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Identity

Other names: CDC20A; MGC102824; P55CDC-
LSB; bA276H19.3; p55CDC

HGNC (Hugo): CDC20

Location: 1p34.1

DNA/RNA

Description

Start: 43,597,199 bp from pter.

End: 43,601,461 bp from pter.

Size: 4,262 bases.

Orientation: plus strand.

13 exons (Entrez), 15 Exons (Ensembl).

Transcription
1697 bp.

Pseudogene
No.

Protein

Description
Size: 499 amino acids; 54723 Da. Subunit: Interacts

Mad2 APC
Binding Activation

Kinetochore
Binding

with MAD2L1. The phosphorylated form interacts with
APC/C. Developmental stage: Synthesis is initisaéed
G1/S, protein level peaks in M phase and protein is
abruptly degraded at M/G1 transition.

Expression
It is expressed in all cells, no tissue specificity

Localisation
Nucleus.

Function

CDC20 is a key player in the Spindle Assembly
Checkpoint (SAC). When a cell is dividing mitotilgal

the Metaphase to Anaphase transition is stringently
monitored by SAC. After proper alignment of all the
sister chromatids to the spindle fibers during
metaphase, the Mitotic Checkpoint Complex detaches
from CDC20 and free CDC20 protein activates the
Anaphase promoting Complex (APC) Activated APC
can then degrade Securin which frees the protease
Separase. Free Separase can now degrade the Cohesin
molecules binding the two sister chromatids togethe
Upon degradation of Cohesin, the two sister chrataat
are free and can migrate to the two spindle paless,
initiating Anaphase.

-

YW D40 repeat region

The N-terminal amino acids from 1-153 contains most of the functional domains consisting of the Kinetochore binding domain, Mad2
binding domain and the Anaphase promoting complex (APC) activation domain. Amino acids 129-499 contain the WD-repeat region.
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CDC20 (cell division cycle 20 homolog (S. cerevisiae))

Homology

The C-terminal half is highly conserved from humans

to yeast.

Mutations

Germinal
No.

Somatic
No.
Implicated in

Various tumors
Disease

There have been few reports of overexpression of
CDC20 in various tumors for eg, greater than 3% of
Cdc20 expression was found in bladder cancer, breas
cancer, cervical cancer, cholangiocellular carciapm
AML, CML, colon and rectum carcinoma, esophageal
cancer, gastric cancer, gastric cancer (diffusee)typ

liver cancer, lung cancer (NSCLC),

lung cancer

(SCLC), osteo-sarcoma, pancreatic cancer, prostate
cancer, renal carcinoma, soft tissue tumor, testicu
tumor (Kidoko T, et al., 2007), head and neck cance

(Mondal G, et al., 2007).
Prognosis

No.

Cytogenetics

No.

Hybrid/Mutated gene
No.

Abnormal protein

No.

Oncogenesis

Overexpression of CDC20 has been observed in devera

tumor tissues.
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|dentity

Other names: AH antigen; CENF; hcp-1; Mitosin;
PRO1779

HGNC (Hugo): CENPF

Location: 1941

Local order: Chromosome 1, 61,381 bases, 5'-
212,843,155 - 212,904,535 -3": strand (+).

DNA/RNA

Description

The CENPF gene structure consists of twenty exons,
ranging from 92 to 3,404 bp, and nineteen introns,
ranging from approximately 1 to approximately 10 kb

Transcription
10,294 bp mRNA; 9630 bp open reading frame.

Pseudogene
No pseudogene.

5

Protein

Description

The gene encodes a protein associated with the
centromere-kinetochore complex, 3210 amino acids
(aa), 367594 Da, containing internal repeats, deileil
(potential) and NLS (potential).

Expression

Breast, eye, gastro-intestinal tract, heart, livgmph
node, ovary, placenta, skin, stomach, testis.
Localisation

Nucleus matrix, but not in the nucleolus, reorgatitn
to the kinetochore/centromere (coronal surfacehef t
outer plate) and the spindle during mitosis.

Function

CenpF is recruited to kinetochore early in mitcsier
recruitment of Bubl and modulates kinetochore
association of certain mitotic proteins includingtiR1

for kinetochore assembly.

W\/UMH!MMAW

L untranslated region

cndmg region

A schematic diagram of the CENPF gene. The exon nhumbers are labeled.
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CENPF (centromere protein F, 350/400ka (mitosin))
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spindle pole localization
homo- and heterodimerization

e

putative chromatin binding domain ===

l coiled-coil

A schematics representing the domain structure of full length CENPF. NLS, nuclear localization signal.

CenpF that has a CAAX motif in their C-terminal is
target for farnesylation. This modification changes
necessary for CenpF function at the G2/M transition
CenpE and CenpF have a significant role in the
antitumor activity of farnesyl transferase inhibgaue

to their importance in normal cell division.

Homology

No.

Implicated in

Head and neck squamous cell
carcinoma

Disease
CENPF gene amplification and overexpression were

observed in head and neck squamous cell carcinoma

(HNSCC). Up-regulation of CenpF, especially by gene
amplification, suggests the possibility that inces
CenpF protein levels could influence tumorigenesis
particularly at early stages of tumor developmeént.
addition, over-expression of CenpF is significantly
correlated with poor prognosis of HNSCC. CenpF
expression is able to use clinically as a prolifera
marker in oral epithelia.

Breast cancer

Disease

Over-expression of CENPF mRNA was associated with
larger tumor size as well as estrogen receptor (ER)
negative, high grade tumors. CENPF mRNA
expression correlated significantly with worse @ber
survival and a decreased probability of remaining
metastasis-free. CenpF expression was also cadelat
with telomerase activity, cyclin E over-expressi@n,
Myc amplification and nuclear expression of sumyi
indicating that CenpF is a good biomarker for
proliferation of breast cancer. ver-expressing In
addition, a significant proportion of brest canceils
over-expressing CENPF were aneuploid, supporting
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evidence for the relation between CenpF expression
and chromosomal instability.

Astrocytic gliomas

Disease

In microarray and real-time RT-PCR analyses, CENPF
MmRNA levels significantly increased in primary
astrocytic gliomas. Interestingly, secondary
glioblastomas demonstrated higher CENPF mRNA
levels than primary glioblastomas. However,
amplification of the gene was not found.

Salivary gland tumor

Disease

CenpF expression was significantly correlated vih

67 labeling index in primary malignant salivary mia
tumor by immunohistochemical study. In addition,
CENPF mRNA level was associated with clinical stage
The data suggests that CenpF expression is a ededid
for biomarker of proliferation of salivary tumor.
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|dentity

Other names: CHETK-alpha; CHK; CK; CKI
HGNC (Hugo): CHKA
Location: 11q13.2

DNA/RNA

Transcription

The DNA sequence contains 6 exons and the length is
of 1374 nt translated to a 457 residues protein.

Protein

Description

Choline Kinase alpha (CHKA, though we have
proposed to name it as Cholh order to distinguish it
from check point kinase CHK) encodes two different
isoforms. Choline Kinase alpha isoform a (ChalK
has 457 amino acid residues with a molecular méss o
approximatively 52 kDa. Choline Kinase alpha isafor

b (ChoK b) has the same N- and C-termini but is
shorter compared to isoform a, resulting in a varg
439 amino acids and a molecular mass of
approximatively 50 kDa.

Both isoforms are active only in an oligomeric form
(di- or tetrameric) and require ATP and Mg2+ foeith
catalytic activity (Wittenberg and Kornberg 1953).
ChoK structure:

Choline Kinase alpha isoform a (NM_001277) has
been crystallized in complex with ADP and
phosphocholine (referred in the paper as Choline
Kinase alpha2). ATP binds in a cavity where ressdue
from both de N and C-terminal lobes contributedwonrf

a cleft, while the choline-binding site constitutedeep
hydrophobic groove in the C-terminal domain with a
rim composed of negative charged residues. Upon
binding of choline, the enzyme undergoes
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conformational changes independently affectingNhe
terminal domain and the ATP binding loop (Malito et
al. 2006).

ChoK regulation:

Although much work has been made in other organisms
(Paddon et al. 1982; Warden and Friedkin 1985; Kim
and Carman 1999; Ramirez de Molina et al. 2002; Yu
et al. 2002; Choi et al. 2005; Soto 2008), litdeknown
about human ChoKregulation.

It has been described that in HelLa cells, both BEG#
insulin increase ChoK activity promoting the
conversion of Cho to PCho, accompanied by an
expansion of the PCho pool in treated cells (Uchida
1996). On the other hand, it has been suggestdad tha
Hypoxia-Inducible  Factor-1 (HIF-1 ) regulates
ChoK expression in a human prostate cancer model.
An increase in cellular PCho and total Cho, as wasll
ChoK expression, has been observed following
exposure of PC-3 cells to hypoxia. Furthermore,-HIF
1 can directly bind to some putative hypoxia resgons
elements (HRE) within ChoK promoter, suggesting
that HIF-1 activation of HREs within the putative
ChoK promoter region can increase ChoK
expression in hypoxic environments (Glunde et al.
2008).

Expression

Choline Kinase is expressed ubiquitously and
concurrently (Aoyama et al. 2002). It is a vitakgme,

as homozygous ChoKa knock-out mice is lethal,
indicating the indispensable role of ChoKn early
embryogenesis (Wu et al. 2008).

Localisation
ChoK is found in the cytoplasm.
Function

Choline Kinase activation is necessary for memtsane
maintenance, cell growth and cell proliferation.idt
also necessary for restoring phospholipids degraded



CHKA (choline kinase alpha)

during signal transduction. Consequently, Choltas

an essential role in growth control and signal
transduction and it has been implicated in the
carcinogenic process.

Role in metabolic process:

Choline Kinase is the first enzyme in the Kennedy
pathway, responsible for de novo synthesis of
phosphatidylcholine (PC), one of the major lipid
components of plasma membranes in mammal cells,
that is also essential for structural stability acell
proliferation. The Kennedy pathway consists of four
steps. First Choline Kinase catalyzes choline
phosphorylation, then  phosphocholine  (PCho)
cytidylyl-transferase (CCT) catalyzes the formatimhn
CDP-choline from PCho and CTP, and
cholinephosphotransferase (CPT) catalyzes the final
condensation reaction of CDP-choline  with
diacylglycerol (DAG) to generate PC. Finally,
Phospholipase D (PLD) catalyses the hydrolysis©f P
to generate phosphatidic acid (PA) and free choline
ChoK can also function as an ethanolamine kinase
(EtnK) as it is able to phosphorylate ethanolamkra.

a long time choline kinase and ethanolamine kinase

have been considered as the same enzyme, because

ChoK preparations of highly purified or recombinant
enzymes from mammalian sources has been shown to
have also a significant EtnK activity. Sub-sequentl
separate genes that would encode EtnK-specific
enzymes were identified (Aoyama et al. 2004).

Role in signal transduction, precursor of second
messengers:

PC hydrolysis has been implicated in cell signgllin
Due to the relative abundance of PC, its hydrolgais
sustain a prolonged liberation of catabolites witho
drastic changes in membrane phospholipids content.
These long-lasting signals are thought to be ingmdrt
in the acquisition of the transformed phenotypedéin
mitogenic stimulation by growth factors or oncogeni
transformation, PLD-driven PC hydrolysis gives
choline and phosphatidic acid (PA). PA can be
hydrolyzed or deacylated to form DAG or
lysophosphatidic acid (LPA) respectively, both with
mitogenic activity. On the other hand, PCho gemetat
from Cho by ChoK is an essential event for growth
factors such as platelet-derived growth factor (FDG
or fibroblast growth factor (FGF). Furthermore his
been suggested a mitogenic role for PCho (Lacal 200
Janardhan et al. 2006).

Role in the regulation of cell proliferation:

The accumulation of PC is necessary for the engranc
of S phase of the cycle and cell division. It hasib
recently proposed that ChoK participates in the
regulation of G1-->S transition of the cell cyclé a
different levels (Ramirez de Molina et al. 2004).
ChoK over-expression induces the transcriptional
regulation of genes involved in cell cycle suchpag,
p27, and Cyclin D1 and Cyclin D3, whereas ChoK
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specific inhibition reverses this effect on theulkadion

of cell cycle promoting genes. These results sugbes
existence of ChoK-driven co-regulated mechanism to
maintain cell growth through the activation of GiS-
transition of the cell cycle (Ramirez de Molina at
2008).

Role in carcinogenesis:

PCho is an important lipid metabolite that is irwed

in cell proliferation as well as in tumorogenesis
(Glunde et al. 2006). A role for ChoK in generatimin
human tumours has been reported. Studies with aucle
magnetic resonance (NMR) reveals elevated levels of
PCho in human tumoral tissues in comparison with
normal ones (Ruiz-Cabello and Cohen 1992; Smith et
al. 1993). The generation of PCho through Kennedy
pathway is considered to be one of the crucialsstep
regulating growth factor stimulated cell prolifecat,
malignant transformation, invasion and metastasis
(Lacal 2001; Rodriguez-Gonzalez et al. 2003; Glunde
et al. 2006). Confirming the role of ChoK in the
generation of PCho in the carcinogenic process, thi
enzyme has been recently described as a novel
oncogene that potentiates the tumorogenic ability o
other oncogenes such as RhoA (Ramirez de Molina et
al. 2005).

