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Introduction 

The IGF system consists of two insulin-like growth factors (IGF-I and -II) two 
receptors and six binding proteins (IGFBP-1 to -6). IGFs are growth-promoting 
P 5 u m i ? significant structural homology with insulin (RTNDERKNECHT 

SL5Ä lT^\Td^biological effects similar to *~of 2S 
Most of the biological effects of IGFs are mediated via the type I IGF reeeptor (IGF-I-
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R̂  whereas the type II IGF reeeptor is - in addition to its role in trafficking of 
„ t Ä Ä Hearing lysosla l enzymes - responsible " £ £ £ £ * 
IGF-II. In addition, both IGFs can bind to the insulin reeeptor (ROTH and Klbbfc, 

IGF?'circulate in plasma complexed to six different binding. P«teins- ? » * 
tructurally related binding proteins are present in many tissues and biological flu ds 

and re Ipable of transporting and modulating IGF action, IGFBPs influence the 
LvailabiUty of IGFs to target tissues and their * ^ * J ? ° Z ^ ^ 

environment (RAJARAM et al., 1997). They are abo thought to have act.vi tes 
independent of IGFs such as direct receptor-mediated effects (KELLEY et al lWo) 
The IGFs are found in distinet molecular weight complexes (Fig. 1). Upon iur 
binding, IGFBP-3 and -5 associate with an - ^ a b i l e s u ^ ( A L S ) ta>ng ternary 
complexes of 150 kDa or 130 kDa, respectively (MARTIN and BAXTER1986 
TWIGG and BAXTER, 1998). Part of the IGFs is also found in 50 " ^ " » ^ ™ 
weight complexes (SHIMASAKI et al., 1991) and only very htüe of the IGFs is 
present in an uncomplexed form (HASEGAWA et al., 1996). The half-hfe of the 
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Fig I • IGFs (IGF-1 or -II) in human serum (proposed model) (RAJARAMJ .1.. .997; TWIGG and BAXTER, 
, & « n«y. Jir.F-i oder -10 im menschlichen Serum (vorgeschlagenes Modell)) 1998) (IGFs (IGF-1 oder -II) im menschlichen 



225 
Arch. Tierz. 43 (2000) 3 

IGFs is greatly enhanced by the IGFBPs (half-life of free IGF-I: 10-12 minutes; in the 
50 kDa complex: 20-30 minutes; in the big complex: 12-15 hours; GULER et al., 
1989). 
Insulin, another anabolic peptide, is synthesized exclusively in the pancreatic islets of 
Langerhans, while IGFs are synthesized in multiple tissues throughout the body 
(SHIMASAKI et al., 1991). Insulin has no affinity to the IGFBPs (KELLEY et al., 
1996) (Fig. 2). 

Ancestral Insulin-like Peptide 

Insulin (^ 

\ 

i i 

IUI--I IU1--11 

1 O ® 1 
IGFBPs 

vi—| 1 
K&1 £ , 

i / W \ 
o > O O® g, 

i i 1 
1? f 

Insulin reeeptor I I I I type-I reeeptor 

Lp lp -p 

1 ' 
•p 

h 
lype-II reeeptor 

cell membrane 

iXi 
metabolic 
funetions 

growih & 
differentiative 
function 

Fig. 2: Scheme of the IGF/IGFBP system (KELLEY et al., 1996) (Schema des IGF/IGFBP Systems) 

Selection for body weight results in multiple changes in the IGF system 
Factors affecting body growth, a major trait in animal breeding, have been investigated 
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in a plethora of studies. We evaluated the relationship between growth of mice selected 
for body weight and changes in the IGF system (HOEFLICH et al., 1998). Mice were 
generated by selection for high (H mice) or low eight-week body weight (L mice) over 
more than 50 generations and investigated for body and organ weights as well as serum 
IGF-I, insulin and IGFBP levels. Compared to control mice (C mice), the body weight 
of H mice was significantly increased whereas the body weight of L mice was 
significantly reduced (Table). In male mice, circulating levels of IGF-I were 
significantly reduced in the L line but significantly increased in the H line. 
Interestingly, in L mice we demonstrated a significantly reduced volume density of the 
somatotrophic cells in the anterior pituitary gland, suggesting a reduced secretory 
capacity for GH. This is in line with reduced serum levels of IGF-I and IGFBP-3, both 
of which are known to be regulated by GH. In contrast, hepatic IGFBP-2 mRNA 
expression and circulating IGFBP-2 levels were significantly increased in L mice, 
suggesting a potential negative function of this IGFBP for somatic growth. 

