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1. Normal Function

The COL1A1 gene provides instructions for making part of a large molecule called type I collagen. Collagens are a family

of proteins that strengthen and support many tissues in the body, including cartilage, bone, tendon, skin, and the white

part of the eye (the sclera). Type I collagen is the most abundant form of collagen in the human body.

A component of type I collagen called the pro-α1(I) chain is produced from the COL1A1 gene. Collagens begin as rope-

like procollagen molecules that are each made up of three chains. Type I collagen is composed of two pro-α1(I) chains

and one pro-α2(I) chain (which is produced from the COL1A2 gene).

The triple-stranded procollagen molecules are processed by enzymes in a series of steps inside and outside the cell to

create mature collagen. The collagen molecules then arrange themselves into long, thin fibrils that form stable interactions

(cross-links) with one another in the spaces between cells. The cross-links result in the formation of very strong type I

collagen fibers.

2. Health Conditions Related to Genetic Changes

2.1. Caffey Disease

A particular mutation in the COL1A1 gene causes infantile cortical hyperostosis, commonly known as Caffey disease. The

signs and symptoms of Caffey disease are usually apparent by the time an infant is 5 months old. This condition is

characterized by swelling of soft tissues (muscles, for example), pain, and excessive new bone formation (hyperostosis).

The bone abnormalities mainly affect the jawbone, collarbones (clavicles), and the shafts (diaphyses) of long bones in the

arms and legs. For unknown reasons, the pain and swelling associated with Caffey disease typically go away within a few

months. Through a normal process called bone remodeling, which replaces old bone tissue with new bone, the excess

bone is usually reabsorbed by the body and undetectable on x-ray images by the age of 2.

The mutation that causes this condition occurs in one copy of the COL1A1 gene in each cell. It alters a single protein

building block (amino acid), replacing the amino acid arginine with the amino acid cysteine at protein position 836 (written

as Arg836Cys or R836C). This mutation results in the production of type I collagen fibrils that are variable in size and

shape, but it is unknown how these changes lead to the signs and symptoms of Caffey disease.

2.2. Ehlers-Danlos Syndrome

Mutations in the COL1A1 gene have been found to cause several forms of Ehlers-Danlos syndrome, a group of disorders

that affect the connective tissues supporting the skin, bones, blood vessels, and many other organs and tissues. These

mutations occur in one copy of the COL1A1 gene in each cell.

At least five mutations in the COL1A1 gene can result in the arthrochalasia type of Ehlers-Danlos syndrome, which is

characterized by an unusually large range of joint movement (hypermobility) and dislocations of both hips at birth. The

genetic changes that cause this form of the disorder lead to the production of a pro-α1(I) chain that is missing a critical

segment. The absence of this segment interferes with the assembly and processing of pro-α1(I) chains into mature type I

collagen molecules. Tissues that are rich in type I collagen, such as the skin, bones, and tendons, are most affected by

this change.



COL1A1 gene mutations are also a very rare cause of the classical and vascular types of Ehlers-Danlos syndrome. (In

most cases, these types result from mutations in other genes.) The classical type is characterized by skin that is soft,

highly stretchy (elastic), and fragile; abnormal scarring; and joint hypermobility. Additionally, people with classical Ehlers-

Danlos syndrome resulting from a COL1A1 gene mutation are prone to tearing (rupture) of major arteries in adulthood.

The vascular type is associated with rupture of blood vessels, intestines, and other organs. One COL1A1 gene mutation

that has been associated with both the classical and vascular types of Ehlers-Danlos syndrome replaces the amino acid

arginine with the amino acid cysteine at position 312 in the pro-α1(I) chain (written as Arg312Cys or R312C). The altered

pro-α1(I) chain interferes with other collagen-building proteins, disrupting the structure of type I collagen fibrils and

trapping collagen in the cell. These changes in collagen increase the risk of blood vessel and organ rupture, and the other

abnormalities that can occur with the classical and vascular types of Ehlers-Danlos syndrome.

2.3. Osteogenesis Imperfecta

Osteogenesis imperfecta is the most common disorder caused by mutations in the COL1A1 gene. People with this

condition have bones that break easily, often from mild trauma or with no apparent cause. In addition, affected individuals

can have a blue or grey tint to the part of the eye that is usually white (the sclera), short stature, hearing loss, respiratory

problems, and a disorder of tooth development called dentinogenesis imperfecta. Hundreds of COL1A1 gene mutations

that cause osteogenesis imperfecta have been identified. Most of the mutations that are responsible for osteogenesis

imperfecta type I, the mildest form of this disorder, reduce the production of pro-α1(I) chains. With fewer pro-α1(I) chains

available, cells can make only half the normal amount of type I collagen. A shortage of this critical protein underlies the

bone fragility and other characteristic features of osteogenesis imperfecta type I.

