AWL) upper gas-
and Ker§* demonstrated that insulin rarely exceed 1% of body md%she trointestinal cancer, 7 patients with early
stimulated LPL by increasing the levelobserved alterations in whole-bodynon-weight-loss (ENWL) lower gas-
of LPL mRNA, whereas glucose protein metabolism are unlikely to betrointestinal cancer, and a group of vol-
stimulates LPL translation and post-secondary to the tumor itself, but ratherunteersENWL cancer patients and nor-
translational processing in cultured ratto tumor-influenced alterations in hostmal volunteers had similar protein dy-

adipocytes. protein metabolisi. namics, and in both groups, glucose in-
Our results in adipose tissue agree fusion resulted in a significant decrease

with those of Thompson et‘&land Aminagyrams in protein loss. In AWL cancer patients,

Lanza-Jacob$?. Vlassam et & docu- Basal postabsorptive aminograms irthe rate of net protein catabolism was

mented a reduction in post-heparinseveral homogeneous groups of patientsignificantly higher than in either the
plasma LPL activity in overnight fasted with different malignancies have beenvolunteer or ENWL group (p<0.05).
patients with malignant-associatedreported with variable results. Only oneGlucose infusion did not result in a de-
weight loss. The level of total periph- paper by Clarke et &@showed elevations crease in net protein catabolism. TPN
eral LPL correlated well with the pres- of alanine, isoleucine, and lysine, but allsignificantly decreased net protein ca-
ence of body weight loss in their pa-the others showed either decrease or rntabolism from 2.240.30 to 0.1#0.09
tients (r=0.6, p<0.01). Our recent dataalterations. Heber et &l.demonstrated gm/kg/day (p<0.01). This decrease was
on post-heparin serum LPL in Gl anddecreased alanine levels in patients witldue to the combined effect of a signifi-
breast cancer patients revealed that dexdvanced lung cancer. Those may supzant decrease in whole-body protein ca-
creased LPL activity in those patientsport the hypothesis that gluconeogenesitabolism coupled with an increase in
was significantly correlated with de- from alanine and other gluconeogeniowvhole-body protein synthesis. Increase
gree of weight loss and with advancedorecursor proteins is increased. In 55 pain whole-body protein catabolism—and
stages of disease. However, completéents with a variety of tumors, proline whole-body protein synthesis to a lesser
tumor removal did not result in rever- levels were significantly reduced in lym- extent—in patients with cancer cachexia
sal of deceased LPL activity, unlike in- phoma and sarcoma patients. Patienfsom a variety of tumors (n=47) was
sulin resistance in glucose metabowith esophageal cancer and weight losalso confirmed in the subsequent study
lism®”. Decreased LPL activity in the demonstrated a marked reduction in alby the same group by intraoperative iso-
absence of hyperlipidemia, especiallycirculating amino acids except BCAA. topic infusion of'“C-leucinés. They
in patients with GI or breast cancer,No cancer-specific amino acid profile hasconcluded that patients with cancer
may be induced by malnutrition, not byemerged from the studies so far pubeachexia were actively losing protein as
tumor effects. Therefore, in studyinglished®*™ However, it appears that pa-a result of an increase in whole-body
lipid metabolism in cancer patients, tients with extraintestinal nonobstructiveprotein catabolism that was only par-
classification of subsets of patients intomalignancies have minimal aberrationgially compensated for by an increase in
those with and without hyperlipidemia in their amino acid profiles, and it is pos-whole-body protein synthesis. In a pa-
may be the key in further dissecting thesible that with more advanced malig-tient group studied by Borzotta et’3l.
mechanisms of these alterations. nancy with weight loss, more profoundpatients with advanced malignancy or
changes in amino acid concentrationstage 4 cancer had significantly greater
3. Protein Metabolism occur. protein turnover, synthesis, and catabo-
Tumors have been known not only lism than patients with localized disease.
as “glucose eaters” but also as “nitro-\Whole-body gtein metabolism Similarly, significant correlation be-
gen sinks”, depleting the host of pro-  With few exceptions, whole-body tween alterations in protein metabolism
tein mass and resulting in characterisprotein turnover, synthesis, and cataboand stages of disease was documented
tic alterations in protein metabolism. lism have been reported to be elevately Carmichael et &F.
Several investigators have suggestedh both tumor-bearing animdfsand
that redistribution or translocation of cancer patients. Those changes are n&leletal muscle ptein metabolism
peripheral proteins to support visceraltumor-site specific but may be related toand regional amino acid kinetic study
or tumor protein synthesis is an essenthe advancement of the tumor. Shaw et A common effect of tumor-bearing
tial feature of amino acid metabolismal*® examined rates of whole-body pro-on protein metabolism in skeletal
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muscle has been shown to be depressethces in methodology or differentpatients with cancer cachexia was
protein synthesis and increased proteitypes of tumor or stages is not clear. 29.7%t+5.0% per day.
breakdown. Clark et &, demonstrated
