
Background

The insulin-like growth factors (IGF-) I and II play a critical 
role in pre and post natal mammalian growth (1). The 
growth promoting actions of these two growth factors are 
exerted through binding to the type I receptor (IGF1R), a 
transmembrane receptor belonging to the tyrosine kinase 
family of receptors (2). The mannose-6-phosphate, or IGF 
type II receptor, with higher affinity for IGF-II than IGF-I, acts 
predominantly as a scavenger receptor, allowing the rapid 
depuration of IGF-II. In the fetus, these two growth factors 
are ubiquitously expressed, mainly acting close to the place of 
synthesis by paracrine/autocrine mechanisms. However, low 
concentrations of IGFs are found in the circulation mostly as 
50 kDa binary complexes with IGFBP-2. After birth IGFs, 
specially IGF-I, are stimulated by growth hormone (GH) and 
although IGF-I expression remains in almost all tissues, liver 
IGF-I shows the higher level of expression and constitutes 
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Abstract 

T   he acid-labile subunit (ALS) protein is a key 
component of the circulating 150-kDa IGF ternary 
complex. The main role of ALS is the extension 

of IGF-I half life by protecting it from degradation and 
preventing the passage of IGF-I to the extravascular 
compartment. In humans, complete ALS deficiency is 
characterized by severe reduction of IGF-I and IGFBP-3 
that remain low after GH treatment, associated with mild 
growth retardation, much less pronounced than the IGF-I 
deficit. Pubertal delay in boys and insulin insensitivity are 
common findings. At least 21 patients with ALS deficiency 
have been described presenting 16 different homozygous 
or compound heterozygous inactivating mutations of 
the IGFALS gene. Although the effect of ALS deficiency 
on prenatal growth is still uncertain, postnatal growth 
is clearly affected, with the majority of the patients 
presenting a height between -2 to -3 SDS before and during 
puberty. In the assessment of a child with short stature 
ALS deficiency should be considered in those patients 
presenting: 1) a normal response to GH stimulation test, 2) 
low IGF-I levels associated with more profoundly reduced 
IGFBP-3 levels, 3) a mild growth retardation, apparently 
out of proportion to the degree of IGF-I and IGFBP-3 
deficits, 4) lack of response to an IGF generation test and 
5) insulin insensitivity. 
The relatively mild growth retardation in relation to the 
severe IGF-I deficit might be related to the preserved 
autocrine/paracrine action of locally produced IGF-I. The 

observation that in families of ALS deficient patients, 
heterozygous carriers for IGFALS gene mutations, are 
shorter than their wild type relatives and the relatively 
high frequency of heterozygosity for this gene in children 
with idiopathic short stature suggests a requirement of 
normal levels of ALS for the attainment of maximal growth 
potential.
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the source of the majority of circulating IGF-I. Although in 
the circulation IGFs can form binary complexes with six high 
affinity IGF binding-proteins (IGFBP-1 to -6), they are found 
mostly in a 150-kDa ternary complex consisting of a molecule 
of IGFBP-3 or -5, a molecule of IGF-I or -IGF-II and a unique 
acid-labile subunit (ALS) (3). This 84-86 kDa glycoprotein, 
first suggested by the observation that acidification results 
in the dissociation of the ternary complex (4), belongs 
to the superfamily of leucine-rich repeat (LRR) proteins, 
characterized by their ability to participate in protein-protein 
interactions (5). ALS has a relatively high affinity for the 
IGFs/IGFBP-3 or -5 binary complexes forming ternary 
complexes with no discernible affinity for isolated IGF-I or 
IGFBP-3. In the circulation up to 85% of the IGFs circulate in 
these ternary complexes, 10-15% in binary complexes with 
IGFBPs and less than 1% as unbound or free IGF-I (6). While the 
half life of free IGF-I is approximately 10 min, it is extended 
to 30-90 min when in binary complexes, and to more than 12 
hours when in the ternary complexes (7). 

ALS protein has received much less attention compared 
with other IGFBPs, probably due to its completely different 
structure and its relatively lower affinity for complexed IGFs 
compared to other IGFBPs (8). However, the development of 
an animal model for ALS deficiency (the ALS-KO mouse) (9) 
and the description of a patient with an inactivating mutation 
of the IGFALS gene (10), have demonstrated the important 
phys io log ica l  ro le 
of this protein in 
t h e  c i r c u l a t i n g 
IGF  sy s tem and 
t h e  i m p a c t  o f 
i t s  a b s e n c e  o n 
postnatal growth 
a s  w e l l  a s  o n 
carbohydrate and 
probably on bone 
metabo l i sms.  In 
t h i s  r e v i ew  we 
wi l l  d i scuss  the 
r e c e n t  f i n d i n g s 
o f  a u x o l o g i c a l 
a n d  m e t a b o l i c 
c o n s e q u e n c e s 
o f  h u m a n  A L S 
d e f i c i e n c y  a n d 
w i l l  e l a b o r a t e 
on  t he  c l i n i c a l 
significance of the 
characterization of 
the IGFALS gene in 
children with short 
stature. 