ChoK is over-expressed in different tumour-derived
cell lines as well as in different human tumours
including breast, lung, prostate and colorectalool
cancers (Ramirez de Molina et al. 2002; Ramirez de
Molina et al. 2002). In addition to ChoKover-
expression, an increased enzymatic activity has bee
observed in human tumours such as breast (Ramérez d
Molina et al. 2002) and colon cancer (Nakagamilet a
1999). Furthermore, ChoK has been recently
described as a new prognostic factor to predidepiat
outcome in early-stage non-small-cell lung cancer
patients (Ramirez de Molina et al. 2007).
Consequently, ChoKinhibition constitutes an efficient
antitumour strategy with demonstrated antiprolifies
activity in vitro and antitumoral activity in vivo
(Hernandez-Alcoceba et al. 1997; Hernandez-Alcoceba
et al. 1999). A dramatic difference in the respotwse
MN58b, a specific ChoK inhibitor, has been observed
between normal and tumour cells. Whereas blockége o
de novo PCho synthesis by MN58b in primary cells
induces pRb dephosphorylation and results in
reversible cell cycle arrest in GO/G1 phase, tumour
cells suffer a drastic wobble in the metabolismmaiin
membrane lipids PC and sphingomyelin, resulting in
significant increase in the intracellular levels of
ceramides that promotes cells to apoptosis (Rodzgu
Gonzalez et al. 2003; Rodriguez-Gonzalez et al4200
Rodriguez-Gonzalez et al. 2005).

Mutations

Note
No mutation has been described in ChoK
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Implicated in

Breast carcinoma

Oncogenesis

Normal and tumoral tissues from patients with breas
carcinomas were analysed for Chokactivity and
expression. ChoK activity was increased in 38.5% of
tumoral tissues, whereas ChoKover-expression
determined by WB analysis was found in 17% of tBe 5
samples analysed (Ramirez de Molina et al, 2002).

Ovarian carcinoma

Oncogenesis

Choline Kinase activity in human epithelial ovarian
carcinoma cells (EOC) was 12- to 24-fold higher whe
compared with normal or immortalized ovary epithkli
cells (EONT) (lorio et al, 2005).

Lung cancer

Oncogenesis

ChoK mRNA levels were increased in lung tumour
cell lines in comparison with human primary bromthi
epithelial cells (BEC). This increase was higher in
small-cell lung cancer (SCLC) than in non-small-cel
lung cancer (NSCLC). Moreover, protein levels and
ChoK enzymatic activity were also increased in tumo
cells (Ramirez de Molina et al, 2007).

When analysing tissues from patients with NSCLC,
ChoK over-expression was also observed with an
incidence of 50%. Furthermore, patients with NSCLC
with ChoK over-expression had worse disease free
and overall survival than those patients with ndrma
levels of the enzyme (Ramirez de Molina et al, 2007

Colorectal cancer

Oncogenesis

Both ChoK activity and PCho levels were increased in
colon cancer and adenocarcinoma tissues when
compared with normal tissue. PCho levels in colon
cancers were about 1.5 times higher than in normal
colon tissue, whereas ChoK activity was 3.7 times
higher in tumoral tissues with respect to norma¢on
(Nakagami et al, 1999).

Prostate cancer

Oncogenesis

Increased ChoK was found in 48% tumoral prostate
tissues when compared with their normal countespart
(Ramirez de Molina et al, 2002).
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|dentity

Other names: Ol4

HGNC (Hugo): COL1A2

Location: 7g22.1

Local order: Golgi-associated membrane protein
HBET1 is centromeric to COL1A2 and telomeric
neighbors include: CAS1 domain containing 1,
PEG10 and SGCE (minus strand).

DNA/RNA

Description

The COL1A2 gene is 36.67 kb and is composed of 52
exons that encode a 5411 base mRNA and a protein of
1366 amino acids.

Transcription

See figure summarizing basal
COL1A2.

transcription  for

5UTR

mRMNA = 5411 b

=300
GCC

-160
TCC

+!.. -125

cading exons

TCC CCAAT CpG

Cis-acting elements and trans-acting factors found
within the proximal promoter, upstream enhancer and
downstream repressor regions regulate the coresitut
cytokine-mediated and tissue-specific expression of
this gene. The most 5' element around -300, is doun
by C/EBP, Ets, AP1 and Spl. This location contties
GCC-rich sequences which bind Spl and upon which
COL1A2 promoter activity is highly dependent.
Additionally, Etsl and related Flil, have differianht
effects on transcription within this region. Two TC
rich boxes at -160 and -125 interact with Sp1 ap8.S
The TCC-rich box at -160 acts as a repressor and
negatively modulates the downstream TCC-rich box as
well as the upstream GCC-rich sequences. The
CBF/NFY trimer is a transcriptional activator aridds

to the canonical CCAAT motif at -80. RFX proteins
bind the promoter at a methylation-sensitive Cpt® si
at +7 and repress COL1A2 promoter activity.

FUTR

-80 +7

Factors regulating baseline transcription of COL1A2 (reprinted with permission from F. Ramirez). Top panel: organization of the COLIA2

gene. Lower panel: COLIA2 promoter.
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The cytokine, TGF- is an important regulator of tissue
fibrosis and ECM remodeling and resides in the ixatr
as a latent complex until it is activated. TGF-
upregulates COL1A2 as well as CCN2/ CTGF, PAI-1
and TIMP-1 thereby promoting matrix deposition. The
TGF- stimulation of the COL1A2 promoter depends
on Spl, Smad3/Smad4 and the co-activators of
p300/CBP. In dermal fibroblasts, 5-Fluoruracil (B)F
was shown to be an inhibitor of TGF{ SMAD
mediated COL1A2 transcription. The anti-fibrotic
actions of TNF- and IFN- result in the quenching of
the TGB- response as well as inhibiting the basal
transcription of COL1A2.

The tumor suppressor p53, is a modulator of the
COL1A2 gene. p53-dependent stress response genes
were analyzed in normal cells and tissues that were
irradiated against a background of differential p53
expression. In gamma irradiated fibroblasts, Komaro
et. al. showed that COL1A2 was upregulated in a p53
dependent manner and functions as a growth represso
Production of COL1A2 therefore may be partly
responsible for the growth suppression that
characterizes the "bystander effect" of p53-depende
gene therapy.

In studies using adenovirally-mediated Fli 1 siRNA
human dermal fibroblasts, reduction of Flil expi@ss
resulted in significant upregulation of both COL1Al
and COL1A2 genes, as well as proteins,and confirmed
that Fli 1 is a repressor for collagen type 1. In
comparison, TGF stimulation resulted in a 2-fold
increase of the collagen mRNAs

Stuiver et al (1991) determined that the COL1A2
promoter contains a response element sensitivaeo t
phorbol ester, TPA, an activator of PKC. TPA
increased COL1A2 at the transcriptional and protein
level only in TPA-responsive 3T3-L1 fibroblasts but
not in VT-1 fibroblasts, a variant cell line that mon-
responsive to TPA due to the inability of PKC
translocation to the membrane.

Protein

Description

One alpha2 chain pairs with two alphal chains tanfo
the triple helix of type | collagen.

propeptide

KA
|
I

. * 4

LIL T L R
AR AER LYY

e | ED TR A
—— c0llagen-l o2

*artw
RN

Perruccio EM, Roberts DD

Expression

Type | collagen is an abundant structural compopént
healthy connective tissue. In addition, it is exses by
tumor stromal fibroblasts and vascular cells.

Localisation

Type | collagen is a secreted extracellular matrix
protein. It is a major structural component of itage,
bone, dermis and tendons. In cancers, expression is
typically seen by stromal fibroblasts and vascuokilts
infiltrating the tumor.

Function

As a structural protein, type | collagen interaatsh
other matrix proteins including proteoglycans and
fibronectin. By binding to the cell surface intagyi
alpha-1 / beta-1 and alpha-2 / beta-1 type | celtacan
anchor cells into the matrix. In addition to itsustural
roles, type | collagen signaling to cells through i
integrin receptors and other cell surface collagen
receptors (CD36, inhibitory leukocyte-associated Ig
like receptor (LAIR)-1 (CD305), Endo180 (CD280),
and discoidin domain receptors, DDR1 and DDR2) can
regulate cell growth, motility, and differentiation

Mutations

Germinal

Multiple independent mutations in COL1A2 occur in
patients with osteogenesis imperfecta and in on fo
of Ehlers-Danlos syndrome. These mutations cause
skeletal and cardiovascular defects but are not
associated with malignancy.

Somatic

In tumors from patients with esophageal squamous
carcinoma, loss of heterozygosity was found at a 9%
frequency for a nucleotide repeat in the promoter o
COL1A2 and at a 12% frequency for a repeat in the
first intron of the gene. The effect, if any, ofetle
mutations on tumor progression remains unclear.
Epigenetic regulation of COL1A2 in cancer has been
described.

+— mature type | collagen —I-: propeptide

FY A A FE LTS
LI L L

One subunit of procollagen | 2 assembles with two subunits of procollagen | 1 to form type | procollagen. Proteolytic removal of the N

and C terminal propeptides yields mature type | collagen.
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Aberrant methylation of COL1A2 was found in about
half of primary hepatoma tissues examined.

Implicated in

Tumorigenesis

Note

Up- or down-regulation of COL1A2 has been reported
in certain cancers. Prior to widespread use of
microdissection methods, it was impossible to
distinguish changes in tumor cell versus stromdll ce
expression of COL1A2. In vitro studies have gergral
shown inhibitory.

Roles of tumor cell COL1A2 expression and, as
discussed below, promoting roles of stromal cell
expression. Thus some of the conflicting data
concerning tumor expression may be resolved with
better localization of the cells responsible forlA®@2
expression in specific tumors.

Disease

Thx2 is a member of T-box family of transcription
factors whose expression is de-regulated in some
melanoma, breast and pancreatic cancers. It has bee
reported by Teng et al (2007) that endogenousThx2
expression correlates with Col1A2 in several fibasb
cell lines and that overexpression of Tbx2 represise
human COL1A2 in transformed WI-38 fibroblasts and
HT1080 human fibrosarcoma cells. Thx2 appearsto ac
as a co-repressor at a site -107 to +50 on the huma
COL1A2 promoter. In studies over-expressing murine
Tbx2 in NIH3T3 fibroblasts and a rat osteoblastd! ¢
line, Coll gene was upregulated and downregulated
respectively. In primary infiltrating ductal caroimas,
COL1A2 expression in fibroblasts adjacent to breast
tumor cells was increased with stage | tumors
compared to nearby normal tissue while in stagmdl

[l tumors a decrease in COL1A2 was observed in
adjacent stromal fibroblasts. Additionally, co-cué of
normal fibroblasts with breast tumor cell linesulésd

in down-regulation of collagen mMRNA and protein in
fibroblasts. Microarray analysis of medulloblastoma
and primitive neuroectodermal tumor (PNET)
specimens reveal overexpression of COL1A2
compared to normal brain tissue. Increased collagen
type | protein was also found in medulloblastoma.
Expression profiling of microarray data showed an
increased COL1A2 expression in gastric
adenocarcinomas compared to normal tissue. Gene
silencing as a result of epigenetic modificationsrsas
histone deacetylation and CpG methylation is
increasingly being recognized as an important playe
cancer development. Treatment with agents thatrseve
these processes is an emerging area for cancapther
In several human hepatoma cell lines, treatmenth wit
the histone deacetylase inhibitor, trichostatinTSA4),
upregulated COL1A2 as demonstrated by microarray
and gRT-PCR analysis. Several reports have
demonstrated the silencing of COL1A2 due to abérran
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methylation within the promoter region of COL1A2
and at CpG islands in primary cancer tissues amuh fr
several cancer lines including breast cancer,
fibrosarcoma, hepatoma and colorectal carcinomia.cel
COL1A2 gene transcription was reestablished upon
application of the demethylating agent, 5'Aza-dC.
Studies such as these that correlate the anticancer
effects of TSA and 5'Aza-dC with the upregulatidn o
COL1A2 point to a role for COL1A2 as a candidate
tumor suppressor gene. Upregulation of both COL1A2
gene and protein expression has been shown inatever
studies by cDNA array, tumor tissue microarray and
gRT-PCR analysis in subtypes of malignant pleural
mesothelioma tumors as compared to normal
mesothelial cell lines and pleural mesothelium.iger
analysis of gene expression from five samples of
gastric cancer by Yasui et al (2004) demonstrated t
COL1A1l and COL1A2 were upregulated in these
tissues compared to normal epithelium. Also,
differential expression of COL1A2 occurred with
tumor stage and therefore may be marker for invasio
and metastasis.

Expression of COL1A2 was analyzed in different
stages of large B-cell lymphomas with cDNA
microarrays. Downregulation of COL1A2 was
observed in more advanced stages of the disease.
Screening of esophageal squamous cancer patients
versus normal controls revealed a loss of
heterozygosity in one or two of the polymorphiciloc
located within the promoter or first intron regiofithe
COL1A2 gene in a total of three patients.

