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ABSTRACT
The acid-labile subunit (ALS) is an 85 kDa 
glycoprotein that belongs to the leucine-rich 
repeat superfamily. It mainly circulates in 
serum bound to a high molecular weight ternary 
complex.
The main and most widely studied function 
of ALS is to prolong the half-life of the binary 
complex formed by insulin-like growth factors 
type 1 and 2 and its transport proteins 3 and 5. 
ALS serum levels are lower in neonates, reach a 
peak in late puberty, and then slowly decrease 
throughout adulthood. ALS deficiency has 
consequences on growth, hydrocarbon and bone 
metabolism, and, in some cases, it affects pubertal 
development. To date, 25 patients with complete 
ALS deficiency due to IGFALS gene mutations 
have been found.
Key words: acid-labile subunit, insulin-like growth 
factor-1, short stature.
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GLOSSARY
ALS: acid-labile subunit
ALS-D: complete acid-labile subunit 

deficiency
BMD: bone mineral density
GH: growth hormone
IGF: insulin-like growth factor
IGFBP: insulin-like growth factor-binding 

protein
kDa: kilodalton
LRR: leucine-rich repeats
SDS: standard deviation score

INTRODUCTION
The acid-labile subunit (ALS) is 

an 85 kilodalton (kDa) glycoprotein 
t h a t  b e l o n g s  t o  t h e  l e u c i n e -
r ich repeat  (LRR) superfamily, 
characterized for its involvement in 
protein-protein binding. The gene 
responsible for encoding it is located 
in chromosome 16 and comprises 
2 exons and 1 intron.1 

This glycoprotein is secreted 
by the liver in response to growth 
hormone (GH) and mainly circulates 
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in serum bound to a high molecular 
weight (150 kDa) ternary complex. In 
such complex, ALS is associated with 
some of the proteins of the insulin-
like growth factor (IGF) family and 
one of the insulin-like growth factor-
binding proteins (IGFBP): IGFBP3 or 
IGFBP5.2,3

The IGF family is comprised of 
2 peptide hormones synthesized by 
the liver: IGF1 and IGF2. These share 
approximately 50% of their amino 
acid sequence and a large portion of 
their sequence displays homology to 
proinsulin but, unlike the latter, they 
retain C-peptide and are therefore 
longer. IGF actions and bioavailability 
are regulated by a family of 6 IGF-
binding proteins, known as IGFBP1, 
2, 3, 4, 5, and 6,4 together with ALS. Of 
these, only IGFBP3 and IGFBP5 can be 
part of the ternary complex.5

Molecular description
For human ALS, the IGFALS gene 

encodes approximately 3300 base pairs, 
located in chromosome region 16p13.3, 
and is comprised of 2 exons separated 
by 1 intron. Exon 1 encodes the first 
5 amino acids of the signal peptide 
and the first codon base corresponding 
to the 6th amino acid; exon 2 encodes 
the last 2 codon bases of the 6th codon 
and the remaining 599 amino acids.1 
The signal peptide comprises the first 
27 amino acids. The mature protein is 
made up of 578 amino acids organized 
into 3 domains: 1 N-terminal domain, 
1 central domain containing 21 LRR of 
24 amino acids each (comprising 75% 
of ALS), and 1 C-terminal domain; 
both terminal domains contain cystein-
rich residues. The protein folds into a 
doughnut-shaped structure with LRR-
1 aligned closely to LRR-20.3

The first structural model was 
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described in 1999. More recently, David et 
al.2 have introduced a new model analyzing 
ALS glycosylation, charge distribution, and 
the mechanisms by which missense mutations 
affected the protein structure.2 This structural 
model contains 6 disulphide bridges, which 
are mainly clustered towards the N-terminus 
(LRR-1) and the C-terminus (LRR-20). It also 
proposes 7 potential N-glycosylation sites; 6 of 
these are located towards the N- and C-terminal 
ends whereas 1 site is located in the central 
region of the ALS (LRR-14). Fourteen potential 
O-glycosylation sites are predicted: 8 are 
located towards the N- and C-terminal ends;  
12 of these 14 sites are located on the outer convex 
surface and 2 on the inner concave surface.  
N- and C-terminal regions are rich in proline. In 
relation to the electrostatic potential, this model 
shows positively charged regions on the outer 
surface and a predominance of negatively charged 
regions on the inner concave surface.2 Such 
structure may facilitate the interaction with the  
C-terminal region of IGFBP3, which is rich in basic 
residues and is therefore positively-charged.3

