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ACVR2 (activin receptor type 2)
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|dentity

Hugo: ACVR2A

Other names: ACVRII; ACVR2A; Activin Receptor,
type 2A; Activin Receptor A type 2; T ACTRII;
ActR-II

Location: 2g22.3

Local order: Genes flanking ACVR2A, in centromere
to telomere direction on 2g22, are:

PAPBPCP2 2g22.3 - polyadenylate binding protein,
cytoplasmic, pseudogene 2.

ACVR2 20g22.3 - activin receptor type llA.

ORCA4L 2g23.1 - origin recognition complex, subuhit

DNA/RNA

Description

ACVR2 gene spans a region of 85,796 bp and has 11
exons. Exon lengths are 180, 208, 110, 155, 144, 14
146, 115, 139, 131 and 3745 base pairs. Exon 10
contains a polyadenine tract that may be mutated in
microsatellite unstable cells.

Transcription
The transcript is 5217 base pairs.

Protein

Description

ACVR2 is a member of the transforming growth factor
beta (TGF-b) receptor family. It is a 70-75kDA paiot
consisting of 513 amino acids. It is a transmembran
receptor for activin, with a cysteine-rich extraaklr
ligand-binding domain, a single pass transmembrane
domain, and an intracellular domain with constiteti
serine/threonine kinase activity.

Upon binding activin, ACVR2 associates with and
phosphorylates ACVRL1.

Atlas Genet Cytogenet Oncol Haematol. 2008;12(1) 1

ACVR1, in turn, phosphorylates Smad2 and/or Smad3.
Phosphorylated Smad2 and Smad3 associate with
Smad4, translocate to the nucleus, and regulate gen
expression.

There may be other non-Smad pathways in activin
signal transduction. These include the RhoA-ROCK-
MEKK1-JNK and MEKK1-p38 pathways.

In addition to activin, other ligands such as mgtat
nodal, and bone morphogenetic protein 7 (BMP-7) may
also bind to ACVR2 and affect signal transduction.

Expression

Abundant expression in multiple tissues, including
skeletal muscle, stomach, heart, endometrium, geste
prostate, ovary, and neural tissues. The cell sarfa
level of ACVR2 and ACVR2B is regulated by proteins
called ARIPs (activin receptor-interacting proteins

Localisation
Cell surface, spanning cytoplasmic membrane.
Function

Activin signaling via its receptors has roles inll ce
proliferation, differentiation, apoptosis, metalsaf,
immune response, wound repair, and endocrine
function.

Mutations

Somatic
Exon 10 polyadenine tract (A8-A7).

Implicated in

Colon cancer

Note: Colon cancer with A8-A7 deletion in exonl0.
Disease

Microsatellite unstable colon cancer.



ACVR?2 (activin receptor type 2)

Prognosis

Increased tumor size.

Abnormal Protein

No fusion protein; truncated non-functional protein
Oncogenesis

Occurs late in adenoma to carcinoma transition.
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Hugo: EP400

Other names: CAGH32; E1A hinding protein p400;
hDomino; p400; TNRC12

Location: 12q24.33

DNA/RNA

Description

The EP400 gene consists of 52 exons and spans 130.5
kb of genomic sequence on chromosome 12.
Transcription

The predominant mRNA transcribed from this gene is
12,265 nt long. This is actually the isoform 2 &490.
Three other isoforms generated by alternative isyglic
have been described:

Atlas Genet Cytogenet Oncol Haematol. 2008;12(1) 3

Isoform 1 retains an alternatively spliced sequence
inside intron 2.

Isoform 3 lacks exon 4.

Isoform 4 lacks exon 23.

Pseudogene

There is an EP400 pseudogene termed 'EP400 N-
terminal like' (EP400-NL) in the same locus.

Protein

Description

The EP400 protein (isoform 2) is 3124 amino acids
long and its molecular weight is about 400 kDawdts
cloned and characterized in 2001 thanks to itgatiten
with the E1A oncoprotein.

Isoform 1 produces a 3160 aa long protein.

Isoform 3 produces a 3087 aa long protein.

Isoform 4 produces a 3043 aa long protein.



EP400 (E1A binding protein p400)

There has been no experimental confirmation for
isoforms 3 and 4.

The only described post-translational modificatisra
phosphorylation on Ser736.

Expression
No data.

Localisation

EP400 belongs to chromatin remodelling complexes
which are located in the nucleus, so it is probably
nuclear. However, its cellular localization has heen
formally monitored to date.

Function

EP400 belongs to the SWI2/SNF2 family of ATPases
and is found in two highly related chromatin
remodelling complexes: the Tip60 and p400
complexes. In these complexes, EP400 is associated
with other enzymes such as the Tip60 histone
acetyltransferase and/or the RuvBL1 and RuvBL2
helicases. (Note: putative specific functions ottea
splicing variant have not been investigated to)date
Functions at the cellular level:

EP400 has been implicated in cell cycle control,
apoptosis and development.

First, the depletion of EP400 in untransformed huma
fibroblasts leads to senescence through inductidheo
p53 - p21 pathway. Likewise, the EP400 knock-down
induces a p21-dependent cell cycle arrest in huredn
lines. According to these results, EP400 seems to
favour cell proliferation.

On the other hand, EP400 is required for ELA-mediat
apoptosis. Similarly, EP400 is required for apojstos
upon DNA damage in human cell lines. Thus, EP400
also favours apoptosis, possibly through preventai
cycle arrest.

Finally, the murine homolog of EP400 appears to be
involved in embryonic hematopoiesis.

Functions at the molecular level:

EP400 has ATP-dependent chromatin remodelling
activity. Accordingly, EP400 was shown to be retdi
along with the Tip60 complex on promoters by the c-
myc and EZ2F transcription factors. Moreover, the
EP400 homolog in drosophila is able to exchange
specific histone variants at double-strand breaks.

Homology

EP400 contains the SNF2 N-terminal domain shared by
all ATPases of the SWI2/SNF2 family (SNF2, STH1,
RAD16, RAD54, ISWI...). It also bears helicase-
specific domains (see diagram):

an helicase C-terminal domain;

an HSA domain;

a DEXH box which contains the ATP-binding region.
Putative homologs in other species (non exhaustive)

Atlas Genet Cytogenet Oncol Haematol. 2008;12(1) 4

Tyteca S

M. musculus: Ep400

R. norvegicus: Ep400

G. gallus: EP400

D. melanogaster: DOM or domino

Implicated in

Cancers
Oncogenesis

It was shown that EP400 is a target for the E1Alvir
oncoprotein transforming activity.

Indeed, studies showed that the overexpression of
specific EP400 fragments corresponding to the E1A
binding region (the SWI2/SNF2 domain) enhance the
ability of E1A to transform rat embryo fibroblasts

the presence of ras. Moreover, the same fragmeats a
able to partially restore the transforming activity a
tranformation-defective E1A mutant.
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Hugo: ENC1

Other names: CCL28; ENC-1;
(Nuclear Matrix Restricted Protein/Brain);
TP53110

Location: 5q12-13

NRPB; NRP/B
PIG10;

Mapping of human NRP/B/ENC1 to 5q12-13: Chromosome 5
content of each hybrid is shown as a solid bar. Deleted
segments of Chromosome 5 are indicated to the right.

DNA/RNA

Description

The NRP/B/ENC1 open reading frame is 1770 bp. The
murine NRP/B/ENC1 gene consists of four exons
interrupted by three introns that span 7.6 kb ofADN
The complete open reading frame is located in eon
Transcription is 5.5 kb of RNA.

Atlas Genet Cytogenet Oncol Haematol. 2008;12(1) 5

Protein

Description

589AA and 66130 Da. NRP/B/ENC1 is a member of a
growing family of proteins that contains two major
structural elements: A BTB/POZ domain in the N-
terminus and kelch motif in the C-terminus [See
above]. The BTB/POZ domain, consisting of
approximately 115 amino acids is found in several
members of the kelch family. It is involved in peit-
protein interactions and mediates both dimer and
heterodimer formation. The kelch domain includes si
repeats (each containing about 50 amino acids)gtwhi
are implicated in actin binding, protein foldingdéor
protein-protein interactions. NRP/B/ENC1 encodes an
unusually evolutionarily conserved protein between
mouse and human.

Expression

NRP/B/ENC1 is expressed in the nervous system.
NRP/B/ENCL1 is expressed mostly in primary neurons,
but not in primary astrocytes. NRP/B/ENC1 mRNA
and protein expression were detected abundantly and
observed in human primary brain tumors, including
glioblastoma multiformae and astrocytoma, and in
human neuroblastoma cell lines (IMR32, SK-N-MC,
SK-N-SH), in glioblastoma cell lines (A172, T98G,
u87-MG, U118-MG, U138-MG and U373-MG), and
in neuroglioma (H4) and astrocytoma cell lines (ECF
STTG1 and SW1088).

Localisation

Nuclear (Glioblastoma,
(Glioblastoma, GBM).

U87-MG) and Cytosolic



ENC1 (ectodermal-neural cortex (with BTB-like domain))

Avraham S et al

Nuclear and cytoplasmic expression of NRP/B/ENC1 were demonstrated by immunostaining with specific anti-NRP/B/ENC1 antibody.
Nuclear NRP/B/ENC1: (A) Human normal adult brain (frontal cortex), (B) U87-MG human glioblastoma cells. (C) Cytoplasmic

NRP/B/ENCL1: primary GBM cells.
Function

Evidence suggests that NRP/B/ENC1 is involved in
multiple cell processes, including nervous system
development, neuronal and adipocyte differentiation
and brain tumorigenesis. NRP/B/ENC1 functions as an
actin-binding protein that may be important in the
organization of the actin cytoskeleton during néura
fate specification and nervous system developnaent,

plays a crucial role in the regulation of neuronal

Mutations

Atlas Genet Cytogenet Oncol Haematol. 2008;12(1) 6

process formation via association with the
hypophosphorylated form of retinoblastoma protein
(p110RB).

Homology

NRP/B/ENC1 shares significant homology with the
'kelch' repeats found in several kelch-related gene
including the Drosophila gene which is essential fo
oogenesis.



ENC1 (ectodermal-neural cortex (with BTB-like domain))

Note: p53-induced protein 10 (PIG10) was identified in
DLD1 colon cancer cells. PIG10 contains multiple
mutations and deletions, and is a variant form of
NRP/B/ENC1. It has also been observed that thera ar
number of mutations and deletions occurred on the
BTB, IVS and Kelch domains of NRP/B/ENC1 in
human brain tumor cell lines and human brain tumors
(GBM) (see tables below). The mutations on the Kelc
domain are involved in brain tumor development

Implicated in

Brain tumor
Note: Little is known.
Disease

Mutations of NRP/B/ENC1 were reported to be related
to brain tumor development. NRP/B/ENC1 has been
implicated in nervous system and neuronal
differentiation, and these mutations of NRP/B/ENC1
may lead to neuropathology.

Oncogenesis

The role of NRP/B/ENC1 in oncogenesis has been
established. Evidence suggests that both ampldicat
and alteration of NRP/B/ENC1 may lead to brain tumo
development.
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|dentity

Hugo: RHOC

Other names: ARH9; ARHC; H9; MGC1448;
MGC61427; RhoH9

Location: 1p13.1

DNA/RNA

Description

The RhoC gene contains 6 exons and 5 introns. st wa
predicted to span over approximately 6.3 kb of the
genomic DNA with mRNA size approximately 1116
bp. This gene is related to a gene originally idieat

in the marine snail, Aplysia. After the originabaoing

of Rho gene in Aplysia californica, then severaheg

in mammal been identified and divided into several
subfamily, among them is ( RhoA, RhoB and RhoC
isoforms). In 1993, human ARH9 (RhoC), was
reexamined and showed that it was present in
choromosome 1. Human cDNA of RhoC proteins were
isolated from the complete H9Rho (clone 9) coding
sequence. Other group isolated RhoC from aduhaeti
library.

Transcription

Three alternative transcripts encoding the samesjoro
have been identified for RhoC gene.

Protein

Description

The primary protein sequences of Rho-subfamily
(RhoA, B and C) are about 85% identical, with most
divergence close to the C-terminus. The sequence
divergence among RhoA, B and C is found in therinse
loop, a helix between amino acids 123 and 137. The
RhoC consists of 193 amino acids corresponding to a
molecular weight of 22 kDa. RhoC protein consists o
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GTPase binding domain in the N-terminal. In C-
terminal consists of geranylgeranyl group and caybo
methylation extension. RhoC contains the sequence
motif of GTP-binding proteins, bind to GDP and GTP
with high affinity and are involved in cycle betwem-
active, GDP-bound and active, GTP-bound states.
RhoC displays about 30% amino acids identity with
Ras proteins which mainly clustered in four highly
homologues internal region corresponding to the GTP
binding site.

Expression

The RhoC proteins are over-expressed in bladder
carcinoma, breast carcinoma, and in the squamdus ce
carcinoma of the head and neck. At mRNA level, RhoC
are over-expressed in adenocarcinoma of the ovary,
pancreatic cancer and hepatocellular carcinoma.

Localisation

Mainly in the cytoplasm, there is a small fraction
localized in the plasma membrane of the Rat-2
fibroblast cells and associated with undefined
perinuclear structures.

Function

The Rho proteins are involved in multiple processes
such as organization of the cytoskeletal components
cell division or intracellular trafficking. Role dRhoC
also been observed in limb development. The RhoC
protein has been connected to cancer developniést. |
up-regulated in malignant pancreatic ductal camiao
inflammatory breast cancer tumors and highly
metastatic melanoma. Ectopic over-expression & thi
gene increases the tumorigenic and metastasis
properties of tumor progenitor cell. RhoC also icel
the expression of angiogenic factors in human
mammary epithelial cells, by facilitating the
vascularization of tumors in which it is expressed.
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Homology

At least there are five homologues of RhoC sequence
with pair-wise similarity from 80-100% at the amino
acids level. Among them in dog (Canis lupus
familiaris), rat (Rattus norvergicus), mouse (Mus
musculus), zebrafish (Danio rerio), and chickenll{Ga
gallus).

Mutations

Germinal

Not found in Homo sapiens.
Somatic

Not found in Homo sapiens.

Implicated in

Morphogenesis

Note: The RhoC exhibits specific expression domain in
regions undergoing major cell rearrangement proicess

the developing limb autopod, including the
prechondrogeneic  aggregates, the  developing
interphalangeal joints and tendons. Functional

experiments indicate that RhoC is a regulator of
mesenchymal cell shape and adhesiveness, actiag as
modulator of digit morphogenesis and joint formatio

Malignancy
Disease

The RhoC reported to be over-expressed in many
human cancers (see above).

Prognosis

The RhoC over-expression is a predictor of poor
prognosis in malignancy.

Oncogenesis

The RhoC and RhoA are 94% identical, only 11 amino
acids are different. RhoC plays a major role inl cel
locomotion compare with RhoA. Over-expression of
RhoC is closely related with tumor cell invasiondan
metastasis.
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Identity

Hugo: SAV1

Other names: Salvador; WW45; WWP4

Location: 14q13-g23

Local order: telomeric to SPG3A and centromeric to
ZF405P.

DNA/RNA

Description
The Savl gene spans 34.7 kb.

Transcription

The longest SAV1 mRNA transcript of 3.0 kb encodes
an open reading frame (ORF) of 1152 bases and
untranslated regions of 338 and 1541 bases at'the 5
and 3’ ends, respectively. No splice variants hagen
reported for SAV1. Smaller transcripts of 1.8 kidan
2.1 kb, encoding the identical ORF, have been tedla
which may be the result of alternative sites ofypol
adenylation.

Protein

Description

Savl is 383 amino acids in length with an expected
weight of 44,606 Da. WW1: residues 199-232; WW2:
234-267; SARAH domain: residues 321-368. The
SARAH domain partially overlaps with a predicted

coiled-coil domain: 344-373.

Expression

SAV1 mRNA is ubiquitously expressed in adult tissue
with highest expression in the placenta, panciesest,
kidney, lung and aorta and lowest expression iteskie
muscle. Expression was higher in fetal heart coegpar
with adult heart.

Localisation

SAV1 is localized to the centrosome during integgha
and metaphase and localizes with the contractilg ri
during cytokinesis. SAV1 co-localizes with MST2,
RASSF1A and LATS1 during anaphase, interphase,
metaphase and cytokinesis.

SAV1 is encoded by five exons represented by the boxes. The blue shaded region indicates the Savl coding region while the

untranslated regions (UTR) are shown in white.

SAV1 contains two central proline-binding WW domains (red) and a C-terminal SARAH (for Salvador/Rassf/Hippo) domain (green).

Atlas Genet Cytogenet Oncol Haematol. 2008;12(1) 10
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Function

Savl is a scaffold protein and able to homodimerize
independently of its SARAH domain. Savl binds to
MST1 /2 kinases and RASSF1A in an interaction that
requires their homologous SARAH domains. The
binding of MST stabilizes SAV1 abundance and
enhances the association of SAV1 with RASSF1A.
SAV1 is phosphorylated by MST1/2 but the
consequence of this is not known. The
MST2/SAV1/RASSF1A complex can recruit LATS1
kinase resulting in the activation of LATS1 by MST2
The MST2/SAV1/RASSF1A/LATS1 complex may
function in regulating cell-cycle exit. In Drosopi
dSav mutant tissue is more resistant to apoptoxis a
grows more quickly compared with wild type tissue
suggesting dSav is a dual regulator of cell prddifien
and apoptosis.

Homology

mSavl is 94% identical to hSavl. hSavl is 31%
identical and 44% similar to dSav from Drosophila

melanogaster, however, the similarity increasesoth

if only the sequences comprising the WW and SARAH

domains are compared. There is no recognizable
orthologue of hSav1l in S.cerevisiae.

Mutations

Note: The cDNA sequence for SAV1 is conflicted at
codons 5 (K/Q), 18 (Q/R), 292 (L/F) and 373 (Q/3top

Germinal
No germline mutations for SAV1 have been reported.

Somatic

In one study of 52 cancer cell lines, SAV1 was tele
in two renal cancer cell lines (ACHN and 786-O) and
C to A mutation at nucleotide 554 (Alal85Asp) was
detected in a colon cancer cell line (HCT15). Acset
study from the Korean population failed to detdw t
C554A polymorphism or any additional mutations of
SAV1 in 324 cancer cell lines. A third study failesl
detect hypermethylation the SAV1 promoter in 44 sof
tissue sarcomas and 6 sarcoma cell lines. Thealisres
suggest that (1) the C554A mutation found in thierco
cancer cell line might be a true mutation and &t t
SAV1 is not frequently mutated in human cancers.
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Implicated in
To date SAV1 is not implicated in any diseases.
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|dentity

Hugo: SNCG

Other names:BCSG1 (Breast Cancer-Specific Gene-1
Protein); Gamma-synuclein; Persyn; PERSYN; PRSN;
SR; Synoretin

Location: 10g23.2

Note: Synuclein-gamma is a member of the synuclein
family of proteins which are believed to be invalvia

the pathogenesis of neurodegenerative diseaseh. Hig
levels of SNCG have been identified in advanceadire
carcinomas suggesting a correlation between
overexpression of SNCG and breast tumor
development.

DNA/RNA

Description

Human SNCG gene consists of five exons that span
about 5 kbp. The intron 1 contains two closely teda
AP1 recognition sequences. Deletion of these motifs
greatly diminished the SNCG promoter activity,
suggesting that AP1 is an important transactiviior
SNCG transcription SNCG transcription is primarily
controlled by regulatory sequences located in mtto
and exon 1 but not in the 5' flanking region. Syeinc
expression is regulated predominantly at the lefel
SNCG gene transcription and/or SNCG mRNA
stability.

Protein

Description

Encoded by human SNCG Gene (Synuclein Family),
the highly conserved 127-amino acid 13 kD
cytoplasmic gamma-Synuclein is similar to the anuylo

protein nonamyloid beta fragment and to alpha-
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synuclein and beta-synuclein. The gamma-synuclein
protein is the least conserved of the synucleirgims.
The human gamma-synuclein is 87.7% and 83.8%
identical to the mouse and rat proteins, respédgtive
which are 4-amino acids shorter. As for the alpdrad
beta-synuclein proteins, the region of highest Hogw

is the amino-terminal region. The synuclein pratein
contain several repeated domains that display tians

of a KTKEGV consensus sequence. This motif,
repeated six to seven times in the amino-terminal
portion of the protein, is reminiscent of the alpha
helical domains of the apolipoproteins and suggests
lipid binding properties. The very high conservatio
between species for a specific repeated domain of a
particular protein suggests that the repeated dwmai
have arisen from the duplication of a single domain
within an ancestral synuclein gene. Later, thiseatral
gene may have undergone successive duplications to
give rise to the three synuclein genes in which the
repeated domains may still be able to diverge.tfihd
domain, however, remained absolutely identical,
KTKEGV, in all genes throughout all species. The
same type of domain is present in proteins of te r
family. However, as of today, the role of these dom
remains unknown.

Expression

Mammalian gamma-synuclein was first identified as
the so-called Breast Cancer-Specific Gene 1 (BCSG1)
in a high-throughput direct differential-cDNA-
sequencing screen for markers of breast cancer.
Northern blot analysis showed that the gene is
principally expressed in the brain, particularly thre
substantia nigra. The protein is expressed in the
peripheral nervous system, mainly in primary sensor
neurons, sympathetic neurons, and motor neurons.
Synuclein gamma was also detected in ovarian tumors
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and in the olfactory epithelium. A sequence dubbed
synoretin was independently isolated from ocular
tissues in a screen for novel proteins regulating
phototransduction and is now thought to represeat t
bovine ortholog of gamma-synuclein. SNCG is
expressed in brain, heart, skeletal muscle, ovasfis,
colon, spleen, pancreas, kidney and lung.

