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Humans normally have 46 chromosomes in each cell, divided into 23 pairs. Two copies of chromosome 17, one copy

inherited from each parent, form one of the pairs.
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1. Introduction

Chromosome 17 spans about 83 million DNA building blocks (base pairs) and represents between 2.5 and 3 percent of

the total DNA in cells.

Identifying genes on each chromosome is an active area of genetic research. Because researchers use different

approaches to predict the number of genes on each chromosome, the estimated number of genes varies. Chromosome

17 likely contains 1,100 to 1,200 genes that provide instructions for making proteins. These proteins perform a variety of

different roles in the body.

2. Health Conditions Related to Chromosomal Changes

2.1. 17q12 deletion syndrome

17q12 deletion syndrome is a condition that results from the deletion of a small piece of chromosome 17 in each cell.

Signs and symptoms of 17q12 deletion syndrome can include abnormalities of the kidneys and urinary system, a form of

diabetes called maturity-onset diabetes of the young type 5 (MODY5), delayed development, intellectual disability, and

behavioral or psychiatric disorders. Some females with this chromosomal change have Mayer-Rokitansky-Küster-Hauser

syndrome, which is characterized by underdevelopment or absence of the vagina and uterus. Features associated with

17q12 deletion syndrome vary widely, even among affected members of the same family.

Most people with 17q12 deletion syndrome are missing about 1.4 million DNA building blocks (base pairs), also written as

1.4 megabases (Mb), on the long (q) arm of the chromosome at a position designated q12. It is the same region of

chromosome 17 that is abnormally copied (duplicated) in people with a 17q12 duplication (described below). This

chromosome segment is surrounded by short, repeated sequences of DNA that make it prone to rearrangement during

cell division. The rearrangement can lead to missing or extra copies of DNA at 17q12.

The segment that is most often deleted in people with 17q12 deletion syndrome includes 15 genes. Some of the features

associated with the condition likely result from the loss of two of these genes, HNF1B and LHX1. Studies suggest that a

loss of one copy of the HNF1B gene in each cell causes the kidney and urinary tract abnormalities, as well as diabetes.

Missing one copy of LHX1 is thought to contribute to intellectual disability, behavioral and psychiatric conditions, and

Mayer-Rokitansky-Küster-Hauser syndrome. The loss of other genes in the deleted region may also influence the signs

and symptoms that can occur in 17q12 deletion syndrome.

2.2. 17q12 duplication

17q12 duplication is a chromosomal change in which a small piece of chromosome 17 is copied abnormally in each cell.

Signs and symptoms related to this duplication vary significantly, even among members of the same family. Some

individuals with the duplication have no apparent signs or symptoms, or the features are very mild. Other individuals can

have intellectual disability, delayed development, and a wide range of physical abnormalities.

Most people with 17q12 duplications have an extra copy of about 1.4 Mb of DNA at position q12 on chromosome 17. It is

the same region of chromosome 17 that is deleted in people with 17q12 deletion syndrome (described above). This

chromosome segment is prone to rearrangement during cell division, which can lead to extra or missing copies of DNA at



17q12.

The duplicated segment of 17q12 includes at least 15 genes. It is unclear which of these genes, when present in more

than one copy, contribute to intellectual disability, delayed development, and other features that can be associated with a

17q12 duplication. Because some people with this duplication have no obvious intellectual or physical problems,

researchers suspect that additional genetic factors may influence whether a person has signs and symptoms related to

the chromosomal change.

2.3. Acute promyelocytic leukemia

A type of blood cancer known as acute promyelocytic leukemia is caused by a rearrangement (translocation) of genetic

material between chromosomes 15 and 17. This translocation, written as t(15;17), fuses part of the PML gene from

chromosome 15 with part of the RARA gene from chromosome 17. This mutation is acquired during a person's lifetime

and is present only in certain cells. This type of genetic change, called a somatic mutation, is not inherited. The t(15;17)

translocation is called a balanced reciprocal translocation because the pieces of chromosome are exchanged with each

other (reciprocal) and no genetic material is gained or lost (balanced). The protein produced from this fused gene is

known as PML-RARα.