It was also shown that the removal of all 
negatively charged sialic acids on the glycosylated 
chains reduced the affinity of ALS for the binary 
complex but did not disrupt the formation of the 
ternary complex.6

Synthesis and regulation
ALS synthesis  is  mainly  restr ic ted to 

hepatocytes.7 Serum is probably the greatest 
source of extravascular ALS although in certain 
tissues synthesis also occurs locally. Using 
sensitive techniques, extrahepatic IGFALS 
gene expression has been found in the kidneys, 
developing bone, mammary glands during 
breastfeeding, thymus, and lungs.3,7

Regardless of its source, extravascular ALS 
may regulate local IGF action by binding to the 
ternary complex.8

The initiation of ALS synthesis is one of the 
last events in the development of the IGF system; 
ALS is not detectable in humans at 27 weeks 
of gestation but it is present in infants born at 
term.9 Free ALS accounts for 30% of the total 
glycoprotein throughout fetal life. This percentage 
increases during childhood until reaching a peak 
of approximately 70% during puberty.10

GH is the most potent inducer of ALS mRNA 
in the liver and, therefore, of ALS plasma 
circulating levels.4 This is evidenced by the 
marked reduction or even the absence of ALS 

levels among patients with GH deficiency.11 

Studies in rats have shown that such GH 
effects on the liver are direct and occur at the 
transcriptional level of the IGFALS gene.12,13

There are also several conditions that reduce ALS 
serum levels, e.g., malnutrition, fasting, catabolic 
diseases, diabetes, brain injury, and cirrhosis.14-20

Functions
The main and best-known function of ALS 

is to prolong the half-life of the binary complex 
IGF1-IGFBP3/IGFBP5. The half-life of free IGF1 
is 12 minutes; however, the IGFBP-3/IGF-I 
complex with ALS prolongs IGF half-life to 
more than 12 hours. Thus, the ternary complex 
becomes the main IGF reservoir and regulates 
IGF bioavailability and bioactivity.21 ALS also acts 
by regulating IGF action in certain extravascular 
tissues, forming the complex at a local level. 
The inhibitory role of ALS on IGF actions is 
consistent with the observation that generalized 
overexpression of ALS causes growth retardation 
in 4- and 8-week-old mice.22

It is worth noting that ALS has no affinity for 
free proteins, so the IGF1-IGFBP3/IGFBP5 binary 
complex needs to be formed before the ternary 
complex.8

ALS also plays an important role in the 
prevention of non-specific metabolic effects caused 
by IGFs, such as hypoglycemia. This is because IGFs 
in the ternary complex cannot cross the capillary 
endothelial barrier and activate the insulin receptor, 
thus restricting IGFs’ insulin-like intrinsic effects.23

Complete acid-labile subunit deficiency 
Effect on insulin-like growth factor system

The absence of circulating ALS causes a 
generalized deficiency of the so-called “IGF 
system,” with reduced IGF1 and IGF2 levels; 
IGFBP3 levels are markedly reduced, and both 
IGFBP1 and IGFBP2 are also low.24 A characteristic 
of such deficiency is a disproportionate reduction 
in IGF1 and IGFBP3 levels relative to the effect on 
postnatal growth because, in most cases, height 
before and after puberty ranges between -2 and 
-3 standard deviation score (SDS).25

GH in these patients is normal or sometimes 
even high when the  sample  is  col lected 
spontaneously or using a stimulation test; such 
effect may be described as a result of IGF1 
negative feedback deficiency on GH secretion.26 In 
children with complete ALS deficiency (ALS-D) it 
has been observed a birth weight below the mean 
-2.23 to -0.08 SDS; this suggests a potential effect 
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on prenatal development, although its mechanism 
is still uncertain.25

 
Metabolic effects

Among patients with ALS-D for whom data 
were collected, fasting glucose was normal. Insulin 
resistance was suggested in 10 out of 11 patients 
because they met 1 or more lab test criteria as 
follows: fasting blood insulin level > 15 mU/L, 
insulin peak > 150 mU/L post-glucose (oral 
glucose tolerance test), blood insulin level at 
120 minutes > 75 mU/mL or a glucose homeostasis 
index > 3.25