Table 
Characteristics of 8-month-old mice selected for high (H) or low (L) eight-week body weight as 
compared to controls (C) (HOEFLICH et al., 1998) (Charakteristika 8 Monate alter Mäuse, die 
auf hohes (H) oder niedriges (L) 8-Wochen-Gewicht selektiert wurden, im Vergleich zu 
Kontrolltieren (C) (HOEFLICH et al., 1998)) 

Parameter 

Body weight (g) 

IGF-1 (ng/ml) 

IGFBP-2 (AU) 

Sex 

M 
F 

M 
F 

M 
F 

L line 
mean (SD) 

21.7(1.3) 
20.6(1.4) 

285 (34) 
261 (44) 

1355 (320) 
785 (399) 

Cline 
mean (SD) 

44.8 (4.3) 
41.1 (3.5) 

447 (20) 
506 (109) 

405 (76) 
529(251) 

Hline 
mean (SD) 

63.1 (9.3) 
57.9 (4.9) 

600 (59) 
542 (59) 

329 (54) 
262 (201) 

Comparison o 
L;C L;H 

* 

fgroups 
C:H 

* 

n.s. 

n.s. 
n.s. 

Significant differences are marked by asterisks (*P<0.05; **P<0.01); n.s. = not significant; 
AU = optical density in arbitrary units 

Transgenic modeis for clarifying the specific functions of IGFs 
Consistent with the concept of IGF-I being an important regulator of somatic growth, 
transgenic mice overexpressing IGF-I under the control of the mouse metallothionein I 
(MT) promoter displayed increased body weight gain (MATHEWS et al., 1988). The 
tissues with the strongest increases in weight were spieen, pancreas, brain, kidney, and 
liver. Most importantly, the carcass weights were markedly increased (20%). The 
gastrointestinal tract represents another important target tissue of IGFs (READ et al., 
1991). Accordingly, MT-IGF-I transgenic mice displayed enhanced growth of the 
small bowel, associated with increased villus height, crypt depth and greater numbers 
of crypt cell mitoses (OHNEDA et al., 1997), providing direct evidence for a strong 
involvement of the IGF system in growth and function of the gut. 
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Although IGF-II has been shown to be an important growth factor in fetal development 
(DECHIARA et al., 1990), the role of this peptide in postnatal growth physiology is 
less clear. Therefore, several transgenic modeis overexpressing IGF-II peri- and 
postnatally have been established (for review, see WOLF et al., 1998). In adult mice 
IGF-II serum levels decrease and represent about 10% of the IGF-I serum levels. Thus, 
an important role for somatic growth seems unlikely and - in contrast to IGF-I 
transgenic mice - no positive effects on overall body growth have been observed in 
IGF-II transgenic mice (WOLF et al., 1994, 1995a, 1998). Instead, distinct postive 
effects on the growth of specific organs - such as the adrenal glands in the case of 
PEPCK-IGF-II transgenic mice (WEBER et al., 1999) - have been observed. 

Functional analysis of IGF receptors in knockout mice 
IGFs and their receptors play important roles in embryonic development. Mice lacking 
a functional IGF-I reeeptor gene were born alive but died within minutes of respiratory 
failure. Body weight was reduced to approximately 45% and sections of these mice 
showed, beside hypoplasia of skeletal muscles, alterations of the nervous system, skin 
and of bone development (LIU et al., 1993). 
Functional inactivation of the gene encoding the IGF-II reeeptor demonstrated that this 
gene is subjeet to paternal imprinting and that the IGF-II reeeptor is important for the 
degradation of IGF-II. Thus, IGF-II reeeptor deficiency in knockout mice resulted in 
increased levels of IGF-II, fetal overgrowth and multiple skeletal and organ 
abnormalities (WANG et al., 1994). 