The PML-RARα protein functions differently than the protein products from the normal PML and RARA genes. The RARA
gene on chromosome 17 provides instructions for making a transcription factor called the retinoic acid receptor alpha

(RARα). A transcription factor is a protein that attaches (binds) to specific regions of DNA and helps control the activity

(transcription) of particular genes. Normally, the RARα protein controls the activity of genes important for the maturation

(differentiation) of immature white blood cells beyond a particular stage called the promyelocyte. The PML gene on

chromosome 15 provides instructions for a protein that acts as a tumor suppressor, which means it prevents cells from

growing and dividing too rapidly or in an uncontrolled way. The PML protein blocks cell growth and division (proliferation)

and induces self-destruction (apoptosis) in combination with other proteins. The PML-RARα protein interferes with the

normal function of both the PML and the RARα proteins. As a result, blood cells are stuck at the promyelocyte stage, and

they proliferate abnormally. Excess promyelocytes accumulate in the bone marrow and normal white blood cells cannot

form, leading to acute promyelocytic leukemia.

2.4. Charcot-Marie-Tooth disease

Duplication of a small piece of chromosome 17 at position p12 that includes the PMP22 gene causes most cases of a

disorder called Charcot-Marie-Tooth disease. When this disorder is caused by changes affecting the PMP22 gene, it is

called Charcot-Marie-Tooth disease type 1A, or CMT1A. Charcot-Marie-Tooth disease damages the peripheral nerves,

which connect the brain and spinal cord to muscles and to sensory cells that detect sensations such as touch, pain, heat,

and sound. Peripheral nerve damage can result in alteration or loss of sensation and wasting (atrophy) of muscles in the

feet, legs, and hands.

The protein produced from the PMP22 gene is a component of myelin, a protective substance that covers nerves and

promotes the efficient transmission of nerve impulses. Before they become part of myelin, newly produced PMP22

proteins are processed and packaged in specialized cell structures called the endoplasmic reticulum and the Golgi

apparatus. Completion of these processing and packaging steps is critical for proper myelin development, maintenance,

and function.

The extra copy of the PMP22 gene resulting from the duplication leads to an overproduction of PMP22 protein. Research

suggests that excess PMP22 protein may overwhelm cells' ability to process it correctly, leading to a buildup of

unprocessed, nonfunctional protein. This buildup may impair the formation of myelin and lead to instability and loss of

myelin (demyelination). Shortage and dysfunction of myelin reduce the ability of the peripheral nerves to activate muscles

used for movement or to relay information from sensory cells back to the brain, leading to the signs and symptoms of

CMT1A.

2.5. Dermatofibrosarcoma protuberans

Translocation of genetic material between chromosomes 17 and 22, written as t(17;22), causes a rare type of skin cancer

known as dermatofibrosarcoma protuberans. This translocation fuses part of the COL1A1 gene from chromosome 17 with

part of the PDGFB gene from chromosome 22. The translocation is found on one or more extra chromosomes that can be

either linear or circular. When circular, the extra chromosomes are known as supernumerary ring chromosomes. This

mutation is acquired during a person's lifetime and is present only in certain cells. This type of genetic change, called a

somatic mutation, is not inherited.



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 the tumor formation seen in dermatofibrosarcoma

protuberans.

2.6. Koolen-de Vries syndrome

Deletion of a small amount of genetic material (a microdeletion) on chromosome 17 can cause Koolen-de Vries syndrome.

This disorder is characterized by developmental delay, intellectual disability, a cheerful and sociable disposition, and a

variety of physical abnormalities.

Most people with Koolen-de Vries syndrome are missing a sequence of about 500,000 base pairs, also written as 500

kilobases (kb), at position q21.31 on chromosome 17. The exact size of the deletion varies among affected individuals, but

it contains at least six genes, including KANSL1. This deletion affects one of the two copies of chromosome 17 in each

cell.