ALS Deficiency

Complete ALS deficiency, the result of homozygous 
inactivation of the IGFALS gene, was first described in a 
14.6 year old boy with mild growth retardation, marked 
reduction of IGF-I and IGFBP-3 levels that remained low after 
GH stimulation, associated with pubertal delay and insulin 
resistance (10). 

Since the original report, 20 additional patients have 
been diagnosed with this condition (11-19), suggesting that 
complete ALS deficiency could be more prevalent than 
previously suspected. Sixteen different mutations of the 
IGFALS gene have been identified, and while twelve patients 
harbor homozygous, nine present compound heterozygous 
mutations (Table 1). Consanguinity was reported in only 
3 of the 16 families studied, suggesting that heterozygous 
carriers for IGFALS mutations may be present in the general 
population. All reported mutation are encoded by exon 2 of 
the IGFALS gene including 9 missense, 1 nonsense, 4 frameshift 
and 2 in-frame duplications (Table 1 and Figure 1). ALS 
levels were completely absent or barely measurable in these 
patients indicating that, regardless the type of mutation, all 
result in mutated proteins that are unable to be normally 
secreted or that they are unstable and rapidly cleared from 
the circulation.

Figure 1. Schematic representation of the ALS protein and the IGFALS gene indicating the position of 16 described 
homozygous and compound heterozygous mutations
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ALS deficiency has been classified as a particular type of GH 
insensitivity because patients with this condition present short 
stature associated with normal GH response to pharmacological 
tests, and subnormal levels of IGF-I and IGFBP-3 (20) (Table 2). 
In addition, a lack of response of IGF-I and IGFBP-3 to short term 
GH administration has also been observed together with lack 
of change of these factors and insufficient response in growth 
acceleration to GH therapy. However, in contrast to other IGF-I 
deficient/GH insensitivity syndromes, ALS deficiency presents 
different phenotypic characteristics: 1) a predominant reduction 
of IGFBP-3 levels compared with those of IGF-I; and 2) an out 

of proportion reduction in IGF-I and IGFBP-3 deficit compared 
to the mild effect on post natal growth. Indeed, while IGF-I 
levels were -5.81±2.68 SDS and IGFBP-3 levels -9.84±6.12 SDS 
in 15 ALS deficient patients, their height deficit was only of 
-2.63±0.92 SDS (Figure 2). Different explanations have been 
suggested to explain this lack of proportion between the 
severity of IGF deficiency and its relative modest impact 
on post natal growth (the “mismatch syndrome” as it has 
been referred to by Dr. M.O. Savage). Although normal free-
IGF-I levels could possibly maintain growth near normal 
limits (21), when they were measured, free- and also bio-IGF-I 

Mutation N Protein Type of Mutation
homozygous / 
heterozygous

Ethnic Origin
Reference 
Number

1. p.E35KfsX87 Frameshift, premature 
stop codon

Homozygous Argentinean 10

2. p.D440N Missense Homozygous Turkish 11
3. p.C540R Missense Compound 

heterozygous
Norwegian/German 12

4. p.S195_R197dup In-frame duplication of 3 
amino acids, SLR

5. p.N276S Missense Homozygous Spanish 13
6. p.Q320X Nonsense Homozygous Spanish
7. p.L497FfsX40 Frameshift, premature 

stop codon
Homozygous Kurdish 14

8. p.L437_L439dup In-frame duplication of 3 
amino acids, LEL.

Homozygous Mayan 15

9. p.C60S Missense Compound 
heterozygous

Jewish/Eastern European 
(Polish, Russian, Austrian-
Hungarian)/Icelandic/
European (French, English)

10. p.L244F Missense 

11. p.L134Q Missense Homozygous Indian/Pakistani
12. p.P73L Missense Compound 

heterozygous
Ashkenazi Jewish

13. p.L241P Missense 
11. p.L134Q Missense Compound 

heterozygous 
British Asian 17

14. p.A183SfsX149 Frameshift, premature 
stop codon

12. p.P73L Missense Homozygous British Asian

15. p.L172F Missense Homozygous Swedish 18

15. p.L172F Missense Compound 
heterozygous
Compound 
heterozygous

Swedish

4. p.S195_R197dup In-frame insertion of 3 
amino acids, SLR

5. p.N276S Missense Compound
heterozygous

Spanish 19

16. p.E35GfsX17 Frameshift, premature 
stop codon

The amino acid numbering system was based on the precursor protein, with the initial methionine numbered as +1 