Localisation

The three human synuclein genes are expressec in th
thalamus, the substantia nigra, the caudate nycews
the amygdala. Only gamma-synuclein appears strongly
expressed in the subthalamic nucleus. Although
gamma-synuclein is not present in senile plaquesyl
bodies or neurofibrillary tangles, a high level of
gamma-synuclein immunoreactivity is detectable in
dot-like structures which are characteristic axonal
lesions in the brains of patients with neurodegegtner
diseases. SNCG mRNA and gamma-synuclein protein
were also detected in unstimulated and
phytohaemagglutinin ~ (PHA)-stimulated  cultured
lymphocytes from peripheral blood of normal dondtrs.
has been shown previously by in situ hybridizatioat
SNCG/BCSG1 mRNA is not expressed in normal adult
breast tissue, but high levels of this mMRNA arespng

in advanced infiltrating breast tumours. In
paraformaldehyde fixed cells, SNCG displayed
punctuate cytoplasmic staining, a pattern thasisally
associated with markers of the endoplasmic retioulu
or vesicular structures. It was also found that igam
synuclein was not co-localized with cytokeratintimc

or tubulin arrays in these cells.

Function

The normal cellular function of gamma-synucleirass

yet unknown, but interestingly exogenous expression
the protein increases the invasive and metastatic
potential of breast tumors. The highly conserved N-
terminal region is known to be important for theidi
interactions of the synucleins and the highly acigt
terminal region has been suggested to possess
chaperone-like activity, to regulate the aggregaid
synucleins and to mediate protein-protein intecai

It seems that gamma-synuclein plays a role in
neurofilament network integrity and may modulate
axonal architecture, also, it may increase the
susceptibility of neurofilament-H to calcium-depend
proteases and may also modulate the keratin netimork
skin. Phosphorylation by GRK5 appears to occur on
residues distinct from other kinase target residues
Synuclein gamma is likely involved in the pathogese

of neurodegenerative diseases and SNCG is expressed
at very high level in advanced infiltrating breaancer.
Sequence analysis suggests that the protein from
tumour cells (BCSG1) is different from the protein
expressed in the nervous system (cDNA clones 1 and
4C) and that coded by the genomic clone W6H.
Substitution of two lysines by glutamates in BCSG1
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changes the overall charge of the persyn molecude a
disturbs EKTKEGV repeats that are highly conserved
in the synuclein family. Such changes should have
serious consequences for protein structure andifumc
The dual role of SNCG in neurodegeneration and
malignancy could involve common mechanisms.
Changes in organization of the cell cytoskeletoa ar
among the most prominent characteristics of both
processes. The involvement of gamma-synuclein in
regulating neurofilament network integrity raisde t
possibility that it may also affect the intermediat
filament network in malignant breast epitheliallsel

Homology

There are currently almost 200 DNA and protein
sequences in the sequence databases with high
homology to the synuclein gene or protein. All
synuclein sequences available to date from Homo
sapiens, Mus musculus, and Rattus norvegicus can be
assigned to three distinct protein groups: alpha hed
gamma-synuclein. Synuclein proteins have also been
identified in other organisms: synelfin is the aph
synuclein ortholog in Serinus, phosphoneuroproigin
(PNP14) is the beta-synuclein ortholog in Bos tauru
and the first synuclein protein described in Torped
californica corresponds to the human gamma-
synuclein. Interestingly, no homologous proteingeha
yet been identified in Escherichia coli, Saccharoesy
cerevisiae,Caenorhabditis elegans, or Drosophila
melanogaster. Each of the three family members is
composed of an N-terminal lipid-binding domain,
containing a series of 11-residue imperfect repeatd

an acidic C-terminal domain. Among the human family
members, gamma-synuclein 50% identical and 74%
homologous to alpha- synuclein and 47% identical an
66% homologous beta-synuclein The highly conserved
N-terminal region is known to be important for the
lipid interactions of the synucleins and the hightydic
C-terminal region has been suggested to possess
chaperone-like activity, to regulate the aggregatd
synuclein and to mediate protein-protein interatdio
The very high degree of conservation in the lipid-
binding N-terminal domains of all three synucleins
strongly suggests that both beta and gamma-symuclei
like alpha-synuclein bind to lipid membranes andpd

a highly helical structure. Nevertheless, diffenén

the sequences of the three proteins in both their N
terminal and C-terminal domains must be responsible
for those differences that do exist in their indial
functions, as well as for their different roledisease.

Mutations

Note: No tumor-specific mutations of the SNCG gene
were found in breast tumors and tumor cell linag, b
two linked polymorphisms in the coding region were
detected, both in mRNA and in exons Ill and IV loé t
gene from G243C and T377A. These results reflect th
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absence of two G--A (and consequently Glu--Lys) in
tumor cell lines, tumors and control tissues. Theva
mentioned two linked polymorphic sites discriminate
two alleles of the human persyn gene. The freqesnci
of the two alleles were the same in genomes ofshrea
cancer and normal cells (20% G243/T377 and 80%
C243/A377). Both alleles are transcriptionally eeti
and are expressed with similar efficiency in
heterozygotes.

Epigenetics

Sequence analysis identified a CpG island in exof 1
SNCG that contains 15 CpG sites, covering the regio
169 to +81, relative to the translation start cadopG
sites within the CpG island and its vicinity were
partially and heterogeneously methylated in SNCG-
negative breast cancer cell lines but unmethylated
SNCG-positive cells. SNCG expression correlates wit
complete demethylation of the exon 1 region. Specif
methylation at the CpG sites 2, 5, 7, and 10-15% wa
sufficient to block the expression of SNCG gene in
breast cell culture. Genomic sequencing and
methylation-specific PCR assays have shown that
SNCG CpG island is fully methylated in normal tissu

of liver, esophagus, prostate, cervix, stomachprgol
and lung, but only partially methylated in breasste.
Tumors from these tissues contain completely
demethylated SNCG. Universal loss of the epigenetic
control of SNCG gene expression in tumors and éurth
demonstrating that the demethylation of SNCG CpG
island is primarily responsible for the aberrant
expression of SNCG protein in cancerous tissueg hav
suggested an important role of gamma-synuclein-
related epigenectic events in various malignancies.
Reactivation of SNCG gene expression by DNA
demethylation is a common critical contributingtac

to malignant progression of many solid tumors asd i
expression in primary carcinomas is an effective
molecular indicator of distant metastasis.

Implicated in

Note: The possible involvement of gamma-synuclein in
tumorigenesis first came to light when a gene named
BCSG1 (Breast Cancer-Specific Gene 1) was shown to
be overexpressed in advanced infiltrating carcinafa
the breast. In fact, BCSG1 and gamma-synuclein
appear to be the same protein. SNCG protein ishyhigh
expressed in diversified cancer types, including th
female hormone-sensitive cervical and breast cancer
male hormone-sensitive prostate cancer, four cancer
types of the digestive system, and lung cancersé&he
cancers are currently the leading cause of martaiit
both men and women. How SNCG induces disease
progression in different cancer types remains edusi
Oncogenic activation of gamma-synuclein contributes
to the development of breast and ovarian cancer by
promoting tumor cell survival under adverse coodisi
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and by providing resistance to certain chemothertipe
drugs. Overexpression of gamma-synuclein leads to
constitutive activation of extracellular signal-oéated
protein kinases ( ERK1 / ERK2 ) and down-regulation
of c-Jun N-terminal kinase 1 (JNK1) in response to
environmental stress signals. Cells expressing gamm
synuclein are significantly more resistant to the
chemotherapeutic drugs paclitaxel and vinblastise a
compared with the parental cells. Activation of JNK
and its downstream caspase-3 by paclitaxel or
vinblastine is significantly down-regulated in gaam
synuclein-expressing cells, indicating that thepsis
pathway activated by vinblastine or paclitaxel is
blocked by gamma-synuclein. In breast cancer cells,
SNCG has been shown to act as a chaperon for
estrogen receptor and stimulate estrogen receptor-a
signaling pathway that leads to cell proliferati@n

the other hand, the inhibitory effects of SNCG on
mitotic checkpoint function are mediated througk th
mitotic checkpoint kinase BubR1 and are independent
of the expression status of estrogen receptor-alphea
inhibitory effects of SNCG on mitotic checkpointnca
be overthrown by enforced overexpression of BubR1 i
SNCG-expressing cells. SNCG intracellularly
associates with BubR1 together.This observation
suggests that SNCG expression compromises the
mitotic checkpoint control by inhibition of the moal
function of BubR1, thereby promoting genetic
instability, a recognized and important contribgtin
factor in tumorigenesis. Because all synucleinsehav
chaperone-like activities, they may interact with
different proteins in different cellular background
Identifications of specific cellular targets of SSCGn
different tumor types will provide insight to dediate

its oncogenic functions in human malignancies.

Breast cancer

Note: Patients whose tumors expressed SNCG had a
significantly shorter disease-free survival and raile
survival. They also had a high probability of death
when compared with those whose tumors did not
express SNCG. Multivariate analysis demonstratat th
SNCG is an independent predictive marker for
recurrence and metastasis in breast cancer pragress
SNCG is expected to be a useful marker for breast
cancer progression and a potential target for breas
cancer treatment. In one study it has been shotv tha
responses of 12 breast cancer cell lines to paelita
induced mitotic arrest and cytotoxicity highly
correlated with  SNCG expression status. SNCG-
positive cells exhibited a significantly higher istance

to paclitaxel-induced mitotic arrest than SNCG-
negative cells. Down-regulation of SNCG expression
directly increased the effectiveness of anti-micboie
drug-induced cytotoxicity in breast cancer cellthaut
altering cell responses to doxorubicin. These new
findings suggest that SNCG expression in breast
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carcinomas is probably a causal factor contributimg
the poor patient response to paclitaxel treatment.

Ovarian cancer

Note: Several studies indicated that SNCG expression
was not detectable in normal ovarian epithelium but
was highly expressed in the vast majority of adeanc
staged ovarian carcinomas. Eighty-seven percent of
ovarian carcinomas were found to express at least 1
type of synuclein, and 42% expressed all 3 synnslei
(alpha, beta, and gamma) simultaneously. Highly
punctate gamma synuclein expression was also
observed in 20% of preneoplastic lesions of thegva
including epithelial inclusion cysts, hyperplastic
epithelium, and papillary structures, suggestingt th
synuclein gamma up-regulation may occur early & th
development of some ovarian tumors. Demethylaton i
an important event in abnormal synuclein-gamma
expression. The methylation pattern in ovarian eanc
cells is different from that in breast cancer cdllsone

of the studies that examined SNCG-nonexpressing
ovarian cancer cells, all of the CpG sites were
completely methylated instead of selective metliytat

at certain sites shown in breast cancer cellsether
suggesting a tissue-specific methylation pattestdrt
studies indicated that the detection of SNCG mRNA i
tumor-positive tumors was strongly associated with
demethylation or hypometylation of SNCG gene.
Methylation status was not correlated with FIGQgsta

or histological type of tumor. Tumor grading was
strongly associated with methylation status but ttue
relatively small group of studied samples (43 chses
this observation requires further confirmation. #&rey
interesting observation was that in 21% of sambpégh
products of amplification were present and all ¢hes
cases were SNCG mRNA-positive. This observation
could suggested that partial methylation of SNCG
probably does not influence on synuclein expresiion
ovarian cancer tissue. Comparison of the methylatio
status of SNCG and the expression of synuclein-
gamma in breast and ovarian cancer cells lines in
another study indicated a strong correlation betwee
hypomethylation of the CpG island and SNCG
expression in cancer cell lines. The methylatiottepa

in ovarian cancer cells was different from thabieast
cancer cells. The analyzed CpG sites in ovariacaran
cells were all methylated in contrary to a selectiv
methylation at certain sites shown in breast cancer
cells, thereby suggesting a tissue-specific metioyla
pattern. Moreover, when exon 1 was partially and
heterogeneously methylated, then SNCG expression in
breast cancer cells was not detected.

Lung cancer

Note: SNCG is not expressed in normal lung tissues,
but it is highly expressed in lung tumors. It haet

demonstrated that cigarette smoke extract (CSE) has
strong inducing effects on SNCG gene expression in
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lung cancer cells through demethylation of SNCG CpG
island. CSE treatment also augments the invasive
capacity of cells in an SNCG-dependent manner. & hes
new findings demonstrate that tobacco exposure
induces the abnormal expression of SNCG in lung
cancer cells through downregulation of expression
levels of DNA methyltransferases.

Gastric cancer

Note: For the gastric cancer cell lines, SNCG mRNA
expression strongly correlated with demethylatidn o
SNCG exon 1 CpG islands. Whereas SNCG was not
expressed in non-neoplastic gastric mucosal tissues
obtained at autopsy, partial demethylation waseres

in these tissues. Demethylation occurs before maiig
transformation and that only partial demethylatitoes

not result in up-regulated SNCG mRNA expression.
Thus, it appears that partial SNCG demethylatiom ca
occur in normal gastric mucosa, which then extands
some cases to become to fully demethylated, regulti
in up-regulated SNCG mRNA expression.
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|dentity

Hugo: ADAM23
Other names: MDC3
Location: 233

DNA/RNA

Description

DNA contains 174312 bp composed of 26 coding
exons.

Transcription
3059 bp mRNA transcribed in centromeric to telomeri

orientation; 2499 bp open reading frame. There\aoe
isoforms of human ADAM23 (ADAM23alpha), i.e.
ADAM23beta and ADAM23gamma. ADAM23beta is
consistent with ADAM23alpha in domain structure
except for a different transmembrane domain.
ADAM23gamma, without transmembrane domain, is
predicted to be a secreted form of ADAM23.
ADAM23gamma is formed by skipping both exons
enconding transmembrane domain in RNA splicing.

Pseudogene
No pseudogenes reported.

DNA of ADAM23 gene composed of 26 coding exons.

Protein

Domain structure of ADAM23. Its deduced amino acid sequence lacks essential residues conserved in metalloproteinases (Cal S. et al.,

2000).
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ADAM23 (ADAM metallopeptidase domain 23)

Description

832amino acid protein including a hydrophobic
transmembrane domain and eight potential N-linked
glycosylation sites. This protein has multiple déama
structures including a pro-, a metalloproteinake;lia
desintegrin-like, a cysteine-rich, an epidermalvgio
factor-like, a transmembrane and a cytoplasmatic
domain. Within the metalloproteinase-like domain,
ADAM23 lacks HEXXHXXGXXH active-site amino
acids for zinc-binding, which is critical for the
proteinase activity. So, the metalloproteinase doriza
inactive, suggesting that it is exclusively invalven

cell adhesion processes rather than in protease-
mediated events.

Expression

Highly expressed in the brain and weakly expressed
the heart. In the brain, expressed prominentlyhia t
amygdala, caudate nucleus, hypothalamus, thalamus,
cerebral cortex and occipital pole.

Localisation

Cell membrane; single-pass type | membrane protein
(Potential). Isoform Gamma: Secreted protein.

Function

May play a role in cell-cell and cell-matrix intetens.
This is a non-catalytic metalloprotease-like protei
Homology

H. sapiens: ADAM23;
P.troglodytes: ADAM23;
C.lupus: LOC607871;
M.musculus: ADAM23;
R.novergicus: ADAM23;
G.gallus: LOC424099.

Mutations

Note: There are one SNP on exon 1 in the amino acid
position 1 with function start codon and two SNPs o
exon 23 in the amino acid position 695 with funato
synonymous and contig reference.

Implicated in

Gastric tumors

Note: Hypermethylation of the promoter region of
ADAM 23 gene, along with decreased expression,
occurs in primary gastric tumors compared with
noncancerous gastric tissue.

Prognosis

Not determined.
Cytogenetics

Not determined.
Hybrid/Mutated Gene
Not determined.
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Oncogenesis

Loss of ADAM23, which is likely to play an importan
role regard to cell-cell and cell- extracellular tmha
interactions in gastric tissue as well, might beeesial
for the progression of gastric cancer.

Breast tumors

Note: Hypermethylation of the promoter region of

ADAM23 gene, along with decreased expression,
occurs in primary breast tumors and primary breast
tumors with a more advanced grade have higher degre
of methylation.

Cytogenetics

Not determined.
Hybrid/Mutated Gene
Not determined.
Oncogenesis

Primary breast tumors with a more advanced grade
have a higher degree of methylation, suggesting tha
the adhesion molecule ADAM23 may be
downregulated during the progression of breastaranc

Head and neck cancer

Note: Hypermethylation of the promoter region of
ADAM23 gene, along with decreased expression,
occurs in Head and neck cancer and the frequency of
hypermethylation of ADAM23 gene is higher in
primary head and neck tumors with a more advanced
grade.

Cytogenetics

Not determined.
Hybrid/Mutated Gene
Not determined.
Oncogenesis

Hypermethylation of the ADAM23 gene could lead to
tumor progression, because the neoplastic cellddvou
lose the contact inhibition. As a consequence, ethes
cells would proliferate in an uncontrolled manrmnce
the proliferation of most cancer cells is no longer
sensitive to density-dependent inhibition, a pesmis
environment for cell proliferation is created.
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i AKT2 locus can be found at ensembl.org. Human
Identlty AKT2 is found in chromosome 19, gposition
Hugo: AKT2 45,428,706-45,483,107. < or > symbols indicate the
Other names: PKBBETA (PKB beta); PKBB (protein orientation of the genes. M3K10 is Mitogen-actihte
kinase B, beta); RAC-PK-Beta (rac protein kinase)e protein kinase kinase kinase 10 gene. CNTD2 isne ge
Location: 19913.2 encoding Cyclin N-terminal domain-containing pratei
Note: Details concerning the local order of the human Location in the mouse: chromosome 7 in band B1.
DNA/RNA

Genomic organization of human AKT2. Open boxes indicate untranslated regions and shaded boxes indicate coding regions of the
gene. The ATG transcription start site is located in exon 2 and the TGA termination codon is located in exon 14.
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AKT2 (v-akt murine thymoma viral oncogene homolog 2)

Altomare DA, Testa JR

AKT proteins contain an amino terminal pleckstrin homology (PH) domain, followed by a short helical region and kinase domain that
terminates in a regulatory hydrophobic motif. Activation of AKT kinases is a multi-step process that involves both membrane
translocation and phosphorylation. AKT activation occurs by means of stimulation of the growth factor receptor-associated
phosphatidylinositol 3-kinase (PI3K). PI3K generates 3'-phosphorylated phosphoinositides, i.e., phosphatidylinositol-3,4,5-trisphosphate
(PIP3) and phosphatidylinositol-3,4-bisphosphate (PIP2) at the plasma membrane. Both phospholipids bind with high affinity to the PH
domain, mediating membrane translocation of AKT. At the membrane, AKT2 is phosphorylated at two sites, threonine 309 (T309) and

serine 474 (S474).

Description

The entire gene is about 54.4 Kb and contains 14
exons. The open reading frame of the coding region
1,445 bp.

Transcription
Transcript length: 4,623 bp.

Pseudogene

No human pseudogene known. A mouse Akt2
pseudogene was cloned and mapped to proximal mouse
chromosome 11 by fluorescence in situ hybridization

Protein

Description

AKT2 protein consists of 481 amino acids, with a
molecular weight of 55,769 Da.

Expression

Found in all human cell types so far analyzed; linsu
responsive tissues such as normal brown fat, sitelet
muscle and liver exhibit the highest expressiorelev
of AKT2/Akt2.

Localisation

Predominantly cytoplasmic; also found at the plasma
membrane and in the nucleus following its activatio

Function

AKT proteins mediate a variety of cellular functgn
ranging from control of cell proliferation and sival

to modulation of intermediary metabolism and
angiogenesis. Such pleiotropic effects are the
consequence of phosphorylation of numerous
substrates, some of which are listed below. Most
substrates share the consensus sequence for AKT
phosphorylation, RXRXXS/T. For example, activated
AKT exerts anti-apoptotic activity in part by prexing

the release of cytochrome c from mitochondria, and
phosphorylating and inactivating the pro-apoptotic
factors BAD and pro-caspase-9. AKT also activates
IkappaB kinase (IKK), a positive regulator of NF-
kappaB, which results in the transcription of anti-
apoptotic genes. AKT phosphorylates and inactivates
FOXO transcription factors, which mediate the
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expression of genes critical for apoptosis, sucthas
Fas ligand gene.

AKT activation mediates cell cycle progression by
phosphorylation and inhibition of glycogen synthase
kinase 3 beta to inhibit cyclin D1 degradation. AKT
phosphorylates the cell cycle inhibitors p21WAFH an
p27Kipl near the nuclear localization signal touicel
cytoplasmic retention of these cell cycle inhibitor
Moreover, phosphorylation of AKT kinases also resul

in increased translation of cyclin D1, D3 and E
transcripts.

AKT activates the downstream mTOR kinase by
inhibiting a complex formed by the tumor suppressor
proteins TSC1 and TSC2, also known as hamartin and
tuberin, respectively. mTOR broadly mediates cell
growth and proliferation by regulating ribosomal
biogenesis and protein translation and can regulate
response to nutrients by restricting cell cycle
progression in the presence of suboptimal growth
conditions.

AKT signaling also contributes to other cellular
processes considered to be cancer hallmarks. AKT
promotes the phosphorylation and translocation of
Mdm2 into the nucleus, where it downregulates p53
and thereby antagonizes p53-mediated cell cycle
checkpoints. AKT signaling is linked to tumor cell
migration, and it contributes to tumor invasion and
metastasis by promoting the secretion of matrix
metalloproteinases. Moreover, vascular endothelial
growth factor (VEGF) effects on cell survival have
been shown to be mediated by the FIKL/VEGFR2 -
PI3K-AKT pathway. In other cellular processes, AKT
has been shown to phosphorylate human telomerase
reverse transcriptase (hTERT), thereby stimulating
telomerase activity and replication. Collectivetlgese
findings implicate up-regulation of the AKT pathway
in many aspects of tumorigenesis.

Homology

All three AKT kinases belong to the more generatsl

of AGC kinases (related to AMP/GMP kinase and

protein kinase C). The kinase domain of AKT shares
high similarity with other members of the AGC faynil

of kinases such as PKA, PKC, p70 S6K, and p90 RSK.
The sequence identities among the three AKTs in the
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kinase domain exceed 87%. The three AKT kinases are
identical in the ATP binding region, except for one
residue:; Ala 230 of AKT1 is conserved in AKT2 (Ala
232), but switches to Val 228 in AKT3. In addition,
each of the three AKT kinases has a carboxy teimina
extension of about 40 amino acids.

Human AKT2 is 98.1% similar to M. musculus Akt2;
97.7% similar to the R. norvegicus homolog; 61.3%
similar to D. melanogaster protein kinase RAC; 5.4
similar to C. elegans Akt/PKB serine/threonine kima
47.7% similar to S. cerevisiae protein kinase (see
UniGene Hs.631535).