those changes in the skeletal muscle iklepatic pptein metabolism 4. Energy Metabolism
rats bearing the Wealker 256 carci- Generally, protein synthesis in the  Studies on energy metabolism dur-
noma. Gastrocnemius muscle weightliver has been reported to be increaseihg prolonged fasting are a sharp con-
RNA/DNA ratio, and incorporation of in the tumor-bearing state. In the MCAtrast to the condition of cancer—de-
14C-valine were significantly decreased.101 tumor-bearing mouse, increasedatreased energy expenditure with in-
Incorporation ofH-lysine into protein incorporation of leucine in liver tissue creasing starvation. In the cancer, the
in the gastrocnemius polysome prepawas documented by Lundholm ef&l. propensity for elevated energy expen-
ration was decreased, and net tyrosin&@hey suggested that the tumor-bearingliture in the face of reduced intake has
release an#*CO, production from“C-  state was associated with an increaseldeen attributed to a maladaptation of
leucine, representing protein degradatranslational capacity.. Several systemshe host to the starvation statél-
tion, were increased. have been defined as mechanisms dhough there is general agreement that
Lundholm et af>"” examined the amino acid transport in liver. In the cancer patients experience elevated en-
regional amino acid kinetics in rectusFisher344 rat with MCA sarcoma, bothergy expenditures, several studies have
abdominus muscle obtained at surgenpystem N (glutamine) and Systerh y been reported with varied results.
from 43 cancer patients with a variety(arginine) were increased in the pres- Some investigators have attempted
of tumors and 55 controls. They dem-ence of the tumor, while System Ato overcome the problems of the Har-
onstrated a significant decrease in théMeAIB) was unaltered. The observa-ris-Benedict formula by normalizing
in vitro incorporation oft“C-leucine tion that hepatic glutamine transportthe REE to the metabolically active tis-
into skeletal muscle protein and an in-activity remained augmented after tu-sue (body cell mas$) In noncachectic
crease in the fractional degradation ratenor resection longer than any othersarcoma patients (n=7), there was a
of proteins in cancer group comparedransport systems studied suggested significantly lower percentage of BCM
with control. Emery et aF. confirmed key role for this amino acid in overall than in controls. Reflecting this, the
the significantly decreased protein syn-hepatic nitrogen metabolism and mightREE corrected for BSA was 25%
thesis in 5 cancer patients with weightpartially explain the persistent greater in male sarcoma patients than
loss by**C-leucine enrichment in quad- glutamine depletion that was characterin male controls (p<0.05), and this dif-
riceps protein obtained by percutaneistic of the tumor-bearing hdét The ference was doubled when REE was
ous biopsy. Protein synthesis in musclearginine pathway, which plays a pivotalcorrected for BCM (p<0.01). They
was 0.030%/hour in cancer patientgole in regulating ureagenesis,concluded that both REE and vital,
and 0.198 in controls (p<0.01). Al- polyamine biosynthesis, and nitric ox-functional BCM could be significantly
though most claimed decreased proteiide production, was significantly stimu- altered in sarcoma patients before any
synthesis rates in the muscle, only onéated in liver of the tumor-bearing overt signs of cachexia devefép
group found the fractional synthetic Fisher 344 rats. This response was me- Hansell et at’ assessed the hypoth-
rate of protein in rectus abdominusdiated by an increase in activity of Sys-esis that different tumor types exert dif-
muscle to be increased in cancer patem y+. ferent effects on REE. REE in 84 can-
tients with cancer cacheffa In human studies, an increased ircer patients correlated significantly
Contrary results were also reportedyvitro incorporation of“C-leucine into  with body weight and lean tissue mass.
Newman et at!, evaluated forearm homogenized hepatic proteins of canThe slope of the regression line for the
phenylalanine exchange kinetics by incer patients compared with normalbronchial cancer patients was signifi-
fusion of L-phenylalanine under controls was demonstratédncreased cantly different from the colorectal and
baseline and postabsorptive conditiondractional synthesis rates (FSR) of pro-gastric cancer patients when REE was
in 16 cancer patients and 12 healthyein in liver (p<0.05) and of albumin related to LBM. When REE in the
controls and found no significant dif- (p<0.01) have been confirmed in vivosame organ was compared, and results
ference in phenylalanine kinetics in thein cancer cachexia patients comparediffered. In gastric cancer patients,
basal state. Indirect evaluation of skelwith either non-weight losing cancer Frederic et & could not demonstrate
etal muscle protein catabolism by 3-patient or normal contr$l Patients any elevation, while Dempsey et%l.
methylhistidine documented no in- with NWLC had a mean FSR of pro- found significant elevation.
crease in cancer patieftsWhether tein in liver of 18.3%2.2% per day. In There is no widespread agreement
those differences derive from differ- contrast, the corresponding value in theeoncerning alterations in energy me-
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tabolism in cancer patients. The use obrexia and fluid retention, but not accel-26 carcinom#®. The effects of IL-6 in