The association between the development of oral
submucous fibrosis (OSF), a precancerous condifon
the oral cavity, and polymorphisms of collagen gene
was examined in patients with a history of betadqu
chewing, a habit that is a risk factor for thislagén
related disorder. Polymorphisms for both COL1A1 and
COL1A2 were noted and correlated with an individual
propensity for development of OSF depending on the
level of exposure to betal quid. Increased Ets
expression is implicated in ECM remodeling,
especially within the context of tumor invasion and
metastasis. Overexpression of Ets in human dermal
fibroblast cultures suppressed the TGRduced
activation of the COL1A2 promoter toward a
phenotype of increased matrix breakdown and
decreased matrix deposition indicative of several
diseases including cancer. Rearrangements in
chromosome band 8ql2 are characteristic of
lipoblastomas and drive the promoter swapping event
in the PLAG1 oncogene. In four lipoblastomas that
were examined by Hibbard et al (2000), fusion genes
between COL1A2-PLAG1 were identified in each case.
Fusion of COL1A2 occurred along the entire coding
sequence of PLAG1 and results in a full-length PUAG
protein and truncated COL1A2 protein product with
undetermined functionality. Collagen fibers surrdun
the nodular arrangement of lipoblastomas, and it is
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possible that the lipoblastoma cells are respoadii

the production of this capsule. The COL1A2 promoter
therefore, may play a significant role in lipobtasia.

A finding in RAS - and EGF -transformed cells isttia
variety of genes associated with ECM molecules are
repressed including COL1A2. Farnesyltransferase
inhibitors were found to upregulate the COL1A2 gene
and reverse the phenotype of RAS- transformed
NIH3T3 fibroblasts. Consistent with this are stigdie
demonstrating that overexpression of COL1A2
suppresses tumorigenesis in RAS-transformed NIH3T3
cells. It appears then that COL1A2 functions as an
EGF/RAS regulated growth repressor.

Oncogenesis

The mechanism by which COL1A2 alters tumor
growth may involve interactions with collagen
receptors on both tumor cells and tumor stromdkcel
Studies of the collagen receptor Endol80 have
identified roles in tumor growth mediated by its
expression on both stromal fibroblasts and breast
carcinoma cells. In the latter case, expression of
Endo180 enhanced tumor growth. An additional rdle o
stromal collagen is in regulation of tumor angioggn

as discussed in more detail below.

Tumor angiogenesis

Note

Three serial analyses of gene expression (SAGE) tag
for COL1A2 were significantly more abundant in an
analysis of tumor endothelium isolated from human
colon carcinomas versus normal endothelium. COL1A1
was also strongly upregulated in tumor endothelium,
identifying type | collagen as a potential tumor-
endothelium marker. The functional significancelo$
increased expression was unclear, although early in
vitro studies had found that type | collagen isuioed
during sprouting of post-confluent endothelial cell
monolayers. COL1A2 (and COL1A1) was sub-
sequently identified as an important target of the
angiogenesis inhibitor thrombospondin-1 (TSP1).€lyp

| collagen was identified as up-regulated in
metabolically labeled proteins secreted by vascular
outgrowths from TSP1 null muscle tissue explanted
into a 3D collagen gel compared to equivalent axgla
from wild type mice. Using quantitative RT-PCR,
endogenous TSP1 was confirmed to specifically
decrease mRNA levels for COL1A1 and COL1A2.
Thus, increased angiogenic responses in tissukisnidpac
the angiogenesis inhibitor TSP1 were associated wit
increased COL1A2 expression. A functional role for
this gene expression in the angiogenic switch \was t
shown using antisense morpholino oligonucleotides t
suppress the increased COL1A2 expression in TSP1
null explants. Suppressing either COL1A1 or COL1A2
using antisense morpholino oligo-nucleotides deszrda
vascular outgrowth. Therefore, type | collagen gene
expression appears to be necessary for angiogenesis
and inhibitors of their expression may inhibit
pathological angio-genesis. This is consistent it
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known roles of collagen-binding integrins in
angiogenesis, up-regulated type | collagen durirdypt
formation in post-confluent 2D endothelial cell
cultures, and the hypothesis of Folkman and colleag
that collagen is used as a "mandrill" to organiezevn
blood vessels. Regulation of COL1A1l and COL1A2
via TSP1 may explain the reciprocal regulationhefse
genes in leiomyomas.

Cancer Metastasis

Note

COL1A2 was independently identified as one of 17
genes highly correlated with metastatic potentiahf
gene expression profiling applied to a set of 2ifdrs

of diverse types. COL1A2 was up-regulated in
metastatic tumors. Subsequent studies showedhbat t
significance of COL1A2 to this signature is limitéal
certain cancer sites, but the significance of a
microenvironment gene signature that includes
COL1A2 for predicting disease-free survival hasrbee
confirmed in breast cancers. The COL1A1 gene, which
encodes the other subunit of type | collagen, wss a
found in these metastasis signatures, implying that
increased type | collagen protein expression wdgd
associated with increased metastasis. This has been
confirmed in human and porcine cutaneous melanomas,
where increased expression was found in fibroblasts
associated with invasive melanomas. Furthermore,
pharmacological inhibition of collagen gene expiass

in the porcine model limited invasive growth and
vascularization of the tumors. Increased COL1A2 and
COL1Al1 expression were also found in gastric
carcinomas. Increased COL1A2 expression was
significantly associated with tumor stage in thisdy.
Increased COL1A2 expression was also associatéd wit
invasion and metastasis in gastric carcinoma.
Oncogenesis

As in regulating tumor growth, the mechanism by
which increased COL1A2 expression increases
metastasis may involve interactions with collagen
receptors on both tumor cells and tumor stromdkcel
LNCaP prostate carcinoma cells expressing elevated
alpha-2 integrin / beta-1 integrin showed enhanced
motility to type | collagen in vitro and developetbre
frequent bone metastases in vivo.

To be noted

Note

Premalignant conditions:

Leiomyomas are benign hypertrophic lesions of the
uterus that are characterized by increased type |
collagen deposition. Increased COL1A1 and COL1A2
expression is driven at least in part by increagedé
expression in leiomyomas, although this
overexpression is limited to the proliferative phas
the menstral cycle.

Keloids are benign hypertrophic cutaneous lesibias t
exhibit a similar dependence on glycolytic metadmli
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as is characteristic of cancers. Keloid lesionsitgkh
increased collagen deposition that results in saarr

The increased COL1A2 expression in keloid fibrotdas
is driven at least in part by interleukin-6, ance th
positive effect of IL-6 on COL1A2 transcription in

keloid fibroblasts is associated with
activation of the JAK1/ STAT3 pathway.
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Identity starting within the FIRE region has been reported i
mouse macrophages and B cells.
Other names: C-FMS; CD115; CSF-1-R; CSFR; EC Description

2.7.10.1; FIM2; FMS; c-fms

HGNC (Hugo): CSFIR The human CSF1R gene, on the minus strand, spans a

region of 60,077 bases (Start: 149,413,051 bp from

Location: 5(_132 . pter; End: 149,473,128 bp from pter) interrupted by
Local_ order: The human CSF1R gene is Iocated_at introns ranging from 26kb for intron 1, to a range
the distal end of the g arm of chromosome 5 with between 6.3kb to less than 0.1 kb for the otheoirst
telomere to centromere orientation. Proximal The human CSF1R gene is composed of a total of 22
flanking genes include CSF2 (GM-CSF) and IL-3 at exons, of which the first exon is non-coding ancereh
5g31.1. Distal flanking genes include PDGFRB at the remaining 21 exons (starting with exon 2) eecod
5031-932. for the CSF1R protein.

Note The human CSF1R and mouse Csflr genomic

CSF1R (C-FMS) is the human cellular homologue of  structures are highly conserved.
the retroviral oncogene v-fms. The v-fms oncogene, .

first identified and isolated by Heisterkamp et ial. Transcription

1983, is transduced by the feline sarcoma virusasus The 5' end of the human CSF1R gene has 2 alteenativ
McDonough (SM) and HZ-5 strains, which cause  transcription start site regions, preceded by two
fibrosarcomas in domestic cats. The v-fms oncogene alternative promoters. The transcription of CSF1R
equivalent to the c-fms gene in its sequence, last h MRNA can be initiated at the two independent start
undergone genetic alterations, which constitutively  sSites in a tissue specific manner. The transcriptb

activate the receptor kinase in the absence tifjaad, exon 1 through exon 22 occurs only in placental
the colony stimulating factor-1 (CSF1). Infectiofi o trophoblasts, and is driven by a trophoblast-specif
mammalian cells with v-fms leads to cell promoter approximately 20kb upstream of the first
transformation in vitro and in vivo. exon. The transcript produced is predicted to be
approximately 4kb long. In macrophages and a few
DNA/ RNA other tissues (see expression section) transamipifo
CSF1R occurs only from exon 2 through exon 22
Note producing a transcript predicted to be approxinyatel
The presence of an anti-sense CSF1R transcript 3.9kb in length, which is translated into the CSF1R
protein.

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2) 120
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A: Genomic structure of the human CSF1R gene.
B: Scheme showing the regulatory regions of the mouse Csflr gene.

The regulatory regions and transcription binding sites within are

highly conserved between mouse and human. (Diagram based on Bonifer et al. Frontiers in Bioscience 2008)

The transcription this transcript is under the ooinbf

two major regulatory regions, which are highly
conserved between human and mouse: the Promoter
upstream of exon 2 and the fms-intronic regulatory
region (FIRE). Most studies on CSF1R trans-criglon
regulation have focused on the mouse gene. However,
most of the features of mouse Csflr are highly
conserved in human.

The mouse Csflr promoter is TATA-less, and drives
transcription from multiple sites (known as brodalss
transcription start sites). This promoter is not ¢

and there are no CpG islands in the vicinity. This
promoter contains binding sites for various
transcription factors including: PU.1, C/EBP, PAX5,
and FUS/TLS-TBP. The mouse FIRE region is located
in the second intron, approximately 2kb downstream
from the transcription start site. It contains hintdsites

for a number of transcription factors including:1Sp
C/EBP. With a few exceptions, the features desdribe
for the mouse Csfrl regulatory regions are highly

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2) 121

conserved in human. Specifically, the human CSF1R
can be regulated in a hormone dependent fashioa via
glucocorticoid response element present in the numa
CSF1R promoter, but not in the mouse Csflr promoter

Pseudogene

The first CSF1R intron contains a transcriptionally
inactive ribosomal protein L7 processed pseudo-gene
that is oriented in the opposite direction of theFIR
gene itself. This pseudogene is not functional itsit
sequence is highly conserved across all mammalian
species.

Protein

Description

The CSF1R protein consists of 972 amino acids and
has a molecular mass of approximately 108 kDa.
However due to post-translational modifications,



CSF1R (colony stimulating factor 1 receptor, formerly McDonough feline sarcoma viral (v-fms)

oncogene homolog)

Fischer JA, et al.

CSF1R Protein

1 100 200 300 400 S00 600 70O 800 900 972
1 1 1 | I 1 ] | 1 | |
I i 1 T 1 1 T T T 1 1a.a.
Transmembrane Domain
Extracellular Domain l Intracellular Domain

IG Domains
(CSF-1 Binding)

N [T |
GEGXXG | vrom |
Ye99  Yaod

Tyrosine Kinase Domain
(Catalytic Domain)

CSF1R Protein Structure. A. Schematic representation of CSF1R protein showing the CSF1-binding IG domains in the extracellular
portion, and the tyrosine kinase catalytic domain in the intracellular portion. Phosphorylated tyrosines (Y) are indicated.

which include phosphorylation, glycosylation, are t
acquisition of N-linked oligosaccharides, the pitde
molecular size increases.

The CSF1R protein also contains a signal peptideaan
512 amino acid N-terminal extracellular segmentohhi
contains the ligand binding domain, a hydropholic 2
amino acid membrane spanning region, and
intracellular domain 435 amino acids in length that
includes all sequences necessary for tyrosine &inas
activity (occurring at tyrosine (Y) Y699 and Y708s
well as Y809). The CSF1R protein contains a glycine
rich signature sequence that is characteristiarades,

as well as an ATP binding site at lysine (K) K6Ibe
immature intracellular glycoprotein has a molecular
mass of 130 kDa after it acquires N-linked
oligosaccharides of the high mannose type during co
translational glycosylation. The molecular mass of
CSF1R is increased further during intracellular
transport to the plasma membrane, where the
glycoprotein's  N-linked carbohydrates undergo
modifications in the Golgi complex, resulting in an
increase to 150 kDa molecular mass. There are
variations in molecular mass of CSF1R across specie
due to the differential processing of carbohydrate
chains in a species specific manner.