Mutations

Germinal

Insulin resistance and a diabetes mellitus-likedsyme
have been described in knockout mice lacking Akt2.

Somatic

Individuals carrying a G-to-A transition in the ART
gene resulting in an Arg-to-His substitution at aod
274 (R274H) were found to be markedly
hyperinsulinemic. However, a large case-controtlstu
showed that variation in and around the AKT2 loisus
unlikely to contribute significantly to increaseidk of
type 2 diabetes.

Mutations in AKT2 are uncommon in human tumors.
For example, AKT2 mutations have been reported in 1
of 51 gastric carcinomas and 2 of 79 lung carciroma
The mutations consisted of one missense mutatidn an
2 splice site mutations in an intron.

Implicated in

Various cancers
Prognosis

Frequent activation of AKT has been reported in a
broad range of human cancers including various
carcinomas, glioblastoma multiforme, and
hematological malignancies. In some of these tumor
types, AKT activation has been shown to correlata w
advanced disease and/or poor prognosis. AKT is a
major mediator of survival signals that protectisel
from undergoing apoptosis and, thus, is a potdwytial
important therapeutic target. Ovarian cancer éeéd
with either constitutive AKT1 activity or AKT2 gene
amplification have been shown to be highly resistan
paclitaxel compared to cells with low AKT levels.

Oncogenesis

In 1992, amplification and overexpression of AKT2
was reported in a subset of ovarian carcinomas. 2AKT
was shown to be amplified and overexpressed in& of
ovarian carcinoma cell lines and 2 of 15 primary
ovarian tumors. Recently, amplification of AKT2 was
found in 18.2% of high-grade ovarian carcinomas.
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Amplification and/or overexpression of AKT2 was
reported in 10-20% of primary pancreatic carcinomas
and pancreatic cancer cell lines. PANC1 and ASPC1
cell lines exhibited 30-fold and 50-fold amplificat of
AKT2, respectively, and highly elevated levels of
AKT2 RNA and protein. As an early indication of the
potential importance of molecularly targeting thETA
pathway, AKT2 expression and tumorigenicity of
PANC1 cells in nude mice was markedly inhibited by
transfection with an antisense AKT2 construct bott n
with a control AKT2 construct in the sense orieiotat
Through the use of in vitro kinase assays, activatf

the AKT2 kinase has been observed in about 40% of
ovarian and pancreatic cancers.

Hyperactivation of AKT kinases have been reported in a wide
assortment of human solid tumors and hematological
malignancies. Activation of growth factor receptors either by
ligand stimulation or receptor overexpression/mutation is one
of the mechanisms leading to the upregulation of AKT
signaling. Other mechanisms include activation of oncoproteins
and inactivation of tumor suppressors intersecting the AKT
signal transduction pathway. AKT is now known to be a central
player in a signaling pathway consisting of many components
that have been implicated in tumorigenesis, including upstream
phosphatidylinositol 3-kinase (PI3K) and PTEN (Phosphatase
and Tensin homologue deleted on chromosome Ten). Several
proteins, such as AKT, elF4E, and the subunits of PI3K, can
act as oncoproteins when activated or overexpressed.
Germline mutations in PTEN, LKB1, TSC2/TSC1, and VHL are
linked with different dominantly-inherited cancer syndromes.
Each of these tumor suppressors is a negative regulator of the
AKT pathway which, when deregulated, results in altered
translation of cancer-related mRNAs that regulate cellular
processes such as cell cycle progression, growth, cell survival,
invasion, and communication with the extracellular
environment.
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Identity

Hugo: AKT3

Other names: DKFZP434N0250; PKBG; PRKBG;
RAC-PK-gamma

Location: 1q44

Note: Location in the mouse: chromosome 1 in band
H4-H6.

DNA/RNA

Description

The AKT3 gene is composed of 14 exons spanning a
genomic region of 354,937 bp.

Transcription

AKT3 coding sequence consists of 1,440 bp from the
start codon to the stop codon.

Protein

Description

The AKT3 serine/threonine kinase consists of 479
amino acids with a calculated molecular weight B85
kDa (approximate molecular weight of 59-60 kDa seen
on a Western blot). The protein contains three
important regions: the PH domain at the N terminus
(residues 1-107), a kinase domain (residues 148-405
and a C-terminal regulatory domain (residues 40847
A 465-amino acid splice variant lacking the sedT®
residue has been identified, which results from
alternative splicing of an exon at the C terminus.

Expression

Northern blot analysis of AKT3 indicated that it is
expressed in virtually all tissues, predominantiythe
brain and fetal heart and at lower levels in lieerd
skeletal muscle. RT-PCR analysis also indicated
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expression of AKT3 in a wide variety of tissues.

Localisation

Predominantly cytoplasmic; also found at the plasma
membrane and in the nucleus following its activatio

Function

AKT family members are serine/threonine kinases
activated following stimulation by growth factors,
hormones and the extracellular matrix. AKT kinases
play a key role in proliferation, cell survival, dn
tumorigenesis. Binding of ligands (e.g., EGF) to
tyrosine kinase receptors or G-protein coupled
receptors leads to the recruitment and activatiothe
Class 1A and Class 1B PI3K (Phosphatidylinositol 3-
Kinase), respectively. The pleckstrin homology doma
of AKT kinases has affinity for the 3'-phosphorgldt
phosphoinositides 3,4,5-trisphosphate (PI-3,4,5&P8)
P1-3,4-P2 produced by PI3K, and they are activated
specifically by the latter lipid. Phospholipid bind
triggers the translocation of AKT kinases to thaspha
membrane. There, AKT is activated through
phosphorylation of a threonine (T308 in AKT1, T309
in AKT2 and T305 in AKT3) by PDK1 and on a serine
(S473 on AKT1, S474 on AKT2, and S472 on AKT3)
by PDK2. Activated AKT then phosphorylates a
number of different substrates involved in survjivall
cycle progression, and other pathways implicated in
tumorigenesis.

Homology

AKT3 is a serine/threonine kinase and is a memiber o
the AKT family that also includes AKT1 and AKT2. At
the protein level, AKT3 shows overall 83.6% identit
with AKT1 and 78% identity with AKT2. The three
AKT kinases are identical in the ATP binding region
except for one residue: Ala 230 of AKT1 is conserve
in AKT2 (Ala 232), but switches to Val 228 in AKT3.
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Diagram of the AKT3 protein in scale. The numbers represent specific residues. The domains are PH (Pleckstrin Homology), a short
helical region, Kinase (Catalytic Kinase), and Regulatory (Regulatory Region). Indicated are the two phosphorylation sites shown to be
essential for activation of AKT3: Threonine 305 and serine 472. C: Carboxyl-terminal; N: Amino-terminal.

Mutations

Note: No germline or somatic mutations were
discovered through sequencing.

Implicated in

Breast cancer

Oncogenesis

AKT3 was found to be expressed at a higher level in
estrogen receptor-negative breast cancer compared t
estrogen receptor-positive cancers, thus possibly
contributing to the more aggressive phenotype ef th
former. AKT3 activity was also 30-to 60-fold highier

two estrogen receptor-negative cell lines as coatpar
to two estrogen receptor-positive cell lines.

Hepatocellular carcinoma (Hepatitis C
virus related)
Oncogenesis

Using array-CGH analysis, gene copy number
increases of AKT3 were found in 6 out of 19 (32%)
tumors, including small, well-differentiated
carcinomas. Thus, increased copies of the gene may
play a potentially important role in the onset of
Hepatitis C-related hepatocellular carcinoma.

Melanoma

Oncogenesis

AKT3 was demonstrated to be the predominant AKT
isoform involved in melanoma tumorigenesis.
Knockdown of AKT3 with siRNA was shown to
decrease total phospho-AKT levels in four melanoma
cell lines and in normal melanocytes. In contrast,
targeting the other two AKT proteins had no effect.
AKT3 protein was overexpressed in 60% of primary
melanoma tumors compared to normal melanocytes.
Immunoprecipitation of AKT3 followed by
immunoblotting with a phospho-specific AKT antibody
indicated that 43% of primary melanomas have
increased AKT3 activity compared to normal controls
Moreover, siRNA-mediated knockdown of AKT3 in a
melanoma cell line led to a dramatic decrease in
xenograft tumor size as a result of increased aytpt
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Ovarian cancer
Oncogenesis

AKT3 was discovered to be highly expressed in 19 ou
of 92 (20%) primary ovarian tumors and also expdss
in a number of ovarian tumor cell lines, includitvgp
cell lines having duplications of the AKT3 gene.eTh
high expression of AKT3 in cell lines appeared to
correlate  with high total phospho-AKT levels,
increased proliferation, and the ability to growsarum
starved conditions. SiRNA-mediated silencing of
AKT3 expression in the OVCA429 and DOV13 cell
lines resulted in reduced proliferation due to lition

of the cell cycle.

Prostate cancer

Oncogenesis

AKT3 was found to be expressed at a higher levdl an
with a 20- to 40-fold higher activity in androgen-
insensitive prostate cancer compared to androgen-
sensitive prostate cancer. The loss of PTEN exjmress
appeared to contribute to increased AKT3 activity i
one of the cell lines examined. Thus, AKT3 may @ay
role in the more aggressive phenotype of androgen-
insensitive prostate cancers.
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|dentity

Hugo: ASCL1

Other names:ASH1; HASH1; MASH1

Location: 12¢23.2

Note: Renault B et al performed fluorescent in situ
hybridisation using YAC 896h that contains ASCL1
and other chromosome 12 specific markers such as
IGF1, PAH and TRA1l to localise ASCL1. They
established using genetic markers that ASCL1 Iseali
distal to Phenylalanine hydroxylase (PAH) and
proximal to tumor rejection antigen (TRA1) on
chromosome 12g22-g23 cytogenic interval. (Beatrice
Renault et al. Genomics 30, 81-83 (1995)).

LINEAGE: Eukaryota, Metazoa, Chordata, Craniata,

Vertebrata, Euteleostomi, Mammalia, Eutheria,
Euarchontoglires, Primates, Haplorrhini, Catarrhini
Hominidae, Homo. NCBI Gl#: ¢119618109;
g22658430; g20455478; g13111927; g12803079;
055743094; g306460; g13325212.

DNA/RNA

Description

2 exons spanning 2824bp although only exonl codes
for the protein. Orientation '+ strand. Exon 1
101875594-101876910 (1317 bp), Exon 2 101877270-
101878417 (1148 bp), Intron 1-2 101876911-
101877269 (359 bp). Gene id= 429 (KEGG). Refseq:
NM_004316.2.

HASH1/ASCL1 promoter has two independent
transcription start sites of which proximal INR ralent
(YYANYY consensus binding site) plays a
predominant role. The general enhancer has several
Spl binding sites. Tissue restricted expressiorirabn
comes from the repressor regions present in thal dis
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(over 13.5kb upstream) and proximal 5' flanking
region. The proximal repressor is shown to haviassc

C element site to which HES1 can bind and regulate
HASH1/ASCL1 expression.

Variant: 158--158 Glu to Gly (E to G) Var_013179 in
P50553.

Transcription
2.46 Kb mRNA, coding sequence 711 bp.

Protein

Note: This gene encodes a member of the basic helix-
loop-helix (bHLH) family of transcription factord.he
protein activates transcription by binding to thévdx
(5-CANNTG-3). Dimerization with other bHLH
proteins is required for efficient DNA binding. Bhi
protein plays a role in the neuronal commitment and
differentiation and in the generation of olfactapd
autonomic neurons. It is highly expressed in medull
thyroid cancer (MTC) and small cell lung cancer
(SCLC) and may be a useful marker for these cancers
The proximal coding region of the cDNA contains a
striking 14-copy repeat of the triplet CAG that #oits
polymorphism in human genomic DNA The presence
of a CAG repeat in the gene suggests that it cplag

a role in tumor formation.

Protein size: 237 aa, 25.45kDa. Refseq: NP_004307.2

Description

The amino terminal of the protein contains polynaia

and poly glutamine repeat rich region. The
polyglutamine length polymorphism in ASCL1 has
been postulated that it could influence predismsit

to Parkinson's disease. The carboxy terminus of the
protein contains the basic helix loop helix domain,
which is important for interaction with other
transcription factors.
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A: Schematic representation of the ASCL1 genomic DNA depicting exons, introns, transcript and mRNA with untranslated and coding
region. B: Schematic diagram showing HASH1/ASCL1 promoter with proximal and distal repressors, HASH1/ASCL1 class C site,
enhancer Spl binding sites and transcription initiation sites (TATA box and INR (initiator) element).

Expression

The gene product is expressed basically nucleaiisand
expressed in tissues like brain, lung and nervous
system.

Function

ASCL1 functions as a bHLH transcription factor that
binds to E-box whose canonical sequence is
5'CANNTG 3. It also acts as protein binding,
transcription factor, and in cell differentiation.
MASH1/ASCL1 is expressed during development of
rat retina and interacts specifically with an E-box
identified in the promoter for the opsin gene dgnind
photoreceptor differentiation. NOTCH1 and its
downstream signal transducer HES1 regulates the
transcription of HASH1/ASCL1 and is very
instrumental in neuronal developmental pathways
particularly dictating neuroendocrine differentiatiin
various organs.

Interacting partners: E1A binding protein p300,
Ubiquilin 1, Bone morphogenetic protein 2 (BMP2),
Trancription factor 3 (TF3), Transcription factor 4
(TF4), Myocyte specific Enhancer factor 2A
(MSEF2A), Neurogenin.

Homology

Mus musculus Ascll achaete-scute complex homolog-
like 1 (Drosophila) NM_008553.2; Rattus norvegicus
Ascll achaete-scute complex homolog-like 1
(Drosophila) NM_022384.1; Canis familiaris simitar
achaete-scute homolog 1 LOC482628; Danio Rerio
achaete scute homolog A asha NM_131219.1.

Mutations

Note: Congenital central hypoventilation syndrome is a
rare disorder of the chemical control of breathihge
ASCL1--PHOX2A--PHOX2B developmental cascade
was proposed as a candidate pathway for this disord
as well as for Haddad syndrome, because the cascade
controls the development of neurons with a definiti

or transient noradrenergic phenotype. De Pontual.et
identified heterozygosity for mutations in the ASCL
gene in 2 patients with CCHS and 1 patient with
Haddad syndrome. The authors also developed an in
vitro model of noradrenergic differentiation in menal
progenitors derived from the mouse vagal neuradtcre
All  Ascll mutant alleles result in impaired
noradrenergic neuronal development when over
expressed from adenoviral constructs.

Schematic representation of ASCL1 protein depicting various motifs such as poly alanine and poly glutamine repeats, a basic motif and

a bHLH DNA binding motif.
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ALLELIC VARIANTS

1. ASCL1 C52A, PRO18THR

In a patient with CCHS, de Pontual et al identified
heterozygosity for a 52C-A transversion in the ASCL
gene, translating in a prol8-to-thr substitutiorneT
patient was also heterozygous for a polyalanine
expansion mutation in PHOX2B, which is known to
induce CCHS.

2. ASCL1, 15-BP DEL, NT111

Heterozygosity for a 15-bp deletin (111-115 Del t}5n
in the ASCL1 gene was reported in a patient with
CCHS by de Pontual et al. The mutation was predlicte
to result in loss of 5 of 13 alanine residues (&a3
ala41) in a polyalanine tract.

3. ASCL1, 24-BP DEL, NT108

Another heterozygosity for of 24-bp deletion (108-
131del24nt) in the ASCL1 gene was identified in a
patient with Haddad syndrome (209880), de Pontual e
al The mutation was predicted to result in losS aff

13 alanine residues (ala36-ala43) in a polyalatra.
Genetic association with Parkinson's disease har be
shown by Ide M et al (PMID=16021468) and that with
sudden infant death syndrome or (SIDS) has been
shown by Weese-Mayer DE et al (PMID= 15240857).

Implicated in

Note: Upon characterization of expression of ASCL1
in several human cancer cell lines and tumors it is
found that ASCLL1 is highly expressed in and hasbee
implicated to impart neuroendocrine behaviour to
various NE- tumors e.g gastrointestinal NE carciaom
(NEC), Pheochromocytomas, olfactory neuroblastomas
or esthesioneuroblastoma, pulmonary and thyroid
carcinoids, Medullary thyroid cancer (MTC), smadlic
lung cell cancer (SCLC) and recently in prostatalsm
cell carcinoma. Apart from this, ASCL1 protein is@
shown to be highly upregulated in progressive
secondary glioblastoma (GBM). Notch signalling down
regulates ASCL1 levels but its expression is shéavn
be very minimal or non-existent in neuroendocrine
tumors and hence inhibition of ASCL1 expressiort tha
has been implicated to impart neuroendocrine
behaviour could be a therapeutic target to suppress
tumor growth.

Neuroendocrine tumors

Note: Neuroendocrine tumors originate from cells that
are capable of amine precursor (such as dopa and 5-
hydroxytryptophan) uptake and decarboxylation
(APUD cells). As a result, these tumors have high
intracellular levels of carboxyl groups and nonsfiec
esterase, which are used as a neuroendocrine marker
These tumors have NE- phenotype characterized by
expression of ACTH, vasopressin, calcitonin gene
related peptide (CALCA/CGRP), Gastrin releasing
peptide and secretory proteins like synaptophysith a
chromogranins, serotonin. HASH1/ASCL1 appears to
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be cardinal/ hallmark feature of each of these tumo
types. Clinically Chromogranin A is most commonly
used as a marker to identify NE- tumors.

Olfactory neuroblastomas or
Esthesioneuroblastoma (ENB)

Note: paranasal sinus nasal cavity
esthesioneuroblastoma or esthesioneurocytoma,
esthesioneuroma, and esthesioneuroepithelioma.

Disease

Esthesioneuroblastoma (ENB) is a rare tumor arising
out of the nasal vault from cells of the developing
sympathetic nervous system. When neuroblastoms: cell
are induced to differentiate, as indicated by nearo
morphology and upregulation of neuronal marker
genes, the HASH-1/ASCL1 expression is rapidly
downregulated with a concomitant, transient
upregulation of HES-1. ENB is generally a slow-
growing tumor with a high 5-year survival (81%).
Recurrences usually occur within the first 2 years.
However, late recurrences are common, and hence
follow-up must be done for a prolonged time.

Prognosis

HASH1/ASCL1 is expressed in immature olfactory
neurons and is critical for their development. Mbatv

et al found distinct expression of HASH1/ASCL1 |h a
estersioneuroblastoma samples as compared to the
poorly differentiated tumors that were negativeeyh
also report inverse correlation between grades of
esthesioneuroblastoma and HASH1/ASCL1 mRNA
levels and propose that HASH1/ASCL1 could be used
as useful tool to distinguish estersioneuroblastima
poorly differentiated tumors of sinonasal region.

Pulmonary and thyroid carcinoids
Note: Carcinoid tumors or carcinoids.
Disease

These tumors originate in hormone-producing ceflls o
the gastrointestinal (Gl) tract (i.e., esophagtmnach,
small intestine, colon), the respiratory tract.(ilangs,
trachea, bronchi), the hepatobiliary system (i.e.,
pancreas, gallbladder, liver), and the reproductive
glands (i.e., testes, ovaries). Carcinoids aresifled as
slow growing neuroendocrine tumors. They develop in
peptide- and amine-producing cells, which release
hormones like serotonin in response to signals fitwen
nervous system. Excessive amounts of these hormones
cause a condition called carcinoid syndrome in
approximately 10% of patients with carcinoid tumors

Prognosis

Multiple endocrine neoplasia type 1 (MEN1) is a
genetic disorder that increases the risk for
neuroendocrine  tumors, including  carcinoids.

Gastrointestinal conditions (e.g., peptic ulceredie,
pernicious anemia, atrophic gastritis, Zollingeligein
syndrome) increase the risk for carcinoid tumorshef



ASCL1 (achaete-scute homolog 1 or achaete-scute complex homolog 1)

Gl tract. Carcinoid patients also have an increassd
for Cushing's syndrome. Atypical Carcinoids (fast
growing and potentially metastatic) express higlele

of HASH1/ASCL1 (although lower than NECs) and is
associated with poor prognosis for survival.

RAF-1 activation is detrimental to tumorigenesis in
carcinoid cells. Rafl activation in an estrogeruitidle
system in pancreatic carcinoid cell line (BON) and
pulmonary cell lines leads to marked reduction B&-N
markers such as 5-HT, chromogranin A, and
synaptophysin and HASH1/ASCL1 has been observed.

Medullary thyroid cancer (MTC)
Disease

Medullary thyroid cancer is a neuroendocrine tumor
derived from the parafollicular calcitonin produgi®
cells of thyroid and accounts for about 3% of thgro
cancers.

Inheritance: About 20% of have an inherited form of
the disease and familial MTC are transmitted in an
autosomal dominant fashion involving mutationsha t
RET proto-oncogene. So far surgery remains only
curative treatment modality.

Prognosis

The classical tumor marker and the secreted horrsone
calcitonin which is tightly regulated by Notch
signalling and HASH1/ASCL1 levels. It has also been
shown that by activating RAF-1 signalling mediabsd
MEK induction leads to complete suppression of
ASCL1 and mRNA protein which is frequently
upregulated in MTC. HASH1/ASCL1 over expression
is linked to poor prognostic value.

Small cell lung cancer (SCLC)
Note: Oat cell carcinoma.
Disease

SCLC cells are small and round to fusiform withrgca
cytoplasm.SCLC tumors are poorly differentiated
neuroendocrine tumors as compared to bronchoid
carcinoid tumors and is an aggressive and highly
metastatic tumor, accounting to about 20% deatin fro
lung cancer. Owing to its NE-phenotype, these timor
secrete chromogranin A, GRP and calcitonin in
addition to over expressed HASH1/ASCL1.

Genetically c-myc has shown to be over expressed by
gene amplification and retinoblastoma (Rb) is
frequently mutated in SCLC. P53 and PTEN also show
aberrant expression. Loss of chromosome 3 sequences
appears to occur frequently at the very earliegjest of
neoplastic transformation. Losses at the short ains
chromosome 3 and 17 and the long arm of 5 are seen
consistently in almost all SCLC patients. Although
date, there are no known examples of amplification
rearrangement of the HASH1/ASCL1 gene.
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Prognosis

HASH1/ASCL1 is associated with significantly
reduced survival in small cell lung carcinoma pate
and has adverse prognostic association.