a heterogeneous cancer group may berated nitrogen losses, were obseffed vivo were assessed by inoculating nude
inappropriate in studies of REE as inDarling and NortoH® reported that a mice with Chinese hamster ovarian
other parameters in cancer. When REEontinuous i.v. infusion of TNF, rather cells that had been transfected with the
is significantly elevated there is morethan an intermittent bolus i.v. resulted inmurine IL-6. Only those inoculated
likelihood for the disease to be widelya decreased food intake and a decreasedth the transfected IL-6 gene demon-

spread. nitrogen balance. After 4 days of treat-strated a number of paraneoplastic syn-
ment, rats treated with intermittent bo-dromes including hypercalcemia,
5. Mediators—cytokines lus doses of TNF developed tolerancecachexia, leukocytosis, and thrombocy-

Recently, there has been much inThe TNF decreases LPL activity and in-tosis?’. Both the injection of IL-6 in
terest in a variety of monokines, be-creases hepatic lipogenésig2 Cells mice and the culture of 3T3-L1
cause they can elicit a metabolic redransfected with the TNF gene insertecadipocytes in the presence of IL-6 re-
sponse very similar to that seen in thenear an active promotor were injectedduced tissue and heparin-releasable
cachectic syndrome induced by tu-into nude mice, which produced a susiPL activity in a dose-dependent man-
mors: loss of appetite, loss of bodytained release of TNF and resulted in aert?®. IL-6 was also demonstrated
weight (body fat and protein), and in- severe wasting of host body fat and leatimmunohistochemically in human tu-
duction of acute phase protein synthetissue mass, progressive cachexia angor specimert®. Furthermore, some
sis® These similarities alone do noteventual death®!141> Active TNF of the alterations were reversed by neu-
prove a cause-and-effect relationshipgenes were demonstrated in the tumatralizing antibodies to IL-6 (eg. the hy-
Possible transfer of endogenous mediaand lymphoid tissue of MCA sarcoma-percalcemia associated with a human
tors via the circulation was demon-bearing mic&®and in human colorectal squamous cell carcinoiig the deple-
strated by the development of cachexiadumors'’. However, only a few papers tion of carcass weight and epididymal
in non-tumor-bearing rats after parabi-have documented increased serum TNFat, hypoglycemia, and the increase in
otic anastomosis to sarcoma-bearingn tumor-bearing patient§' No cor- serum amyloid P9).
cachectic rat¥?. However, the results relation between severity of cachexia
reported by different investigators areand TNF concentrations was foditi#:  Why ae cytokines not found in the ir

not always the same. culation ?
IL-6 To determine a cause and effect re-
TNF-alpha IL-6, a 26kDa protein, is perhaps lationship between a molecule and any