Expression

The major site of CSF1R expression is in macrophage
In  hematopoiesis, CSF1R is upregulated during
monocytic differentiation, but is downregulated idgr
granulopoiesis. CSF1R is expressed predominantly in
committed macrophage precursors (CFU-Ms),
monocytes, and tissue macrophages. CSF1IR mRNA
can be detected granulocytes, but is not translated
CSF1R mRNA/protein expression has been reported
also in non-hematopoietic cells such as trophablast
(where is seems to derive from an alternative tnapts
including the non-coding exon 1), osteoclasts, gmoo
muscle cells, and neurons, as
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well as in female mammary gland epithelium during

development and lactation. Expression of CSF1R
mRNA/protein has also been reported in breast,
ovarian, and endometrial tumors, as well as in

hepatocellular carcinomas. CSF1R expression during
hematopoiesis is regulated by tissue-specific séts
transcription factors that play a key role in myelo
differentiation. CSF1R is activated in a synergisti
manner by the co-expression of the macrophage-
specific transcription factor Pu.l and c-Ets-2. iDgrr
B-cell lineage restriction and differentiation, the
CSF1R gene is repressed by the transcription factor
PAXS5. It has been shown that PAXS5 is required dyrin
B-cell differentiation to keep CSF1R in a silerdtst It

has also been shown that CSF1R can be repressed by
Foxpl, a forkhead transcription factor that is imnt
regulated by the Beta-2-integrin Mac-1.

CSF1R Protein Structure. B. Diagram of the 2.7 A Crystal
Structure of the Autoinhibited Human CSF1R/ kinase Domain
(as described in Walter et al. J. Mol. Biol. 2007).
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Localisation

CSF1R is located at the cell plasma membrane.
Transport of CSF1R from the endoplasmic reticulum
(the site of synthesis) to the plasma membranersccu
efficiently with detection of the receptor at thaface
within 30 minutes of synthesis.

Function

CSF1R is the receptor for the ligand colony stiriota
factor-1 (CSF1). CSFI1R is an integral transmembrane
glycoprotein that exhibits ligand-induced tyrosine-
specific protein kinase activity, which triggers a
signaling cascade eventually affecting transcriptid
CSF1-responsive genes. CSF1R tyrosine
phosphorylation is induced upon binding of CSF1,
leading to activation of Ras / Erk and class I-A
phosphatidylinositol 3-kinase signaling pathways,
which in turn activate the signal transducers and
activators of transcription (STATs) pathways,
specifically STAT1, STAT3, and STAT5. CSFI1R
activation by CSF1 results in increased growth,
proliferation and differentiation.

Homology

Like the CSF1R gene, the CSF1R protein sequence
appears to be conserved across Euteleostomi
(vertebrates) including: Homo sapiens (Human), €ani
lupus familiaris (Dog), Mus musculus (Mouse), Rattu
norvegicus (Rat), Gallus gallus (Chicken), and Dani
rerio (Zebrafish). CSF1R is a member of the gp140
family of the type | cytokine receptor group anduss

a high degree of amino acid sequence homology to
platelet-derived growth factor receptor (PDGFRB),
specifically in its kinase domain.

Mutations

Germinal
None identified as of yet.

Somatic

Chromosomal abnormalities: A partial deletion of
chromosome 5 containing the CSF1R locus has been
consistently observed in patients with myelodydpas
syndrome. The CSF1R locus is also affected by the
acute megakaryoblastic leukemia-associated
translocation t(3;5)(p21;933) in which the CSF1Reae
on chromosome 5 is fused to the RBM6 gene on
chromosome 3, resulting in a fusion protein RBM6-
CSF1R.

Gene mutations: CSF1R point mutations have been
detected mainly in hematopoietic/lymphoid tissuél an
liver, where they correlate with myelo-dysplastic
syndrome and acute myeloid leukemia (AML) and
hepatocellular carcinoma, respectively. Specificall
mutations at codons 301 (exon 7) and 969 (exon 22)
seem to occur with a higher frequency in both #ssu
According to earlier studies these are activating
mutations that would play a role in leukemogenesis.
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However, later studies have failed to find these
mutations in AML patients. Additional mutations wer
discovered in AML patients at codons 245 (exonr&) a
413 (exon 9). However, their contribution to leukem
genesis is not known. Epi-mutations: Specific fasio
proteins resulting from leukemia-associated
chromosomal translocations, including the AML1-
MTG fusion proteins, result in transcriptional down
regulation of specific AML1 target genes such as
CSF1R. AML1-MTG-induced CSF1R downregulation
is epigenetic, as it is marked by specific repressi
histone changes as well as DNA hypermethylation at
the CSF1R regulatory regions. CSF1R epigenetic
down-regulation is associated with block of myeloid
differentiation and defects in cell proliferatianvitro.

Implicated in
Myelodysplastic syndrome (MDS)
Disease

The human CSF1R gene is consistently lost by partia
deletions occurring in chromosome 5 in MDS patients

Moreover, specific deletion of the CSFS1R gene has
been detected in as many as 40% of MDS patients.

Acute Myeloid Leukemia (AML)

Disease

Early studies had suggested a link between AML and
the presence of CSF1R codon 301 and 969 activating
mutations. While there is strong evidence that éhes
mutations have potential transforming activity, enetc
studies have failed to find these mutations in AML
patients. Thus the pathogenic role of CSF1R mutatio
in leukemogenesis is still controversial.

CSF1R might be involved in leukemia through
mechanisms other than gene mutations. CSF1R
downregulation has been reported in specific AML
subtypes. One of the factors that may lead to CSF1R
downregulation is the expression of the AML-
associated fusion proteins AML1-MTG8 (AML1-ETO)
and AML1-MTG16, derived from the t(8;21) and
t(16;21) chromosomal trans-locations, respectively.
Specifically, in patients with the t(8;21) transition,
which accounts for approximately 12% of all AML
cases, CSF1R down-regulation is marked by epigeneti
repressive changes (epi-mutations).

t(3;5)(p21;933) in Acute
Megakaryoblastic Leukemia (AMKL)

Disease

CSF1R has been reported to be affected by the
chromosomal translocation 1(3;5)(p21;933) in the
AMKL cell line MKPL-1. The fusion protein produced
by this translocation, RBM6-CSF1R is found only in
the cytoplasm and is constitutively active in the
megakaryocyte lineage. The RBM6-CSF1R confers IL-
3 independence to the mouse Pro-B cell line BaR8, a
induced myelo-proliferative disease in a murine
transplant model. The AMKL subtype represents 1% or
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less of the cases of AML. It most often occurs in
children, and is associated with Down syndrome. The
prognosis for AMKL is poor.

Breast Cancer

Disease

58% of all breast carcinomas and 85% of invasive
breast carcinomas express higher levels of CSF1R
compared to normal resting breast tissue. It han be
demonstrated that exogenous expression of CSF1R in
untransformed human mammary epithelial cells result
in aberrant acinar morpho-genesis, anchorage-
independent growth and an invasive phenotype.
Expression of CSF1R in breast tumors correlatel wit
increased invasiveness and adverse prognosticrésatu
like high histological grade, and an advanced cdihi
stage of presentation of breast cancer.

Cervical Cancer

Disease

A significant increase in CSF1R expression has been
reported in cervical carcinomas as compared to abrm
cervical tissue. The expression of CSF1R in cetvica
cancer is usually associated with a more aggresside
invasive disease. It has been suggested that iheare
autocrine mode of regulation by CSF1 in this cancer
cell type.

Breakpoints

Note

The only breakpoint known for the CSF1R gene can be
inferred by the identification of the novel fusiprotein
RBM6-CSF1R, in which the N-terminal portion of the
RBM6 (a.a. 1-36) is fused to the C-terminal portafn
CSF1R (a.a. 574-972). This fusion protein is pratid

to be produced by the translocation t(3;5)(p21;q33)
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i mal/lysosomal compartment via the mannose-6-
Identlty phosphate receptor pathway.
Other names: APPS; CPSB: EC 3.4.22.1 Under certain pathological conditions, cathepsinsB
HGNC (Hugo): CTSB translocated to the peripheral cytoplasmic andnpias
Location: 8p23.1 membrane region or secreted from cells. Procegsing
the mature enzyme form occurs in the acidic
DNA/RNA environment of the trans-Golgi and the lysosome.
Procathepsin B can be activated by cathepsin D,
Description elastase and cathepsins G, uPA/PLAU or tPA./PLAT

Activation occurs by cleaving and dissociation & 6

The gene for human cathepsin B is located on X .
residue proregion.

chromosome 8p22 and it comprises 12 exons. The
transcript length is 1017 bps which is translate®@39
residues preproenzyme. Cathepsin B mRNA consists of
several variants produced by alternative exon isylic
Most variations involve the 5'- and 3'-UTR. Catliaps

B mRNAs lacking exon 2 are predominant in human
tumours. In addition, human breast and colon
carcinomas and human melanoma contain a cathepsin
B transcript that is also missing exon 3 encoding t
signal peptide and 7 residues of the activation
propeptide.

Transcription

Transcription is initiated from more than one proeno
region. In addition to the promoter region upstream
from exon 1, there could be promoters upstream from
exons 3 and 4. Each promoter region could be réegglila
independently.

Protein Richardson diagram of procathepsin B structure: a-helixes are
shown in red and -sheets in green. Catalytic residues are

.. shown in ball-and-stick representation: Cys108 in yellow,
Description His278 in purple and Asn298 in pink. His189 on the occluding

; ; il loop is shown in purple in ball-and-stick representation. The
Cathepsin B belongs to the superfamily of papdi-i propeptide is shown in grey (MEROPS: the peptidase database

cysteine proteases. It is synthesized as a prepyoen - C01.060).

of 339 amino acid residues with a calculated MBdf The final proteolytic event is the cleavage between
822 Da. The presence of a signal sequence and N- residues 47 and 50 to yield a two-chain form of the
grllycosglatlon sites shows that cathepsin B is t@djéo enzyme with the excision of a dipeptide.

the endoso-
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Access of substrate into the active site of catinepss
controlled by an 18-residue-long insertion (Pro
107-Asp 124), termed the occluding loop which
provides two His residues to bind the carboxyliougr

of the C-terminus of the substrate. This explaims t
preferred carboxypeptidase activity of the enzyme.
However, cathepsin B can also act as an endopsptida
since the occluding loop is flexible and can monaaf

the active site cleft when endopeptidase subshiatis

to the enzyme. For colorimetric and fluorimetricag

of cathepsin B peptidyl-NHPhNO2 and -NHMec
substrates are most commonly used. When the
selectivity for cathepsin B over other lysosomal
cysteine peptidases such as cathepsin H, cathé&psin
and cathepsin S is required, Z-Arg-Arg+ NHPhNO?2 or
Z-Arg-Arg+NHMec should be used.

Cathepsin B is inhibited by a2-macroglobulin, the
cystatin family of inhibitors of papain-like cystei
peptidases and by the equistatin family. The
displacement of the occluding loop is required tfoz
binding of cystatin C to the active-site cleft. Maxf

the natural cysteine protease inhibitors are toeeef
much less effective against cathepsin B than other
members of the papain family. Cathepsin B is
susceptible to the various classes of irreversible
inhibitors that have been developed for the papain
family. Selectivity has been achieved through the
synthesis of E-64 derivatives CA-074, CA-030 and
isobutyl-epoxysuccinyl-Leu-Pro.

Expression

Based on the structure of the mouse and human
promoter regions, cathepsin B is classified as a
housekeeping gene. Although this implies that the
expression of the gene is constitutive, increasethe
amounts of mRNA for cathepsin B have been reported
in many human tumours. At the gene level, the edter
expression results from gene amplification, eledate
transcription, use of alternative promoters and
alternative splicing. These molecular changes lead
increased cathepsin B protein levels and in turn
redistribution, secretion and increased activitye®
expression of cathepsin B has been reported irraeve
human tumours including tumours of brain, colon,
prostate and thyroid.

Localisation

Cathepsin B asts as a lysosomal cysteine protease i
normal cells and tissues. In malignant tumours and
premalignant lesions, the expression of cathepsia B
highly up-regulated and the enzyme is secreted and
becomes associated with the cell surface. Secrefion
procathepsin B occurs principally as a result of
increased expression, whereas secretion of active
cathepsin B seems to be facilitated by lysosomal
exocytosis or extracellular processing by surface
activators. Cathepsin B is localized to caveoladhmn
tumour surface, where binding to the annexin I
heterotetramer occurs. Activation of cathepsin Bhan
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cell surface leads to the regulation of downstream
proteolytic cascade(s). A truncated form of catheps
lacking the signal peptide and part of the propkpti
and encoded by the construct missing exons 2 and 3,
was neither found in the Golgi apparatus nor in
lysosomal vesicles, but rather in the cytoplasm as
patches associated with membranous and shortdibril
elements.

Function

In the lysosomes, cathepsin B is involved in the
turnover of proteins and plays various roles in
maintaining the normal metabolism of cells. Catlieps
B protein and activity levels have been found to be
higher in many human tumours including tumours of
breast, cervix and ovary, colon, stomach, gliomagl|
and thyroid. The redistribution of cathepsin B ket
cell surface in cancer cells occurs coincidenththwi
degradation of the underlying extracellular matrix
(ECM). Cathepsin B can affect ECM directly causing
its proteolytic degradation or indirectly via aectiion

or amplification of other ECM-degrading proteases.
The endopeptidase activity of cathepsin B should be
important in direct extra- or intra-cellular remdohe

of ECM, since it is capable of degrading ECM pnatei
laminin, fibronectin, and collagen 1V, facilitating
tumour cell invasion and metastasis. Digestion of
fibronectin results in exposure of the CS-1 seqagenc
which is recognized by the integrin receptor =4
linking cathepsin B to cellular signal transduction
events. Cathepsin B indirectly enhances proteolygis
activating the urokinase-type pro-plasminogen which
can subsequently activate the plasmin-metallopro-
teinases proteolytic pathway.