Pheochromocytomas
Note: Chromaffin tumors.
Disease

Because pheochromocytomas arise from chromaffin
cells, they are occasionally called chromaffin tusno
Pheochromocytomas are found in the adrenal medulla.
The adrenal medulla normally secretes two hormones,
called norepinephrine and epinephrine(also known as
adrenaline). Pheochromocytomas cause the adrenal
medulla to secrete too much adrenaline and often
causes the adrenal glands to make excess of hosmone
called catechol-amines which in turn causes higlodbl
pressure and other symptoms.

Atleast in rat pheochromocytoma cell line PC12,
MASH1/ASCL1 is readily detected which can be
further induced by NGF treatment. Whether
HASH1/ASCL1 also is over expressed in human
cancers needs careful examination and distinction
between tumor types.

Inheritance: About 10-25% of this cancer can be
familial and mutations in genes e.g. VHL, RET, NF1,
SDHB and SDHD are implicated.

Prognosis

Pheochromocytoma can be potentially fatal, butsit i
relatively uncommon (2-8 cases per million people
annually). As with other neuroendocrine tumors,hhig
levels of HASH1/ASCL1 expression seen in
pheochromocytomas correlate with poor prognosis.
Activation of MEK1 / MEK2 - ERK1 / ERK2 is
necessary for differentiation of pheochromocytoma
(PC12) cells and leads to decreased cell prolifarat

Cytogenetics

Allelic losses at Chromosome 1p, 3p, 17p and 22g ha
been reported in sporadic and familial forms of
pheochromocytomas.

Gastrointestinal neuroendocrine
carcinoma (NEC)
Disease

Gastrointestinal NECs are defined as small cell
carcinoma, morphologically similar to the smalllcel

carcinoma of the lung. Gastrointestinal NE carcinom

(NEC) are extremely aggressive, but its
pathophysiologic features remain poorly understood.
Shida et al assessed HASH1/ASCL1 expression in
human NECs by quantitative RT-PCR and in situ
hybridisation and showed marked upregulation of
HASH1/ASCL1 mRNA in NECs which was weak in
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carcinoid tumors and scarcely expressed in
adenocarcinomas and normal mucosa.

Prognosis

Levels of HASH1/ASCL1 can be used as a more
sensitive and specific marker than conventional- pan
endocrine  markers for clinical diagnosis of
gastrointestinal tumors to differentiate among
gastrointestinal tumors particularly between cavitis,
adenocarcinomas and neuroendocrine gastrointestinal
tumors in addition to other NE markers.

Astrocytoma (secondary glioblastoma
(GBM))

Note: Glioblastoma.

Disease

Astrocytoma is the most common type of brain cancer
arising from the astrocytes affecting cerebral
hemispheres in adults and the brain stem in childre
accounting to almost 60% of brain tumors.

According to the world health organization,
astrocytomas are classified in to four grades:

1. Grade | or pilocytic astrocytoma (PA);

2. Grade Il diffused astrocytoma (DA);

3. Grade Ill Anaplastic astrocyoma (AA);

4. Grade IV Glioblastoma multiforme (GBM).

GBM can further be classified as being primary or
secondary based on the genetic mutations, age at
occurrence, tendency of progression and clinical
course. Familial clustering of gliomas is frequgntl
observed associated with defined inherited tumor
syndrome incuding the Li-Fraumeni syndrome, Turcot
syndrome, and the NF1 syndrome. Several genes have
been associated in distinguishing one or the dtren

of GBM notably among which are P53, MDM2, EGFR,
CDK4. LOH on chromosome 9,10, 13, 17,19, 22
frequently occur in GBMs.

Prognosis

The median survival time for a GBM individual is
about 12 months and age at the time of occurrence
plays a significant prognostic factor. Recentlyaegd
methylation at the O6- methyl guanine DNA methyl-
transferase (MGMT) promoter has been shown to
confer favourable prognostic value in terms of cese

to chemotherapy and longer survival. ASCL1 is highl
upregulated in secondary GBMs as compared to the
primary GBMs and can be thus ascribed as a
distinguishing marker between the two. Concomitantl
there is repression of NOTCH1 signalling and HES1
expression in the secondary GBM. It is observed tha
primary GBM patients show rapid tumor progression
and poor prognosis.
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|dentity

Hugo: ATF2

Other names: CREB1; CRE-BP1; CREB2; CREBP1,;

HB16; MGC111558; TREB7; Cyclic AMP-dependent
transcription factor ATF-2; cAMP response element-
binding protein CRE- BP1

Location: 2g31.1

DNA/RNA

Description
Gene size: 115.93Kb.

ATF2 gene structure based on data available in the Ensembl
release 44. Upstream non-coding exons (green). Coding exons
(pink), 3' untranslated sequence (red). The size of the exons in
nucleotides is indicated below each exon. Exon number is
indicated within the exon.

Transcription

Initiation codon located in exon 4. Normal messege
2109 nucleotides. Some alternatively spliced RNA

messages have been detected; but they are likely to

represent splicing intermediates since no prote&a h
been detected/expressed from these alternative
messages in humans.
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Protein

Note: Protein of 505 aminoacids and a size of 52.27
kDa. Functions as a dimer, either homodimer or
heterodimer with proteins of the jun family (e.¢rdun,
c-Fos).

Localisation
Nuclear protein.
Function

Transcription factor which binds to the cAMP-
responsive  element (CRE) (consensus: 5'-
GTGACGT[AC][AG]-3"). ATF2 binds DNA as a
dimer. The specificity of the DNA target sequericat t

is recognized by dimers containing ATF2 is diffaren
depending on whether it is a homodimer or it forans
heterodimer with another JUN protein.

Mutations

Note: Lung cancer.

Somatic
G to A transition in exon 10. Val258lle Substitutio

Implicated in

Clear cell sarcoma
Cytogenetics
t(2;12)(q31.1;q13)



ATF2 (activating transcription factor 2)
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The arrow indicates the location of the breakpoint in chromosome 2. The ATF2 gene breaks within intron 6. In the translocation partner
EWS the breakpoint occurs in intron 7. The transcript resulting from the hybrid gene fuses exon7 of EWS to exon 7 of ATF2.

Hybrid/Mutated Gene
EWS -ATF2 fusion transcript.
Abnormal Protein

The EWS-ATF2 fusion protein retains the ATF2 C-
terminal region that contains the bZIP dimerization
domain. But the fusion protein has lost the N-tewathi
domain of ATF2 that is kinase inducible. The N-
terminal region of EWS is retained in the fusiontpmn
but has lost both its RNA binding domain and itecZi
finger Ran binding domain.

Structure of the EWS-ATF2 fusion protein.
Oncogenesis

EWS-ATF2 may define a novel subset of clear cell
sarcoma that occurs preferentially in the
gastrointestinal tract and presents little or no
melanocytic differentiation.
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|dentity

Hugo: CTGF

Other names: CCN2; Fispl2; betalG-M2; Hcs24;
HBGF-0.8; ecogenin; IGFBP8; IGFBP-rP3

Location: 6¢g23.1

Note: CCN family protein 2/connective tissue growth
factor (CCN2/CTGF) was initially identified in the
culture supernatant of vascular endothelial cells.
Subsequently, the CCN2/CTGF gene has been
classified as a representative member of the CQi¢ ge
family that is an acronym of the original nameshaf 3
early members, Cyr61, CTGF and NOV.

The mammalian genome contains 6 functional CCN
family members, which were renamed based on the
proposal of a unified nomenclature.

CCN2/CTGF displays multiple functions via
interaction with a variety of other molecules. # i
important to note that CCN2/CTGF induces the
development and regeneration of mesenchymal tissues
including bone, cartilage and blood vessels.

DNA/RNA

Description

Unlike the other CCN family members, the
CCN2/CTGF gene is conserved among all of the
vertebrates and several invertebrates.

In Drosophila melanogaster, only one gene is
designated as ccn, which is thought to have evolved
from a prototypic CCN2/CTGF gene. Therefore,
CCN2/CTGF may be regarded evolutionarily as an
oldest gene in the CCN family. Consistent with such
findings, human CCN2/CTGF gene is also quite
compact. The total transcribed sequence is as sisort
3.2 kb, and contains 4 intronic sequences of leas t
400 bp.

Transcription

The mature mRNA, 2.3 kb in length, is formed by
connecting 5 exons encoding a signal peptide, an
IGFBP module, a VWC module, a TSP1 module and
CT module in the order. The last exon yields a I18hg
untranslated region of more than1.0 kb on the mRNA,
which contains the critical elements for post-
transcriptional regulation. The proximal promoteea
upstream of the transcription initiation site isolkm to
contain several enhancer elements that are critical
transcriptional regulation.

Structure of human CCN2/CTGF and its mRNA. Abbreviations S, I, V, T, and C denote the coding regions for the signal peptide, IGFBP

module, VWC module, TSP1 module and CT module, respectively.
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Protein

Description

The CCN2/CTGF is composed of 4 distinct modules:
the N-terminal signal peptide for secretion; ingtlike
growth factor binding protein-like (IGFBP) module,
von Willebrand factor type-C repeat (VWC) module,
thrombospondin type 1 repeat (TSP1) module and the
C-terminal cystine knot (CT) module.

This is consistent with other CCN family proteins.
Because of this unique structure, the 6 CCN2/CTGF-
related proteins are thought to form a distincttgiro
class which is distinct from the IGFBP family, ditsp
the involvement of IGFBP module. The involvement of
cysteine residues that are also conserved among the
CCN family members is a prominent structural
characteristic. All of the 4 modules are highly

interactive with other biomolecules including growt
factors, cell-surface receptor molecules and
extracellular matrix components. In addition, the

tetramodular construction of these modules provides
the structural basis for the multiple functionalibf
CCN2/CTGF, which is described in another section.

Interaction of each module in CCN2/CTGF with other growth
factors.

Expression

CCN2/CTGF is differentially expressed in certain
tissues and organs, particularly in the cardioviascu
gonadal, renal and skeletal systems, during
development of vertebrates. The cell populatiort tha
expresses the CCN2/CTGF gene is highly restriated i
each tissue; for example, this factor is produced i
cartilage  primarily by pre-hypertrophic and
hypertrophic chondrocytes, in fact, it was previgus
referred to as hypertrophic chondrocyte-specifatgin

24 (Hcs24).

Localisation

In addition to the tissues containing the cells chhi
express this protein described above, CCN2/CTGF is
abundantly present in platelets, although its arigi

still unknown.
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Function

Under the multiple interactions with specific mal&ar
counterparts, CCN2/CTGF conducts the local
information network of extracellular signaling

molecules and exerts multiple functions, depending

upon the microenvironmental conditions. Indeed,
CCN2/CTGF promotes both proliferation and
differentiation  of mesenchymal stem cells,

chondrocytes, osteoblasts, periodontal ligamenis,cel
fibroblasts and vascular endothelial cells in viths a
result of these effects, this factor enhances wound
healing and tissue regeneration of cartilage ame:bo

Homology

CCN2/CTGEF is structurally homologous to the other 5
CCN family members. The cysteine residues are yighl
conserved among the members.

Mutations

Germinal

Until today, no association between mutations i@ th
CCN2/CTGF gene and specific genetic diseases has
been described. In mouse models, deletion of both
CCN2/CTGF alleles results in severe skeletal
malformation, leading to respiratory failure upon
delivery. Histological and cell biological analysis
revealed that the endochondral ossification prooess
specifically affected by the CCN2/CTGF deletion,
particularly at the final stage that is supportgcblmod
vessel invasion. However, no apparent phenotypic
complication has been observed in CCN2/CTGF (-/+)
heterozygous mice.

Somatic

At present, nearly 30 SNPs have been describelein t
NCBI database. Among the SNPs, 35.7% and 39.3% of
the total cases have been reported to exist out$ithes
transcribed area and in the areas of untranslatgdns
(UTRs) and introns, respectively. Mutation/variatio

the open reading frame (ORF) was found in 25% ef th
total. Missense mutation occurred at a frequency of
42.7 %, whereas the other cases were silent. Exgud
the UTRs, the IGFBP-encoding 2nd exon has been a
hot spot of mutation and variation (57.1% of theson
within ORF). In a single case, an African populatio
was analyzed to compute the actual frequency. This
demonstrated that the frequency of a mutation & th
3rd exon, which caused a missense change of amino
acid 118 from asparagine to serine by an A to G
transition, was 1.3%. Including these cases, no
association of a SNP in the CCN2/CTGF gene with any
particular human disorder has been described until
now.
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Implicated in

Cancers
Oncogenesis

Although the CCN2/CTGF expression is observed in a
number of different types of malignant neoplasng th
role of CCN2/CTGF in oncogenesis and its assogiatio
with malignant phenotypes are quite controversial.
According to a previous study, a positive correlati
was observed between the level of CCN2/CTGF
expression and the degree of malignancy in breast
cancer and colorectal cancer cases. These findirgs
consistent with other recent reports describing the
contribution of CCN/CTGF in developing bone
metastasis of breast cancers. The ability to premot
metastasis can be partially ascribed to the angioge
activity of CCN2/CTGF.

However, over expression of CCN2/CTGF in cells of
the same origin is reported to induce apoptosis.
Furthermore, in chondrosarcoma cases, patients with
higher CCN2/CTGF expression in tumors survived
longer than those with lower CCN2/CTGF expression.
These findings are consistent with the observatiah
overexpression of CCN2/CTGF results in benign
conversion of the phenotype in oral squamous
carcinoma cells and induces cell cycle arrest in
fibroblasts. The observations above suggest that
CCN2/CTGF produced by tumor cells may exert
paracrine angiogenic and autocrine/intracrine anti-
proliferative effects in solid tumors.

Fibrotic disorders
Disease

Since its initial discovery, CCN2/CTGF has been
widely known as a profibrotic factor that is invet¥in

a variety of fibrotic disorders.

CCN2/CTGF is associated with systemic sclerosis,
keloids, pulmonary fibrosis, diabetic renal fibmsi
liver cirrhosis, pancreatic fibrosis, atherosclésps
myocardial fibrosis, biliary atresia and cataracts.

Since CCN2/CTGF has a positive role in wound
healing and mesenchymal tissue regeneration, the
fibrotic changes observed in those diseases may be
regarded as a result of dysregulated regeneration o
corresponding tissues.

Prognosis

Fibrotic changes are usually irreversible; however,
antibody-mediated molecular therapeutics against
CCN2/CTGF is currently being developed to prevent
the development of fibrotic lesions.
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|dentity

Hugo: FNIP1
Other names: KIAA1961; MGC 667
Location: 5g23.3

DNA/RNA

Description

The FNIP1 gene consists of a 6655 nt mRNA (using
NM 133372 derived from AC005593.1, DQ145719.1,
AC008695.9 and AL832008.1, the coding sequence
extends from nt143 to nt3643) and contains 18 apdin
exons. The initiation codon is located within exXon

Transcription

Northern blot analysis revealed an about 7 kb FNIP1
MRNA transcript that was expressed in most major
adult tissues, with strongest expression in hdaey
and placenta, and expression in kidney and lusgpi¢is
involved in the Birt-Hogg-Dube' syndrome phenotype
(see below). Several alternate transcripts lackimg or
more exons have been reported. Transcript 1 ifuthe
length isoform. Transcript 2 lacks exon 7 (NM
001008738).
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Protein

Description

The FNIP1 protein contains 1166 amino acids and has
an estimated molecular weight of 130 kDa.

Localisation

Epitope-tagged FNIP1 expressed
localized exclusively in the cytoplasm.

Function

Coimmunoprecipitation studies to elucidate the
function of folliculin (FLCN) (encoded by the tumor
suppressor gene, BHD/FLCN, which is mutated in the
Birt-Hogg-Dube' syndrome) identified a novel
folliculin-interacting protein, FNIP1, which interes
through the C-terminus of FLCN. FNIP1
overexpression enhanced phosphorylation of FLCN
and phospho-FLCN preferentially bound to FNIP1.
FNIP1 is a novel protein with no domains to suggest
function. By coimmunoprecipitation studies FNIP1swa
also found to interact with the heterotrimer, 5'AMP
activated protein kinase (AMPK), a key molecule for
energy sensing and a negative regulator of mTOR
(mammalian target of rapamycin). AMPK, which

in HelLa cells



FNIP1 (folliculin interacting protein 1)

bound to FNIP1, was preferentially in its
phosphorylated (active) form and FNIP1 could achas
substrate for AMPK phosphorylation both in vitrodan
in vivo. Inhibition of AMPK kinase activity resultiin
reduced FNIP1 protein expression in HEK293 cells
suggesting that phosphorylation of FNIP1 by AMPK
may enhance protein stability. These data sugpest t
FNIP1 and its interacting partner, FLCN, may be
involved in energy and nutrient-sensing through the
AMPK and mTOR signaling pathways.

FNIP1 was also shown to interact with HSP90 by
coimmunoprecipitation in HEK293 cells.

Homology

A comparison of FNIP1 proteins across species
identified 5 blocks of conserved sequence witheast
35% similarity. FNIP1 homologs have been identified
in Mus musculus, Gallus gallus, Xenopus tropicalis,
Danio rerio, Drosophila  melanogaster and
Caenorhabditis elegans

Atlas Genet Cytogenet Oncol Haematol. 2008;12(1) 40
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Implicated in

Birt-Hogg-Dube'(BHD) syndrome

Note: FNIP1 interacts with FLCN, encoded by a novel
tumor suppressor gene, BHD/FLCN, which is mutated
in the germline of patients with BHD syndrome.

Disease

Genodermatosis characterized by the triad of benign
tumors of the hair follicle, spontaneous pneumatRkor
and kidney tumors.
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Identity

Other names: GLMN; FAP68; FAP48

Location: 1p22.1

Note: The gene was identified by linkage mapping and
positional cloning. There is no evidence for locus
heterogeneity. Haplotype sharing has been repdoted
an important number of families.

DNA/RNA

Description

The genomic DNA of the glomulin gene spans about
55 kbp and contains 19 exons coding for 1785 b Th
first exon is non coding, the start codon is lodabe

the second exon and the stop codon in the last exon

Transcription

In all human and murine tissues tested, a aboub 2 k
transcript was observed by Northern blot hybridaat
suggesting that glomulin expression is ubiquitdtss
could be due to the presence of glomulin-expressing
blood vessels in the various tissues analysed.

By in situ hybridisation on murine embryos, glomuli
expression was evident at embryonic E10.5 days post
coitum (dpc) and localized to the cardiac outfloact.
Between E11.5 to 14.5 dpc, glomulin mRNA is most
abundant in the walls of large vessels (e.g. dorsal
aorta). At E14.5 dpc, E16.5 dpc, and in adult g#ssu
expression of glomulin is clearly restricted to aalar
smooth muscle cells. The high level of glomulin
expression in the murine vasculature indicates that
glomulin may have an important role in blood vessel
development and/or maintenance.

A truncated form of glomulin, called FAP48, with an
altered carboxy-terminal end, was isolated from a
Jurkat-cell library. However FAP48, which presents
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70% homology with glomulin, was not detected in
other tissues and cells tested. Thus, it might be a
aberrant transcript in this library.

Pseudogene

In man, no paralogue exists. Yet, a pseudogene is
located on chromosome 21. It contains only a few
exons (exons 6 to 10), without intervening intramsl

with several nucleotide differences. Thus, glomulin

seems to be unique in the human genome.

Protein

Note: Glomulin was identified by reverse genetics, and
its function is currently unknown.

Description

Glomulin gene encodes a protein of 594 amino acids
(68 kDa). In silico analysis reveals no known
functional or structural domains, but a few potnti
phosphorylation and glycosylation sites.

Expression
(see above, para Transcription).

Localisation

By in silico analysis, no signal sequence or clear
transmembrane domain in glomulin has been idedtifie
Glomulin (FAP68) is likely an intracellular protein

Function

The exact function of glomulin is unknown.

Glomulin (under the name of FAP48) has been
described to interact with FKBP12, an immunophilin

that binds the immunosuppressive drugs FK506 and
rapamycin. FKBP12 interacts with the TGFbeta type |
receptor, and prevents its phosphorylation by yipe t

Il receptor in the absence of TGFbeta. Thus, FKBP12
safeguards against the ligand-independent activatio
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this pathway. Glomulin, through its interaction hwit
FKBP12, could act as a repressor of this inhibition
Glomulin has also been described to interact whtn t
last 30 amino acids of the C-terminal part of théFH
receptor, c-MET. This receptor is a transmembrane
tyrosine  kinase, = which  becomes  tyrosine-
phosphorylated upon activation by HGF. Glomulin
interacts with the inactive, non phosphorylatedrfarf
c-MET. When c-MET is activated by HGF, glomulin is
released in a phosphorylated form. This leads ®$F
protein kinase (p70S6K) phosphorylation. This
activation occurs synergistically with the acticatiby
the c-MET-activated PI3 kinase. It is not known
whether glomulin activates p70S6K directly or
indirectly. The p70S6K is a key regulator of pratei
synthesis. Glomulin could thereby control cellular
events such as migration and cell division.

The third reported glomulin partner is Cul7, a Cull
homologue. This places glomulin in an SCF-like
complex, which is implicated in protein ubiquitiizat
and degradation.

Homology

Glomulin seems to be an unique protein. No paraogu
has been found and its lack in GVM is not compegtsat

by another protein. Orthologues of glomulin haverbe
identified in other species (cat, chimpanzee, cdog,
mouse, rat, rhesus macaque, xenopus, zebrafish) and
thus it is present in all vertebrates but not iseicts or
bacteries.

Aerts V et al

Mutations

Note: There is no phenotype-genotype correlation in
GVM.

Germinal

To date, 29 different inherited mutations (deletion
insertions and nonsense substitutions) have been
identified. The most 5' mutation are located in fingt
coding exon. The majority of them cause premature
truncation of the protein and likely result in lass
function. One mutation deletes 3 nucleotides rasult

in the deletion of an asparagine at position 394hef
protein.

More than 70% of GVMs are caused by eight different
mutations in glomulin: 157delAAGAA (40,7%),
108C>A (9,3%), 1179delCAA (8,1%), 421insT and
738insT (4,65% each), 554delA+556delCCT (3,5%),
107insG and IVS5-1(G>A) (2,3% each).