The roles of IGFBPs as modulators of IGF actions in vivo - lessons from 
transgenic mouse modeis 
A number of transgenic mouse modeis have been created overexpressing IGFBP-1 
under the control of different promoters. These studies demonstrated, that elevated 
levels of IGFBP-1 result in reduced somatic and specifically brain growth, impaired 
glucose tolerance and fasting hyperinsulinemia, and disturbed female fertility (for 
review, see SCHNEIDER et al., 2000). 
To find out if increased IGFBP-2 serum levels - as observed in mice selected for low 
body weight - result in reduced body weight or represent only an epiphenomenon 
without intrinsic growth regulating effects, we produced transgenic mice in which a 
murine IGFBP-2 cDNA is expressed under the control of the CMV promoter 
(HOEFLICH et al., 1999). The mRNA expression of IGFBP-2 was investigated in 
several tissues (stomach, jejunum, colon, liver, adipose tissue, kidney, spieen, skeletal 
muscle, heart, lung, brain, salivary gland, adrenal gland) and could be detected as a 
transgene specific band (1.6 kb) in all investigated tissues except for the liver and as an 
endogenous band at 1.4 kb in spieen, colon, lung and liver. IGFBP-2 protein levels, 
determined by Western ligand blotting (as a band at 32 kDa) and Western 
immunoblotting (as a band at 34 kDa), were elevated in pancreas (as the organ with the 
highest expression) followed by stomach, heart, colon, and adipose tissue. In addition to 
these tissues, elevated levels of IGFBP-2 were found in kidney, small intestine, spieen, 
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salivary glands, lung, and adrenal glands. Further immunohistochemical investigations 
of the pancreas demonstrated IGFBP-2 overexpression specifically in the islets of 
Langerhans, the staining pattern suggesting ß-cell specific IGFBP-2 expression. The 
determination of serum IGFBP-2 proved a 3-fold increase in IGFBP-2 transgenic mice. 
No effects on IGF-I or -II serum levels could be detected, likewise on serum levels of 
IGFBP-3 and IGFBP-4. Analysis of fasting and postprandial glucose and insulin levels 
showed a reduction of fasting glucose levels in IGFBP-2 transgenic mice with borderline 
significance. Most importantly, a significant reduction of body weight was seen in 
IGFBP-2 transgenic mice of both sexes starting from an age of 23 days. Comparing the 
absolute organ weights, only the spieen was significantly reduced in weight. In addition, 
the relative (to body weight) weights of kidney, lung, stomach and colon were 
significantly reduced. The reduction in body weight was mainly due to a significant 
reduction in carcass weight, both absolutely (13%) and as a function of body weight 
(12%). These data suggest that IGFBP-2 is a potent inhibitor of skeletal muscle growth. 
To further clarify this point, we crossed CMV-IGFBP-2 transgenic mice with transgenic 
mice overexpressing bovine GH under the control of the rat PEPCK promoter. The latter 
model is characterized by 2- to 3-fold increased serum IGF-I levels (BLACKBURN et 
al. 1997a), and markedly increased body and organ growth (BLACKBURN et al., 
1997b), including a pronounced hypertrophy of skeletal muscles (WOLF et al., 1995b). 
Coexpression of the CMV-IGFBP-2 transgene in PEPCK-bGH transgenic mice reduced 
the carcass weight by 27%, confitming our hypothesis that IGFBP-2 reduces muscle 
growth even in the context of elevated GH and IGF-I levels (A. HOEFLICH, S. 
NEDBAL and E. WOLF, unpublished). 
Negative effects on smooth muscle cell growth have been demonstrated for IGFBP-4 
(WANG et al., 1998) by use of an a-actin-IGFBP-4 fusion gene. In these mice IGFBP-
4 was also hypothesized to act by negative interference with IGF-I, and IGFBP-4 was 
suggested as an antagonist of IGF-I action. 

Conclusions 
IGFs and IGFBPs are involved in plenty of aspects in the regulation of body and organ 
growth as well as in biology of reproduction. Transgenic and knockout mouse modeis are 
important tools to characterize specific funetions of individual components of the IGF 
system (for review, see WOLF et al., 1998; SCHNEIDER et al., 2000) which is pivotal 
for a practical use in livestock production. 
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