Table 1. Reported mutations in the IGFALS gene in patients with complete ALS deficiency
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levels showed to be below normal limits (22). 
It was also proposed that since ternary complex 
formation, responsible for maintaining IGF-I in 
the vascular compartment, is not formed without 
ALS, an increased efflux of IGF-I could impact on 
peripheral tissues without accumulation in the 
circulation. However, this hypothesis sounds also 
unlikely because it is difficult to envisage how 
liver IGF-I, the main source of circulating IGF-I, 
could reach its distant target (the growth plates 
in long bones) before being rapidly cleared from 
the circulation. The most likely explanation for the 
relative preservation of growth in ALS-deficient 
patients is in agreement with observations derived 
from mouse models showing that: 1) conditional KO 
of liver IGF-I, resulting in marked circulating IGF-I 
deficiency, has little or no effect on post natal 
growth (23) and 2) that ALS-KO mouse with similar 
reduction of IGF-I and IGFBP-3 and lack of ALS had 
only a 13% reduction in size compared to control mouse (24). 
These findings suggest that, in ALS-deficient children, locally 
produced IGF-I under the stimulation of normal, or even 
increased GH levels, is able to sustain post natal growth close 
to normal limits by acting through an autocrine/paracrine 
mechanism. 

1) Congenital defects 
GH receptor (GHR) gene defects
 Extracellular domain mutations
 Transmembrane domain mutations
 Intracellular domain mutations
GH signal transduction defects
 STAT5b gene mutations
 IKBKG gene mutations 
IGF transport defects
 IGFALS gene defects
IGF-I synthesis or action defects
 IGF1 gene mutations (including bioinactive IGF-I) 
 IGF1R gene mutations

2) Acquired defects 
 Malnutrition
 Parenchymal liver diseases
 Type 1 diabetes
 Catabolic states
 Chronic inflammatory diseases
 GH neutralizing antibodies

Table 2. Growth hormone insensitivity syndromes

Impact on the IGF System

In  ALS  def ic iency,  leve ls  of  IGF- I  and - I I  are 
reduced (13,14,22), while IGFBP-3 levels are more diminished. 
In addition, levels of IGFBP-1 and IGFBP-2 are frequently 
reduced, although to a lesser degree. Thus, ALS deficiency 
results in a generalized deficiency of the circulating IGF 
system affecting the two ligands (IGF-I and IGF-II) as well 
as the most abundant circulating IGFBPs: IGFBP-1, -2, and 
-3. As the result of IGF-I deficiency feedback inhibition of 
GH secretion is impaired and spontaneous or stimulated GH 
secretion is usually increased. However, despite IGF-I levels 
being reduced to a similar degree to that in GH insensitivity 
resulting from either GHR or STAT5b gene mutations, the 
increase in GH secretion is only moderate. This suggests that 
the feed back control of GH secretion by IGF-I is not only 
mediated by circulating IGF-I, but that local hypothalamic 
IGF-I production may also contribute to control of GH synthesis 
and secretion (Figure 3). Supporting this interpretation, 
a possible physiological inhibitory effect of hypothalamic 
expressed IGF-I on GH secretion has been shown, acting by 
decreasing GHRH expression and enhancing somatostatin 
expression (25,26). 

Insulin Insensitivity is a Common 
Finding in ALS Deficiency 

In those patients in whom carbohydrate metabolism has been 
explored, insulin insensitivity was revealed by: 1) high basal 
or glucose-stimulated insulin levels, 2) elevated HOMA index 
(homeostasis model assessment index) with normal glucose 
levels, and 3) low IGFBP-1 levels (16). The pathophysiological 
mechanism involved is not completely understood, but 
increased GH levels may contribute to impaired insulin action 

Figure 2. Height and IGF-I, IGFBP-3 and ALS levels are expressed in SDS in 15 children 
and adolescents with ALS deficiency
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by multiple mechanisms (increased levels of free fatty acids 
by the lipolytic effect of GH excess, impairment of insulin 
signaling by cross talk between GH receptor and insulin 
receptor signaling pathways, among others) (27,28). However, 
it seems unlikely that the mild elevation of GH levels observed 
in ALS-deficient patients can be the only cause of insulin 
insensitivity. Since IGF-I is able to improve glucose uptake, 
particularly by skeletal muscle, it is likely that the marked 
decrease in IGF-I levels may also contribute to the insulin 
insensitivity observed in these patients (29). 