T h e s e  d a t a  s u g g e s t  t h a t  A L S - D  h a s 
implications on hydrocarbon metabolism. The 
pathophysiological mechanisms involved in such 
alteration are still unknown. The slightly elevated 
GH levels reported in these patients may contribute 
to this deficiency in insulin action due to multiple 
mechanisms, such as an increase of free fatty acids 
because of the lipolytic effect, which is a signal 
intertwining effect between GH receptor and 
insulin receptor signaling pathways, among other 
factors. 

Anyhow, this slight increase in GH levels does 
not seem to be the only cause of insulin resistance 
in these patients. It has been shown that IGF1 
improves glucose absorption, especially in the 
skeletal muscle,27 and it has been suggested that 
a marked reduction in IGF1 may contribute to the 
insulin resistance observed in these patients. A 
slight increase in GH secretion, a reduction in IGF1 
levels or the interaction of these two factors may be 
the potential cause of the disorder in hydrocarbon 
metabolism.21

Bone effects
IGF1 plays a key role in bone tissue acquisition 

and maintenance, and ALS is responsible for the 
increase in IGF1 half-life; therefore, a reduced 
half-life of circulating IGF1 may be the cause of 
the effects on bone mineral density (BMD). A 
reduction in BMD has been described in 3 patients 
with ALS-D.28,29 This finding may be consistent 
with those reported in mice with ALS gene 
inactivating deletions, which showed significant 
differences compared to controls in terms of 
BMD, femur length, and cortical thickness.30

Other effects
One half of patients with ALS-D have also 

shown delayed puberty, predominately males, 
although the mechanism of this effect has not 
been studied yet.25

Effect of mutation on simple heterozygosity
To assess the effect of ALS gene mutations 

on simple heterozygosity, the International ALS 
Society conducted a study on family members of 
patients with ALS-D. They used data collected for 
21 patients who were homozygotes or compound 
heterozygotes, and for 44 family members who 
were heterozygous carriers36 or who lacked ALS 
gene mutations8. This study demonstrated a 
potential dose effect because homozygotes and 
compound heterozygotes were approximately 
1.5 SDS shorter than heterozygous carriers, and, 
in turn, these were an average of 1 SDS shorter 
than individuals without mutations.21

However, in 2014, a family was described 
to have 3 members with simple heterozygosity 
for an IGFALS gene mutation that resulted in a 
premature stop codon, and their height ranged 
between -2 and -3.2 SDS.31 These data emphasize 
the need for more extensive studies to investigate 
the dose effect in detail and considering the 
severity of molecular damage.

When should complete acid-labile subunit 
deficiency be suspected?

ALS-D should be suspected in patients with 
the following:

Normal or exaggerated response to GH 
stimulation test.

Low IGF1 serum levels with profoundly 
reduced IGFBP3 serum levels.

Mild growth retardation relative to the degree 
of IGF1 and IGFBP3 deficiency.

Lack of response to a IGF1 generation test.
The following flow chart (Figure 1) is proposed 

for the assessment of children with short stature 
(< -2.5 SDS) and suspected ALS-D.

Clinical laboratory assessment
The first step when ALS-D is suspected is to 

check blood ALS levels. An enzyme immunoassay 
is the most commonly used tool to this effect. 
There are tests in the market to measure ALS 
levels that offer adequate specificity. This is a 
sandwich test that uses 2 monoclonal antibodies 
with high affinity against ALS.32

In relation to the expected values for children 
and adolescents without somatotropic axis 
disorders, several studies have reported that 
ALS serum levels are lower in neonates, increase 
continuously until reaching a peak during late 
puberty, and then slowly decrease throughout 
adulthood.4,10,33-35 In relation to preterm infants, 
their ALS levels are lower than those of term 
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infants.10 Several publications have reported 
differences in terms of sex, indicating that girls 
have higher ALS levels than boys33-35 whereas at 
least one report found no significant differences 
between male and female individuals.10

