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INSR gene
insulin receptor

Normal Function 

The INSR gene provides instructions for making a protein called an insulin receptor, 
which is found in many types of cells. Insulin receptors are embedded in the outer 
membrane surrounding the cell, where they attach (bind) to the hormone insulin 
circulating in the bloodstream. Insulin plays many roles in the body, including regulating 
blood glucose levels by controlling how much sugar (in the form of glucose) is passed 
from the bloodstream into cells to be used as energy.

The insulin receptor is initially produced as a single long protein that must be processed 
by being cut (cleaved) into four parts: two alpha subunits and two beta subunits. These 
subunits work together as a functioning receptor. The alpha subunits stick out from the 
surface of the cell, while the beta subunits remain inside the cell. The alpha subunits 
attach (bind) to insulin, which causes the beta subunits to trigger signaling pathways 
within the cell that influence many cell functions.

Health Conditions Related to Genetic Changes 

Donohue syndrome 

Researchers have identified more than 150 INSR gene mutations that cause a 
spectrum of related disorders known as severe insulin resistance syndromes. These 
include Donohue syndrome and two other conditions, Rabson-Mendenhall syndrome 
and type A insulin resistance syndrome (described below). Insulin resistance is a 
condition in which the body's tissues and organs do not respond properly to insulin. 
Severe insulin resistance syndromes are characterized by problems with regulating 
blood glucose levels and impaired development and function of organs and tissues 
throughout the body. Donohue syndrome is the most severe of the three syndromes; 
affected children do not survive beyond age 2.

The INSR gene mutations associated with Donohue syndrome occur in both copies of 
the gene in each cell. Some of these mutations interfere with the normal processing of 
the protein initially produced from the INSR gene, which prevents the formation of a 
functioning insulin receptor. Other mutations impair the receptor's ability to bind to 
insulin or disrupt the cell signaling pathways that insulin binding normally triggers. All of 
these mutations greatly reduce or eliminate the function of insulin receptors. Although 
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insulin is present in the bloodstream, without functional receptors it cannot exert its effects 
on cells and tissues. This severe resistance to the effects of insulin impairs blood 
glucose regulation and affects many aspects of development. 

Rabson-Mendenhall syndrome 

INSR gene mutations also cause Rabson-Mendenhall syndrome, a severe insulin 
resistance syndrome whose features are intermediate in severity between Donohue 
syndrome (described above) and type A insulin resistance syndrome (described below). 
Affected individuals have features similar to those of Donohue syndrome, but they 
usually survive into their teens or twenties. Insulin resistance ultimately leads to a 
condition called diabetes mellitus, in which blood glucose levels can become 
dangerously high.

The INSR gene mutations that cause Rabson-Mendenhall syndrome occur in both 
copies of the gene in each cell. These mutations reduce the number of insulin receptors 
that reach the cell membrane or disrupt the function of these receptors, but generally 
not as severely as the mutations associated with Donohue syndrome. Although insulin 
is present in the bloodstream, without enough functional receptors it is less able to exert 
its effects on cells and tissues. This severe resistance to the effects of insulin impairs 
blood glucose regulation and affects many aspects of development. 

Type A insulin resistance syndrome 

INSR gene mutations also underlie the mildest of the severe insulin resistance 
syndromes, type A insulin resistance syndrome. Females with this condition develop 
abnormalities of the menstrual cycle, excessive body hair growth (hirsutism), ovarian 
cysts, a skin condition called acanthosis nigricans, and diabetes mellitus. Affected 
males tend to have fewer signs and symptoms, although they also develop diabetes 
mellitus. The features of type A insulin resistance syndrome often do not become 
apparent until puberty or later, and it is generally not life-threatening.

Most of the INSR gene mutations that cause type A insulin resistance syndrome occur 
in one of the two copies of the gene in each cell. These mutations lead to the production 
of a faulty insulin receptor that cannot transmit signals properly. The changes are 
described as "dominant-negative" mutations because the faulty receptor produced from 
the mutated copy of the gene interferes with the normal receptor produced from the non-
mutated copy of the gene. Less commonly, type A insulin resistance syndrome results 
from mutations in both copies of the INSR gene in each cell. These mutations impair the 
function of the insulin receptor.