Somatic

The phenotypic variability observed in GVM could be
explained by the need of a somatic second-hit nautat
Such a mechanism was discovered in one GVM
(somatic mutation 980delCAGAA), suggesting that the
lesion is due to a complete localized loss-of-figrcbf
glomulin. This concept can explain why some pasient
have bigger lesions than others, why new lesions
appear, and why they are multifocal. This couldals
explain, why some mutation carriers are unaffected.

Schematic representation of glomulin: The two stars (*) indicate the start and the stop codons, in exon 2 and 19 respectively. All known

mutations are shown. Somatic second hit is in blue.
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Implicated in

Glomuvenous malformation (GVM)

Note: GVM is often, if not always, hereditary, and
transmitted as an autosomal dominant disorder.

Disease

GVM is a localized bluish-purple cutaneous vascular
lesion, histologically consisting of distended vaso
channels with flattened endothelium surrounded by
variable number of maldifferentiated smooth muscle-
like 'glomus cells' in the wall. GVM account for 586
venous anomalies referred to centers for vascular
anomalies.

Seven features characterize GVM lesions: (1) Colour
GVMs can be pink in infants, the most are bluish-
purple; (2) Affected tissues: the lesions are lizeal to

the skin and subcutis; (3) Localization; lesions imuore
often located on the extremities; (4) Appearance:
lesions are usually nodular and multifocal. Theg ar
often hyperkeratotic; (5) The lesions are not
compressible; (6) The lesions are painful on papat
(7) New lesions can appear with time, likely after
trauma.

GVM has no neoplastic histological characteristiog
never becomes malignant.

References

Goodman TF, Abele DC. Multiple glomus tumors. A clinical
and electron  microscopic  study. Arch  Dermatol
1971;103(1):11-23.

Chambraud B, Radanyi C, Camonis JH, Shazand K, Rajkowski
K, Baulieu EE. FAP48, a new protein that forms specific
complexes with both immunophilins FKBP59 and FKBP12.
Prevention by the immunosuppressant drugs FK506 and
rapamycin. J biol Chem 1996;271(51):32923-32929.

Chen YG, Liu F, Massague J. TGFbeta receptor inhibition by
FKBP12. EMBO J 1997;16(13):3866-3876.

Boon LM, Brouillard P, Irrthum A, Karttunen L, Warman ML,
Rudolph R, Mulliken JB, Olsen BR, Vikkula M. A gene for
inherited cutaneous venous anomalies (‘glomangiomas’)
localizes to chromosome 1p21-22. Am J Hum Genet
1999;65(1):125-133.

Brouillard P, Olsen BR, Vikkula M. High-resolution physical
and transcript map of the locus for venous malformations with

Atlas Genet Cytogenet Oncol Haematol. 2008;12(1) 43

Aerts V et al

glomus cells (VMGLOM) on chromosome 1p21-p22. Genomics
2000;67(1):96-101.

Grisendi S, Chambraud B, Gout |, Comoglio PM, Crepaldi T.
Ligand-regulated binding of FAP68 to the hepatocyte growth
factor receptor. J Biol Chem 2001;276(49):46632-46638.

Irthum A, Brouillard P, Enjolras O, Gibbs NF, Eichenfield LF,
Olsen BR, Mulliken JB, Boon LM, Vikkula M. Linkage
disequilibrium narrows locus for venous malformation with
glomus cells (VMGLOM) to a single 1.48 Mbp YAC. Eur J Hum
Genet 2001;9(1):34-38.

Brouillard P, Boon LM, Mulliken JB, Enjolras O, Ghassibé M,
Matthew L, Warman O, Tan T, Olsen BR, Vikkula M. Mutations
in a novel factor, Glomulin, are responsible for glomuvenous
malformations  (‘Glomangiomas). Am J Hum Genet
2002;70:866-874.

Arai T, Kasper JS, Skaar JR, Ali SH, Takahashi C, DeCaprio
JA. Targeted disruption of P185/Cul7 gene results in abnormal
vascular morphogenesis. Proc Natl Acad Sci USA
2003;100(17):9855-9860.

Boon LM, Mulliken JB, Enjolras O, Vikkula M. Glomuvenous
malformations (glomangioma) and Venous malformations,
Distinct clinicopathologic and genetic entities. Arch Dermatol
2004;140:971-976.

Mcintyre BA, Brouillard P, Aerts V, Gutierrez-Roelens |,
Vikkula M. Glomulin is predominantly expressed in vascular
smooth muscle cells in the embryonic and adult mouse. Gene
Expr Patterns 2004;4(3):351-358.

Brouillard P, Ghassibé M, Penington A, Boon LM, Dompmartin
a, Temple IK, Cordisco M, Adams D, Piette F, Harper JI, Syed
S, Boralevi F, Taieb A, Danda S, Baselga E, Enjolras O,
Mulliken JB, Vikkula M. Four common glomulin mutation cause
two thirds of glomuvenous malformations (‘familial
glomangiomas'): evidence for a founder effect. J Med Genet
2005;42(2):e13.

Boon LM, Vanwijck R. Medical and surgical treatment of
venous malformations. Ann Chir Plast Esthet 2006;51(4-
5):403-411.

Mallory SB, Enjolras O, Boon LM, Rogers E, Berk DR, Blei F,
Baselga E, Ros AM, Vikkula M. Congenital plaque-type
glomuvenous malformations presenting in childhood. Arch
Dermatol 2006;142(7):892-896.

Brouillard P, Enjolras O, Boon LM, Vikkula M. GLMN and
Glomuvenous Malformation. Inborn Errors of Development 2e,
edited by Charles Epstein, Robert Erickson and Anthony
Wynshaw-Boris, Oxford University Press, Inc.

This article should be referenced as such:

Aerts V, Brouillard P, Boon LM, Vikkula M. GLMN (glomulin).
Atlas Genet Cytogenet Oncol Haematol.2008;12(1):41-43.




Atlas of Genetics and Cytogenetics
in Oncology and Haematology

OPEN ACCESS JOURNAL AT INIST-CNRS

Gene Section

Mini Review

JAK3 (janus kinase 3 or just another kinase 3)

Ping Shi, Hesham M Amin

Department of Hematopathology, The University oxd®MD Anderson Cancer Center, 1515 Holcombe

Blvd, Houston, TX 77030, USA
Published in Atlas Database: July 2007

Online updated version: http://AtlasGeneticsOncology.org/Genes/JAK31D41032ch19p13.html

DOI: 10.4267/2042/38474

This work is licensed under a Creative Commons Attribution-Non-commercial-No Derivative Works 2.0 France Licence.
© 2008 Atlas of Genetics and Cytogenetics in Oncology and Haematology

|dentity

Hugo: JAK3

Other names: JAK-3; JAK_HUMAN; L-JAK; LJAK;
EC 2.7.10.2

Location: 19p13.1

Local order: chr19: 17788,324-17819800.

DNA/RNA

Description

JAKS3 is a functioning gene that comprises 23 exons
spanning roughly 21 kb of genomic DNA with an open
reading frame of 3372 bp.

Transcription

4025 bp mRNA. 7 transcript variants encoding 7
distinct proteins.

Protein

Note: 3 isoforms produced by alternative splicing:
JAKSS, JAK3B, JAK3M.

Description

1124 amino acids, 125099 Da. JAK3 is comprised of 7
JAK homology (JH) domains. JH1 contains the C
terminus kinase domain and an SH2 or SH3 binding
motif; JH2 contains a pseudokinase domain tandemly
linked to the N site of the JH1 domain; 5 more JH
domains. The N terminus region (JH6 and JH7) is
critical for receptor binding and signal transdauti

Expression

JAKS is expressed in 12 normal human tissues (bone
marrow, spleen, thymus, brain, spinal cord, heart,
skeletal muscle, liver, pancreas, prostate, kidmey]
lung). JAK3S is more commonly seen in hematopoietic
cells, whereas JAK3B and JAK3M are detected irscell
of hematopoietic or epithelial origin.
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Localisation

Intracellular, membrane-associated through assoniat
with interleukin (IL) receptor common gamma chain
(gamma-c).

Function

Tyrosine kinase of the non-receptor type. Involwed
the signaling of ILs that contain the gamma-c chain
their respective receptors, including IL-2, IL-4,-T,
IL-9, IL-15, and IL-21. |Induces tyrosine
phosphorylation of a number of proteins, of whichsin
widely studied are signal transducers and actigabdr
transcriptions (STAT). JAK3 has also been shown to
phosphorylate insulin receptor substrate-1 (IRS-1),
IRS-2, and PI3K/Akt.

Homology

JAKS is the most recently identified member of the
mammalian Janus kinase subfamily (TYK2, JAK1,
JAK2, and JAK3); JAKS paralogs to JAK1 and JAK2;
human JAKS orthologs to murine Jak3.

Mutations

Note: Mostly point mutations were identified affecting
all 7 structural JH domains of JAK3.

Somatic

Mutations of JAK3 were generally associated wité th
same cellular phenotype of the more frequently
encountered X-linked SCID due to gamma-c
deficiency. It was confirmed with the identificatiaf

34 mutations in JAK3-SCID patients from Europe and
the US. JAK3-SCID is inherited as autosomal reeessi
disease. It is estimated to account for approximate
14% of heritable SCID. JAK3 mutations are seemingly
sporadic, and neither preferential gene locatidres (
gene 'hot-spots’) nor founder effects have yet been
documented.
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Different mutations identified in all of the 7 domains of JAK3. The mutations in 'black color' are the mutations reported in JAK3-SCID;
'red color and italic' identifies mutations reported in acute megakaryoblastic leukemia; and 'orange color and underline' highlights one
mutation that has been reported in both JAK3-SCID and acute megakaryoblastic leukemia.

The majority of JAK3-SCID patients are compound
heterozygotes, having inherited a distinct mutation
from each parent, although some individuals are
homozygous for their mutations as a result of paten
consanguinity. Most mutations have dramatic effects
on protein expression of JAK3, but some missense
mutations or small in-frame deletions allow for gom
protein expression. These mutations affect kinase
activity, receptor binding, and intracellular tiaking.

In addition, 7 mutations of JAK3 have been recently
described in 5 patients with acute megakaryoblastic
leukemia with or without Down syndrome. These
mutations are in general activation mutations. The
Down syndrome patients presented initially with
transient myeloproliferative disease.

Implicated in

Severe combined immunodeficiency
(SCID)

Note: 34 unique mutations of JAK3 have been
identified in cases of JAK3-SCID, occurring in aflits

7 structural JH domains. No hotspots have been
reported and multiple types of mutations have been
identified: 21 missense/nonsense mutations, 7 esplic
site mutations, 3 small deletions, 2 gross delstiamnd

1 insertion.

Disease

Defects in JAK3 are associated with the autosomal
recessive T-cell negative/B-cell positive type efare
combined immunodeficiency (SCID); a condition
characterized by the absence of circulating malure
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lymphocytes and NK cells, normal to elevated nursber
of nonfunctional B-lymphocytes, and marked
hypoplasia of lymphoid tissues.

Prognosis

SCID due to JAK3 deficiency is generally a lethal
disorder. The advent of hematopoietic stem cell
transplant revolutionized the outcome of JAK3-SCID,
and at present it is still the treatment of choice.

Acute megakaryoblastic leukemia

Note: 7 unique mutations of JAK3 have also been
identified in patients with acute megakaryoblastic
leukemia. These mutations occur in the JH2, JHE, an
JH7 domains.

Disease

Also, defects in JAK3 have been recently descrilbed
some cases of acute megakaryoblastic leukemiaowith
without Down syndrome. Acute megakaryoblastic
leukemia is a type of acute leukemia where more tha
50% of the blasts are of megakaryocytic lineages Th
exact role of JAK3 in this disease is not compietel
known.

Prognosis

Acute megakaryoblastic leukemia demonstrates a bad
clinical outcome.
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Identity

Hugo: KLRK1

Other names: CD314; D12S2489E; NKG2D; NKG2-
D.

Location: 12p13.2

Local order: KLRK1 is flanked by KLRD1 (CD94) on
the centromeric and KLRC4 (NKG2F) on the telomeric
side. The 3' end of the KLRC4 transcript includes t
first non-coding exon found at the 5' end of the
adjacent KLRK1 gene transcript.

Note: KLRK1 is on chromosome 12p13.2-p12.3 at
10,416,857-10,454,012.

KLRK1 is a member of the C-type lectin-like famiy
type Il cell surface glycoproteins. It is expresbgd\NK
cells, CD8+ T cells, gamma/delta-TcR+ T cells, and
minor subset of CD4+ T cells. KLRK1 associates with
the DAP10 transmembrane adapter protein and
transmits activating signalings into these lymphesy

DNA/RNA

Note: KLRK1 is present on chromosome 12 within a
cluster of genes referred to as the 'NK compleX@N
because several genes that are preferentially esgule
by NK cells are located in this region, including the
centromeric side KLRD1 (CD94) and on the telomeric
side KLRC4 (NKG2F), KLRC3 (NKG2E), KLRC2
(NKG2C), and KLRC1 (NKG2A).

Description
The KLRK1 gene is 37,793 bases located on the
negative strand of chromosome 12 spanning

10,416,219 to 10,454,012 bp. ENTREZ database
predicts 12 exons.

Three alleles of KLRK1 differing by substitutions a
only two nucleotide positions, of which one is
nonsynonymous and the other synonymous, have been
reported.
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Transcription

There is evidence for alternative splicing of KLRK1
but only one isoform encoding a functional proteas
been described in humans. In one of the KLRK1 splic
variants the fourth exon of KLRC4 is spliced to the
prime end of KLRK1. KLRK1 is transcribed by NK
cells, gammal/delta-TcR+ T cells, CD8+ T cells and
some CD4+ T cells.

Transcription of KLRK1 is enhanced by stimulatioh o
NK cells with IL-2 or IL-15 and decreased by cuéur
with TGF-beta.

Protein

Note: KLRK1 is a type Il membrane glycoprotein
expressed as a disulfide-bonded homodimer on the ce
surface. Expression of KLRK1 on the cell surface
requires its association with DAP10, which is aetyp
adapter protein expressed as a disulfide-bonded
homodimer. On the cell surface, the receptor cormple
is a hexamer; two disulfide-bonded KLRK1/NKG2D
homodimers each paired with two DAP10 disulfide-
bonded homodimers. A charged amino acid residue
(aspartic acid) centrally located within the
transmembrane region of DAP10 forms a salt bridge
with a charged amino acid residue (arginine) in the
transmembrane region of KLRK1/NKG2D to stabilize
the receptor complex.

Description

KLRK1 is a type Il membrane protein comprising 216
amino acids with a predicted molecular weight of
25143 kD. The protein has an N-terminal intracaHul
region, a transmembrane domain, and a C-terminal
extracellular region with a single C-type lectikdi
domain.

KLRKZ1 is expressed on the cell surface as a diedfi
bonded homodimer with a molecular weight of
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approximately 42 kd when analyzed under reducing
conditions and approximately 80 kd under non-
reducing conditions.

A cysteine residue just outside the transmembrane
region forms the disulfide bond joining the two
subunits of the homodimer. There are three potentia
sites for N-linked glycosylation in the extracediul
region of KLRK1.

Treatment of the KLRK1 glycoprotein with N-
glycanase reduces the molecular weight to
approximately the size of the core polypeptide. The
protein has an N-terminal intracellular region, a
transmembrane domain, a membrane-proximal stalk
region, and an extracellular region with a singkeyfe
lectin-like domain.

Expression

KLRK1 is transcribed by NK cells, gamma/delta-TcR+
T cells, CD8+ T cells and some CD4+ T cells.

Localisation

KLRK1 is expressed as a type Il glycoprotein on the
cell surface of NK cells, gamma/delta-TcR+ T cells,
CD8+ T cells and some CD4+ T cells.

Function

KLRK1 binds to at least seven distinct ligands: MIC
MICB, ULBP-1, ULBP-2, ULBP-3, ULBP-4, and
RAET1G. These ligands are type | glycoproteins with
homology to MHC class I.

The KLRK1 ligand are frequently over-expressed on
tumor cells, virus-infected cells, and 'stressetlsc

The crystal structure of KLRK1 bound to MICA has
been reported. After binding to its ligand, KLRK1
transmits an activating signal via the DAP10 adapte
subunit.

DAP10 has a YxxM maotif in its cytoplasmic domain,
which upon tyrosine phosphorylation binds to Vad an
the p85 subunit of PI3-kinase, causing a downstream
cascade of signaling in T cells and NK cells.

Homology

NKG2-D type Il integral membrane protein [Pan
troglodytes] NP_001009059;

NKG2D protein [Macaca mulatta] NP_001028061;
NKG2D receptor [Macaca fascicularis] CAD19993;
NKG2D [Callithrix jacchus] ABN45890;

NKG2D [Papio anubis] ABO09749;

NKG2-D type Il integral membrane protein [Pongo
pygmaeus] Q8MJH1;
putative immunoreceptor
CAJ27114;

NKG2-D type Il integral membrane protein [Sus
scrofa] Q9GLFS5;

NKG2-D isoform a [Mus musculus] NP_149069;
NKG2-D isoform b [Mus musculus] NP_001076791;
killer cell lectin-like receptor subfamily K, membé
[Rattus norvegicus] NP_598196.

NKG2D [Bos taurus]
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Mutations

Note: None identified.

Implicated in

Cancer

Note: Many types of cancer (carcinomas, sarcomas,
lymphomas, leukemias) over-express the ligands for
KLRK1. In some cases, this renders the tumor cells
susceptible to killing by activated KLRK1-bearindKN
cells. Some tumors shed or secrete soluble ligérats
bind to KLRK1 and down-regulate expression of the
KLRK1 receptor on NK cells and T cells, potentiatity
evade attack by these immune effector cells.

Viral infection

Note: Viral infection of cells can induce transcription
and cell surface expression of ligands for KLRK1,
rendering these infected cells susceptible to lattac
NK cells and T cells. Some viruses, for example
cytomegalovirus, encodes proteins that intercept th
ligand proteins intracellularly and prevent their
expression on the surface of virus-infected cells.

Rheumatoid arthritis

Note: An expansion of CD4+, CD28- T cells

expressing KLRK1 was observed in the joints of
patients with rheumatoid arthritis and KLRK1 ligand

were detected on synovial cells in the inflamesiuis

Type | diabetes

Note: Peripheral blood NK cells and T cells in patients
with type | diabetes demonstrate a slightly deerdas
amount of expression of KLRK1 on the cell surface,
independent disease duration, similar to prior
observations in the NOD mouse.
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Identity

Hugo: LGI1

Other names: ADPEAF; EPT; Epitempin-1; ETL1;
IB1099; uc001kjc.1

Location: 10923.33

Local order: Plus strand orientation, between C10o0rf4
(protein isoform FRA10AC1-2) and TMEM20
(Transmembrane protein 20).

DNA/RNA

Note: LGI1 gene spans a 40,274 bp region of
chromosome 10 (95,507,632 - 95,547,906).

NCBI assembly annotation:

NC_000010.9; NT_030059.12.

Alternate Celera assembly:

AC_000053.1; NW_924884.1.

LGI1 is considered a metastasis suppressor gene; it
also implicated in Autosomal Dominant Lateral
Temporal Lobe Epilepsy (ADLTE).

Description

The LGI1 gene was isolated by positional clonirgir

a glioblastoma cell line (T98G) bearing a balanced
translocation t(10;19)(q24;q13).

LGI1 gene comprises 8 exons. Exon 1 contains the
5'UTR (224 bp) and encodes the start methione. The
size of exon 8 and the position of the stop coden a

different in isoform 1 and 2. The 3'UTR consists of
356 bp in isoform 1 and of 386 bp in isoform 2.

A minimal promoter region is located immediately
upstream of the TSS. Two Poly (A) sites are predict
by SVM from UCSC Genome Browser at the following
positions: chr10:95547796-95547828 and
chr10:95547881-95547919.

STS markers: 1B1099; EST307318; RH51322; SHGC-
155057.

Transcription

Isoform 1 mRNA is composed of 2290 bases.
Alternative splicing produces isoform 2 consistiofy
1456 bases with a shorter exon 8 (425 bases).

Pseudogene
None.

Protein

Note: The unprocessed precursor of LGI1 comprises
557 Amino Acids with a Molecular weight of 63818
Da (isoform 1, UniProtKB/Swiss-Prot). Three potahti
N-linked glycosilation sites have been identifiedAz\
positions: 192, 277 and 422.

Isoform 2 includes a sequence variation (AA: 28029
and lacks the C-terminal AA stretch (292-557) viiedd

a protein length of 291 AA (Isoform ID: 095970-2).
Isoform 1 is potentially secreted.

Organization of LGI1 gene, depicting isoform 1 exons (1-8); exon size: (bp); red: translated region; blue: 5’UTR and 3'UTR.
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Predicted domains of LGI1 protein (isoform 1): signal peptide (SP, AA: 1-34); N-terminal LRRNT (AA: 41-71); LRRs domains 1-3 (AA:
90-113, 114-137 and 138-161); C-terminal LRRCT (AA: 173-222). The C-terminal half includes the EAR/EPTP repeats 1-7 (AA: 224-

267, 270-313, 316-364, 365-415, 418-462, 463-506, and 509-552).

Description

The N-terminal sequence of LGI1 precursor congibts
a cleavable N-terminal signal peptide and of three
leucine-rich repeats (LRRs) flanked by N-terminatla
C-terminal cysteine-rich domains (LRRNT and
LRRCT). The LRR domains are structurally similar to
arcs and are generally involved in protein-protein
interaction.

The C-terminal portion of LGI1 contains 7 repeats,
termed Epilepsy Associated Repeats (EAR) or
Epitempin (EPTP). The repeats potentially fold atab
sheet and form a seven-bladed beta-propeller steict
Similar domains, identified in a number of proteins
probably represent protein interfaces. Isoform ¢kda
the six C-terminal EAR/EPTP domains.

Expression

LGI1 is highly expressed in neural tissue, partidyl

in specific brain regions comprising both neurond a
glial cells; strong expression is also reporteds@me
areas of the prostate, kidney, sebaceous glanels of
Langerhans, endometrium, ovary and testis.
Expression is low or absent in the majority of gim
glioblastoma, neuroblastoma, melanoma and breast
cancer cell lines. The decrease of LGI1 expression
correlates with the increasing grade of malignaimcy
astrocytic gliomas.