Molecular testing assessment
Once it has been checked that ALS serum 

levels are reduced or undetectable, the next step 
is to find the molecular origin of this condition. 
Tests to look for potential mutations are done 
using genomic DNA, which may be collected 
from peripheral blood leukocytes. Specific 
primers are applied to amplify the IGFALS gene 
using a polymerase chain reaction assay. DNA 
fragments are first visualized in agarose gel and 
subsequently sequenced. Such DNA sequencing 
is compared to normal IGFALS gene sequencing 

to look for discrepancies.21,36 Any genomic variant 
observed should be tested using the databases 
available from the 1000 Genomes Project to 
assess its frequency in the reference population 
and classify it as a potential deleterious variant. 
In silico prediction studies serve as a strategy to 
guide the potential pathogenicity of the variant 
found. Recent studies have shown results on this 
type of testing.37

Mutations
The first case of an inactivating mutation in 

the human IGFALS gene associated with short 
stature, GH insensitivity, and abnormally low 
IGF1 and IGFBP3 levels, causing a frameshift 
with a premature stop codon was detected in 
Argentina by Domené et al. in 2004.38 Since that, 
20 mutations have been identified (Figure 2).

SDS: standard deviation score; GH: growth hormone; IGF1: insulin-like growth factor-1; IGFBP3: insulin-like growth factor-
binding protein; ALS: acid-labile subunit; STAT5B: signal transducer and activator of transcription 5B.
Flow chart translated and modified by Domené et al., 2011.21

Figure 1. Flow chart of the differential diagnosis of patients suspected of acid-labile subunit deficiency
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Figure 2. Schematic of the 20 mutations found to date in the acid-labile subunit gene including their location 

Mutations: underlined, nonsense; boxed, duplication; italics, missense; bold, frameshift.  
Schematic developed based on Domené et al., 2011,21 and updated with the mutations found subsequently.

Twenty-four patients from 19 families have 
been reported to have one of these different 
20 mutations described to date in the IGFALS gene 
together with congenital ALS-D. The 19 families 
come from various ethnic origins and countries 
of residence. Sixteen patients had a homozygous 
mutation and 9 had a compound heterozygous 
mutation21,24,29,36,38-40 (Table 1). Only 5 patients were 
girls, probably because mild short stature does 
not call the attention of parents, and this may 
result in an underestimation of the proportion of 
girls with this condition.

An autosomal recessive inheritance pattern 
has been demonstrated.21 In addition, simple 
heterozygous mutations have been identified.31,37,47

The variety of IGFALS gene mutations, either 
homozygous, simple or compound heterozygous 
ones, covers most of the gene and are all located 
in the area encoded by exon 2 (Figure 2).

Clinical usefulness
Patients diagnosed with ALS-D fail  to 

adequately respond to treatment with GH. 
Therefore, the main use for the assessment of 
children with clinical suspicion of ALS-D is 
trying to prevent metabolic, bone, and pubertal 

development consequences that may affect their 
quality of life and avoid ineffective treatments.

DISCUSSION
Over the past 12 years, since the description 

of the first patient with ALS-D, a comprehensive 
study of both the molecule and potential new 
mutations has been conducted, but there is still 
much to be learned.

It is important to understand how ALS-D 
affects hydrocarbon metabolism, bone metabolism,  
and pubertal development, as well as the gene 
dosage effect in relation to the severity of 
molecular damage.

On the contrary, advances have been made 
regarding the knowledge of the molecule, its 
structure, and how it is affected by missense 
mutations, and also on the differential diagnosis 
and alertness necessary to make a final diagnosis 
of these patients.

The importance of an adequate diagnosis in these 
children with short stature lies on the development of 
useful treatment strategies to prevent consequences 
and avoid ineffective hormonal replacement 
therapies, such as GH treatment and hormonal 
replacement to induce puberty. n



396  /  Arch Argent Pediatr 2017;115(4):391-398  /  Review

Acknowledgments
I would like to thank Alicia Belgorosky, 

M.D., Eduardo Chaler, M.D., Patricia Pennici, 
M.D., Mercedes Maceiras, M.D., Dolores Urso, 
M.D., Melina Pelanda, M.D., and Juan Manuel 
Lazzati, M.D., for their corrections and valuable 
collaboration with this study.