Bone Metabolism

In agreement with the observed reduction in total bone 
mineral density (BMD) in ALS knockout mice (30), the first 
described ALS-deficient patient presented a marked reduction 
in BMD at lumbar spine (z-score -4.7 SDS at 16 year of age), 

with a partial recovery after puberty (-2.1 SDS at the age 
of 19) (31). Severely reduction in BMD was also reported 
in two of the ALS-deficient patients from Kurdistan, who 
have had fracture after minor trauma. However, as reduction 
of BMD was also present in heterozygous carriers and wild 
type relatives, a different factor not related to ALS could 
be involved in this highly consanguineous family (14). 
Furthermore, in other ALS-deficient patients BMD was reported 
to be normal (13). 

Growth in ALS-Deficient Patients

Mutations in the IGFALS gene have been reported in children 
and adults of short stature presenting with low levels of IGF-I 
and IGFBP-3. However, the association of ALS deficiency with 
growth retardation may represent some degree of ascertainment 
bias, as measurements of IGF-I and IGFBP-3 levels are not usually 

d e t e r m i n e d  i n 
individuals of normal 
stature. 

The effect  of 
ALS deficiency on 
prenatal growth is still 
uncertain because 
length and weight 
at birth have been 
reported in only a few 
patients. However, 
the observed mean 
birth weight  of 
-1.0 SDS suggests 
that this condition 
may produce some 
mild deleterious 
e f f e c t  ( 1 6 ) . 
Postnatal growth 
w a s  c l e a r l y 
affected, with the 
majority of  the 
patients presenting 
a height between 
- 2  and  - 3  SDS 
before and during 
puberty. Because 
pubertal delay has 
been observed in 
at least half of 
the male patients, 
it is not surprising 
that adult height 
SDS  was  f ound 
t o  b e  g r e a t e r 

Figure 3. The IGF system in ALS deficiency
In normal situations GH promotes IGF-I synthesis on both liver and extrahepatic tissues (bone and muscle among others). 
Circulating IGF-I, mostly derived from liver, associates to IGFBP-3 and ALS in a 150-kDa ternary complex (IGF-TC) that 
extend half life of both IGF-I and IGFBP-3. In ALS-deficient patients, harboring inactivating mutations of two IGFALS 
gene alleles, ALS is not present in the circulation, levels of IGF-I and IGFBP-3 are both markedly reduced and feed back 
inhibition on hypothalamus of GHRH is decreased with the consequent increase in GH secretion. Despite the marked 
reduction in circulating IGF-I, locally expressed IGF-I may act normally by paracrine/ autocrine mechanisms, maintaining 
linear growth near to normal limits. 
Solid lines indicate stimulation effects (with thicker lines indicating greater effects), while dashed lines denote 
inhibitory effects. GHRH: growth hormone- releasing hormone; SST: somatostatin; GHBP: growth hormone-binding 
protein; IGF-TC: insulin-like growth factor ternary complex.
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than prepubertal height, but still around 1.0 SDS lower than 
midparental target height SDS (16). When growth spurt 
was documented, it was normal (12,13,22), resulting in an 
improvement in post pubertal height SDS. However, in some 
cases, a subnormal growth spurt rendered these patients into 
more profoundly reduced adult height (14).

A limited response to GH treatment (periods from 
6 months to 2 years) in ALS- deficient patients has been 
observed (10,12,13,15). IGF-I therapy was initiated in a patient 
after a poor response to GH treatment, but its response has 
not yet been reported (15).

When 
Should We 
Suspect ALS 
Deficiency 
in a Patient 
with Short 
Stature?

The  p reva l ence 
of ALS deficiency is 
unknown at present 
in non GH-deficient 
children with short 
stature.  Although 
i t  i s  c l ea r  t ha t 
s o m e  p a t i e n t s 
with complete ALS 
d e f i c i e n c y  m a y 
present with normal 
height, ALS deficiency 
resulting from IGFALS 
g e n e  m u t a t i o n s , 
should be considered 
in children with short 
stature presenting 
most of the following 
c h a r a c t e r i s t i c s : 
1) a normal response 
to GH stimulation 
test, 2) low levels 
of IGF-I associated 
with more profoundly 
reduced  IGFBP-3 
l e v e l s ,  3 )  m i l d 
growth retardation, 
apparently out of 
proportion to the 

degree of IGF-I and IGFBP-3 deficits, 4) lack of response 
of IGF-I and IGFBP-3 to an IGF generation test, 5) insulin 
insensitivity characterized by normal glucose levels in the face 
of elevated insulin levels, and 6) pubertal delay, especially in 
male patients. Table 3 illustrates a flow-chart for the study 
of children with short stature, with special attention to the 
characterization of already known gene defects associated 
with GH insensitivity syndromes, particularly ALS deficiency.