Because mutations in the KANSL1 gene cause the same signs and symptoms as the deletion, researchers have

concluded that the loss of this gene accounts for the features of Koolen-de Vries syndrome. The protein produced from

the KANSL1 gene is involved in controlling the activity of other genes and plays an important role in the development and

function of many parts of the body. Although the loss of this gene impairs normal development and function, its

relationship to the specific features of Koolen-de Vries syndrome is unclear.

While Koolen-de Vries syndrome is usually not inherited, most individuals with the condition caused by a deletion have

had at least one parent with a common variant of the q21.31 region of chromosome 17 called the H2 lineage. This variant

is found in 20 percent of people of European and Middle Eastern descent, although it is rare in other populations. In the

H2 lineage, a 900 kb segment of DNA, which includes the region deleted in most cases of Koolen-de Vries syndrome, has

undergone an inversion. An inversion involves two breaks in a chromosome; the resulting piece of DNA is reversed and

reinserted into the chromosome.

People with the H2 lineage have no health problems related to the inversion. However, genetic material can be lost or

duplicated when the inversion is passed to the next generation. Researchers believe that a parental inversion is probably

necessary for a child to have the 17q21.31 microdeletion most often associated with Koolen-de Vries syndrome, but other,

unknown factors are also thought to play a role. So while the inversion is very common, only an extremely small

percentage of parents with the inversion have a child affected by Koolen-de Vries syndrome.

2.7. Miller-Dieker syndrome

Miller-Dieker syndrome is caused by a deletion of genetic material near the end of the short (p) arm of chromosome 17.

The signs and symptoms of Miller-Dieker syndrome are related to the loss of multiple genes in this region. The size of the

deletion varies among affected individuals. The loss of a particular gene on chromosome 17, called PAFAH1B1, is

responsible for the syndrome's characteristic sign of lissencephaly, a problem with brain development in which the surface

of the brain is abnormally smooth. This brain abnormality causes severe intellectual disability, developmental delay,

seizures, abnormal muscle stiffness (spasticity), weak muscle tone (hypotonia), and feeding difficulties. The loss of

another gene, called YWHAE, in the same region of chromosome 17 increases the severity of lissencephaly in people

with Miller-Dieker syndrome. Additional genes in the deleted region contribute to the varied features of this disorder.

2.8. Potocki-Lupski syndrome

Potocki-Lupski syndrome results from a duplication of a small piece of chromosome 17 in each cell, specifically a region

of the short (p) arm designated p11.2. This condition is characterized by delayed development, mild to moderate

intellectual disability, behavioral problems including autism spectrum disorder (which affects social interaction and

communication), sleep disturbances, and other health problems.

In about two-thirds of affected individuals, the duplicated segment is approximately 3.7 Mb in size. (A missing copy of this

segment causes Smith-Magenis syndrome, described below.) In the remaining one-third of cases, the duplication is larger

or smaller, ranging from less than 1 Mb to almost 20 Mb. All of these duplications affect one of the two copies of

chromosome 17 in each cell.



Although the duplicated region contains multiple genes, researchers believe that having an extra copy of one particular

gene, RAI1, underlies many of the characteristic features of Potocki-Lupski syndrome. All of the duplications known to

cause the condition contain this gene. The RAI1 gene provides instructions for making a protein that helps regulate the

activity (expression) of other genes. Although most of the genes regulated by the RAI1 protein have not been identified,

this protein appears to control the expression of several genes involved in daily (circadian) rhythms, such as the sleep-

wake cycle. The RAI1 protein also appears to play a role in development of the brain and of bones in the head and face.

Studies suggest that the duplication increases the amount of RAI1 protein, which disrupts the expression of genes that

influence circadian rhythms. These changes may account for the sleep disturbances that occur with Potocki-Lupski

syndrome. Too much RAI1 protein may also disrupt brain development, which could account for delayed development,

intellectual disability, behavioral problems, and other neurological features of this condition. Development of the bones in

the head and face may also be affected, leading to subtle facial differences in people with Potocki-Lupski syndrome.

2.9. Smith-Magenis syndrome

Smith-Magenis syndrome usually results from a deletion of a small piece of chromosome 17 in each cell, specifically a

region of the short (p) arm designated p11.2. This developmental disorder affects many parts of the body. The major

features of this condition include mild to moderate intellectual disability, delayed speech and language skills, distinctive

facial features, sleep disturbances, and behavioral problems.