REFERENCES
1. Suwanichkul A, Boisclair YR, Olney RC, et al. Conserva-

tion of a growth hormone-responsive promoter element 
in the human and mouse acid-labile subunit genes. Endo-
crinology2000;141(2):833-8.

2. David A, Kelley LA, Sternberg MJ. A new structural mod-
el of the acid-labile subunit: Pathogenetic mechanisms of 
short stature-causing mutations. J Mol Endocrinol 2012;49(3): 
213-20.

3. Janosi JB, Ramsland PA, Mott MR, et al. The Acid- labile 
Subunit of the Serum Insulin-like Growth Factor- bind-
ing Protein Complexes. Structural determination by mo-

lecular modeling and electron microscopy. J Biol Chem 
1999;274(33):23328-32.

4. Baxter RC. Insulin-like growth factor binding proteins in the 
human circulation: a review. Horm Res1994;42(4-5): 140-4. 

5. Twigg SM, Baxter RC. Insulin-like growth factor (IGF)-bind-
ing protein 5 forms an alternative ternary complex with IGFs 
and the acid-labile subunit. J Biol Chem1998;273(11):6074-9.

6. Janosi JB, Firth SM, Bond JJ, et al. N-Linked Glycosylation 
and Sialylation of the Acid-labile Subunit. J Biol Chem 
1999;274(9):5292-8.

7. Chin E, Zhou J, Dai J, et al. Cellular Localization and Regu-
lation of Gene Expression for Components of the Insulin-
Like Growth Factor Ternary Binding Protein Complex. 
Endocrinology 1994;134(6):2498-504.

8. Boisclair YR, Rhoads RP, Ueki I, et al. The acid-labile sub-
unit (ALS) of the 150 kDa IGF-binding protein complex: 
An important but forgotten component of the circulating 
IGF system. J Endocrinol 2001;170(1):63-70.

9. Lewitt MS, Scott FP, Clarke NM, et al. Developmental 
regulation of circulating insulin-like growth factor-bind-
ing proteins in normal pregnancies and in pre-eclampsia. 
Prog Growth Factor Res1995;6(2-4):475-80.

Table 1. Homozygous or compound heterozygous mutations found in 24 patients with complete acid-labile subunit deficiency

FS: frameshift; PSC: premature stop codon; MS: missense; NS: nonsense; DWRF: duplication of 3 amino acids within the reading 
frame.



Analysis of acid-labile subunit and its usefulness in pediatrics  /  397

10. Barrios V, Pozo J, Muñoz MT, et al. Normative data for to-
tal and free acid-labile subunit of the human insulin- like 
growth factor-binding protein complex in pre- and full-
term newborns and healthy boys and girls throughout 
postnatal development. Horm Res 2000;53(3):148-53.

11. Aguiar-Oliveira MH, Gill MS, de A Barretto ES, et al. Effect 
of severe growth hormone (GH) deficiency due to a muta-
tion in the GH-releasing hormone receptor on insulin-like 
growth factors (IGFs), IGF-binding proteins, and ternary 
complex formation throughout life. J Clin Endocrinol Metab 
1999;84(11):4118-26.

12. Ooi GT, Cohen FJ, Tseng LY, et al. Growth hormone stim-
ulates transcription of the gene encoding the acid- labile 
subunit (ALS) of the circulating insulin-like growth fac-
tor-binding protein complex and ALS promoter activity in 
rat liver. Mol Endocrinol 1997;11(7):997-1007.

13. Ooi GT, Hurst KR, Poy MN, et al. Binding of STAT5a and 
STAT5b to a Single Element Resembling a gama-Interfer-
on- Activated Sequence Mediates the Growth Hormone 
Induction of the Mouse Acid-Labile Subunit Promoter in 
Liver Cells. Mol Endocrinol 1998;12(5):675-87.

14. Dai J, Scott CD, Baxter RC. Regulation of the acid-labile 
subunit of the insulin-like growth factor complex in cul-
tured rat hepatocytes. Endocrinology 1994;135(3):1066-72.

15. Bereket A, Wilson TA, Blethen SL, et al. Regulation of 
the acid-labile subunit of the insulin-like growth fac-
tor ternary complex in patients with insulin-dependent 
diabetes mellitus and severe burns. Clin Endocrinol(Oxf) 
1996;44(5):525-32.