TNF-alpha/cachectin, a 17kDa pro-the most extreme example of a pleioputative effects it may have in vivo, the
tein consisting of 157 amino acids, istropic cytokine. It has a broad range ofmolecule must first be demonstrated to
produced by stimulated reticuloendot-activities on different cells and wasbe in the circulation at the time when
helial cells, principally macrophages originally found as a growth factor for host response is initiat&d
and monocyté®. The receptors for transformed B-celfé2 Some of its Although Stovroff et al. demon-
TNF have been identified in nearly all functions include stimulation and dif- strated that TNF in the circulation of
tissue®. The half-life is 14-18 min in ferentiation of B-cells (BSF-2F, sup- cachectic sarcoma-bearing rats was
humans and 10 min in mi€é TNF is  porting hybridoma and plasmacytomacorrelated with tumor burden and dis-
a well-documented growth factor for cell growth (HGF/PGF), and stimulat- appeared following tumor resectiéh
many normal cells, stimulating cellu- ing synthesis of host response proteinand Balkwill et al detected labile TNF
lar growth and differentiatidff, and by liver following exposure to toxic activity by means of an enzyme-linked
inducing production of a variety of materials or injury (HSF}? IL-6 is immunosorbent assay in 50% of 226
compounds, including PGE2, collage-secreted by monocytes, fibroblastsfreshly obtained serum samples from
nase, platelet activating factor, IL-1 andkeratinocytes, endothelial cells,and B-cancer patients with active dised&g
IL-61% TNF also enhances angiogen-cells. A specific, high affinity receptor increased circulating TNF concentra-
esis?, for IL-6 is distributed on many differ- tions are not a regular finding in human

A single injection of TNF alpha can ent cells throughout the organism.  or experimental cancer dise&&&*212!
cause a characteristic weight loss due to Is IL-6 the circulating message thatThe magnitude of weight loss and the
a reduction in food and water intake andnduces anorexi® and the hepatic appearance of TNF in the circulation
a decreased carcass water contént acute phase reactants? Elevated seruseem to be poorly correlatétl Ana-
However, when rats received chronic (54devels of IL-6 were demonstrated inlytical results at a molecular level are
day) infusions of rH-TNF, profound an- Balb/c x DBA/2(CD) mice with colon also controversial. Northern blot analy-
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sis of human colorectal cancer speci600 cancer patients by glucose tolerin glucose metabolized and metabolic
mens showed the presence of mRNAance tests, found that 37% of those exelearance of glucose in both the

for TNF in 15 of 28 tumor samples andamined demonstrated a diabetic patweight-stable and weight-losing pa-

6 of 26 matched normal tissue samplegern. In contrast with other alterations,tients compared with controls. This de-

TNF localized by in situ hybridization more data on insulin resistance hagrease was reversed by complete tumor
was demonstrated to correlate to acticome from human studies. Initially, it removal, suggesting that insulin resis-

vated macrophages that infiltrated thewas considered that insulin resistancéance in patients with cancer is not a
tissue. No one had detectable IL-1 omwas the result of malnutrition; however, result of cancer-associated malnutrition
IL-6 mRNA in tumor or normal tis- insulin resistance was found even inbut is related to the tumor its&lf

sues, although all tissues tested exthose with early sarcoma, esophageal

pressed TGF+#“ Up-regulation of cancef® and non-oat cell carcinoma. Insulin resistance in lipid metabolism

TNF gene transcription was also found There have not been many papers on
in the liver and spleen despite an indnsulin resistance in glucose metabo-this issue. The presence of insulin resis-
ability to detect circulating cachectifi  lism tance in LPL activity was documented