DNA microarray data substantiate high expression in
brain, spinal cord, DRG, and in pituitary gland.

The expression profiles by SAGE and EST number
support high expression in cerebellum and cerebrum,
peripheral nerve, and also in B-lymphocytes, eyag|
muscle, testis, and thymus; low or absent expressio
neoplasia and tumors.

Localisation

Isoform 1 can be secreted, whereas a shorter mmofor
(which might correspond to isoform 2) is retained
within the cell. Some mutants of LGI1 (isoform 1)
linked to ADLTE, fail to be secreted and remairtlie
endoplasmic reticulum and Golgi.

Function

LGI1 is involved in the control of cell proliferati, cell
migration and neurogenesis. Like other neuronal LRR
proteins LGI1 may modulate synaptic function.
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Re-expression in  LGI1-null glioblastoma cells
decreases cell proliferation through the inhibitadrthe
ERK1/2 pathway and consequent down-regulation of
matrix metalloproteinases. Increased expression in
neuroblastoma cells reduces proliferation and étigg
intrinsic apoptosis by inhibiting the PI3K/AKT
pathway.

LGI1 forms membrane complexes with Kvl.1
potassium channels within the cell antagonizingNhke
type inactivation by the Kvbetal subunit. It hagibe
recognized as a ligand of the trans-membrane protei
receptor ADAM22, which also causes seizure when
mutated.

Homology

It belongs to a family comprising four highly
homologous members denoted LGI1, LGI2, LGI3, and
LGI4.

LRR repeats flanked by cysteine rich regions, dse a
part of adhesive proteins and receptors of the LRR
superfamily. With respect to this domain LGI1 is
particularly related to the Drosophila protein ,slit
involved in growth-cone guidance and neuronal
migration; and to the portion of the mammalian Trk
receptors involved in neurotrophin binding. These
proteins are crucial for the development of thevoes
system. A comparable role for LGI1 is consisterthwi
its involvement in epilepsy and tumors.

The C-terminal seven-fold repeat shows the largest
identity with the other members of the LGI protein
family, and with a segment of the G protein coupled
receptor MASS1/VLGR1, which carries mutations in a
mouse model of audiogenic epilepsy.

Mutations

Note: The human LGI1 gene disclosed about 200
Single Nucleotide Polimorphism (SNP), NCBI
Assembly Reference Cluster Report: rs1111820 -
rs3083468.

Heterozygous point mutations are associated with
ADLTE.

Large-scale homozygous mutations are linked to the
development of brain malignancy.

Apparently the incidence of brain tumors is not
increased in ADLTE.
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Germinal

Several loss of function mutations (missense/naesen

splicing, small deletions and insertions) have been

reported in ADLTE patients.
Somatic

Complete loss of LGI1 expression is associated with
malignant brain tumors. Rearrangement or deletion o
the region 10g23-926, following the complete logs o

one copy of chromosome 10, frequently occurs it-hig

grade gliomas. Genetic abnormalities in this region

comprising tumor suppressor genes such as PTEN and

DMBT next to the metastasis suppressor LGI1 gene,

enhance the malignant progression. Even

if

rearrangements or mutations of LGI1 locus are absen

in low-grade tumors LGI1 expression is often redijce

possibly due to epigenetic silencing.

Implicated in
Malignant brain tumors
Epilepsy with auditory features (ADLTE)

To be noted

Note: Consultation of “The Cancer Genome Anatomy
Project” (CGAP) for breakpoints of region 10924

associated with cancer yielded several balanced and

unbalanced abnormalities, raising the possibiltgtt

interruption of LGI1 gene may be implicated in

additional cancer pathologies.
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|dentity

Hugo: NEIL1
Other names: FLJ22402; FPG1; hFPG1; NEH1; NEI1
Location: 15¢24.2

DNA/RNA

Description

The NEIL1 gene maps on chromosome 15¢24.2
spanning 8,179bp. It contains 11 exons, and the
orientation is plus strand.

Transcription

The transcript of 1,828bp, expressed in Brain, Live
Lung, Kidney, Colon, and Stomach. The NEIL1 gene is
up-regulated during S-phase.

Protein

Description
NEIL1 encodes 390 amino acids, theoretical molecula

weight is 43684 Da, Formamidopyrimidine-DNA
glycosylase N-terminal domain and
Formamidopyrimidine-DNA glycosylase H2TH
domain.

Localisation

Nucleus, centrosome, and mitotic condensed
chromosomes.

Function

Q) Bifunctional DNA glycosylase and

apurinic/apyrimidinic (AP) lyase that catalyzes aet
and delta-elimination reactions at the site of dgeda
base.

(2) Reported substrates: thymine glycol (Tg), 5-
hydroxycytosine, 5-hydroxyuracil, 5,6-dihydrouracil
5,6-dihydrothymine, 2,6-diamino-4-hydroxy-5-
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formamidopyrimidine (FapyG), 4,6-diamino-5-
formamidopyrimidine (FapyA), 5-formyluracil, 5-
hydroxymethyluracil,  spiroiminodihydantoin  (Sp),
guanidinohydantoin, (Gh) and 8-hydroxyguanine.

(3) Since NEIL1 catalyzes beta- and delta-elimorati
reactions, the protein generates DNA strand breaks
with 3' phosphate termini. In mammalian cells, tBis
phosphate is removed by polynucleotide kinasenbtit

by APE1l. NEIL1 stably interacts with other BER
proteins, DNA polymerase beta and DNA ligase Il
alpha.

(4) In mammalian BER, DNA glycosylases generate
abasic (AP) sites, which are then converted to
deoxyribo-5'-phosphate (dRP) and excised by a dRP
lyase (dRPase) activity of DNA polymerase betac&in
NEIL1 also has dRPase activity, NEIL1 has a rol@aas
backup dRPase in mammalian cells.

(5) NEIL1 has a repair activity for oxidized basas
single-strand DNA and bubble DNA, suggesting a
possibility that NEIL1 is preferentially involvedn i
repair of lesions in DNA bubbles generated during
transcription and/or replication.

(6) Proteins that associate and stimulate the repai
activity of NEIL1: a) The Werner syndrome protein
(WRN), a member of RecQ family of DNA helicases,
b) Rad9, Radl, and Husl as individual proteins asd
the 9-1-1 complex.

(7) The major DNA glycosylase for the excision of 8
hydroxyguanine is OGG1. In the repair of 8-
ydroxyguanine by OGG1, after excising the base
lesion, OGG1 remains bound to the resulting AP site
and does not turn over efficiently. The APE1, which
cleaves the phosphodiester bond 5' to the AP site,
displaces the bound OGG1 and thus increases its
turnover. NEIL1 stimulates turnover of OGGL1 in a
fashion similar to that of APE1l, and carries out
beta/delta- elimination at the AP site.
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(8) Although OGG1 has limited activity on 8-
hydroxyguanine lesion located in the vicinity oetB'
end of a DNA single-strand break, NEIL1 effectively
excises the 3' end proximal 8-hydroxyguanine lesion
NEIL1 also effectively excises 5-hydroxyuracil less
located in the proximity of the 3'-end of a DNA gie-
strand break.

(9) The NEIL1 gene is induced by reactive oxygen
species.

Homology

Homo sapiens: NEIL2 (NP_659480, 20.1%), NEIL3
(NP_060718, 15.0%) using the CLUSTALW software.

Implicated in

Gastric cancer

Note: The following is the abstract of the paper by
Shinmura K. et al. (Carcinogenesis, 2004). Oxidized
DNA base lesions, such as thymine glycol (Tg) and 8
hydroxyguanine, are often toxic and mutagenic and
have been implicated in carcinogenesis. To clarify
whether NEIL1 protein, which exhibits excision rapa
activity towards such base lesions, is involved in
gastric carcinogenesis, we examined 71 primaryrigast
cancers from Japanese patients and four gastriecan
cell lines for mutations and genetic polymorphisofis
the NEIL1 gene. We also examined 20 blood samples
from Chinese patients for NEIL1 genetic
polymorphisms. Three mutations
(c.82_84delGAG:p.Glu28del, c.936G > A and c.1000A
> G:p.Arg334Gly) and two genetic polymorphisms
were identified. When the excision repair activity
towards double-stranded oligonucleotide containing
Tg:A base pair was compared among six types of
recombinant NEIL1 proteins, p.Glu28del-type NEIL1,
found in a primary case, was found to exhibit an
extremely low activity level. Moreover, ¢.936G > A,
located in the last nucleotide of exon 10 and detem

the KATO-III cell line, was shown to be associated
with a splicing abnormality using an in vivo spligi
assay. An immunofluorescence analysis showed that
the wild-type NEIL1 protein, but not the truncated
protein encoded by the abnormal transcript arifiog

the ¢.936G > A mutation, was localized in the nusle
suggesting that the truncated protein is unlikelybée
capable of repairing nuclear DNA. An expression
analysis revealed that NEIL1 mRNA expression was
reduced in six of 13 (46%) primary gastric cancer
specimens that were examined. These results suggest
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that low NEIL1 activities arising from mutations can
reduced expression may be involved in the
pathogenesis in a subset of gastric cancers.
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Identity

Hugo: NLRC4

Other names:Ipaf; CARD12; CLAN; CLR2.1

Location: 2p22.3

Local order: Galactose enzyme activator 2p22-p11;
Solute carrier family 30(Zinc transporter), memBpp2.3;
RH-II GuB pseudogene 2p22-p21;

NLRC4 2p22-p21;

Yip domain family, member 4 2p22.3.

Human Chromosome 2 map depicting the position of NLRCA4.
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DNA/RNA
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Schematic showing genome organization of NLRC4 gene.

Description

The NLRC4 gene is comprised of 9 exons, spanning
41.3kb on chromosome 2p21-p22.

Transcription

Four isoforms arising due to alternate splicing of
NLRC4/CLAN cDNA have been identified in Homo
sapiens. The longest transcript termed CLAN-A is
3.370kb with an ORF encoding 1024 amino acids.
CLAN-B, C and D have exon 4 spliced selectively to
other exons forming shorter transcripts. Tumor
suppressor p53 activates transcription of full tang
NLRC4 mRNA by binding to a site in the minimal
promoter.

Pseudogene
Not Known.

Protein

Description

NLRC4 encodes a protein of 1024 residues with a
predicted molecular mass of 112kDa. NLRC4 contains
an N-terminal CARD (caspase activation and
recruitment domain), a central NBD (nucleotide
binding domain) and an LRR (leucine rich repeat)
domain containing 13 leucine rich repeats at itbaay
terminus. The NBD is essential for activation of
caspase-1. The CARD of NLRC4 is involved in
interaction with itself and other CARD containing
proteins and LRR domain is believed to be a regtyat
domain.

Expression

NLRC4 is highly expressed in the bone marrow and
lung and to a lesser extent in lymph nodes, placent
and spleen. TNF-a, Doxorubicin, UV radiation an® p5

or p73 over expression induce mRNA of NLRC4 in
many cell lines. NLRC4 is also induced by over
expression of the tyrosine phosphatase, TC-45, lwhic
activates p53. P53 response elements have been
identified upstream of the transcription start sifehe
NLRC4 gene.

Localisation
Cytosolic.

Function

NLRC4 associates with caspase-1 and several other
CARD containing proteins, including ASC. The LRR
domain may exert an auto inhibitory function on
NLRC4 as truncation of this domain makes the protei
constitutively active.

NLRC4 is involved in the regulation of caspase-1,
which is activated within the ‘inflammasome’, a
complex comprising several adaptors and permitting
pro-IL-1beta processing and secretion of mature IL-
lbeta.

It is required for the activation of caspase-1 dind
1beta secretion in response to bacterial flagellin.

It is involved in restriction of Legionella repliban
through the regulation of phagosome maturation.
NLRC4 knock out mice are resistant to Salmonella
typhimurium induced endotoxic shock.

NLRC4 is one of the mediators of the p53-induced
apoptosis.

It is also known to have caspase-1 independent
functions.

Homology

The CARD of NLRC4 bears significant homology to
the CARDs of Caspase-1, clAP-1 and clAP-2, and
ICEBERG. The NBD domain of NLRC4 shows high

similarity to the NBD domains of NAIP, NOD1 and

NOD?2.

Schematic showing domain organization of NLRC4 protein.
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Mutations

Germinal
Not known in H. sapiens.

Somatic
Not known in H. sapiens.
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Clinics and pathology

Disease

Acute myeloid leukaemia (AML) and treatment related
acute myeloid leukaemia (t-AML).

Epidemiology

Only 2 cases to date, a 41 year old female patight
M1 AML, and a 70 year old male patient with t-AML.

Prognosis
No data.
Cytogenetics

Cytogenetics, morphological

Sole anomaly in the t-AML case, accompanied with
del(7qg) and a complex karyotype in the other case.

Genes involved and Proteins

Note: The partner of EVI1 is yet unknown.

EVI1
Location: 3g26.2
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Protein
Transcrition factor; EVI1 targets include:GATAZ2,
ZBTB16 [/PLZF, ZFPM2/FOG2, JNK and the

PI3K/AKT pathway. Role in cell cycle progression,
likely to be cell-type dependant; antiapoptotictéar
involved in neuronal development organogenesis rol
in hematopoietic differsntiation.
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Clinics and pathology Protein |
Transcrition factor; EVI1 targets include:GATAZ2,
Disease ZBTB16 [/PLZF, ZFPM2/FOG2, JNK and the

Chronic myelogenous leukaemia with t(9;22)(q34:q11)  PI3K/AKT pathway. Role in cell cycle progression,
likely to be cell-type dependant; antiapoptotictéar

Epidemiology involved in neuronal development organogenesis rol
Only one case to date, a 64 year old male patient. in hematopoietic differsntiation.

Prognosis References

No data.
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Clinics and pathology Protein |

Transcrition factor; EVI1 targets include:GATAZ2,
Disease ZBTB16 /PLZF, ZFPM2/FOG2, JNK and the
Treatment related acute myeloid leukaemia (t-AML). PISK/AKT pathway. Role in cell cycle progression,

: . likely to be cell-type dependant; antiapoptotictéar

Epidemiology involved in neuronal development organogenesis rol
Only one case to date, a 47 year old male patient. in hematopoietic differsntiation.
Prognosis References
No data.
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Classification

Note: Hereditary colorectal cancers can be broadly
classified into three types:

1- Familial adenomatous polyposis (FAP):
characterized by the development of hundreds of
polyps at a very early age, due to mutations inARE
gene.

2- Attenuated familial adenomatous polyposis (AFAP)
Fewer polyps, and later onset of cancer than FAR. T
difference is due to extreme 5' mutations in AP@ege

3- Hereditary nonpolyposis colon cancer (HNPCC) or
Lynch syndrome: develops without the polyps, due to
germline mutations in genes intervening in the irepia
DNA mismatches occurring during replication (mostly
hMSH2 and hMLH1 on 2p16 and 3p21 respectively).

Clinics and pathology

Disease
Adenocarcinoma

Etiology

75% colorectal cancers occur sporadically. 25% are
associated with family history. 5-6% through gemeti
mutations. 85% arise from chromosomal instability,
15% due to microsatellite instability. Most arigerf
adenomatous polyps.

History with ulcerative colitis, breast, uterine dan
ovarian cancers. Personal or familial history ofono
cancer increases the risk (23% of all colorectal
cancers).

High fat diet, obesity, smoking may also incredse t
risk.
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Epidemiology

Colorectal cancer is the third most frequent caricer
the world in both sexes and the third most frequent
cause of cancer related deaths.

Until age 50, men and women are susceptible at same
levels, but after 50 years of age, men are more
susceptible.

Clinics
The majority of colorectal cancers arise from pre-
existing adenomatous polyps.

Pathology

Dukes's staging system, modified by Astler-Coller.
Detection through colonoscopy, flexible

sigmoidoscopy, barium enema, chest x-ray, faecal
occult blood testing (FOBT).

Treatment

Surgery is the most common method.

- For colon cancer, the tumour together with a smal
portion of the surrounding tissue is removed whb t
adjacent lymph nodes.

- For rectal cancer, rectum is totally removed and
replaced with colostomies.

After surgery, micrometastasis can be experienced,
which requires chemotherapy to destroy the metastat
cells (adjuvant chemotherapy). 5FU is the most
frequently used drug. Radiotherapy may be used for
rectal cancer, but it is not useful in colon cancer

Prognosis

Survival, although improving is not much more than
50% after 5 years, depending mainly of the stage of
tumour growth at the time of diagnosis. Metastasis
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resulting from penetration of the tumor through the
bowel wall of the colon is very common with lymph
node involvement. Patients with early colon carozer
survive with surgery (more than 80%). For patients
with metastasis, 5 year survival rate is less .
Genetic alterations have been studied in relaton t
prognosis with contradictory results. Loss of
heterozygosity (LOH) of chromosomes 18q and 17p
and overexpression and mutation of the p53 gensdtres
in poorer prognosis in primary cancer patients.

Cytogenetics

Cytogenetics morphological

There are two types of colorectal cancers, accgrtin
the ploidy:

- Aneuploid tumours showing numerous allelic losses

- Aneuploidy, loss and rearrangements of chromosome
1p (about 70%), 5q (55%, loss of APC), 15q, 18q
(65%, loss of DCC), 17p (80%, TP53), and 17q (30%);
and abnormalities in 7q(25%) and 8p (55%).
Reciprocal translocation t(5;10)(g22;925), inv(2%¢
g31.3).

Diploid tumours without frequent allelic losses.

Genes involved and Proteins

Note: A number of genes are known to be implicated in
tumour progression in colorectal cancers. They are
either oncogenes or tumour suppressor genes. Almode
for the genetic basis of colorectal tumourigendsis
proposed.

APC

Location: 5g21-22
DNA/RNA

16 exons, 10702 bp mRNA.
Protein

Tumour suppressor protein composed of 2843 amino
acids; the APC interacts with the adherens junction
proteins a and beta-catenin suggesting involverirent
cell adhesion. APC may also inhibit the pathway
regulated by the beta-catenin /Tcf complex. Other
functions include anterior-posterior pattern forimat
axis specification, cell cycle, cell migration, g@pasis,
chromosome segregation and spindle assembly.

Germinal mutations

Point mutations in APC gene results in the genamati
of stop codons, small deletions, LOH, 1-2 bp ineas.
Most mutations result in a truncated protein, nyostl
the first half. Results in FAP and AFAP.

Somatic mutations

The APC gene is mutated in about 50% of sporadic
colorectal tumours. Most mutations are framestufts
nonsense mutations resulting in premature stopredo
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Some mutations on beta-catenin have been desdribed
tumours and cell lines without mutations in the APC
gene. APC loss may also be due to interstitialtaele

or mitotic recombination, LOH, and nonsense
mutations. Most of the somatic mutations are chaste

in the exon 15 in mutation cluster region (MCR)oab
20% of APC mutations are observed with mutation of
TP53. Methylation of the promoter may be related.

P53

Location: 17p13
DNA/RNA

11 exons.
Protein

Tumour suppressor has essential role in cell cycle
regulation, in G1 DNA damage checkpoint. 5 highly-
conserved regions containing a transactivation doma
a DNA-binding domain, nuclear localization signals
and a tetramerization domain. P53 is thus a
transcriptional regulator regulating the transgoiptof
genes whose products inhibit cell growth and
proliferation and induce apoptosis. It is also edlthe
guardian of the genome preventing cells from dingdi
before DNA damage is repaired.

Somatic mutations

Mutations of P53 are mostly located in exons 4 to 8
with hotspots at codons 175, 245, 248, 273 and 282.
They can be either missense mutations, or non-sense
deletions, insertions and splicing mutations résglin

a truncated p53 protein. Mutant form of p53 is fdta

be overexpressed in primary colon cancer. p53
mutation is observed in 40-50% of colorectal
carcinomas, and is associated with aggressive
carcinomas. p53 mutation or LOH of chromosome 17p
is observed mostly in carcinoma rather then adepoma
in both familial and non-familial patients.

80% of mutations result from deamination of
methylated cytosine in CpG region of the gene (osdo
175, 248 and 273).

MLH1

Location: 3p21.3
DNA/RNA

19 exons, 2524 bp mRNA.
Protein

Human homolog of E. coli DNA mismatch repair gene
MutL. Defects observed in 30% of HNPCC.

Germinal mutations

Results in HNPCC. Deletion of codons 578 to 632
(they constitute a single exon), deletion and
frameshifts, nonsense mutations, insertions, trigaca

protein. Both of the genes should be impaired for
phenotype to occur. Mutations give rise to
microsatellite instability.
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Somatic mutations

Methylation of the promoter, mostly responsible for
HNPCC.

MSH2

Location: 2p22-p21
DNA/RNA

16 exons.

Protein

Human homolog of E. coli MutS protein, functional i
mismatch repair, defects observed in about 60% of
HNPCC.

Germinal mutations

Truncated protein,
HNPCC.

MSH6

Location: 2p16

DNA/RNA

10 exons.

Protein

Functions in mismatch binding.

Germinal mutations

Deletion (of CT at nucleotide 3052 in exon 4),
frameshift mutations, truncated protein.

PMS2

Location: 7p22.2

DNA/RNA

15 exons.

Protein

Functional in mismatch repair.

Germinal mutations

In frame deletion, out of frame deletion, point
mutation. The mutations give rise to microsatellite
instability.

AXIN2

Location: 17923-g24

DNA/RNA

10 exons, 4259 bp mRNA.

Protein

The protein has role in regulation of beta-catenin
pathway.

Somatic mutations

Axin2 is mutated in MMR deficient CRC cells. The
mutations result in the stabilization of beta cateand
activation of the T-cell factor signaling. Also gpnetic
silencing is associated with CRC.

STK11
Location: 19p13.3

nonsense mutation, results in
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DNA/RNA
10 exons, 3276 bp mRNA.
Protein

Tumor suppressor serine-threonine kinase, functions
cell cycle arrest. Mutations result in Peutz-Jegher
syndrome.

Germinal mutations
Nonsense, missense, frameshift mutations.
Somatic mutations

Mutations give rise to Peutz-Jeghers syndrome, twhic
results in polyps in gastrointestinal tract.