Most often, the chromosome segment deleted in Smith-Magenis syndrome is the same one that is duplicated in Potocki-

Lupski syndrome (described above). Occasionally the deletion is larger or smaller. All of the deletions affect one of the two

copies of chromosome 17 in each cell.

Researchers believe that a loss of function of the RAI1 gene accounts for many of the signs and symptoms of Smith-

Magenis syndrome. All of the deletions known to cause the condition contain this gene. Studies suggest that the deletion

leads to a reduced amount of RAI1 protein in cells, which disrupts the expression of genes involved in circadian rhythms.

These changes may account for the sleep disturbances that occur with Smith-Magenis syndrome. It is unclear how a loss

of one copy of the RAI1 gene leads to the other physical, mental, and behavioral problems associated with this condition.

It is likely that the loss of other genes in the deleted region also influences the signs and symptoms; the role of these

genes is under study.

2.10. Yuan-Harel-Lupski syndrome

Duplication of a small piece of chromosome 17 in a region designated p12-11.2 can cause Yuan-Harel-Lupski (YUHAL)

syndrome, which is characterized by multiple neurological problems similar to those in Potocki-Lupski syndrome

(described above) and CMT1A (described above). In YUHAL syndrome, the duplicated segment ranges in size from about

3 Mb to nearly 20 Mb and always contains the RAI1 and PMP22 genes; it may also include additional genes. Certain

features of YUHAL syndrome, such as delayed development and behavioral problems, are likely caused by an extra copy

of the RAI1 gene. Other features, including muscle weakness and decreased sensitivity to touch, heat, and cold in the

lower legs and feet, are likely due to duplication of the PMP22 gene.

2.11. Other chromosomal conditions

Other changes in the number or structure of chromosome 17 can have a variety of effects, including intellectual disability,

delayed development, characteristic facial features, weak muscle tone (hypotonia), and short stature. These changes

include an extra piece of chromosome 17 in each cell (partial trisomy 17), a missing segment of the chromosome in each

cell (partial monosomy 17), and a circular structure called a ring chromosome 17. Ring chromosomes occur when a

chromosome breaks in two places and the ends of the chromosome arms fuse together to form a circular structure.

2.12. Other cancers

Changes in chromosome 17 have been identified in several additional types of cancer. These genetic changes are

somatic, which means they are acquired during a person's lifetime and are present only in certain cells. A particular

chromosomal abnormality called an isochromosome 17q occurs frequently in some cancers. This abnormal version of

chromosome 17 has two long (q) arms instead of one long arm and one short (p) arm. As a result, the chromosome has

an extra copy of some genes and is missing copies of other genes.

An isochromosome 17q is commonly found in a cancer of blood-forming tissue called chronic myeloid leukemia (CML). It

also has been identified in certain solid tumors, including a type of brain tumor called a medulloblastoma and tumors of

the brain and spinal cord known as primitive neuroectodermal tumors. Although an isochromosome 17q probably plays a



role in both the development and progression of these cancers, the specific genetic changes related to cancer growth are

unknown.

References

1. Barbouti A, Stankiewicz P, Nusbaum C, Cuomo C, Cook A, Höglund M, Johansson B,Hagemeijer A, Park SS, Mitelman
F, Lupski JR, Fioretos T. The breakpoint regionof the most common isochromosome, i(17q), in human neoplasia is
characterized by a complex genomic architecture with large, palindromic, low-copy repeats. Am JHum Genet. 2004
Jan;74(1):1-10.

2. Cardoso C, Leventer RJ, Ward HL, Toyo-Oka K, Chung J, Gross A, Martin CL,Allanson J, Pilz DT, Olney AH,
Mutchinick OM, Hirotsune S, Wynshaw-Boris A,Dobyns WB, Ledbetter DH. Refinement of a 400-kb critical region
allows genotypic differentiation between isolated lissencephaly, Miller-Dieker syndrome, and otherphenotypes
secondary to deletions of 17p13.3. Am J Hum Genet. 2003Apr;72(4):918-30.