Many factors have been used to ex- Lundholm et ak**documented that in studies in vivand in vitro with MCA
plain the low circulating levels of some in malnourished cancer patients, botltsarcoma-bearing rdt& McRussel et
of the cytokines. However, the difficulty insulin sensitivity and responsivenessal.!*® found that hyperlipidemia (FFA,
in detecting TNF in the plasma of can-were decreased in 50%, 70-80% of in80+62uM) observed in patients with
cer patients and the ease of detecting fused glucose during glucose clampsmall cell lung cancer under chemo-
in cases of sepsis and severe infectiowas taken up by the peripheral tissuetherapy with hyperalimentation did not
does not lead us to conclude that thend insulin sensitivity in the peripheralrespond to the high insulin level of
same molecule works differently in dif- tissue was lower than that in the whole5.07+1.66 ng/ml and suggested the
ferent disease state (i.e. as an autocrirt®ody sensitivity. The decreased insulinpresence of insulin resistance in those
or paracrine factor in cancer and as asensitivity in the peripheral tissue waspatients. In our study during glucose
endocrine factor in infection). No other difficult to reverse with a large amount clamp, changes in TG, FFA, very low
hormones function through different of insulin. density lipoprotein (VLDL), and LDL
mechanisms, depending on the patho- Copeland et &t examining 12 pa- levels were not related with M values
logic conditions, unless other factorstients with colorectal cancer, docu-calculated from the insulin clamp tech-
can recognize the different pathologiesmented that responsiveness (maximahique. In septic cancer patients, insulin
There are increasing data that suggestglucose disposal) was decreased conresistance in FFA turnover was more
role for cytokines in mediating cancerpared to controls, but sensitivity (insu-apparent than resistance in suppressing
cachexia. However, other reports argudin concentration of half maximal glu- endogenous insulin production. The
against it. Whether cytokines and acose disposal) was not different. Thesantilipolytic effect of insulin is induced
cytokine network are responsible for in-findings suggest that insulin resistanceéby 1/4 of the amount necessary for glu-
ducing cancer-specific metabolic alter-occurs as a post-receptor defect. Mostose utilization and % of that required
ations or not has to be clarified in fur-data so far reported agree that glucostr suppressing endogenous glucose

ther study. disposal is decreased in many cancegoroduction. Therefore, insulin resistance
patients. The only contradictory paperin lipid metabolism may be more diffi-
6. Insulin Resistance in Cancer came from Byerley on patients with cult to be demonstrat&d

Insulin resistance in the tumor- head and neck tumadf$ In their study,
bearing state was found as early aglucose disposal rate was increased imsulin resistance in mtein metabo-
1919 by Rohdenberg et &P cancer patients, suggesting an increasdism
Lundholm et al**showed that a de- drainage of glucose into the tumor.  The influence of insulin on protein
crease in glucose after insulin infusionHowever, insulin clearance rate was insynthesis from phenylalanine in the
is quantitatively smaller in cancer pa-creased in their patients, which mightC57BL/6J mouse skeletal muscle and
tients compared with controls. Insulinresult in increased glucose disposal. from leucine in the rectal muscle of
resistance is generally defined as quan- We examined insulin sensitivity in cancer patients revealed no difference
titative decrease in response to insulirboth weight-losing and weight-stable between cancer patients and contfdls
infusiort®”. It is not rare to find an ab- patients with cancer and comparedAmino acid alterations during
normal glucose tolerance in cancer patheir results with those of a normal vol- hyperinsulinemic glucose clamp were
tients. Glicksman et af¢, examining unteer. There was significant decreasaot related with glucose metabolized or
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M values (unpublished data). Insulintable 1. The increase in catabolic hornase is complex, including 1) defects
action on arterial BCAA concentra- mones in cancer patients such as glun autophosphorylation of receptor ki-
tions and forearm BCAA flux was in- cagon, cortisol, and catecholamine imnase, 2) an alteration in ATP-binding
vestigated in 6 weight-losing patientsone possibility*”. Ojamaa et af® sug- sites for insulin receptor tyrosine ki-
with localized gastrointestinal cancergested a decrease in insulin receptanase, resulting in decreased activity of
by euglycemic hyperinsulinemic mRNA and synthesis rate of insulin re-insulin receptor tyrosine kinase, 3)
clamp. Progressive euglycemic insulinceptors, a defect at the post-translapresence of insulin insensitivity. Other
infusion induced a marked, compa-tional levels, or decreased translocatiompossible mechanisms may include a
rable insulin-dependent decrease in aref the transport proteins to the plasmalefect in internalization of insulin re-
terial plasma BCAA concentrations in membrane in diabetic patients. Haringceptors, decreased intracellular uptake
both patients and controls. There wat al!*®®, studying the Claudman S91 of insulin-receptor complex, and a de-
no difference in post-absorptive fore-melanoma cell, documented decreasefct in signal transduction between re-
arm BCAA flux with progressive affinity of receptors to insulin and de- ceptor kinase and glucose transporter.
hyperinsulinemia. Insulin-induced creased autophosphorylation of betabissection of the mechanisms of insu-
branched-chain hypoamino acidemiasubunit tyrosine kinase. Significantlin resistance may give us another key
was unimpaired in this group of pa-correlation between decreased activato solve the complex mechanisms of
tients. Those provide evidences of dif-tion of tyrosine specific protein kinase cancer cachexia.
ferential resistance to insulin action in(beta-subunit) and insulin resistance
glucose and protein metabolistn has been suggested. From the fact that
the number of insulin receptors necesCONCLUSIONS