PTEN

Location: 10923.3
DNA/RNA

9 exons, 3417bp mRNA.
Protein

Tumor suppressor protein, which negatively regslate
AKT/PKB signaling. Also known as 'mutated in
multiple advanced cancers' since mutations aredfdun
many cancers. The protein is a phosphatidylingcsitol
3,4,5-trisphosphate 3-phosphatase, removing
phosphates from serine, tyrosine and threonine.

Germinal mutations

Results in Cowden Syndrome, a cancer prone
syndrome and Bannayan-Riley-Ruvalcaba Syndrome.

Somatic mutations
Somatic mutations of PTEN are a result of MLH1-
MSH2 deficiency in HNPCC patients. Frameshift

mutations in MMR deficient cells. Nonsense, misgens
and splice-site mutations.

BMPR1A

Location: 10g22.3

DNA/RNA

13 exons, 3616bp MRNA.

Protein

Transmembrane  serine-threonine  kinase, typel
receptor.

Germinal mutations

Nonsense, missense, frameshift and splice-site
mutations.

SMAD4

Location: 18g21.1

DNA/RNA

13 exons, 3202 bp mRNA.

Protein

Protein is coded from 11 exons. A tumor suppressor,
functioning in TGFbeta signaling, mediating signals
from cell surface to nucleus.
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Germinal mutations
Result in juvenile polyps.
Somatic mutations

Deletion of SMADA4 results in epithelial cancers.
Minimally lost region on chromosome 18q21,
containing the SMAD4 gene is found in colorectal
cancers. 4-basepair deletion in exon 9 of SMAD4 is
found in colon cancers, resulting in a new stopocod

MYH

Location: 1p34.1
DNA/RNA

16 exons, 1839 bp mRNA.
Protein

DNA glycosylase. Functions in oxidative DNA damage
repair (base excision repair), nicks A-G mismatchas
well as A-8oxoG and A-C mismatches.

Germinal mutations

Tyr82-Cys and Gly253 -Asp transitions affect
glycosylase activity, resulting in APC mutations in
somatic cells. Nonsense mutations, missense and
truncated protein mutations. Mutations cause 98-fol
increase in colorectal cancer risk.

DCC

Location: 18g21.3
DNA/RNA

29 exons, 4609 bp mMRNA.
Protein

DCC is thought to be receptor for neptin-1 (axonal
chemoattractant). In absence of ligand, it induces
apoptosis but when neptin-1 is bound, it prevents
apoptosis.

Germinal mutations

Chromosome 18 sequences are frequently (74%)rlost i
colorectal carcinoma. Loss of DCC is mostly obsdrve
in metastatic cancers.

KRAS?2 (or Ki-ras)
Location: 12p12.1
DNA/RNA

3 exons.

Protein

Ki-ras belongs to the ras gene family containingpal
Ha-ras and N-ras; they encode for closely related 2
kDa (189 amino acids) GTP-binding proteins with a
role in growth signal transduction; oncogenes.

Somatic mutations

These genes are activated by point mutations ainsod
12, 13 and 61, and, in the case of colorectal gance
Ki-ras is mutated on codons 12 or 13 in about 4% o
the cases.
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Homozygous deletion of 5' end, point mutation ire on
of the introns (for example intron 13), probably
interfering with splicing, DNA insertions.

To be noted

- The RER+ sporadic colon cancers are mostly diploi
without LOH, with few mutations of p53 and APC and
right-sided; they contain mutations in repetitivaing

sequences of a humber of genes such as the TGFbeta

type 1l receptor, the receptor of the Insulin-liggowth
factor and the BAX gene implicated in apoptosis.

- The RER- are polyploid, with LOH (5q, 17p, 18q),
mutations in p53, and more often left-sided, thayeha
worse prognosis.
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|dentity

Other names: Uterine fibroids; Uterine fiboromyoma;
fibroids; fiboroma; fibroleiomyoma; myoma

Note: Uterine Leiomyomata (UL), benign smooth
muscle tumors of the uterus, are the most common
pelvic tumors in women. UL are symptomatic in
approximately 25% of reproductive age females and
are the primary indicator for hysterectomy in the
United States accounting for over 200,000 procesiure
annually. Careful pathologic examination of theruse
shows over 75% of reproductive age females have UL
with the average affected uterus containing sigeteen
fibroids. UL are frequent in women older than 3@nge

of age, very rare in woman below the age of 18, and
tend to regress after menopause. Rarely are UL
estimated to become malignant leiomyosarcoma. They
are steroid-hormone dependent tumors and especially

sensitive to estrogen and progesterone actively
impacting their overall growth and development.

See WebPath leiomyoma, leiomyomata, and
degeneration.

Classification

Note: Classification of leiomyomas is based on
location within the uterus (see figures below).

Uterine Layer

- Subserous: located just beneath the serosalcsurfa
They grow out toward the peritoneal cavity, and ban
sessile (broad-based) or pedunculated (attachéketo
surface by a narrow stalk). The pedunculated orss m
attach themselves to adjacent structures like tveeh
omentum or mesentery, and develop a secondary blood
supply, loosing its primary uterine blood supply
(parasitic leiomyoma). Subserous leiomyomas may als
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extend into the broad
leiomyomas).

- Intramural: are the most common type of UL, found
primarily within the thick myometrium.

- Submucous: are the most symptomatic form of UL,
located beneath the endometrium (uterine mucosa).
Like subserosal UL, they may be sessile or
pedunculated. The pedunculated nodules may protrude
through the cervical os, and may undergo torsion,
infarction, and separation from the uterus. Subrasco
leiomyoma are often associated with an abnormafity
the endometrium, resulting in a disturbed bleeding
pattern.

Clinics and pathology

Epidemiology

Ethnic predisposition studies show leiomyomas are
more frequent (from three to nine fold) in women of
African origin than women of other ethnic groups.
African American women are reported to have an
earlier age of UL diagnosis, larger and more abonda
tumors, greater symptom severity and higher rafes o
hysterectomy. Risk factors for UL include early axje
menarche, nulliparity, oral contraceptive use and
obesity.

Clinics

Clinical presentation depends upon size, locatiod a
number of lesions. UL may occur singly but oftee ar
multiple, with variations in size. They may mantfes
with profuse menstrual bleeding, pelvic pain and
pressure, and reproductive dysfunction causing
significant medical and social morbidity. UL may ae
cause of pregnancy complications, such as abortion,
hemorragic degeneration, disseminated intravascular

ligament (intraligamentary
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(Source of images: http://www.fibroids.net/aboutfibroids.htmi#basic )

coagulation, hemoperitoneum, premature rupture of
membranes, dystocia, inversion of the uterus,
antepartum and postpartum hemorrhage, breech
presentation, placental abruption and postpartum
sepsis. They are steroid-hormone dependent and have
high estrogen concentrations, elevated numbers of
estrogen receptors and more bound estrogen. UL
increase in size when exposed to high estrogensleve
such as during the reproductive years and dimimmish
the presence of low estrogen levels, following
menopause or during GnRH agonist therapy. Having
more progesterone receptors than normal myometrium,
UL also grow in the presence of high progesterone
concentrations. Growth hormone (GH) and prolactin
(PRL) are thought to promote UL growth, but require
further investigation.

Pathology

Leiomyomas are dense, well-circumscribed nodules
consisting of myometrial-derived smooth musclesell
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and extracellular matrix (e.g. collagen, fibronegti
proteoglycan). The cut surfaces are white to tan in
color, with a whorled trabecular pattern. The
appearance is often altered by degenerative changes
Microscopically, they consist of whorled, anastomgs
fascicles of uniform, spindle-shaped, smooth muscle
cells. Cells have indistinct borders and abundant
fibrillar, eosinophilic cytoplasm. The nuclei are
elongated and have finely dispersed chromatin. They
may show areas of hemorrage, as well as cystic
degeneration and microcalcification in a minority o
lesions.
Despite the variety in the histologic subtypes of
leiomyomas, all are grossly similar. In addition to
histologically typical UL, several other specific
subtypes are distinguished, some of which are very
rare;
- Cellular leiomyoma (composed of densely cellular
fascicles of smooth muscle with little intervening
collagene).
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- Atypical leiomyoma (containing atypical cells,
clustered or distributed through the lesion).

- Epithelioid leiomyoma (composed of round or
poligonal cells rather than spindle-shaped. This
subtype includes leiomyoblastoma, clear -cell
leiomyoma, plexyform leiomyoma).

- Myxoid leiomyoma (containing abundant
amorphous myxoid substance between the smooth
muscle cells).

- Vascular leiomyoma (containing dense
proliferations of large, caliber, thick-walled
vessels).

- Lipoleiomyoma (consisting of a mixture of mature
adipocytes and smooth muscle cells).

- Leiomyoma with tubules (containing tubular
structures).

- Benign metastasizing leiomyoma (occurrence of
multiple smooth-muscle nodules, most often
located in the lung after previous hysterectomy).

Microscopic pathology: see WebPath leiomyoma

Treatment

Only UL that are symptomatic, enlarge rapidly, os@
diagnostic problems, are typically removed. The
traditional and most definitive treatment for UL is
hysterectomy (surgical removal of the uterus).
Myomectomy is another surgical option for women
with fewer and smaller tumors wanting to remove UL,
yet maintain fertility. Uterine Artery Embolization
(UAE) is a radiological alternative especially etige

at treating intramural UL that are difficult to
surgically, yet the impact on pregnancy and future
fertility is unclear. Despite being expensive ardihg
limited availability, a noninvasive thermoablative
procedure known as MRI-guided focused ultrasound
(MRIgFUS) has recently been shown to target specifi
UL effectively and decrease recovery time. Certain
medications, such as gonadotropin releasing hormone
agonists (GnRHa), can alleviate UL symptoms by
decreasing estrogen levels to a menopausal-like. sta
However, current medical therapies cannot prevent
recurrence.

Genetics

Note: Familial aggregation and twin studies support the
heritability of these tumors. First-degree relativef

women with UL are 2.5 times more likely to develop
these tumors than women with unaffected relatives,
suggesting a possible predisposition. Glucose-6-

phosphate dehydrogenase isoenzyme and androgen

receptor polymorphism studies have demonstrated tha
UL develop as independent clonal lesions.
Accordingly, UL may be found with different
chromosomal aberrations in the same uterus.
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Cytogenetics
Note: Approximately 40% of cytogenetically
investigated cases show abnormal karyotypes, ysuall
with single or few changes. Rarely, they may show
complex karyotypes. The cytogenetic heterogendity o
UL can be attributed to various clonal chromosomal
changes such as translocations, deletions andnigso
Subgroups of common cytogenetic rearrangements
include a translocation between chromosomes 12 and
14, trisomy 12, deletions of portions of the lomma of
chromosomes 3 or 7 and the short arm of chromosome
1, rearrangements of the short arm of chromosome 6
and rearrangements of chromosomes 1, 3, 10, 13 and
X. Although the initiating event for tumorigenesis
remains unknown, the variety of cytogenetic
abnormalities displayed in UL suggests multiple
genetic pathways may be involved.
Correlations between cytogenetics and clinical
phenotype:
- Myoma location/incidence of abnormal karyotype:

- intramural - 35%;

- subserosal - 29%;

- submucosal - 12%.
- Type of chromosome abnormality/ tumor mean size:

- tumors with normal karyotype - 5.4 cm;

- tumors with del(7q) - 5cm;

- tumors with t(12; 14) rearrangements - 8.5 cm.

Cytogenetics morphological

t(12;14)(q14-15;922-24) subgroup.

It is found in approximately 20% of the abnormalesa

The t(12;14)(g14-15;922-24) translocation is thestfi

chromosome alteration reported in uterine leiomyoma

It may be observed as the sole cytogenetic abndymal

or together with other clonal changes, such agdgl(

The chromosome segment 12q14-15 may be rearranged

with other translocation partners (such as chromeso

X, 2, 8,9, 10, 22) or may undergo pericentric ngien.

Myoma cells with this abnormality are responsive to

the immortalization by the 'early region' of the &V

genome.

t(12;14)(q14-15;922-24) subgroup - molecular

findings:

In this subgroup dysregulation of the HMGA2

(formerly HMGIC) gene located at 1215 has been

observed.

Chromosome 12 breakpoint is often located 10 kboup

100 kb 5' to HMGAZ2, and in a majority of cases ¢her

is no fusion transcript.

However, in a number of cases the gene is altered:
case with pericentric inversion: HMGA2 exon 3 is
fused to ALDH2 exon 13 (12qg24.2).

- case with apparently normal karyotype: HMGA2
exon 3 is fused to retrotransposon-like sequences
RTVLH 3' LTRs.
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- case with complex karyotype including
chromosome 12 and 14 rearrangements:
cumulative dosage effect of a RAD51L1/HMGA?2
fusion and RAD51L1 loss.

- case without cytogenetic analysis: HMGA2 exon 3
is fused to COX6C exon 2 (8g22-23).

- cases without cytogenetic analysis: HMGA2 exon
2 or 3 is fused to RAD51L1 exon 7 (14923.3-24).

- cases without cytogenetic analysis: HMGA2
isoforms due to aberrant alternative splicing.

- case without cytogenetic analysis: HMGA2 exon 2
is fused to the 3' portion of the HEI10 gene,
located at 14q11.

del(7)(g22-32) subgroup.

It is found in approximately 17% of the karyotygiga

abnormal cases.

It may be observed as the sole cytogenetic abndymal

or together with other changes. It is often assedia

with t(12;14) or alterations of the chromosome segim
12g14-15.

The del(7q) clone is almost invariably found togeth

with a normal clone.

A few cases with translocations involving 7g22 have

been described.

Myoma cells with del(7q) are not responsive to the

immortalization by the 'early region' SV40 virugjess

they also contain 12q14-15 abnormalities.

Myoma with del(7q) tend to be smaller than those

showing 12q14-15 abnormalities.

del(7)(g22-32) subgroup - molecular findings:

Conflicting minimal deletion regions have been

proposed by multiple loss-of-heterozygosity (LOH)

analyses using polymorphic microsatellite mark&rse
resultant tumor suppressor candidate genes, imgudi

CUTL1, ORLS5L, PAI1, PCOLCE and LHFPL3, were

not consistently altered in expression. Most regemt

study using 7q tiling path CGH microarrays confined
the minimal deletion region to 2.79 Mb at 7g22 and
also proposed a second region of loss at 7qg34.

However, no pathogenic coding variation was detkcte

in the genes encompassed by the proposed region. At

the present time the tumor-suppressor gene(s)
responsible for del(7q) fibroid growth has not been
identified despite much effort. This raises the
possibility that a mechanism other than loss ofdum
suppressor gene function could be responsible for
development of del(7q) fibroid tumors.

6p21 rearrangement subgroup.

Aberrations of the 6p21, including deletions,

translocations, and inversions are found in lessth

10% of the abnormal cases.

6p21 rearrangements may be observed as the sole

cytogenetic abnormality, or together with otherneb

changes. Simple and complex rearrangements of 6p21
have been observed. Complex rearrangements are
sometimes definable only by FISH analysis.

The most frequent translocation partners are

chromosomes 1, 2, 4, 10 and 14 with rearrangements
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including  t(1;6)(g23;p21), and
t(6;10)(g21;922).

6p21 rearrangement subgroup - molecular findings:
HMGAL (formerly HMGIY) (6p21.3) is the pathogenic
sequence. No hybrid gene has been described yet.

A genomic PAC clone containing the gene spans the
6p21.3 breakpoint. The breakpoint seems to be
extragenic, located within an 80 kb region 3' of
HMGAL.

One case of aberrant transcript with truncatiod 285

bp from the 3' UTR has been described.

del(1)(p11p36) subgroup:

This subgroup is characterized by an almost complet
loss of the short arm of chromosome 1.
Rearrangements are often observed with additional
cytogenetic abnormalities such as the loss of
chromosomes 19 and/or 22.

del(1p) subgroup - molecular findings:

Transcriptional profiles with loss of 1p in UL reskle
those of leiomyosarcoma suggesting a similar paghwa
for tumorigenesis. LOH analysis of polymorphic
microsatellites confirmed deletion of the 1p region

1(6;14)(p21;q24),

Karyotypic representation of specific chromosomal aberrations
in UL. (Modified from Lobel et al., 2006).

(A): t(6;14)(p21;924) has been observed in UL and other
mesenchymal tumors, and implicates HMGAL1 at band 6p21.
(B): Tumors with del(7)(q22g32) abnormalities are generally
smaller in size than tumors with t(12;14) translocations.

(C): A minor cytogenetic subgroup of UL, t(10;17)(g22-
g24;921-9q22), has been observed in a subset of tumors and
involved the MORF gene at the 10922 breakpoint.
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Genes involved and Proteins

Note: Elevated levels of HMGA expression have been
observed in tumor cells and during embryonic tissue
development suggesting that HMGA proteins influence
cell growth. Dysregulation of HMGA2 (12g15) and

HMGAL (6p21.3) genes have been observed in uterine

leiomyomas. Mechanisms leading to dysregulation
include fusion transcript formation, HMGA2
truncation, and disruption of HMGAZ2 regulatory

sequences.
It has been suggested that the expression of HMGA1
and HMGAZ2 is controlled by regulatory elements
within their 3'UTR: luciferase assays with HMGAL1
3'UTRs of different length show an increase in
luciferase activity by truncation of the 3'UTR. Of
interest, HMGA1 and HMGA2 have been shown to
contain multiple sites in their 3'UTRs predictedhbe
targets of micro RNAs, which likely play an imparta
role in their regulation.

UL are also associated with insufficiency of FH
(fumarate hydratase). FH encodes fumarase, involved
in the key metabolic pathway of the Krebs cycle and
may play a role in tumor development as a tumor
suppressor gene. Structural rearrangements of 1q42.
leading to missense mutations and various deletions
(i.e., protein-truncating, large germline and iarfie) of

FH can lead to haploinsufficiency and subsequent
absent expression if the other FH allele is mutated
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Identity

Other names: Cutaneous melanoma; Melanoma skin
cancer

Classification

Note: Skin melanoma is a relatively common human
cancer with an increasing incidence trend and
originates from skin melanocytes, which are neural
crest derived cells. Melanoma arises in more tHzt 9

of cases in the skin, although other sites of pryma
extracutaneous melanoma include uvea, oral and
genital mucosae, gastrointestinal and genitourinary
tracts, leptomeninges and lymph nodes.

Clinics and pathology

Embryonic origin
Neural crest cells (this embryonic origin is valod all

forms of melanoma, except for uveal melanoma, which
derives from neuroectodermal cells.

Etiology

A wide spectrum of risk factors for skin melanonzs h
been unravelled in the last decades. They areicidlys
distinguished in 'host' and environmental factdrise
strongest 'host' conditions are positive familytdrig
for melanoma (especially in first-degree relatizesl

in a number of 3 or more), multiple benign (oftearm
than 100) or atypical nevi (the so-called 'dysptast
nevus syndrome'), and a previous melanoma. The firs
two risk factors may coexist in the same pedigtieas
delineating the Familial Atypical Mole - Multiple
Melanoma syndrome (or FAMMM syndrome). Among
these families, 30-40% of them display mutationthin
CDKNZ2A gene, while a few kindreds are mutated in
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CDKA4. Other 'host' factors that may increase thle of
developing melanoma are previous non-melanoma skin
cancer and immunosuppression (such as, transplant
recipients or patients with AIDS).

However, solar UVR exposure remains the leading
cause for developing skin melanoma. In fact, skin
melanoma is strikingly more common in patients with
type | skin, freckling, blue eyes and red hair. sThi
evidence demonstrates that 'host' and environmental
risk factors cooperate in determining the onset and
evolution of skin melanoma (this interaction hagrbe
recently demonstrated at the molecular level. lat,fa
ultraviolet exposure stimulates tanning in partuicidg

the action of the alpha-melanocyte-stimulating
hormone (POMC) on the melanocortin receptor 1 -
MC1R. Light-skinned and readheaded people carry
specific MC1R polymorphisms that reduce its agfivit
Accumulated evidences support that intermittent sun
exposure is a major determinant for melanoma in
contrast with cumulative sun exposure, as well as a
history of blistering sunburn, especially in youage

(i.e. three or more episodes before 20 years). rigke
related to non-solar UVR exposure is still debated.
Epidemiology

Melanoma is the fifth most common cancer in men and
the sixth in women (note that this ranking may rdlig
vary among distinct populations and different
epidemiological studies). It accounts for nearly 4%

all dermatologic cancers, but represents the ntzjose

of death for skin cancer. The overall incidence of
melanoma ranges from 10 to 42 new cases for 100.000
per year. This apparent wide variability may esséipt
relay on the ethnic background of the population
studied. The incidence of melanoma is rising by’3-8
per year in most people of European origin. Melaaom
affects young and middle aged people, with a median
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age at diagnosis of 57 years. The cancer incidence
increase progressively after the age of 15 yeatiktha

age of 50 and then slows, especially in femalexy wh
are slightly less affected than men (males are
approximately 1.5 times more likely to develop
melanoma than females). Nearly half of the patients
have an age comprised from 35 and 65 years at
diagnosis.

Clinics
Melanoma should be considered for every suspicious
pigmented skin lesions. There are specific

characteristics to be taken into account for idimig
suspicious lesions which request further investgat
The acronym ABCDE summarizes five cardinal
features, including:

(i) Asymmetry;

(ii) Border irregularity;

(iiif) Color variation;

(iv) Diameter above 6 mm; and

(v) Evolving, which encompasses any significant
change in size, shape, surface, shades of color or
symptoms (such as, itching).

Clinical suspicion must be supported by assistive
optical devices, such as dermatoscopes, epilumeénésc
microscopes and/or other portable scanning unitgus
visible, infrared and UV sources. However, a firm
diagnosis is reached only by excision and histalogi
examination.

Pathology

Pathologic staging of skin melanoma is crucial for
prognosis definition and management planning. The
Clark's model identifies 5 steps in the progres§iom
benign nevus and metastatic melanoma:

step 1: benign nevus;

step 2: dysplastic nevus;

step 3: radial-growth phase melanoma;

step 4: vertical-growth phase melanoma,;

step 5: metastatic melanoma.

This model also denotes qualitative anatomic leweéls
invasion:

In level | melanoma, all tumor cells are above the
basement membrane (malignant melanoma in situ).
Level Il melanoma invades into the papillary dermis
Level lll melanoma fills and expands the papillary
dermis.