Evaluation of Children with Short Stature
Considering Only Already Known Gene Defects

height <2.5 SDS
      

 GH stimulation test
 IGF-I

GH peak >cut off level                  GH peak <cut off level                GH peak >cut off level 
Normal IGF-I      IGF-I < -1.0 SDS                 IGF-I <-2.0 SDS

Idiopathic short stature                      Gh deficiency                            Gh insensitivity (GhI) or
                   Primary IGF-I deficiency 
                  (IGFD)

     IGF generation test
        

         IGF-I response > cut off level                        IGF-I response < cut off level 
    Bio-inactive Gh                         GhI or IGFD 
               Consider the investigation of GH1 gene                             IGFBP-3 measurement

IGF-I SDS < IGFBP-3 SDS                                 IGF-I SDS > IGFBP-3 SDS 
Height SDS deficit proportional to   Height SDS deficit < IGF-I or 
IGF-I SDS or IGFBP-3 SDS deficiencies   IGFBP-3 SDS deficiencies

     Consider the investigation of
            ALS gene defects

No evidence of                                        Evidence of 
immunodeficiency         immunodeficiency 

Consider the investigation of        Consider the investigation of 
Gh receptor         STAT5b or IKBKG gene defects

Table 3. Flow chart for the diagnosis of known gene defects resulting in GH insensitivity (GHI) or primary IGF-I 
deficiency (IGFD)  
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Is There an Effect of heterozygosity 
for IGFALS Gene Mutations in Post 
Natal Growth?

The observation that mean parental height obtained 
from heterozygous carriers for IGFALS gene mutations is 
approximately 1.3 SDS below population’s mean, suggests 
that carrying a mutated IGFALS allele may lead to a mildly 
affected growth phenotype (14,16,32). Two independent 
preliminary reports have shown a relatively high frequency 
of heterozygosity for IGFALS gene mutations in children with 
idiopathic short stature (33,34). It has been observed that: 
1) heterozygous carriers usually exhibit decreased levels of 
IGF-I, IGFBP-3 and ALS, and 2) in families of ISS children, short 
stature and low levels of members of the IGF system segregate 
with heterozygous status. These findings indicate that both 
gene alleles are required to maintain optimal ALS levels and 
to fulfill growth potential, suggesting a possible involvement 
of haploinsufficiency of IGFALS gene in the etiology of short 
stature in a subset of short children presenting reduced levels 
of IGF-I and IGFBP-3. In vitro characterization of the binding 
properties of mutated ALS proteins and the impact on ternary 
complex formation is required to confirm the involvement of 
haploinsuficiency of IGFALS gene on post natal growth. These 
studies (33,34) have expanded the spectrum of IGFALS gene 
defects in children with abnormal growth and have confirmed 
the crucial role of ALS in maintaining the integrity of the 
circulating IGF system. 

Final Remarks
ALS deficiency has been described in South and North 

America and in Europe in patients from diverse ethnical 
background, suggesting that it may be more prevalent than 
originally expected. In contrast to other autosomal recessive 
diseases, most of ALS deficient patients belong to non-
consanguineous families. An hypothetical explanation for 
this finding is that in contrast to what is observed in patients 
carrying mutations in other genes of the GH-IGF axis (such as 
GHR or STAT5b), homozygous or compound heterozygous for 
IGFALS gene mutations might not be under a strong negative 
selection pressure, and because fertility is expected to be 
preserved, this may result in a relatively greater prevalence of 
heterozygous carriers in the population.

It is remarkable that not a single patient with a complete 
inactivation of the IGFBP-1 to -6 has yet been described, 
suggesting that due to the overlapping and relatively 
redundant actions of these proteins, the effect of lacking 
a single IGFBP may well be compensated by the remaining 
IGFBPs, while the requirement for ALS in ternary complex 
formation, and the resulting effect in the extension of IGF-I 
and IGFBP-3 half life, could not be compensated for by other 
members of the IGFBP family.

Another important physiological consequence of complete 
ALS deficiency is that this condition supports the concept 
that normal circulating IGF-I levels are not a requirement to 
sustain almost normal post natal growth. In ALS deficiency, 
the unaffected synthesis and autocrine/paracrine action of 
IGF-I might sustain growth near or even within normal limits. 
However, growth promoting actions of circulating IGF-I are 
evident and a normal circulating IGF system is necessary to 
fulfill full growth potential.
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