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Insight into the growth hormone–insulin-like growth factor-I axis in cancer

cachexia

Cachexia, a catabolic state characterised by progressive weight

loss with depletion of skeletal muscle and adipose tissue, is a

debilitating syndrome that occurs in many chronic diseases,

such as cancer, sepsis, AIDS and congestive heart failure.

Cachexia affects most patients with advanced cancer, being

more common and severe in patients with cancers of the gastro-

intestinal tract and lung (Dewys et al. 1980; Fearon & Moses,

2002). Progressive cachexia predicts an overall poor prognosis

and prevents effective therapeutic interventions for cancer.

Cachexia increases morbidity and mortality in cancer patients,

and has been estimated to account for about 20% of cancer

deaths. Despite its significant clinical importance, the mechan-

isms of cancer cachexia remain to be fully understood. Treat-

ments designed to ameliorate cancer-induced weight loss, such

as nutritional supplementation, have failed to reverse the catabolic

process, particularly the loss of muscle mass (Tisdale, 2002).

Cancer cachexia is considered to be multifactorial, resulting

from an imbalance between catabolic and anabolic processes.

This has led to a question of which factors cause the metabolic

disturbances. Several lines of evidence suggest that increases in

cachectic mediators such as pro-inflammatory cytokines, gluco-

corticoids and tumour-derived catabolic factors, as well as

changes in production of the major anabolic hormones including

insulin, growth hormone (GH) and insulin-like growth factor-I

(IGF-I), may contribute (Schaur et al. 1979; Todorov et al.

1996; Bing et al. 2001; Crown et al. 2002; Argiles et al. 2003).

The paper by Huang et al. (2005) in the present issue of the

British Journal of Nutrition has reported disturbances in the

GH–IGF-I axis in patients with cancer cachexia.

There is growing interest in the role of the GH–IGF-I axis in

the aetiology of cachexia, largely because GH and IGF-I have

potent anabolic effects with therapeutic potential. GH, released

from the pituitary gland in a pulsatile manner, promotes growth

directly in selected target tissues or indirectly through activation

of the somatomedins and in particular IGF-I (Cicoira et al.

2003). IGF-I, with a primary structure similar to insulin

(Rinderknecht & Humbel, 1978), is mainly produced by the

liver, which serves as a major source of the circulating pool,

although synthesis of IGF-I occurs in most tissues. Circulating

IGF-I is bound to insulin-like growth factor-binding proteins

(IGFBP) which regulate its bioactivity; IGFBP-3 binds 85% of

circulating IGF-I thereby acting as a biological storage system

(Durai et al. 2005). IGF-I mediates the effect of GH on develop-

mental growth, stimulates cell proliferation and differentiation,

and regulates metabolism (Boulware et al. 1992; Jones & Clem-

mons, 1995). In particular, IGF-I has been demonstrated to

enhance protein synthesis and to decrease protein degradation

(Hussain et al. 1994; Fryburg et al. 1995).

The primary regulator of IGF-I synthesis and secretion in

hepatocytes is GH. Gene expression of IGF-I in the liver has

been shown to be down-regulated in GH-deficient mice whilst

markedly increased in transgenic mice over-expressing GH (Iida

et al. 2004). Changes in plasma IGF-I mirror changes in GH

secretion that occur throughout the life span. In children with

GH deficiency, serum IGF-I levels are low but increase appropri-

ately with GH replacement therapy (Dean et al. 1982). In addition

to GH, insulin has been shown to increase the bioactivity of IGF-I

by enhancing its synthesis and decreasing some of its binding pro-

teins (Kaaks & Lukanova, 2001). Plasma IGF-I concentrations are

low in children with insulin-dependent diabetes mellitus, which

can be restored to the normal range with insulin replacement

(Bereket et al. 1995). Nutrition is another important regulator of

plasma IGF-I. Fasting leads to a substantial decrease in plasma

IGF-I in man (Clemmons et al. 1981), while chronic malnutrition

induced by either energy or protein deprivation in rats leads to

reduction in liver IGF-I mRNA and serum IGF-I levels (Oster

et al. 1995). Catabolic conditions such as renal failure, hepatic

failure and inflammatory bowel disease also result in major

decreases in IGF-I (Cohen et al. 2000), but the extent to which

this is a consequence of reduced food intake or the inflammatory

response is not known.