Moreover, cathepsin B may change the balance
between metalloproteinases (MMP) and their inhikito
and directly activates some of the MMPs -inteastiti
procollagenase (proMMPs-3) and prostromelysin-1
(proMMPs-2), and cleaves and inactivates some @f th
MMP inhibitors TIMP-1 and TIMP-2. In such a way,
cathepsin B assists tumour cells in their detactimen
from ECMs and metastasis. Moreover, during
proteolytic break-down of ECMs, some ECM-bound
growth factors such as bFGF, EGF, TGRGF-I and
VEGF may be liberated and become bioavailable for
growth modulation of receptor-partner expressing
tumour and stroma cells.

Homology

Cathepsin B is encoded by a single gene in humachs a
other mammals and it exhibit a high degree of secgie
homology to other cysteine proteinases of the papai
superfamily. In contrast, cathepsin B-like cysteine
protease genes occur as large multigene families in
wide range of parasitic helminths and free-living
nematodes. Several cathepsin B-like genes werershow
to be expressed in the intestine of the parasibenw
Haemonchus contortus or in the free-living nematode
Caenorhabditis elegans. No function for any of the
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cathepsin B-like cysteine protease has been rasolve
but it is believed that they are involved in indantof
protective immunity.

Mutations

Germinal
Not yet reported for Homo sapiens.

Somatic
Not yet reported for Homo sapiens.

Implicated in

Invasive cancers

Disease

Over-expression of cathepsin B mRNA has been
reported in several human tumours including tumours
of brain, colon, prostate and thyroid. However,
increased expression of cathepsin B, in premalignan
lesions, suggests that this enzyme may play aimle
the transformation of pre-malignant lesions to
malignant tumours. Moreover, it has been found that
cathepsin B expression often increases specificlly
the invasive edge of tumour cells. Although, a few
studies indicate a correlation between cathepsin B
mRNA over-expression and tumour invasion,
numerous studies have been focused on cathepsin B
expression at the level of protein and activity.
Cathepsin B protein and activity levels have beazmél

to be higher in many human tumours including turaour
of breast, cervix and ovary, colon, stomach, bladde
glioma, lung, prostate and thyroid.

Prognosis

Cathepsin B was shown to participate in proces$es o
tumour growth, vascularisation, invasion and
metastasis. Its level in tumour tissue extracts can
provide useful clinical information to predict dése-
free and overall survival in breast, prostate, Jung
colorectal and other cancer patients. Cathepsin B
expression correlated with the invasiveness, eafpgci

in malignant breast and prostate tumours. In meteno
and colorectal cancer patients high serum levels of
cathepsins B correlated with shorter survival. Hsw
found that both cysteine cathepsins and their
endogenous protein inhibitors stefins and cyst&tin
can also predict prognosis when measured
extracellularly. However, the cathepsin B/cysta@n
complex was found to be less abundant in sera of
patients with malignant tumours than in those with
benign diseases or in healthy controls, suggesiimg
imbalance between the enzyme and its inhibitor in
cancer patients.

Oncogenesis

Cathepsin B can degrade components of
extracellular matrix (laminin, fibronectin and cadlen
IV) and intact basement membrane in vitro. In vivo
studies have found that there is an inverse cdivala

the
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between cathepsin B staining and basement membrane
(type IV collagen or laminin) staining in bladder,
gastric, lung and colon carcinomas. This would be
consistent with a functional role for cathepsin B i
degrading these extracellular matrix components in
vivo.

Once activated, cathepsin B may activate pro-uPA,
which then in turn can convert plasminogen to plasm
Plasmin is capable of degrading several comporants
the extracellular matrix may activate MMPs such as
interstitial collagenase (MMP-1), stromelysin-1 (N?M

3), gelatinase B (MMP-9), metalloelastase (MMP-12),
and collagenase-3 (MMP-13). These MMPs can
degrade many different components of the extralegllu
matrix and can activate other MMPs. Cathepsin B, in
addition to indirectly activating MMPs via the
plaminogen activator/plasmin cascade, may also
directly activate MMPs, e.g., interstitial collagese
and stromelysin-1. In vitro assays, however, do not
replicate the complex tumour environment and thas w
are not sure if these interactions between prosease
actually occur in vivo.

Neurodegenerative diseases

Disease

The regulated secretory pathway of neurons is the
major source of toxic beta-amyloid peptides that
accumulates in Alzheimer's disease. Extracelluéda-b
amyloid peptides secreted from that pathway is
generated by beta-secretase processing of amyloid
precursor protein. Previously, cysteine proteasieinc
was demonstrated as the major beta-secretasetyctivi
in regulated secretory vesicles of neuronal chréimaf
cells. The representative cysteine protease actinit
these secretory vesicles was identified as cathepsi
These results demonstrate a newly identified role f
cathepsin B in neurosecretory vesicles in the
production of biologically active peptides. Inhii$ of
cathepsin B may be considered as therapeutic agents
reduce toxic beta-amyloid peptides in Alzheimer's
disease.

Cardiovascular diseases

Disease

Cathepsin cysteine proteases have been shownyta pla
role in several cardiovascular diseases, including
restenosis and neointima formation, aneurysm
formation, and atherosclerosis. Cathepsin B is pain
expressed in macrophages, but also in smooth muscle
cells and human umbilical venous endothelial céits.
mMRNA and protein levels were

found to be increased in atherosclerotic lesions of
apoE-deficient mice, and cathepsin B immuno-
reactivity was highest in areas next to the lumedh ia
macrophages. Relocation of cathepsin B from the
lysosome into the cytosol, where it may act asvegae
enzymes in apoptosis, may eventually contributéhéo
formation of the necrotic core and can be consitiare
athero-sclerosis-stimulating role. On the other dhan
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inhibition of cathepsin B reduced

lysosomal

degradation of modified LDL, thereby inducing foam

cell formation, which can be
atherosclerosis-protective role for cathepsin B.
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Clinics and pathology

Disease

Acute myeloid leukaemiaA(L ), FAB M2 subtype.
Epidemiology

Only one case to date, a 59-year-old female patient
Prognosis

The patient died 5 months after the onset of the
leukaemia.

Cytogenetics

Additional anomalies
+8 and other anomalies.

Genes involved and proteins

ETV6

Location

12p13

Protein

ETS-related transcription regulator.

NTRK3

Location

15g25

Protein

Tyrosine kinase cell surface receptor.

Result of the chromosomal
anomaly

Hybrid gene
Description
5'ETV6-3' NTRK3

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2)
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Fusion protein

Description

Encodes a fusion protein with the sterile alphaiimot
(SAM) oligomerization domain of ETV6 in N-term to
the C- term protein tyrosine kinase (PTK) domain of
NTRK3.

Oncogenesis

Functions as a constitutively active tyrosine keas
ETV6-NTRK3 is capable of homodimerization, or
heterodimerization with ETV6, and subsequent PTK
activation, leading to constitutive elevation ofcky
D1, and increased cell cycle progression. ETV6-
NTRKS3 also leads to constitutive activation of twb
the major effector pathways of NTRK3: the Ras-
MAPK mitogenic pathway and the phosphatidyl
inositol-3-kinase (PI3K) pathway leading to actigat

of the AKT cell survival factor (Lannon and Soremse
2005).

To be noted

Note

The same translocation t(12;15)(p13;925) with the
same genes involved (ETV6-NTRKS3) can also be
found in: Secretory Ductal Breast Carcinoma , in
Congenital Mesoblastic Nephroma, and in Congenital
Fibrosarcoma.

References

Setoyama M, Tojo A, Nagamura F, Asano S, Ishimae M,
Eguchi M, Kamada N. A unique translocation of the TEL gene
in a case of acute myelogenous leukemia with inv(12)(p13q15)
Blood. 1998 Aug 15;92(4):1454-5

Eguchi M, Eguchi-Ishimae M, Tojo A, Morishita K, Suzuki K,
Sato Y, Kudoh S, Tanaka K, Setoyama M, Nagamura F, Asano
S, Kamada N. Fusion of ETV6 to neurotrophin-3 receptor
TRKC in acute myeloid leukemia with t(12;15)(p13;925). Blood.
1999 Feb 15;93(4):1355-63



t(12;15)(p13;925) Huret JL

Lannon CL, Sorensen PH. ETV6-NTRK3: a chimeric protein

tyrosine kinase with transformation activity in multiple cell

lineages. Semin Cancer Biol. 2005 Jun;15(3):215-23 Huret JL. t(12;15)(p13;g25). Atlas Genet Cytogenet Oncol
Haematol. 2009; 13(2):130-131.

This article should be referenced as such:

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2) 131



Atlas of Genetics and Cytogenetics
in Oncology and Haematology

N
(7 revues

OPEN ACCESS JOURNAL AT INIST-CNRS

Leukaemia Section

Short Communication

t(12;21)(ql12;922)

Jean-Loup Huret

Genetics, Dept Medical Information, University dadifrers, CHU Poitiers Hospital, F-86021 Poitiersaiice

(JLH)

Published in Atlas Database: January 2008

Online updated version: http://AtlasGeneticsOncology.org/Anomalies/t1221q12q221D1339.html

DOI: 10.4267/2042/44406

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 2.0 France Licence.
© 2009 Atlas of Genetics and Cytogenetics in Oncology and Haematology

Clinics and pathology

Disease

Acute myeloid leukaemia (AML), M2 subtype.
Epidemiology

Only one case to date, a 76 year old male patient.
Prognosis

No data: the patient died, but no survival data was
noted.

Cytogenetics

Additional anomalies
The t(12;21)(q12;922) was the sole anomaly.

Genes involved and proteins
CPNES8

Location

12q12

Protein

CPNES is a member of the copines. Copines areyighl
conserved, widely expressed, -calcium-dependent
membrane binding proteins. They may have a role in
membrane trafficking and mediate cellular processes
conferring calcium regulation to various signaling
pathways. Copine 8 is strongly expressed in brain,
heart, and prostate, and expressed at low levelast
other tissues.

RUNX1

Location
21922

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2) 132

Protein

Contains a RUNT binding domain and a trans-
activation domain; forms heterodimers; nuclear
localization; transcription factor; critical regtda of
hematopoietic-cell development.

Result of the chromosomal
anomaly

Hybrid gene

Description

5" RUNX1 (including the DNA binding domain)
broken after exon 6 and fused to intron 2 of CPNES.
However, fusion is out of frame, and termination
occurs after 2 amino acids from CPNES8, producing a
truncated RUNX1.

Fusion protein

Description
The truncated RUNX1 includes the binding domain,
but not the transactivation domain.
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Clinics and pathology

Disease

Myelodysplastic syndrome (MDS) and acute myeloid
leukemia (AML).

Phenotype/cell stem origin

Refractory anemia (RA), refractory anemia with an
excess of blasts (RAEB) and AML, FAB subtypes M2.
A primitive myeloid progenitor is likely to be inlxaed.
Epidemiology

Only three cases reported to date: one case with RA
one with RAEB and the other with AML M2. All the

patients were adults (more than 65-year old); séip:r
2M/1F.

Clinics
Splenomegaly,
leukopenia.

Cytology
Positive for CD34, CD33, CD13, CD15, HLA-DR.

Prognosis

The three patients died. The survival in AML was 4
weeks, in RA 16 months and in RAEB 5 years.

Genetics

Deletion of ETV6 and CDKN1B sequences were
observed in the case of RA.

Cytogenetics

Balanced translocation in the three cases.

anemia, thrombocytopenia  and

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2) 133

Cytogenetics molecular

Metaphase FISH analysis performed on the RA patient
using specific probes (cosmid and YACs) for the 12p
region, revealed hemizygous loss of the ETV6 and
CDKN1B regions. On the other hand, FISH studies on
the RAEB patient showed that the breakpoints inlB2p
mapped inmediately distal to the breakpoint cluster
region frequently involved in hematological neoptas

Additional anomalies

The 1(8;12)(q12;p13) was observed as a sole anomaly
in the RAEB case, and accompanied by an extra der(8
and del(5)(q13g31) in the AML and RA cases
respectively.

Genes involved and proteins

Note
Not yet defined.
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Clinics and pathology

Disease

Acute myeloid leukemia, MO type (MO AML)
Epidemiology

Only one case to date, 70-year-old male patient.
Prognosis

The patient died 21 months after diagnosis.
Genes involved and proteins
FGFR

Location

8p12

Protein

FGF receptor; membrane associated tyrosine kinase.
Signal transduction.

ERVK/HERV-K

Location

19913

Note

ERVK/HERV-K are dissemninated throughout the
whole genome; one of these, located in 19q13, was
found implicated in the t(8;19).