Several kinds of mutations in the COL1A1 gene cause the more severe forms of osteogenesis imperfecta, including types

II, III, and IV. Some of these mutations delete segments of DNA from the COL1A1 gene, resulting in an abnormally

shortened pro-α1(I) chain. Other genetic changes alter the sequence of amino acids in the pro-α1(I) chain, usually

replacing the amino acid glycine with a different amino acid. In some cases, amino acid substitutions alter one end of the

protein chain (called the C-terminus or C-propeptide), which interferes with the assembly of collagen molecules. These

COL1A1 gene mutations lead to the production of abnormal versions of type I collagen. When this abnormal collagen is

incorporated into developing bones and other connective tissues, it causes the serious health problems associated with

severe forms of osteogenesis imperfecta.

2.4. Carpal Tunnel Syndrome

Carpal tunnel syndrome

2.5. Dermatofibrosarcoma Protuberans

Dermatofibrosarcoma protuberans, a rare type of cancer that causes a tumor in the deep layers of the skin, is

characterized by a noninherited (somatic) mutation involving the COL1A1 gene. Somatic mutations are acquired during a

person's lifetime and are present only in certain cells, in this case cells in the skin from which the cancer arises.

Dermatofibrosarcoma protuberans is associated with a rearrangement (translocation) of genetic material between

chromosomes 17 and 22. This translocation, written as t(17;22), fuses part of the COL1A1 gene on chromosome 17 with

part of a gene on chromosome 22 called PDGFB. This translocation is found on one or more extra chromosomes that can

be either the normal linear shape or circular.

The fused COL1A1-PDGFB gene provides instructions for making a combined (fusion) protein that researchers believe

ultimately functions like the active PDGFB protein. In the translocation, the PDGFB gene loses the part of its DNA that

limits its activity, and production of the COL1A1-PDGFB fusion protein is controlled by COL1A1 gene sequences. As a

result, the gene fusion leads to the production of a larger amount of active PDGFB protein than normal. Active PDGFB

protein signals for cell growth and division (proliferation) and maturation (differentiation). Excess PDGFB protein

abnormally stimulates cells to proliferate and differentiate, leading to tumor formation in dermatofibrosarcoma

protuberans.

2.6. Intervertebral Disc Disease

Intervertebral disc disease



2.7. Other Disorders

People with certain COL1A1 mutations exhibit the signs and symptoms of both osteogenesis imperfecta and Ehlers-

Danlos syndrome (described above). These mutations usually replace the amino acid glycine with a different amino acid

in the pro-α1(I) chain, which interferes with the assembly and processing of pro-α1(I) chains into mature type I collagen

molecules. The resulting abnormal type I collagen fibrils weaken connective tissue, causing the signs and symptoms

associated with these two conditions.

A common variation in the COL1A1 gene (called a polymorphism) appears to increase the risk of developing

osteoporosis. Osteoporosis is a condition that makes bones progressively more brittle and prone to fracture. This

polymorphism, which occurs in a control (regulatory) region of the COL1A1 gene, likely affects the production of type I

collagen but not the molecule's structure. Several studies have shown that women with this genetic change are more

likely to have signs of osteoporosis, particularly low bone density and bone fractures, than are women without the change.

This variation is only one of many factors that can increase the risk of osteoporosis.

3. Other Names for This Gene

alpha 1 type I collagen preproprotein

CO1A1_HUMAN

COL1A1 protein

collagen I, alpha-1 polypeptide

collagen of skin, tendon and bone, alpha-1 chain

collagen type I alpha 1

collagen, type I, alpha 1

type I collagen alpha 1

References

1. Brady AF, Demirdas S, Fournel-Gigleux S, Ghali N, Giunta C, Kapferer-SeebacherI, Kosho T, Mendoza-Londono R,
Pope MF, Rohrbach M, Van Damme T, Vandersteen A,van Mourik C, Voermans N, Zschocke J, Malfait F. The Ehlers-
Danlos syndromes,rare types. Am J Med Genet C Semin Med Genet. 2017 Mar;175(1):70-115.
doi:10.1002/ajmg.c.31550. Review.

2. Gensure RC, Mäkitie O, Barclay C, Chan C, Depalma SR, Bastepe M, Abuzahra H,Couper R, Mundlos S, Sillence D,
Ala Kokko L, Seidman JG, Cole WG, Jüppner H. Anovel COL1A1 mutation in infantile cortical hyperostosis (Caffey
disease) expandsthe spectrum of collagen-related disorders. J Clin Invest. 2005May;115(5):1250-7.