Enhanced catabolism and severe malnutrition are associated

with a condition referred to as acquired GH resistance, which

can be defined by elevated circulating GH but decreased IGF-I

levels that may be associated with changes of IGFBP. Although

it is not clear whether IGF-I falls due to reduced synthesis or

increased clearance, decreased circulating IGF-I is suggested to

result in an up-regulation of GH probably by loss of negative

feedback (Jenkins & Ross, 1998). In addition, the changes in

the GH–IGF-I axis may reflect an attempt to correct the catabolic

situation by reducing IGF-I in the circulation and increasing

its bioavailability to the tissues (Cwyfan Hughes et al. 1992;

Skjaerbaek et al. 1998). None the less, treatment targeted to

restore IGF-I levels by administration of IGF-I or GH has been

demonstrated to lessen the extent of wasting. For example, treat-

ment with IGF-I has been shown to protect against protein loss

during cachectic states in experimental models of starvation

(O’Sullivan et al. 1989), diabetes (Tomas et al. 1991) and ischae-

mic acute renal failure (Ding et al. 1993). Burn patients who

receive IGF-I exhibit a decline in protein oxidation (Cioffi et al.

1994), and in patients with liver cirrhosis, GH treatment leads

to increases in circulating IGF-I and IGFBP-3 levels and

improved nitrogen balance (Donaghy et al. 1997). Acquired GH

resistance has been reported in several catabolic states, including

infection (sepsis, AIDS), organ failure (congestive heart failure,

liver cirrhosis) and insulin-dependent diabetes mellitus (Anker
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et al. 2001). Changes in the GH–IGF-I axis in these wasting

states would suggest that the neuroendocrine alterations (in par-

ticular the low levels of IGF-I) might represent a common patho-

physiological mechanism that leads to the catabolic conditions.

Despite the frequent occurrence of wasting in cancer patients,

studies of the GH–IGF-I axis in the pathogenesis of cancer

cachexia are limited. GH resistance, with a progressive increase

of GH and a steady decrease of IGF-I levels, was initially

described in patients with lung cancer, which correlated to the

advancing stage of cancer (Mazzoccoli et al. 1999). A subsequent

study reported the presence of GH resistance with respect to

hepatic IGF-I production in lung cancer patients most of whom

had lost weight and lean mass without marked reduction in

food intake; in addition, there was an intermittent increase in

IGFBP-3 proteolysis, which might be regulated by IL-6 (Crown

et al. 2002).

In the present issue of the British Journal of Nutrition, the

paper presented by Huang et al. (2005) contributes further to

the work in this field. The authors have studied the GH–IGF-I

axis disturbance, particularly GH resistance, in gastrointestinal

cancer patients with or without cachexia. The pattern of acquired

GH resistance was observed only in colorectal cancer patients

with cachexia, but not in non-cachectic cancer patients, and it

could be reversed after surgical removal of the tumour, reflected

by increased IGF-I levels with no major changes in body weight

and GH levels. These findings indicate that GH resistance deve-

loped in cachectic colorectal cancer patients is likely to be

caused by the tumour rather than an adaptation to malnutrition.

However, in cachectic patients with gastric cancer, apparent GH

resistance has not been found; moreover, the major increases in

GH levels before and after the removal of the tumour appear to

be stimulated by malnutrition characterized by markedly

decreased BMI.

Taken together, the studies by Haung et al. (2005) and others

suggest that abnormalities of the GH–IGF-I axis are involved

in cancer cachexia. More importantly, these changes are not

unified but might be influenced by different factors including

the tumour type, nutritional status and inflammatory cytokines.

A better understanding of the regulation and pathophysiological

significance of acquired GH resistance should help to direct

therapeutic interventions to restore anabolic/catabolic balance in

cancer cachexia.
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