Protein

ERV/HERV sequences are thousands of endo-genous
retroviruses. Most -if not all- are defective, aintng
deletions or nonsense mutations. The ERVK/HERV-K
family is the most recently inserted family, after
chimpanzees and men

diverged. ERV element consists of two identical,
nontranslated long terminal repeats (LTRs) flankamng
internal region that encodes proteins requiredvical
replication and assembly. Defective ERV have lost
their internal region and LTRs often remain solos.

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2) 134

These retroelements (RE) could be agents of genomic
instability. They can cause host DNA rearrangements
due to recombination events, by transduction of RE
flanking sequences into new genomic loci, by creati
pseudogenes, or by causing RNA recombination.

The HERV-K subgroup has been suspected to be
involved in cancer (including seminomas), autoimeun
diseases, and neuronal diseases such as schiziaphren

Result of the chromosomal
anomaly

Hybrid gene
Description

5' sequences from an ERV element - 3' FGFR1 (starti
at exon 9).

Fusion protein

Description

Open reading frame from ERV sequences fused to part
of the juxtamembrane domain and the tyrosine kinase
encoding regions of the FGFR1 gene.
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Clinics and pathology

Disease

Acute myeloid
lymphoma (NHL).
Note

The disease is likely to be heterogeneous, witlemdint
phenotypes (AML and NHL) for a given breakpoint
(1p31 and 89g22), and possibly similar or different
breakpoints in different AML cases.

Epidemiology
3 cases of AML: two of which were M2 cases (ages
and sex were: 84 years/F; 40 years/M;?/?); the NHL

case was 71 year-old male patient with a smaliveléa
cell follicular lymphoma.

Cytogenetics

Additional anomalies

Complex karyotypes in all the available cases;|ébdg
and a t(8;21)(g22;922) in a M2-AML.

Genes involved and proteins

Note: Genes involved are unknown.

leukaemia (AML); non-Hodgkin

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2) 136

References

Bloomfield CD, Arthur DC, Frizzera G, Levine EG, Peterson
BA, Gajl-Peczalska KJ. Nonrandom chromosome
abnormalities in lymphoma. Cancer Res. 1983 Jun;43(6):2975-
84

Moertel CL, Miser JS. Acute megakaryocytic leukemia. Mayo
Clin Proc. 1990 Mar;65(3):437-8

Calabrese G, Min T, Stuppia L, Powles R, Swansbury JG,
Morizio E, Peila R, Donti E, Fioritoni G, Palka G. Complex
chromosome translocations of standard t(8;21) and t(15;17)
arise from a two-step mechanism as evidenced by
fluorescence in situ hybridization analysis. Cancer Genet
Cytogenet. 1996 Oct 1;91(1):40-5

Kerndrup GB, Kjeldsen E. Acute leukemia cytogenetics: an
evaluation of combining G-band karyotyping with multi-color
spectral karyotyping. Cancer Genet Cytogenet. 2001 Jan
1;124(1):7-11

Van Limbergen H, Poppe B, Michaux L, Herens C, Brown J,
Noens L, Berneman Z, De Bock R, De Paepe A, Speleman F.
Identification of cytogenetic subclasses and recurring
chromosomal aberrations in AML and MDS with complex
karyotypes using M-FISH. Genes Chromosomes Cancer. 2002
Jan;33(1):60-72

This article should be referenced as such:

Huret JL. t(1;8)(p22-p32;922-g23). Atlas Genet Cytogenet
Oncol Haematol. 2009; 13(2):136.




Atlas of Genetics and Cytogenetics
in Oncology and Haematology

N
(7 revues

OPEN ACCESS JOURNAL AT INIST-CNRS

Leukaemia Section

Short Communication

t(10;11)(g922;923)

Franck Viguié

Laboratoire de Cytogénétique - Service d'Hématel&jpologique, Hopital Hotel-Dieu - 75181 Paris Cede

04, France (FV)

Published in Atlas Database: February 2008

Online updated version: http://AtlasGeneticsOncology.org/Anomalies/t1011922q231D1410.html

DOI: 10.4267/2042/44410

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 2.0 France Licence.
© 2009 Atlas of Genetics and Cytogenetics in Oncology and Haematology

Clinics and pathology

Disease
Acute myeloid leukemia (AML)
Phenotype/cell stem origin

Described in subtypes AML-M2, -M4 and -M5. Cell
lineage dysplasia may be associated.

Epidemiology

Less than 10 cases described mainly adults and one
child.

Prognosis
Undetermined, possibly intermediate.

Cytogenetics
Cytogenetics morphological
Easy to detect, evident 10g- and 119+ derivatives.

Cytogenetics molecular

Commercial dual color MLL FISH probes are splitted
by the translocation. 10g22 breakpoint may be detec
with RP11-119F7 BAC probe.

Additional anomalies

Sole anomaly in half published -cases,
karyotype in others.

Genes involved and proteins

MLL

Location
11923

complex
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Note

MLL (mixed-lineage leukemia or myeloid-lymphoid
leukaemia) is also called ALL-1 or HRX.

DNA/RNA

36 exons, multiple transcripts 13-15 kb.

Protein

430 kDA, contains two DNA binding motifs (a AT
hook and a CXXC domain), a DNA methyl transferase
motif, a bromodomain; transcriptional regulatorgtéa
involved in maintenance of Hox gene expression
during embryogenesis and during the process of
haematopoietic progenitors expansion and
differentiation.

CXXC6

Location

10922

Note

CXXC6 (CXXC finger 6) is also called LCX
(leukemia-associated protein with a CXXC domain) or
TET1.

DNA/RNA

8497 bp representing the whole coding sequence. At
least 12 exons. Contains 3 bipartite nuclear laatitn
sites, 1 alpha helice coiled-coil region and 1 eiyst
rich domain with high level homology with a CXXC
DNA binding site.

Protein

Predicted size of 2136 amino acids, expression
restricted to some fetal tissues, mainly lung, head
brain; not expressed in hematopoietic tissues,@oe
spleen; unknown function.



t(10;11)(q22;923)

Result of the chromosomal
anomaly

Hybrid gene

Description

Breakpoint within MLL intron 6 and LCX intron 8;
MLL exon 8 is fused in frame with LCX exon 9 and
transcripts from the 5' MLL-LCX 3' fusion gene on
der(11) are expressed; transcripts from the 5' LCX-
MLL3' counterpart are not detected.

Fusion protein

Description

Predicted molecular weight of 204.4 kDa.
Oncogenesis

Unknown; the alpha helice coiled-coil region regain
at the COOH extremity might be involved in the
leukemogenesis.
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Clinics and pathology

Disease

Myelodysplastic syndrome (MDS) and acute myeloid
leukaemia (AML)

Phenotype/cell stem origin
The AML case was a M6.
Epidemiology

Only three cases available; patients (one male, two
female patients) were aged 68, 70, and 80 (years).

Cytogenetics

Cytogenetics morphological

The 3 cases were found using multi-FISH techniques;
this translocation may therefore be partially cigpt
especially so as it is found in complex karyotypes.

Additional anomalies

Major karyotypic anomalies were present in 3 ouBof
cases; +X and +8 were found in one case.

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2) 139

Genes involved and proteins

Note
Genes involved are unknown.
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CIinics and pathology I\?vlénga?e;h:;:frlee cases, and +8 and -14 were faund

Disease - i
Myeloproliferative syndrome (MPD) and acute Genes involved and prOtemS
myeloid leukaemia (AML) Note

Phenotype/cell stem origin Genes involved are unknown.

One case was a M2-AML, another case was a MPD
associated with an AML, the third case was an AML References

not otherwise specified. Veldman T, Vignon C, Schréck E, Rowley JD, Ried T. Hidden
. . chromosome abnormalities in haematological malignancies
Epldemlology detected by multicolour spectral karyotyping. Nat Genet. 1997
Only three cases available; two male and one female AP’15(4):406-10
patients aged 62, 63, and 71 yrs. Mohr B, Bornhduser M, Thiede C, Schakel U, Schaich M,
llimer T, Pascheberg U, Ehninger G. Comparison of spectral
1 karyotyping and conventional cytogenetics in 39 patients with
Cytogenetlcs acute myeloid leukemia and myelodysplastic syndrome.

. . Leukemia. 2000 Jun;14(6):1031-8
Cytogenetics morphological _ ,
Van Limbergen H, Poppe B, Michaux L, Herens C, Brown J,

The 3 cases were found Using mul“-FISH techniques; Noens L, Berneman Z, De Bock R, De Paepe A, Spe|eman F.

this translocation may therefore be partially ciypt Identification of cytogenetic subclasses and recurring
especially so as it is found in complex karyotypes. chromosomal aberrations in AML and MDS with complex

. . karyotypes using M-FISH. Genes Chromosomes Cancer. 2002
Additional anomalies Jan;33(1):60-72

The three cases present with very similar cytodenet  1is article should be referenced as such:
profiles: major karyotypic anomalies were presen8i

out of 3 cases: -5/de|(5q) was Huret JL. t(7;14)(q21;q13). Atlas Genet Cytogenet Oncol

Haematol. 2009; 13(2):140.
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CIinics and pathology factor, cr|t|cgl regul_ator of hematopoietic-cell
development, involved in many de novo and treatment
Disease related leukaemias. The exons 1-4 of RUNX1 were

. . fused to repetitive sequences from chromosome 9,
Acu.te m){elmd leukaemia (AML) adding 70 amino acids to RUNX1 exon 4 encoding
Epidemiology sequences, resulting in a truncated RUNXL.

Only one case to date. The t(9;21)/RUNX_1 involvement may be responsible
Clinics for the transformation of the EMS.

The patient was a 75 year old male patient with a References

myeloproliferative syndrome (MPS) in transfor-matio Fioretos T, Panagopoulos |, Lassen C, Swedin A, Billstrém R,

to AML. The MPS was a 8p11 myelo'prO“feratlve Isaksson M, Strémbeck B, Olofsson T, Mitelman F, Johansson
syndrome (EMS). B. Fusion of the BCR and the fibroblast growth factor receptor-
- 1 (FGFR1) genes as a result of t(8;22)(p11l;911) in a

myeloproliferative disorder: the first fusion gene involving BCR

Cytogenetlcs but not ABL. Genes Chromosomes Cancer. 2001

: : Dec;32(4):302-10
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BCR/ FGFR fusion, responsible for the EMS. mediated truncation of RUNX1 as a potential mechanism
- - underlying disease progression in the 8pl1l myeloproliferative
Genes |nvolved and prote|ns syndrome. Genes Chromosomes Cancer. 2007 Jul;:46(7):635-
43
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. . . This article should be referenced as such:
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Identity carcinoma)_ are considered as carcinoma of the
extrahepatic bile ducts.

Alias - .

Peripheral cholangiocarcinoma ClaSSIflcatlon

Peripheral bile duct carcinoma Note

Note

Tumor staging is separated by TNM classification.
Classification

TNM classification of tumors of the liver and
intrahepatic bile ducts.

Defined as a malignant tumor arising from the
intrahepatic bile duct epithelium. Cholangio-caoeira
arising from the right and left hepatic ducts athear
their junction (hilar cholangio-

Intrahepatic cholangiocarcinoma, CT image. The quadrate robe contains a mass. Peripheral enhancement of the tumor and peripheral
bile duct dilatation are shown.
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Liver: Intrahepatic cholangiocarcinoma

Clinics and pathology

Disease

Intrahepatic cholangiocarcinoma is an aggressive
malignancy with poor prognosis. The causes of this
disease lethality are not only its rapid growth blgo

its tendency to invade adjacent organs and metastas

Etiology

Intrahepatic cholangiocarcinoma, unlike hepatoudat]
carcinoma, is not usually related to liver cirrtsoand is
sometimes accompanied by severe fibrosis. This
suggests that hepatocellular and cholangiocarcinoma
might originate from hepatic precursor cells.
Opisthorchis viverrini-induced cholangiocarcinomas
are common in Thailand. Liver fluke infection casise
chronic inflammation and enhances the susceptitofit
bile duct epithelium to carcinogens/free radicals,
leading to genetic and epigenetic damage in cells.
Increased carcinogenic nitroso-compounds as atresul
of regional dietary factors are thought to have a
synergistic effect on patients with liver fluke
infestations.

Hepatolithiasis represents a high-risk state for
intrahepatic cholangiocarcinoma because of rectrren
bacterial infections and bile stasis. Hepatitis i@us/
(HCV) infection has also been reported as a riskofa
for cholangiocarcinoma; however, the relationship
between HCV and cholangiocarcinoma formation is not
unequivocally established. Patients with primary
sclerosing cholangitis have a tendency to devel b
duct carcinoma including intrahepatic cholangiozarc
noma. However, most intrahepatic cholangiocarci-
nomas arise in the absence of known etiological
factors.

Enjoji M, Aishima S

Epidemiology

Intrahepatic cholangiocarcinoma is the second most
prevalent intrahepatic primary cancer. It occurghe
middle-aged and elderly with no obvious sex
differences. Its incidence reveals wide geographic
variations: the highest incidence is reported in
Southeast Asia especially in Laos and Northeast
Thailand, areas suffering from endemic infectiorthwi
the liver fluke, Opisthorchis viverrini. Hepatolidtsis,
another risk-factor, is also more frequently seegast
Asian than in Western countries.