3. Greco A, Fusetti L, Villa R, Sozzi G, Minoletti F, Mauri P, Pierotti MA.Transforming activity of the chimeric sequence
formed by the fusion of collagengene COL1A1 and the platelet derived growth factor b-chain gene
indermatofibrosarcoma protuberans. Oncogene. 1998 Sep 10;17(10):1313-9.

4. Lim J, Grafe I, Alexander S, Lee B. Genetic causes and mechanisms ofOsteogenesis Imperfecta. Bone. 2017
Sep;102:40-49. doi:10.1016/j.bone.2017.02.004.

5. Malfait F, Francomano C, Byers P, Belmont J, Berglund B, Black J, Bloom L,Bowen JM, Brady AF, Burrows NP, Castori
M, Cohen H, Colombi M, Demirdas S, DeBacker J, De Paepe A, Fournel-Gigleux S, Frank M, Ghali N, Giunta C,
Grahame R,Hakim A, Jeunemaitre X, Johnson D, Juul-Kristensen B, Kapferer-Seebacher I,Kazkaz H, Kosho T,
Lavallee ME, Levy H, Mendoza-Londono R, Pepin M, Pope FM,Reinstein E, Robert L, Rohrbach M, Sanders L, Sobey
GJ, Van Damme T, Vandersteen A, van Mourik C, Voermans N, Wheeldon N, Zschocke J, Tinkle B. The
2017international classification of the Ehlers-Danlos syndromes. Am J Med Genet CSemin Med Genet. 2017
Mar;175(1):8-26. doi: 10.1002/ajmg.c.31552.

6. Malfait F, Symoens S, Goemans N, Gyftodimou Y, Holmberg E, López-González V,Mortier G, Nampoothiri S, Petersen
MB, De Paepe A. Helical mutations in type Icollagen that affect the processing of the amino-propeptide result in
anOsteogenesis Imperfecta/Ehlers-Danlos Syndrome overlap syndrome. Orphanet J Rare Dis. 2013 May 21;8:78. doi:
10.1186/1750-1172-8-78.

7. Mann V, Ralston SH. Meta-analysis of COL1A1 Sp1 polymorphism in relation tobone mineral density and osteoporotic
fracture. Bone. 2003 Jun;32(6):711-7.

8. Marini JC, Forlino A, Bächinger HP, Bishop NJ, Byers PH, Paepe A, Fassier F,Fratzl-Zelman N, Kozloff KM, Krakow D,
Montpetit K, Semler O. Osteogenesisimperfecta. Nat Rev Dis Primers. 2017 Aug 18;3:17052. doi:
10.1038/nrdp.2017.52. Review.



9. Ralston SH. Genetic control of susceptibility to osteoporosis. J ClinEndocrinol Metab. 2002 Jun;87(6):2460-6. Review.

10. Shimizu A, O'Brien KP, Sjöblom T, Pietras K, Buchdunger E, Collins VP, Heldin CH, Dumanski JP, Ostman A. The
dermatofibrosarcoma protuberans-associatedcollagen type Ialpha1/platelet-derived growth factor (PDGF) B-chain
fusion genegenerates a transforming protein that is processed to functional PDGF-BB. Cancer Res. 1999 Aug
1;59(15):3719-23.

11. Simon MP, Pedeutour F, Sirvent N, Grosgeorge J, Minoletti F, Coindre JM,Terrier-Lacombe MJ, Mandahl N, Craver RD,
Blin N, Sozzi G, Turc-Carel C, O'Brien KP, Kedra D, Fransson I, Guilbaud C, Dumanski JP. Deregulation of theplatelet-
derived growth factor B-chain gene via fusion with collagen gene COL1A1 in dermatofibrosarcoma protuberans and
giant-cell fibroblastoma. Nat Genet. 1997 Jan;15(1):95-8.

12. Sirvent N, Maire G, Pedeutour F. Genetics of dermatofibrosarcoma protuberansfamily of tumors: from ring
chromosomes to tyrosine kinase inhibitor treatment.Genes Chromosomes Cancer. 2003 May;37(1):1-19. Review.

13. Suphapeetiporn K, Tongkobpetch S, Mahayosnond A, Shotelersuk V. Expanding the phenotypic spectrum of Caffey
disease. Clin Genet. 2007 Mar;71(3):280-4.

14. Van Dijk FS, Sillence DO. Osteogenesis imperfecta: clinical diagnosis,nomenclature and severity assessment. Am J
Med Genet A. 2014 Jun;164A(6):1470-81.doi: 10.1002/ajmg.a.36545.2015 May;167A(5):1178.

Retrieved from https://encyclopedia.pub/entry/history/show/12293