3. Chen KS, Manian P, Koeuth T, Potocki L, Zhao Q, Chinault AC, Lee CC, LupskiJR. Homologous recombination of a
flanking repeat gene cluster is a mechanism fora common contiguous gene deletion syndrome. Nat Genet. 1997
Oct;17(2):154-63.

4. de Thé H, Lavau C, Marchio A, Chomienne C, Degos L, Dejean A. The PML-RARalpha fusion mRNA generated by the
t(15;17) translocation in acute promyelocytic leukemia encodes a functionally altered RAR. Cell. 1991 Aug
23;66(4):675-84.

5. Dupont C, Pipiras E, Chantot-Bastaraud S, Verloes A, Baumann C, Wolf JP,Benzacken B. CGH and direct diagnosis of
mosaic structural chromosomalabnormalities: description of a mosaic ring chromosome 17 and review of theliterature.
Eur J Hum Genet. 2003 Jun;11(6):452-6.

6. Elias RC, Galera MF, Schnabel B, Briones MR, Borri ML, Lipay M, Carvalheira G,Brunoni D, Melaragno MI. Deletion of
17p13 and LIS1 gene mutation in isolatedlissencephaly sequence. Pediatr Neurol. 2006 Jul;35(1):42-6.

7. Ensembl Human Map View

8. Gilbert F. Disease genes and chromosomes: disease maps of the human genome.Chromosome 17. Genet Test.
1998;2(4):357-81.

9. 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.

10. Katona I, Wu X, Feely SM, Sottile S, Siskind CE, Miller LJ, Shy ME, Li J.PMP22 expression in dermal nerve myelin
from patients with CMT1A. Brain. 2009Jul;132(Pt 7):1734-40. doi: 10.1093/brain/awp113.

11. Koolen DA, Kramer JM, Neveling K, Nillesen WM, Moore-Barton HL, Elmslie FV,Toutain A, Amiel J, Malan V, Tsai AC,
Cheung SW, Gilissen C, Verwiel ET, Martens S, Feuth T, Bongers EM, de Vries P, Scheffer H, Vissers LE, de Brouwer
AP,Brunner HG, Veltman JA, Schenck A, Yntema HG, de Vries BB. Mutations in thechromatin modifier gene KANSL1
cause the 17q21.31 microdeletion syndrome. NatGenet. 2012 Apr 29;44(6):639-41. doi: 10.1038/ng.2262.

12. Koolen DA, Vissers LE, Pfundt R, de Leeuw N, Knight SJ, Regan R, Kooy RF,Reyniers E, Romano C, Fichera M,
Schinzel A, Baumer A, Anderlid BM, Schoumans J, Knoers NV, van Kessel AG, Sistermans EA, Veltman JA, Brunner
HG, de Vries BB. Anew chromosome 17q21.31 microdeletion syndrome associated with a common
inversionpolymorphism. Nat Genet. 2006 Sep;38(9):999-1001.

13. Mefford HC, Clauin S, Sharp AJ, Moller RS, Ullmann R, Kapur R, Pinkel D,Cooper GM, Ventura M, Ropers HH,
Tommerup N, Eichler EE, Bellanne-Chantelot C.Recurrent reciprocal genomic rearrangements of 17q12 are associated
with renaldisease, diabetes, and epilepsy. Am J Hum Genet. 2007 Nov;81(5):1057-69.

14. Nagamani SC, Erez A, Shen J, Li C, Roeder E, Cox S, Karaviti L, Pearson M,Kang SH, Sahoo T, Lalani SR,
Stankiewicz P, Sutton VR, Cheung SW. Clinicalspectrum associated with recurrent genomic rearrangements in
chromosome 17q12.Eur J Hum Genet. 2010 Mar;18(3):278-84. doi: 10.1038/ejhg.2009.174.