Although insulin is present in the bloodstream, the defective receptors make it less able 
to exert its effects on cells and tissues. This severe resistance to the effects of insulin 
impairs blood glucose regulation and leads to diabetes mellitus. In females with type A 
insulin resistance syndrome, excess insulin in the bloodstream interacts with hormonal 
factors during adolescence to cause menstrual abnormalities, ovarian cysts, and other 
features of the disorder. 
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Polycystic ovary syndrome 

MedlinePlus Genetics provides information about Polycystic ovary syndrome

Other Names for This Gene 
 
• CD220 

• HHF5 

• insulin receptor isoform Long preproprotein 

• insulin receptor isoform Short preproprotein 

• IR 

Additional Information & Resources 

Tests Listed in the Genetic Testing Registry 
 
• Tests of INSR (https://www.ncbi.nlm.nih.gov/gtr/all/tests/?term=3643[geneid]) 

 

Scientific Articles on PubMed 
 
• PubMed (https://pubmed.ncbi.nlm.nih.gov/?term=%28%28INSR%5BTI%5D%29+O

R+%28insulin+receptor%5BTI%5D%29%29+AND+english%5Bla%5D+AND+human
%5Bmh%5D+AND+%22last+360+days%22%5Bdp%5D) 
 

Catalog of Genes and Diseases from OMIM 
 
• INSULIN RECEPTOR; INSR (https://omim.org/entry/147670) 

 

Gene and Variant Databases 
 
• NCBI Gene (https://www.ncbi.nlm.nih.gov/gene/3643) 

• ClinVar (https://www.ncbi.nlm.nih.gov/clinvar?term=INSR[gene]) 

References 
 
• Grasso V, Colombo C, Favalli V, Galderisi A, Rabbone I, Gombos S, Bonora E,

Massa O, Meschi F, Cerutti F, Iafusco D, Bonfanti R, Monciotti C, Barbetti F. 
Sixcases with severe insulin resistance (SIR) associated with mutations of 
insulinreceptor: Is a Bartter-like syndrome a feature of congenital SIR? Acta Diabetol.
2013 Dec;50(6):951-7. doi: 10.1007/s00592-013-0490-x. Epub 2013 Jul 4. Citation 
on PubMed (https://pubmed.ncbi.nlm.nih.gov/23824322) 

• Hubbard SR. The insulin receptor: both a prototypical and atypical receptortyrosine 

https://www.ncbi.nlm.nih.gov/gtr/all/tests/?term=3643[geneid]
https://pubmed.ncbi.nlm.nih.gov/?term=%28%28INSR%5BTI%5D%29+OR+%28insulin+receptor%5BTI%5D%29%29+AND+english%5Bla%5D+AND+human%5Bmh%5D+AND+%22last+360+days%22%5Bdp%5D
https://omim.org/entry/147670
https://www.ncbi.nlm.nih.gov/gene/3643
https://www.ncbi.nlm.nih.gov/clinvar?term=INSR[gene]
https://pubmed.ncbi.nlm.nih.gov/23824322
https://pubmed.ncbi.nlm.nih.gov/23824322


Reprinted from MedlinePlus Genetics (https://medlineplus.gov/genetics/) 4

kinase. Cold Spring Harb Perspect Biol. 2013 Mar 1;5(3):a008946. doi:10.1101/
cshperspect.a008946. Citation on PubMed (https://pubmed.ncbi.nlm.nih.gov/234572
59) or Free article on PubMed Central (https://www.ncbi.nlm.nih.gov/pmc/articles/PM
C3578362/) 

• Longo N, Wang Y, Smith SA, Langley SD, DiMeglio LA, Giannella-Neto D.Genotype-
phenotype correlation in inherited severe insulin resistance. Hum MolGenet. 2002 
Jun 1;11(12):1465-75. doi: 10.1093/hmg/11.12.1465. Citation on PubMed (https://pu
bmed.ncbi.nlm.nih.gov/12023989) 

• Maassen JA, Tobias ES, Kayserilli H, Tukel T, Yuksel-Apak M, D&#x27;Haens E,
Kleijer WJ, Fery F, van der Zon GC. Identification and functional assessment ofnovel 
and known insulin receptor mutations in five patients with syndromes ofsevere 
insulin resistance. J Clin Endocrinol Metab. 2003 Sep;88(9):4251-7. doi:10.1210/jc.
2003-030034. Citation on PubMed (https://pubmed.ncbi.nlm.nih.gov/12970295) 

• Semple RK, Savage DB, Cochran EK, Gorden P, O&#x27;Rahilly S. Genetic 
syndromes ofsevere insulin resistance. Endocr Rev. 2011 Aug;32(4):498-514. doi:10.
1210/er.2010-0020. Epub 2011 May 2. Citation on PubMed (https://pubmed.ncbi.nlm
.nih.gov/21536711) 

Genomic Location

The INSR gene is found on chromosome 19 (https://medlineplus.gov/genetics/chromos
ome/19/).                             
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