Clinics

The clinical features of intrahepatic
cholangiocarcinoma are primarily governed by its
anatomical location and growth pattern. Biliary
obstructive symptoms are rare. Generally, earlgesta

of intrahepatic cholangiocarcinoma do not produce
specific clinical symptoms that are recognized by
affected persons, and there is no specific or malct
laboratory method for the diagnosis in early stages
Hence, diagnosis of tumors is frequently made when
malignancies have progressed to an advanced stage
with poor prognosis. In an advanced stage, abddmina
pain, fever, general malaise, and weight loss caniro

On ultrasound imaging, there are no specific festur
for intrahepatic cholangiocarcinomas to distinguish
them from other intrahepatic tumors. On magnetic
resonance imaging, intrahepatic cholangiocarcinomas
appear hypointense on T1l-weighted images and
hyperintense on T2-weighted images. On computed
tomography, typical intrahepatic cholangiocarcinema
present as mass lesions with irregular marginsghou
significant enhancement is not shown in the central
portion of the lesion.

Intrahepatic cholangiocarcinoma. Well differentiated tubular adenocarcinoma.
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Liver: Intrahepatic cholangiocarcinoma

For staging the disease, computed tomography and
magnetic resonance imaging are effective.
Percutaneous tumor biopsy is available for qualiat
diagnosis but there is the possibility of tumordeg.

As tumor-associated markers, CA19-9, CEA, and
CA125 are well studied, and CA19-9 is most useful.

Pathology

The Liver Cancer Study Group of Japan has propased
classification of intrahepatic cholangio-carcinoma
based on macroscopic features; mass-forming,
periductal infiltrating, and intraductal, or mixedass-
forming and periductal infiltrating. The
histopathological classification of biliary tract
carcinoma follows the WHO classification:
adenocarcinoma,

adenosquamous carcinoma,

squamous carcinoma,

cholangiolocellular carcinoma,

mucinous carcinoma,

signet-ring cell carcinoma,

sarcomatous carcinoma,

lymphoepithelioma-like carcinoma,

clear cell variant,

mucoepidermoid carcinosarcoma.

The most common histology of intrahepatic
cholangiocarcinoma is that of an adenocarcinoma
showing tubular and/or papillary structures with a
variable fibrous stroma.

Treatment

Surgical resection, chemotherapy, radiation therapy
and radiofrequency ablation.

Evolution
Recurrence should be given careful attention.
Prognosis

Surgical resection improves prognosis, but complete
removal of cancer at an advanced stage is hardly
possible. Chemotherapy, radiotherapy, and
immunotherapy show little benefits. Therefore, the

prognosis of patients with intrahepatic
cholangiocarcinoma remains poor.
Cytogenetics

Note

In intrahepatic cholangiocarcinoma, losses of

heterozygosity at chromosomal loci 3p13-p21, 5935-
gter, 8p22, 17p13, and 18q have been reported.

Genes involved and proteins

K-ras
Location
12p12.1
DNA / RNA
4 exons.
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Protein

Proto-oncogene. GTP-GDP binding protein with
GTPase activity. The K-ras proto-oncogene is though
to exert control over some of the mechanisms df cel
growth and differentiation. This gene is convertigen
active oncogene by point mutations significantly
concentrated in codons 12, 13, or 61. The repoetx

of K-ras mutations in intrahepatic cholangiocaroinas
vary widely. Variations are caused by racial and
geographic variations, the use of different assay
techniques; for example, a mutation rate of 50%-56%
in Japanese patients versus 0%-8% in Thai patiéints.
has been reported that mutation rates are higher in
periductal and spicular-forming tumors than mass-
forming ones.

p53

Location

17p13

DNA / RNA

11 exons.

Protein

Tumor suppressor gene. Wild-type p53 plays an
important role in the regulation of the cell cycle
process, cell growth, and apoptosis in the event of
DNA damage. Inactivation of the p53 gene by missens
or nonsense mutations and by loss of chromosomg 17p
the chromosomal location of the p53 gene, induces
disruption of critical growth-regulating mechanisms
and may have a crucial role in carcinogenesis. The
reported incidence of p53 mutation is 11-37% in
intrahepatic cholangiocarci-nomas. It has beenrtedo
that loss of chromosome 17p was present in 38% of
intra-hepatic cholangiocarcinomas.

p16 INK4A

Location

9p21

DNA / RNA

3 exons.

Protein

A regulatory protein in the cell cycle and a cyelin
dependent kinase (cdk4/cdk6) inhibitor. The tumor
suppressor gene pl6 is commonly inactivated in many
neoplasms. Three distinct mechanisms of pl6
inactivation have been reported in biliary neoplssm
deletion and point mutations of the pl6 gene, and
hypermethylation of 5' regulatory regions of pl6. A
study of intrahepatic cholangiocarci-nomas reptét

no pl6é gene mutations are present but alteratibns o
pl6 gene are frequent: methylation of CpG island is
present in the 5' region of the gene (54%), allelss at

the p16 locus on chromosome 9p21 (20%), and
homozygous deletion (5%). Therefore, the pl6 gene
may possibly be crucial for intrahepatic biliary
carcinogenesis and progression.
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c-erbB-2

Location

17g21.1

DNA / RNA

7 exons

Protein

Proto-oncogene, a member of the family of tyrosine
kinase growth factor receptors (epidermal growttida
receptor subfamily). Amplification and overexpressi

of c-erbB-2 are frequently seen in cancers of iliari
tract. It has been reported that, a high incideote
cholangiocarcinomas (intra-hepatic and extrahepatic
and gallbladder cancers develop in transgenic mice
overexpressing ErbB-2. Reported values of the
frequency of tumors overexpressing ErbB-2 varies
from 0% to 73%.

c-erbB-1 (epidermal growth factor
receptor: EGFR)

Location

7p11.2

DNA / RNA

14 exons

Protein

Proto-oncogene; type | tyrosine kinase receptatsBE

1 can bind EGF and TGF-a. ErbB-1 and ErbB-2 share
approximately 40% homology in their extracellular
binding domains. It has been reported in intratiepat
cholangiocarcinoma that 44 % of cases are ErbB-1-
positive cases and that ErbB-1 expression is aigel
with grade and proliferative index.
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Identity of low to intermediate grade vascular tumors oféyon
in particular of haemangioendotheliomas, is extigme
Alias difficult due to the lack of uniform terminology @n
Primary malignant vascular tumours of bone accepted histological criteria. Many classification
Note systems have been proposed, but none of them have
Variable proliferation of tumour cells which show a been generally accepted so far.
endothelial phenotype. Classification
Today, there is no generally accepted classifinatio
Classification scheme. However, the 2002 WHO classification
subdivide angiosarcoma in:
Note well differentiated angiosarcomas,
Angiosarcoma is the most accepted term for higlgra poorly differentiated angiosaromas and
malignant vascular tumors of bone, as recognizeten epithelioid haemangioendotheliomas.

2002 World Health Organization (WHO) classification
However, the classification

Microscopy - PMVTB: epithelioid morphology - HE (10x).
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Bone: Angiosarcoma

Clinics and pathology

Disease
Primary malignant vascular tumours of bone

Etiology

Although there is in a very small percentage an

association between angiosarcoma and radiation, the
etiology of the majority of angiosarcomas remains

unknown.

Epidemiology
Primary malignant vascular tumours of bone (PMVTB)

are extremely rare and represent less than 1% of
primary malignant bone tumours.

Clinics

Angiosarcomas of bone arise in adults and haveda,wi
nearly equal age distribution from the seconceitihth
decade. In contrast to epithelioid
haemangioendotheliomas have a tendency to occur in
young adults (second - third decade). It seems that
males are slightly more affected than females.
Angiosarcomas of bone have a wide skeletal
distribution; however, they have a tendency to odcu

the short and long tubular bones of the extremities
which the femur, tibia and humerus are most often
affected. In contrast to the soft tissue counteypare
third of the tumours are multifocal, involving twar
more distant bones.

In general, malignant vascular tumours of boneees

as a painful mass. Depending on the size and
localization of the tumour, neurological deficit ather
symptoms can occur.

Pathology

Similar to the soft tissue counterpart (Angiosameoof

the soft tissue), malignant vascular tumours ofebon
have variable histological features, varying frorallw
differentiated to poor differentiated lesions. To a
certain extent, the formation of vascular chanisetme

of the most common referred hallmarks of this tumou
These lesions show a variable amount of mitotic
features, atypical mitotic figures, necrosis and
cytonuclear atypia. Cells can have a spindle aelro
epithelioid morphology. Epithelioid
haemangioendothelioma is considered a separatg enti
with distinct histomorphological features and dadly

a relatively favorable prognosis. These tumourssisin
of strands or cords of epithelioid cells with aband
eosinophilic  cytoplasm and the presence of
intracytoplasmatic vacuoles. Small vascular channel
can be seen and the myxoid or hyalinised stromal
component is most characteristic for this typeesfdn.

Treatment

There is no general rule for treatment. Treatment
depends upon multiple factors, such as age, size,
location of the tumour, and the extent of disease.
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Therapeutic options are surgical intervention (wihe
bloc resection or amputation) and radiotherapy.
Chemotherapy is used, although its usefulness fs no
well documented.

Prognosis

Survival rates of malignant vascular tumours of don
are unknown. It is accepted that histologically lwel
differentiated tumours have a better prognosis than
poorly differentiated tumours. It is suggested that
multifocal lesions also have a better prognosisstmo
likely due to the fact that these lesions are nudten
well differentiated.

Cytogenetics

Note: No underlying genetic disorders or aberrations
are reported in malignant vascular tumours of beme
far. In literature two independent cases of epibig|
haemangioendothelioma of bone were analyzed and
revealed in one case a reciprocal translocation of
chromosome 10 and 14 and in the other case complex
rearrangements involving deletions and gains of 11q
and 12q. No karyotypes are reported for malignant
vascular tumours of bone so far.
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|dentity
Note: Haemangiomas are benign, vasoformative
lesions of endothelial origin. Multiple lesions,

involving two or more distant sites in bone, aréirol

as (haem)angiomatosis. Rarely these lesions are
associated with massive osteolysis (Gorham-Stout
syndrome).

Classification

Multiple variants of haemangiomas are
depending on variable histological features.
Haemangioma: cavernous, capillary, epithelioid.

Angiomatosis: non-aggressive (regional), dissenégha
(cystic angiomatosis), aggressive (massive osteplys

reported,

Clinics and pathology

Disease

Haemangioma.

Phenotype / cell stem origin
Endothelial cell.

Etiology

It is suggested that these lesions are congenital o
developmental disorders, although the etiology iema
unknown.

Epidemiology

Haemangiomas are relatively common. Autopsy studies
report in 10 to 12% of the population spinal

haemangiomas.

Haemangioma of bone - HE (10x).
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Bone: Haemangiomas and related lesions

Clinics

Haemangiomas are in general asymptomatic, accidenta
radiographic findings, which are mostly locatedkull

(flat bones) and spine although extraspinal locatio
can occur. They are described at all ages, witkeak p
incidence at the fifth decade. There is a sligimdke
predilection (M:F is 2:3). Large lesions can be
symptomatic and symptoms as pain, cord compression
and neurological deficit are reported.

Pathology

Haemangiomas have variable histological features,
which are similar to haemangiomas elsewhere in the
body. Cavernous/capillary haemangiomas: with blood
filled, thin-walled spaces lined by a single lapéffat,

not atypical endothelial cells. Epithelioid
haemangioma: well formed, mature vessels fillechwit
erythrocytes. The vessels are lined by epithelials,
characterized by a large amount of eosinophilic
cytoplasm. Intracytoplasmic vacuoles can be present
When the cells protrude in the lumen, a tombstone
aspect can be seen. A variable inflammatory iafiér
containing lympho-cytes and eosinophils is present.
There is no hya-linezation or myxoid changes of the
surrounding stroma.

Treatment

When necessary, surgical intervention (curettage or
resection) can be considered with or without
reconstruction.

Evolution

Although progression towards an angiosarcoma is
described, it is absolute extremely rare.
Prognosis

Haemangiomas have a good prognosis and
recurrence rate.

Disease

(Haem) angiomatosis

Note

(Haem) angiomatosis of bone can be associated with
multiple skin, soft tissue and visceral haemang®ma
Phenotype / cell stem origin

Endothelial cell.

Etiology

Is still unknown.

Epidemiology

It is a rare disease and in literature only fewesas
mostly case reports, are described. Rarely haem-
angiomatosis is associated with massive regional
osteolysis. Multiple, bone-associated haeman-giomas

can occur within some syndromes, such as: Mafficci'
syndrome, Kasabach-Merrit syndrome,

low
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Klippel-Trenaunay / Parkes-Weber syndrome and
Osler-Weber-Rendu disease.

Clinics

Clinical features are variable and depend on thelrau

of lesions, location and size. Pain and patholdgica
fractures are the most common reported clinical
features. Gorham-Stout syndrome or massive osteolys
affects the young adults and is a typical radialabi

finding. Half of the cases of Gorham-Stout syndrome
are associated with trauma.

Pathology

Histological pattern is identical to that of
haemangioma.