Level IV melanoma invades the reticular dermis,lgvhi
level V melanoma reaches the subcutaneous adipose
tissue.

Actually, for the T staging of melanoma the primary
determinant is the Breslow's technique, that presid
guantitative measurement of the depth of invasign b
measuring the tumor thickness with an ocular
micrometer (in millimeters).

T1 melanomas are = 1.0 mm in thickness,

T2 between 1.01 and 2.00 mm,

T3 between 2.01 and 4.00 mm, and
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T4 above 4.0 mm.

To date, the Clark's level system is the primary
prognostic method only for T1 melanomas.

The melanoma clinical staging include four stages.
Stage | melanomas are those with thickness thal are
mm or less with no evidence of metastases.

Stage Il melanoma is diagnosed in patients witbkdi
cancers without evidence of metastases.

Stage Ill melanomas are those with regional lymph
nodes and/or an in-transit or satellite metastasis.

Stage IV cancer is diagnosed when the melanoma
spreads to distant sites.

Specific determinants define the N and M axes for
stage Ill and IV melanomas.

There are unusual variants of melanoma (for whieh t
standard prognostic factors should be taken into
account), that must be differentiated form epitdedir
mesenchymal neoplasms.

These variants include: desmoplastic melanoma,
mucosal melanoma, malignant blue nevus, nevoid
melanoma, minimal deviation melanoma, small cell
melanoma, spitzoid melanoma, dermal melanoma,
amelanotic melanoma, myxoid melanoma, signet ring
melanoma, balloon cell melanoma, rhabdoid
melanoma, pigment-synthesizing animal melanoma,
osteoid melanoma, chondroid and cartilagineous
melanoma, and basomelanocytic tumor.

Treatment

After histologic diagnosis of melanoma, the firtgysis

the extent of excision. The radius of this excision
depends on the tumor thickness (Breslow's techhique
Sentinel lymph node biopsy is requested in melasoma
of Stage |I.

In melanomas with thickness above 2 mm, elective
lymph node dissection is also recommended. Surgical
excision could be considered also for local recwes,
in-transit metastases, regional metastases and in
patients with metastatic disease.

In stage Il patients, the eradication of clinical
undetectable micrometastases at the time of diggnos
may be obtained using adjuvant therapy, including
interferon-alpha and ganulocyte-macrophage colony-
stimulating factor.

In stage IV cancers the systemic therapy is based o
decarbazide, interleukin-2, in isolation or in
combination with other chemotherapeutic agents.
Novel therapeutic regimens include cancer vaccines,
angiogenesis inhibitors and novel cytotoxic agents.

Evolution

Usually, skin melanomas show two distinct phases of
local invasion:

() the radial-growth phase, during which tumorigel
acquire the ability to proliferate intraepidermally

(ii) the vertical-growth phase, which is characted by
tumor invasion of the dermis in form of an expamsil
nodule.
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Local invasive melanomas may reach distant skiasare
and subcutis. The invasion of lymph vessels leads t
lymph node metastases.

Finally, metastatic melanomas may metastasize to
lungs, liver, central nervous system and othermsga

Prognosis

The prognosis (i.e. % of 10-year survival rate) is
directly related to the Pathologic stage. This eafigm
100% for melanoma in situ to less than 6% for pésie
with a stage IV melanoma with distant metastases.

Cytogenetics

Cytogenetics morphological

Numerical and structural changes visible by stahdar
cytogenetics are common in sporadic melanoma, which
is frequently aneuploid with a modal chromosomal se
usually ranging from 24 to more than 100.

The most common abnormality involves chromosome 1
with deletions and translocations usually includthg
region 1p12-22. A recurrent t(1;19) translocaticas h
been also described in a subset of sporadic melasom
Deletions or translocations involving the long aofi
one or both chromosome 6, commonly affecting the
6g16-23 region, are observed in nearly 80% of skin
melanomas. The 6 chromosome short arm is generally
retained in form of an isochromosome (i6p). Thengai
of the short arm of chromosome 6 may have a role in
cancer progression, especially for metastasticutiool

(in fact, the NEDD9 gene, whose overexpression in
associated to metastatic melanomas, maps in 6p25-
p24).

An equally common alteration is the gain of copiés
chromosome 7. This finding is usually associateth wi
late stages of skin melanoma.

A second set of chromosome abnormalities includes
alterations of chromosome 2, 3, 9, 10 and 11. Among
them, a recurrent site of alterations (predomiryantl
deletions) in both premalignant nevi and metastatic
melanomas is the short arm of chromosome 9,
particularly the region 99g21. Loss of chromosome 10
especially involving the region 10g24-26, seem&eo
implicated in both the early and late stages of
melanocytic neoplasia. In late stage melanomas,
chromosome 10 loss often accompanies chromosome 7
gain. At the standard cytogenetic level, the rate o
involvement of other chromosomes (i.e. 2, 3 andid1)
less consistent.

Cytogenetics molecular

A large number of studies have searched for loss of
heterozygosity (LOH), homozygous deletions (HD) and
amplifications in cutaneous melanomas, eventsatet
difficult or impossible to identify at the standard
cytogenetic level.

Over the vyears, the improvement of laboratory
techniques has collected a wide range of different
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approaches, including fluorescent in situ hybritas
standard microsatellite analysis on specific gemomi
regions and conventional chromosome-based
comparative genomic hybridization array. Actuatlye
most sensitive technique is the high-density whole-
genome single nucleotide polymorphism array, which
is able to detect variations in number of copies of
genomic DNA within an interval of only 9 kb.
Therefore, the results of this type of analysibysfar

the most sensitive among all available approaches.
Overall, whole chromosome arm LOH is most common
on 9p, 9q, 10p and 10q, occurring in 40-50% of the
cases. Considering focal (i.e. small portion of
chromosome arms) LOH, these chromosome regions
are involved in 49-72% of the cases. Over 40% of
analyzed melanomas show LOH on 6q, 11q and 17p,
while 33% on 5qg. A broad spectrum of HD has been
also registered and involves regions containingh bot
well known melanoma progression associated genes
(such as, CDKN2A and PTEN - for more details, see
'‘Genes Involved and Proteins' section), and otbees,
whose role in cancer evolution awaits further
elucidations. In more that one fourth (25%) of
melanomas there are chromosome gains involving 7p,
20g and 22q. Amplifications of single genes may be
also detected by this technique, but these databeil
discussed in the next section. The 8q region, ifchvh
maps the C-MYC gene, is amplified in nearly 14% of
the cases.

Genes involved and Proteins

Note: Several genes have been discovered as involved
in the progression of cutaneous melanoma. Two major
groups of genes have been identified: tumor sugpres
genes and proto-oncogenes. In order to describe
melanoma progression implicated genes, the present
section follows this classification. In addition tivose
here described, other genes, such as NF1, NF2, TTC4
NME2, CDKN1A, and RAB8A, have been
sporadically studied in melanomas, but the predata

are still very limited and not completely conclusiv

Note: Tumor suppressor genes:

B2M

Location: 15¢g21.1

Note: Escape by melanoma cells from T cell
recognition through a complete lack of HLA class |
antigen can be ascribed to beta-2-microglobulin
(encoded by the B2M gene) aberrations. The
combination of LOH and somatic mutation leadingto
biallelic inactivation of B2M is not uncommon in
melanoma cells.

CDC2L1

Location: 1p36.1
Note: This genes maps in a chromosome region (i.e.
1g36) frequently deleted in melanoma. However,
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mutations in this gene are rare and the role af gleine
in tumor progression is probably very limited.

CDKN2A

Location: 9p21

Note: The CDKN2A locus shows LOH in nearly 50%

of melanomas, while point mutations of this gene ar
extremely rare, probably because other mechanisms a
involved in its inactivation (such as promoter

methylation or homozygous deletion).

CDKN2B

Location: 9921

Note: CDKN2B maps nearly to CDKN2A and shares
with this gene an high sequence homology. Although
CDKN2B maps in a commonly deleted region in
melanoma, the frequency of point mutations is
relatively low and the actual knowledge about thie r

of this gene in melanoma progression is limited.

MEN1

Location: 11g13

Note: Mutations in menin, the gene responsible for the
multiple endocrine neoplasia type | (MEN1), results
mutated in nearly 1% of the analyzed melanomas.

PTEN

Location: 10g23.31

Note: The chromosome region in which this gene maps
is deleted in about 30-50% of melanomas, while
somatic PTEN mutations have been identified in
approximately 3% primary melanomas and 8%
metastatic melanomas.

RB1

Location: 13q14.1-14.2

Note: Although the implications of CDKN2A and
CDKA4 (see below) is crucial in melanoma progression
the actual rate of mutations or rearrangement inmgl
this gene, which is implicated in the same pathvigy,
extremely rare and confined to sporadic cases.

TFAP2A

Location: 6p24

Note: Loss of AP2-alpha (the protein encoded by
TFAP2A) expression is a crucial event in the
melanoma development. However, the frequency of
TFAP2A somatic mutations in melanomas is extremely
low, thus suggesting that the AP2-alpha
underexpression is very probably caused by the
caspasis activity.

TPS3

Location: 17p13.1

Note: TP53 mutations in melanomas are rare, occurring
in 0-24% (mean 7%) of the analyzed tumors. However,
UVR is very likely the cause of these mutations, as
well as in other non-melanocytic skin tumors.
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Whnt signalling pathway tumor
suppressor genes.

Location: Variable (see text).

Note: The involvement of this pathway in melanoma
progression is clearly demonstrated by the
overexpression of beta-catenin in nearly 30% of the
cases. Several genes coding for proteins implicated
the modulation of this pathway has been studied for
somatic mutations in relation with melanoma. Among
them, the most frequently somatically mutated gsne
LKB1 (i.e. the gene responsible of Peutz-Jeghers
syndrome ; location: 19p13.3) with an overall miotat
frequency in melanoma of 4%. Other related genes,
namely PPP2R1A (location: 19gq13.4), APC (whose
germline mutations are associated with the familial
adenomatous polyposis; location: 5921-q22) and ICAT

(location: 1p36.22), are only rarely mutated in
melanomas.

Note: Proto-oncogenes

CDK4

Location: 12q14

Note: The primary role of the protein encoded by
CDK4 is to inactivate pRB. Mutations that
constitutively activate the kinase, in particuléuoge
involving the K22 and R24 aminoacid residues, have
been identified in a variable proportion, rangimgnf
1/60 to 5/48, of the cases.

CTNNB1

Location: 3p22-p21.3

Note: This gene encodes for beta-catenin. As this
protein is overexpressed in about one third ofcdmes,
several studies investigated the presence of somati
mutations in this gene. The overall frequency of
CTNNB1 somatic mutations in melanoma is 2-5%.

MAPK signalling pathway proto-
oncogenes.

Location: Variable (see text).

Note: This pathway may be simplified as follows. The
growth factor receptor interaction with its ligand
induces the activation of RAS. Its activation stiates
phosphorylation of RAF proteins (including BRAF),
that in turn activate MEK1 and MEK2. The final step
of this cascade is the transcription factors atitivaby
ERK 1 and ERK 2, which are phosphorilated by MEK
proteins.

BRAF (location: 7g34) mutations have been iderdifie
in more than 60% of melanomas and approximately
80% of these mutations occur at a single siteihggit
the substitution of valine at position 600 with tglonic
acid (V600E). This change mimics phosphorylation
within the activation segment and results in coustie
activation of BRAF. The frequency of BRAF mutations
in melanocytic nevi is similar to that in melanomas
suggesting that BRAF function perturbation is arlyea
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event in melanoma development and is not suffidient
determine the neoplastic switch. The rate of BRAF
mutation varies among melanoma subtypes and is
highest in nodular melanoma and superficial spreadi
melanoma. BRAF mutations appear to be less common
in sun-exposed areas. BRAF mutations are mutually
exclusive to those occurring in the NRAS gene
(1p13.2). The most common sites of mutation in this
gene are codon 12, 13, 18 and 61.

In contrast to BRAF mutations, NRAS alterations are
more common in sun-exposed areas. This fact suggest
that NRAS mutations may arise as a result of UVR-
induced mutagenesis.

HRAS (location: 11p15.5) mutations are less
commonly observed and occurs in no more than 1.5-
3% of melanomas.

Activating changes in KRAS2 (location; 12p12.1) dav
been observed in rare cases and often associdte wit
mutations in other RAS genes (i.e. NRAS and HRAS).
Therefore, KRAS2 in a not powerful oncogene in
melanoma progression.
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|dentity

Inheritance: Sporadic occurrence, with possible cases
of autosomal dominant inheritance

Clinics

Phenotype and clinics

Clinical presentation usually occurs between 2nd an
3rd decades; most cases at puberty.

- Exceptional cases in younger children; youngest
example at 6 months of age.

Male pseudohermaphroditism; phenotypically female
patients presenting with amenorrhea.

- XY karyotype:

- Streak (dysgenetic) gonads with gonadoblastoma.

- Normal external female genitalia; clitoris enlangent
and ambiguous genitalia may be present.

- Small uterus (often with an inactive/atrophic
endometrium) and fallopian tubes.

Nephrotic syndrome with slowly progressing renal
disease, resulting in end-stage renal failure.

- Focal and segmental glomerulosclerosis; in later
stages of renal disease, only chronic, nonspecific
findings may be present in kidney biopsy.

XX karyotype: patients with less severe phenotype,
frequently not clinically identified as FS.

- Normal and functioning female genitalia.

- Clinically present only with renal disease.

Neoplastic risk

Gonadoblastomas are present in virtually all XY
patients; usually bilateral.
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Germ cell tumors (dysgerminomas) may arise from
gonadoblastoma within dysgenetic gonads.

Wilms tumors are exceptional, and in these cases th
diagnosis of FS is controversial (differential diagis
with Denys-Drash syndrome; vide infra).

Treatment

Prophylactic  bilateral gonadectomy (may be
laparoscopic if there is no evidence of overgrobgha
germ cell tumor); hysterectomy is not necessary.

The renal disease is usually steroid-resistanyjineg
dialysis and renal transplantation.

Chemotherapy may be needed in cases with germ cell
tumors.

In XY patients, menstruation can be induced with
cyclic hormone replacement therapy; there are tegdor
cases of successful pregnancy following in vitro
fertilization procedures in these patients.

Evolution

The end-stage renal disease is usually the majgeca
of morbidity in FS patients. The focal and segmienta
glomerulosclerosis progresses slowly (often for enor
than 10 years) and leads to terminal renal failure,
requiring dialysis therapy and renal transplantatio
which can result in complications and increased
morbidity. There are limited data regarding theichl
outcome after renal transplantation in these peien
The occurrence of germ cell neoplasia in FS patient
can affect their prognosis. However, there is no
evidence that FS-associated germ cell tumors have a
different clinical outcome in comparison with spaia
tumors.
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Figure 1. Surgical appearance of the internal genitalia in a patient with Frasier syndrome. A) Small but normally shaped uterus. B) A
streak gonad is seen at the tip of the surgical instrument (courtesy of Dr. Masoud Azodi, Yale University School of Medicine).

Figure 2. A-B: Kidney biopsy showing focal and segmental glomerulosclerosis (FSGS). A: Masson trichrome stain (400X). B: Semi-thin
section stained with toluidine blue (400X). C-D: Gonadectomy specimens. C: Streak gonad with gonadoblastoma (H & E 40X). D:
Gonadoblastoma nodule displaying Call-Exner body-like structures, surrounded by Leydig-like cells (H & E 200X). E-F: Histological
aspect of dysgerminoma arising in gonadoblastoma. E: Gonadectomy specimen showing both, gonadoblastoma and dysgerminoma (H

& E 100X). F: Peritoneal metastasis of dysgerminoma (H & E 200X).
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Genes involved and Proteins

WT1 (Wilms Tumor 1)
Location: 11p13
DNA/RNA

Description: 10 exons; spans approximately 50 kb.
Encodes 4 zinc finger domains.

Transcription: Alternative splicing in two differesites
(exons 5 and 9) leads to variable insertion of e%on
and/or insertion of 9 nucleotides in exon 9, rasglin
transcription of four different isoforms.

Protein

Description: Transcription factor: contains 4 zfimger
domains.

Four different isoforms, ranging from 52 to 54 kDa
(429-449 aminoacids).

Alternative splicing in exon 9: variable insertiaf
aminoacids lysine (K), threonine (T) and serine (S)
between 3rd and 4th zinc fingers results in eith€fS

or -KTS isoforms.

Expression: During embryonal life, the WT1 protésn
mainly expressed in the metanephros and developing
kidney, gonadal ridges, coelomic surfaces, heart,
spleen, liver, thymus, uterus and muscles of the
abdominal wall.

An adequate ratio of +KTS/-KTS expression is
essential for the wild type function of WT1.
Localisation: Nuclear (transcription factor funet)o
Function: WT1 functions mainly as a transcription
factor, with many different downstream target geres
post-transcriptional regulatory function of somegé
MRNAs has been also proposed.

In mammalian embryos, expression of the -KTS
isoform induces gonadal ridge formation through
proliferation of the coelomic epithelium, resulting

the bipotential gonad.

In XY individuals, expression of the +KTS isoform
will activate the transcription of the SRY genedted

on Y chromosome, which induces the expression of
anti-mYllerian hormone by the developing Sertolise
Expression of the anti-mYllerian hormone in the
developing testis results in formation of semirofes
cords, allowing sex-specific gonadal developmenti a
regression of mYllerian structures (which give rise
the female genitalia).

During early kidney development in mammal embryos,
the -KTS isoform promotes proliferation of the
primordial mesenchyme, epithelial-mesenchymal
interactions and ureteric bud branching. In lateages

of kidney development, expression of +KTS leads to
differentiation of podocytes and glomerular capidia.

Mutations

Most of the WT1 gene mutations in FS are located in
positions 2, 4, 5 or 6 of the second splice dotiterin
intron 9.
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These mutations lead to a decrease in the +KTS
isoform, affecting the zinc fingers' DNA binding
affinity.

A decrease in +KTS is in keeping with the phenotype
observed in FS, in which there seems to be a defect
antimdllerian  hormone expression resulting in
abnormal genital development in XY individuals. &|ls
defective expression of this isoform could expldie
glomerular lesion observed in FS.

To be noted

The classical clinical picture of FS is that of a
phenotypically female adolescent patient presenting
with either amenorrhea or nephrotic syndrome, ah.bo
However, the clinical presentation may be atypical,
with cases occurring at earlier ages or in XX patie
resulting in the presence of only renal diseases&h
atypical cases must be differentiated from sporadic
forms of nephrotic syndrome, and from other erditie
such as Denys-Drash syndrome (DDS), which is also
related to WT1 mutations but features rapidly
progressive renal disease at earlier ages. It g®itant

to establish a differential diagnosis between F8 an
DDS, since they carry different tumor risks requgri
specific clinical management: while in FS therears
increased risk for the development of gonadal
neoplasms, in DDS there is an increased risk fer th
development of Wilms tumors; while FS mutations
affect a splice site in intron 9, DDS results from
missense mutations in exons 8 and 9 of WTL1. Inethes
atypical cases, molecular analysis may be of exrem
importance to reveal the specific genetic defecthim
WT1 gene, allowing an accurate diagnosis.
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Clinics

Age and sex: 28 years old female patient.
Previous History:

- no preleukemia;

- no previous malignant disease;

- no inborn condition of note.
Organomegaly:

- no hepatomegaly;

- no splenomegaly;

- no enlarged lymph nodes;

- no central nervous system involvement.

Blood

Blasts: 52%

Cytopathology classification

Cytology: AML

Immunophenotype: Positive for CD13, CD33 and
CD117

Rearranged Ig or Tcr: -

Pathology: MPO and SBB negative

Precise diagnosis: AML-MO (FAB)

Survival

Date of diagnosis: 03-2007.

Treatment: 7+3 protocol (7 days of cytosine
arabinoside continuous infusion + 3 doses of
Daunorubicin), patient did not respond. Hence,\shs
treated with high dose of cytosine arabinoside ttugye
with etoposide; however, she didn't respond. Im\aé
poor prognosis, she was discharged on 25/03/2087 an
died on 26/03/2007.
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Complete remission: none
Treatment related death: -
Relapse: -

Status: Dead

Survival: 1 month

Karyotype

Sample: Bone marrow

Culture time: 24/48h

Banding: G-banding

Results: 46,XX,t(11;20)(p15;911) [100%, 24/24 cell]
Other molecular cytogenetic techniques: FISH with
WCP probes for chromosome 11.

Other molecular cytogenetics results: Three spbislo

in interphase cells. Due to low mitotic index
metaphases could not be spotted. No more material
could be tested for NUP98 and TOP1 fusion.

Comments

Chromosomal rearrangement between 11p15 and
20911 has been reported in hematologic malignancies
(Lam and Aplan, 2001), which results in fusion loé¢ t
nucleoporin gene, NUP98 on chromosome 11p15 with
topoisomerase 1, TOP1 gene located at 20qll. The
NUP98 is a member of nuclear pore complex and
involved in nuclear-cytosolic transport of RNA and
protein complexes, and TOP1 is a protein whose c-
terminus site of active tyrosine forms phosphoeiest
bond with 3'-strand of DNA and generates transient
single strand DNA breaks (Wang 2002). In t(11;20),
the rearrangement generates NUP98-TOP1 fusion
protein from fusion of N-terminal portion of NUP98-
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G-banding shows t(11;20)(p15;911); Interphase FISH with three signals of chromosome 11.

514) with most of TOP1 gene (170-765), including
core, linker and catalytic domains (Gurevich et al.
2004). It has been suggested that the NUP98-TO®R1 ha
leukemogenic activities independent of topoisomeras
activity. The t(11;20) has also been described in
patients with polycythemia vera, T-MDS and acute
myeloid leukemia (Chen et al. 2003, Potenza et al.
2004, Panagopoulos et al. 2002). Our case aged 28
years with 60 kg weight has been reported with AML-
MO and probable NUP98 and TOP1 fusion. In addition,
del(3p), inv(X) and der(7) was observed in one Ising
cell. Short survival of 2.5 - 30 months was reparte
after diagnosis (Sekikawa and Horiguchi-yamada,
2005). Our patient got the shortest survival ofd2¥ys
after diagnosis
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