15. Nagamani SC, Zhang F, Shchelochkov OA, Bi W, Ou Z, Scaglia F, Probst FJ,Shinawi M, Eng C, Hunter JV, Sparagana
S, Lagoe E, Fong CT, Pearson M, Doco-FenzyM, Landais E, Mozelle M, Chinault AC, Patel A, Bacino CA, Sahoo T,
Kang SH,Cheung SW, Lupski JR, Stankiewicz P. Microdeletions including YWHAE in theMiller-Dieker syndrome region
on chromosome 17p13.3 result in facialdysmorphisms, growth restriction, and cognitive impairment. J Med Genet.
2009Dec;46(12):825-33. doi: 10.1136/jmg.2009.067637.

16. Potocki L, Bi W, Treadwell-Deering D, Carvalho CM, Eifert A, Friedman EM,Glaze D, Krull K, Lee JA, Lewis RA,
Mendoza-Londono R, Robbins-Furman P, Shaw C, Shi X, Weissenberger G, Withers M, Yatsenko SA, Zackai EH,



Stankiewicz P, Lupski JR. Characterization of Potocki-Lupski syndrome (dup(17)(p11.2p11.2)) anddelineation of a
dosage-sensitive critical interval that can convey an autismphenotype. Am J Hum Genet. 2007 Apr;80(4):633-49.

17. Potocki L, Chen KS, Park SS, Osterholm DE, Withers MA, Kimonis V, Summers AM, Meschino WS, Anyane-Yeboa K,
Kashork CD, Shaffer LG, Lupski JR. Molecularmechanism for duplication 17p11.2- the homologous recombination
reciprocal of theSmith-Magenis microdeletion. Nat Genet. 2000 Jan;24(1):84-7.

18. UCSC Genome Browser: Statistics

19. Yuan B, Harel T, Gu S, Liu P, Burglen L, Chantot-Bastaraud S, Gelowani V, BeckCR, Carvalho CM, Cheung SW, Coe
A, Malan V, Munnich A, Magoulas PL, Potocki L,Lupski JR. Nonrecurrent 17p11.2p12 Rearrangement Events that
Result in TwoConcomitant Genomic Disorders: The PMP22-RAI1 Contiguous Gene DuplicationSyndrome. Am J Hum
Genet. 2015 Nov 5;97(5):691-707. doi:10.1016/j.ajhg.2015.10.003.

20. Zody MC, Garber M, Adams DJ, Sharpe T, Harrow J, Lupski JR, Nicholson C,Searle SM, Wilming L, Young SK,
Abouelleil A, Allen NR, Bi W, Bloom T, BorowskyML, Bugalter BE, Butler J, Chang JL, Chen CK, Cook A, Corum B,
Cuomo CA, de Jong PJ, DeCaprio D, Dewar K, FitzGerald M, Gilbert J, Gibson R, Gnerre S, GoldsteinS, Grafham DV,
Grocock R, Hafez N, Hagopian DS, Hart E, Norman CH, Humphray S,Jaffe DB, Jones M, Kamal M, Khodiyar VK,
LaButti K, Laird G, Lehoczky J, Liu X,Lokyitsang T, Loveland J, Lui A, Macdonald P, Major JE, Matthews L, Mauceli
E,McCarroll SA, Mihalev AH, Mudge J, Nguyen C, Nicol R, O'Leary SB, Osoegawa K,Schwartz DC, Shaw-Smith C,
Stankiewicz P, Steward C, Swarbreck D, Venkataraman V,Whittaker CA, Yang X, Zimmer AR, Bradley A, Hubbard T,
Birren BW, Rogers J,Lander ES, Nusbaum C. DNA sequence of human chromosome 17 and analysis ofrearrangement
in the human lineage. Nature. 2006 Apr 20;440(7087):1045-9.

21. Zollino M, Orteschi D, Murdolo M, Lattante S, Battaglia D, Stefanini C,Mercuri E, Chiurazzi P, Neri G, Marangi G.
Mutations in KANSL1 cause the 17q21.31microdeletion syndrome phenotype. Nat Genet. 2012 Apr 29;44(6):636-8.
doi:10.1038/ng.2257.

Retrieved from https://encyclopedia.pub/entry/history/show/13069