16. Lang CH, Fan J, Frost RA, et al. Regulation of the insulin-
like growth factor system by insulin in burn patients. J 
Clin Endocrinol Metab 1996;81(7):2474-80.

17. Lang CH, Liu X, Nystrom GJ, et al. Acute response of IGF-
I and IGF binding proteins induced by thermal injury. Am 
J Physiol Endocrinol Metab2000;278(6):E1087-96.

18. Oster MH, Levin N, Fielder PJ, et al. Developmental differ-
ences in the IGF-I system response to severe and chronic 
calorie malnutrition. Am J Physiol1996;270(4 Pt 1):E646-53.

19. Fukuda I, Hotta M, Hizuka N, et al. Decreased serum lev-
els of acid-labile subunit in patients with anorexia nervosa. 
J Clin Endocrinol Metab 1999;84(6):2034-6.

20. Møller S, Juul A, Becker U, et al. The acid-labile subunit of 
the ternary insulin-like growth factor complex in cirrhosis: 
relation to liver dysfunction. J Hepatol 2000;32(3):441-6.

21. Domené HM, Hwa V, Jasper HG, et al. Acid-labile sub-
unit (ALS) deficiency. Best Pract Res Clin Endocrinol Metab 
2011;25(1):101-13.

22. ModricT, Shi Z, Rajkumar K, et al. Growth retardation of 
transgenic mice overexpressing insulin-like growth factor 
binding protein-3 and acid labile subunit. In: Proceedings 
of the 5th International Symposium on Insulin-like Growth 
Factors. Brighton, United Kingdom, oct 31-nov 4, 1999:393.

23. Zapf J, Hauri C, Futo E, et al. Intravenously injected insu-
lin-like growth factor (IGF) I/IGF binding protein-3 com-
plex exerts insulin-like effects in hypophysectomized, but 
not in normal rats. J Clin Invest1995;95(1):179-86.

24. Domené HM, Scaglia PA, Lteif A, et al. Phenotypic effects 
of null and haploinsufficiency of acid-labile subunit in a 
family with two novel IGFALS gene mutations. J Clin En-
docrinol Metab2007;92(11):4444-50.

25. Domené HM, Hwa V, Argente J, et al. Human Acid-Labile 
Subunit Deficiency: Clinical, Endocrine and Metabolic 
Consequences. Horm Res 2009;72(3):129-41.

26. Domené HM, Scaglia PA, Jasper HG. Deficiency of the in-
sulin-like growth factor-binding protein acid-labile sub-
unit (ALS) of the circulating ternary complex in children 
with short stature. Pediatr Endocrinol Rev 2010;7(4):339-46.

27. Dohm GL, Elton CW, Raju MS, et al. IGF-I--stimulated glu-

cose transport in human skeletal muscle and IGF-I resis-
tance in obesity and NIDDM. Diabetes 1990;39(9):1028-32.

28. Domené HM, Bengolea S V, Jasper HG, et al. Acid-labile 
subunit deficiency : Phenotypic similarities and differenc-
es between human and mouse. J Endocrinol Invest 2005; 28 
(5 Suppl):43-6.

29. Fofanova-Gambetti V,Hwa V, Kirsch S, et al. Three novel 
IGFALS gene mutations resulting in total ALS and severe 
circulating IGF-I/IGFBP-3 deficiency in children of differ-
ent ethnic origins. Horm Res 2009;71(2):100-10.

30. Yakar S, Rosen CJ, Beamer WG, et al. Circulating levels 
of IGF-1 directly regulate bone growth and density. J Clin 
Invest 2002;110(6):771-81.

31. Grandone A, Miraglia del Giudice E, Cirillo G, et al. Clinical 
features of a new acid-labile subunit (IGFALS) heterozygous 
mutation: anthropometric and biochemical characterization 
and response to growth hormone administration. Horm 
Res Pædiatrics 2014;81(1):67-72.

32. Stadler S, Wu Z, Dressendörfer RA, et al. Monoclonal anti-
acid-labile subunit oligopeptide antibodies and their use in 
a two-site immunoassay for ALS measurement in humans.  
J Immunol Methods2001;252(1-2):73-82.