Medanisms of insulinasistance in sary for insulin to induce its effect is
cancer less than 5% of total insulin receptors, Tumor-bearing hosts suffer from

Mechanisms of insulin resistance inKrett et al'5! suggested the greater im-tumor-induced metabolic alterations,
cancer patients have not yet been clariportance of post-receptor events asome of which are secondary to mal-
fied. Therefore, mechanisms in diabe-compared to number of insulin-binding nutrition and others that are tumor-spe-
tes mellitus referred to here and theosites. cific changes. In evaluating those alter-
retical mechanisms are summarized in  The mechanisms of defects in ki-ations, the type of the tumor and the
stages of the cancer may have to be
taken into account.

As in other data, animal results may
not necessarily be applicable to tumor-

Table 1- Mechanisms of insulin resistance.

1. Abnormal insulin molecule ) o
_ _ o bearing humans. Nutritional support
2. A defect in conversion from proinsulin to insulin .
can reverse most but not all alterations.
3. Increased counter regulatory hormones Indications of nutritional support have
4. Anti-insulin antibody to be determined from patient-benefit
5. Abnormalities at the level of receptor considerations as well as tumor growth.
a) ecreased number of receptor or affinity The selection of patients for intensive
b) anti-insulin receptor antibody ..
¢) a defect in translocation of the receptor nutritional support should be recog-
d) decreased activity of tyrosine specific protein kinase nized as a science not an art. To this
e) a defect in internalization of insulin receptor end. further dissection of basic mecha-
6. A defect at the post-receptor level nisms of tumor-induced metabolic al-

a) glucose transporter . .
)9 P terations Is necessary.
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RESUMO | RHCFAP/3022 |

YOUNES RN e col. - Fisiopatolgia da disfun¢cdes metabolicas associadas apara esclarecer as alteracdes complexas
caquexia em canceRev. Hosp. cancer, poucas medidas terapéuticasbservadas em pacientes portadores de
Clin. Fac. Med. S. Paulo 56): foram induzidas com sucesso na pratitumores. As dificuldades encontradas
181-193, 2000. ca médica. para introduzir manipula¢des metabdli-

O presente estudo apresenta uma reas e terapias de suporte nutricional efi-
A caquexia € uma complicacdovisdo detalhada da fisiopatologia basicientes séo discutidas nesta revisao.
freqUentemente observada em pacierea da caquexia em cancer, e as opgdes

tes portadores de tumores malignosterapéuticas desenvolvidas nesta area. DESCRITORES: Cancer.

Apesar de varias décadas transcorre=studos experimentais, assim como cliCaquexia. Metabolismo. Citoquina.

rem desde a descri¢cdo inicial dasicos, sdo avaliados individualmentelnsulina.
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