33. Ertl DA, Gleiss A, Sagmeister S, et al. Determining the 
normal range for IGF-I, IGFBP-3 and ALS: New reference 
data based on current internal standards. submitted. Wien 
Med Wochenschr 2014;164(17-18):343-52.

34. Nimura A, Katsumata N, Horikawa R, et al. Acid-la-
bile subunit (ALS) measurements in children. Endocr J 
2000;47(Suppl:S111-4).

35. Juul A, Møller S, Mosfeldt-Laursen E, et al. The acid- la-
bile subunit of human ternary insulin-like growth fac-
tor binding protein complex in serum: hepatosplanchnic 
release, diurnal variation, circulating concentrations in 
healthy subjects, and diagnostic use in patients with 
growth hormone deficienc. J Clin Endocrinol Metab 
1998;83(12): 4408-15.

36. Poukoulidou T, Kowalczyk J, Metherell L, et al. A novel 
homozygous mutation of the IGFALS gene in a female ad-
olescent: indirect evidence for a contributing role of the 
circulating IGF-I pool in the pubertal growth spurt. Horm 
Res Pædiatrics 2014;81(6):422-7.

37. Martucci LC, Gutiérrez ML, Karabatas LM, et al. Assess-
ment of pathogenicity of natural IGFALS gene variants by 
in silico bioinformatics tools and invitro functional stud-
ies. Mol Cell Endocrinol 2016;429:19-28.

38. Domené HM, Bengolea S V, Martínez AS, et al. Deficiency 
of the circulating insulin-like growth factor system associ-
ated with inactivation of the acid-labile subunit gene. N Engl  
J Med 2004;350(6):570-7.

39. Hess O, Khayat M, Hwa V, et al. A novel mutation in IG-
FALS, c.380T>C (p.L127P), associated with short stature, 
delayed puberty, osteopenia and hyperinsulinaemia in 
two siblings: insights into the roles of insulin growth fac-
tor-1 (IGF1). Clin Endocrinol (Oxf) 2013;79(6):838-44.

40. Heath KE, Argente J, Barrios V, et al. Primary Acid-Labile 
Subunit Deficiency due to Recessive IGFALS Mutations 
Results in Postnatal Growth Deficit Associated with Low 
Circulating Insulin Growth Factor (IGF)-I, IGF Binding 
Protein-3 Levels, and Hyperinsulinemia. J Clin Endocrinol 
Metab 2008;93(5):1616-24.

41. van Duyvenvoorde HA, Kempers MJE, Twickler TB, et 
al. Homozygous and heterozygous expression of a nov-
el mutation of the acid-labile subunit. Eur J Endocrinol 
2008;159(2):113-20.

42. David A, Rose SJ, Miraki-Moud F, et al. Acid-labile subunit 
deficiency and growth failure: Description of two novel 
cases. Horm Res Paediatr 2010;73(5):328-34.

43. Gallego-Gómez E, Sánchez del Pozo J, Rojo J, et al. Nov-



398  /  Arch Argent Pediatr 2017;115(4):391-398  /  Review

el compound heterozygous IGFALS mutation associated 
with impaired postnatal growth and low circulating IGF-
I and IGFBP-3 levels. Horm Res2009;72(Suppl 3):90-1.

44. Bang P, Fureman A, Nilsson A, et al. A novel missense mu-
tation of the ALSIGF gene causing a L172F substitution 
in LRR6 is associated with short stature in two Swedish 
children homozygous or compound heterozygous for the 
mutation. Horm Res2009;72(Suppl 3):86.

45. Hwa V, Haeusler G, Pratt KL, et al. Total absence of func-
tional acid labile subunit, resulting in severe insulin- like 

growth factor deficiency and moderate growth failure. J 
Clin Endocrinol Metab 2006;91(5):1826-31.

46. Schreiner F, Schoenberger S, Koester B,et al. Novel acid-
labile subunit (IGFALS) mutation p.T145K (c.434C>A) in 
a patient with ALS deficiency, normal stature and immu-
nological dysfunction. Horm Res Paediatr2013;80(6):424-30.

47. Domené HM, Scaglia PA, Martínez AS, et al. Heterozygous 
IGFALS gene variants in idiopathic short stature and nor-
mal children: Impact on height and the IGF system. Horm 
Res Paediatr2014;80(6):413-23.