Treatment

Depends on the extent and location of the

haemangiomas. Bone-associated haemangiomatosis
syndromes can require a more specific approach.
Evolution

Similar as haemangiomas.

Prognosis

Extended visceral lesions have a more aggressive
course mostly due to massive hemorrhaging.

Genetics

Note
No underlying genetic disorders or aberrations are
described or known.
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Note

Benign vascular lesions of bone are relatively camm
and occur most frequent as an asymptomatic inclent
finding in the skull or spine. Primary malignant
vascular tumors of bone are rare. They represest le
than 1% of primary malignant bone tumors reportgd b
the Netherlands Committee on Bone Tumors and 0,5%
of those registered at the Mayo Clinic. Clinicathey

are extremely aggressive and have a very poor
prognosis. Survival rates are unknown, but in those
cases reported patients die very soon after diagnos
due to wide spread metastasis and lack of tailored
therapy.

Classification

Note

Over the years, the terminology and classificatidn
vascular tumors of bone has been highly controakrsi
and in literature a great variety of names has been
proposed. Today, angiosarcoma is the most acceptabl
term for high-grade malignant

Haemangioma

= H—Zmm

Good prognosis

? |Haemangio- | ?
> endothelioma -

e —— Eai prognosis

vascular tumors of bone, as recognized in the 2002
World Health Organization classification. Howevidig
classification of low-grade vascular to inter-meedia
tumors of bone, in particular of haemangio-
endotheliomas, is extremely difficult due to thekaf
uniform terminology and accepted histological ciée
Many authors have proposed different classification
systems, but due to small numbers of cases, theje |
diversity and the lack of good correlation withnatial
outcome none of them have been generally accepted s
far. The large variety of histological features of
vascular tumors of bone suggests that it should be
regarded as a spectrum with on one side the overtly
benign lesions and on the other side the frankly
malignant lesions. In between there are the low and
intermediate grade lesions in which numerous
histomorphological diversity can be seen and foictvh
classification is most difficult.

Classification

Today, the most accepted classification of vascular
tumours of bone is the 2002 WHO classification:
Haemangioma and related lesions

Angiosarcoma.

Angiosarcoma

— == zm_l_:r-z

Schematic representation of histological spectrum of vascular tumors of bone: accepted histological criteria to classify vascular tumors of

bone are lacking.
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Bone: Vascular Tumours

Clinics and pathology

Disease

Haemangioma and related lesions
Note
Multiple lesions are defined alsagn) angiomatosis

Phenotype / cell stem origin
Endothelial cell.

Epidemiology

Haemangiomas are relatively common.
Clinics

In general asymptomatic.
Cytogenetics

No cytogenetic investigations reported.
Prognosis

Haemangiomas have a good prognosis and
recurrence rate.

Disease

Angiosarcoma.

Epidemiology

Extremely rare.

Clinics

In general, presents as a painful mass. Depending o

the size and localization of the tumour, neurolabic
deficit or other symptoms can occur.

Cytogenetics

No cytogenetic investigations of angiosarcoma inebo
are reported.

low
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Prognosis

It is accepted that histologically well differergd
tumours have a better prognosis than poorly
differentiated tumours.
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Alias: Angio-osteohypertophy syndrome

Note: Various disorders with varying combination of
limb hypertrophy, vascular lymphatic malformation
and other features like naevi include Klippel Tnemay
syndrome (KTS), Sturge Weber syndrome, Proteus

syndrome and isolated hemihypertrophy

are clinycall

distinct entites and need to be approp-riately

diagnosed.

Inheritance: Most cases of KTW syndrome are
sporadic, through familial aggregations are repbrte

However, a strong doubt has been raised

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2)

about familial cases as in most of these casefathity
members may have isolated vascular naevi or vaicos
veins which are not uncommon in general population.
Presence of cases with variable severity and locati

of manifestations in family members can be expline
by paradominant inheritance. It means a mutation is
passed from one (generation to another and
heterozygous individuals are normal unless the rothe
copy of the gene gets mutated. The mutation inrothe
copy of the gene in early stages of embryogenesis
might be giving rise to a clonal population of seMith
homozygous for KTS mutation. This also explains
mosaic pattern of lesions.

Clinical photograph of a patient.
Thanks to Dr Shridevi Hegde [Clinical Geneticist, Banglore, India] for Figure 1a and 1b.
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Klippel Trenaunay syndrome

Clinics
Phenotype and clinics

KTS syndrome consists of:

1) Combined vascular malformation of the capillary,
venous and lymphatic types;

2) Varicosities of unusual distribution, in parfiuthe
later an various anomaly observed during infancy or
childhood and;

3) Limb enlargement.

The lower limb is involved in about 95% of patients
while upper limb involvement is seen in 5% of cases
Rarely only the trunk is involved. Capillary
malformations are seen as pink to bluish macular
lesions of varying sizes (Fig 1).

There is hypertrophy of soft tissue and bones ef th
involved limb. Venous varicosities develop in about
80% of patients. Lymphatic involvement is seen as
lymphatic vesicles on the surface of cutaneoudleaypi
malformation and there may be ooze of lymph.
Varicosity of veins in KTS is different from the
commonly occurring varicose veins. It appears in
infancy or early childhood and lateral venous angma
is seen in 80% of cases. A prominent vein seerhen t
surface of capillary malformations is known venous
flares. The deep veins may be involved and thectiefe
of deep veins include agenesis, atresia, hypoplasia
vascular incompe-tence, aneurismal dilatation @ig
Arteriovenous malformation are not seen and in
presence of such high flow lesion a label of Pagb@éf
syndrome is given as suggested by Cohen, Jr (2000).
Presence of involvement of face and leptomeninges i
characteristic of Sturge Weber syndrome. But cases
with features overlapping with KTS and Sturge Weber
syndrome are seen.

Neoplastic risk

Not known to be increased. Eleven tumours have been
reported in KTS till 2005. This low number indicate
very low risk of tumourogenesis. Lapunzia (20053 ha
recommended annual physical examination and
minimal follow-up.

Treatment

No definitive treatment is possible. Treatment iity
remains to be non surgical. Imaging studies like
contrast enhanced MRI, ultra-sonography and Doppler
study may be needed for documentation of vascular
lesions for diagnostic purposes. These studiestadfp

to delineate the extent of lesion and plan intetioas

if indicated. The active intervention needs to be
attempted only for localized lesions or in case of
serious complications like bleeding or cardiacufial
Vascular interventions do not affect the limb
hypertrophy.

Discrepancy in limb length may need to be takem car
by special shoes. Many cases may have significant
problems due to limb hypertrophy, which may be
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difficult to be corrected by surgical procedure.eTh
same may be cause of cosmetic issues in many cases.

Venography of the upper limb showing focal ecstatic and
stenotic changes.

Evolution

There is increase in the size of vascular malfoionat
proportionate to the increase in the size of ingdlv
limb. Ulcerations, thromboembolic phenomenon,
Kasabach-Meritt syndrome (thrombo-cytopenia due to
conceptive coaguloapthy) are described. Bleediom fr
rectum, uterus etc may occur depending on theitotat
of vascular lesions. Cardiac failure may occuhére is
associated high flow lesion in cases which arelézbe
as Park Weber syndrome.

Cytogenetics

Note

Reciprocal translocations t(5;11) and t(8;14) aimdg) r
chromosome of 18 are reported in association with
KTW syndrome.

Genes involved and proteins

Note

No genetic defect has been identified yet. By stugly
the break points of translocation between chroma&som
8 and 14, Tian et al (2004) identified VG5Q gene



Klippel Trenaunay syndrome

which was considered to be a susceptibility gerre fo
KTS syndrome. But the change E133K in VG5Q
observed in 5 of 130 cases of KTS syndrome wasdfoun

to be a polymorphism by other studies.
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Part | - Haematologic malignancies

Introduction

I- Myeloproliferative Syndromes (MPD)

Chronic myelogenous leukaemia (CML)
Polycytemia vera (PV)

Idiopathic myelofibrosis

Essential thrombocythemia (ET)

Atypical chronic myelogenous leukemia (aCML)

lI- Myelodysplastic Syndromes (MDS)

Introduction
Del(5qg) and myeloid malignancies

l1- Acute Myeloid Leukemias (AML)

Introduction

First group: AML with recurrent cytogenetic translo cations

Second group: Multilineage AML (mAML)

Third group: Secondary AML

Fourth group: others AML, Morpholocical and Immunop henotyping classification

IV- Acute Lymphoblastic Leukemias (ALL)

Introduction

t(4;11)(921;923)

Others 11923 (MLL)

1(9;22)(q34;q11)

t(12;21)(p12;922)

t(8;14)(g24;932) and t(2;8)(p12;924) and t(8;22)(q2,ql1) variants
14911 rearrangements

B Cell/ T Cell

Others

Domino game

V- Non Hodgkin's Lymphomas / Chronic Lymphoprolifer ative Diseases

B-cell chronic lymphoproliferative disorders
B-cell Non Hodgkin Lymphomas
T Cell

INTRODUCTION According to the primary site:

Leukemia: originates in the bone marrow;
flows into the peripheral blood.

Lymphoma: originates in the lymph nodes;
invades bone marrow and blood.

Malignant blood diseases may be classified:
According to the clinical course:

Chronic leukemias

Acute leukemias

According to the lineage: Leukaemias are classified according to cytogenetics
Lymphoid lineage: Bor T cytology and_pathology, and immunophenotype of the
Myeloid lineage: malignant cells. The WHO (World Health
- Myeloproliferative syndromes: Organization) classification has replaced the FAB
quantitative anomalies. classification of leukaemias.
- Myelodysplastic syndromes:

qualitative anomalies.
- Acute myeloid leukemias (or acute
non lymphoblastic leukemia).
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I- MYELOPROLIFERATIVE
SYNDROMES

Myeloproliferations :
myeloid lineage.

- Chronic myelogenous leukaemia (CML)
- Polycytemia vera (PV)
Idiopathic  myelofibrosis
myeloid metaplasia)
- Essential thrombocythemia (ET)

+/- Atypical chronic myelogenous leukemia
(myelodysplastic/myeloproliferative disease)

[.1. Chronic myelogenous leukaemia (CML)

Malignant monoclonal process involvingoluripotent
hematopoietic progenitor (therefore, most of the
lineages are implicated).

Splenomegaly, high leukocyte count, basophilia,
immature cells in the peripheral blood, low leudecy
alkaline phosphatase, bone marrow expansion with
increased neutrophil lineage.

Prognosis: chronic phase, followed by blast crises,
ending in an acute transformation; median survives
about 4 yrs before the recently introdueedityrosine
kinase (imatinib mesylate) therapies.

Chromosome anomalies:
1(9;22)(q34;q11).

Chromosome 22 appears shorter and was called
Philadelphia chromosome (noted Ph).

guantitatives anomalies ofeth

(or agnogenic
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Translocates a part of ABL1 (Abelson, 9g34)
oncogene, next to a part of a particular DNA seqgaen
of another oncogene, BCR (breakpoint cluster région
in 22g11 production of a hybrid gene 5'BCR-3'ABL.
The normal ABL is transcribed, into a m-RNA of 6o
kbases, which produces a protein (tyrosine kinae)
145 kDalton with a low kinase activity.

The hybrid gene 5'BCR-3'ABL is transcribed into a m
RNA of 8.5 kb, which produces a protein of 210 kDa
with:

an increased protein kinase activity

an increased half-life, as compared to normal ABL.

In a percentage of cases, there is a variant/comple
translocation (e. g.: 1(1;9;22)); the karyotype nesgn
looks normal in some cases ("RBML); however, it
has been demonstrated by molecular technics that,
whatever the variant translocation was, the hybride
gene 5'BCR-3'ABL was always present (otherwisks, it
NOT a CML!).

Therefore the translocation t(9;22) is thepecific
anomaly found in CML; however, this anomaly is not
pathognomonic, as it may also be found in ALL or in
rare AML cases.

Additionnal anomalies : most often, they are fouwd
the time of the blast crisis, they may nonetheless
present at diagnosis; mainly:Ph, and/or +8, and/or
i(17qg), and/or +19, and/or -7; Most often; these
additional anomalies reflects the clonal evolution
various sub-clones.
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Clonal evolution concept

Other myeloproliferative syndromes:
[.2. Polycytemia vera (PV)

- Red cell lineage mainly; median survival: 10 to
15 yrs.

- JAK2 (9p24) V617F mutation in 2/3 to 100% of
cases constitutive kinase activity.

I.3. Idiopathic myelofibrosis (or agnogenic myeloid
metaplasia)

- Splenic metaplasia with progressive
myelofibrosis; survival is very variable (3 to 15
yrs).

- JAK2 mutation in 50% of cases.
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Chromosome anomalies:

- Rare at diagnosis: del(20q), or+8, or+9, or del
(13q), or partial trisomy for 1q.

- Frequent during acute transformation: anomalies
are the one found in usual AML or in secondary
leukemias.

I.4. Essential thrombocythemia (ET):

- Megakaryocytic lineage mainly; survival = 10
yrs; chromosome anomalies are rare.

- JAK2 mutation in 1 to & of cases.

I.5. Atypical chronic myelogenous leukemia:
Hybrid genes, with the involvement of:
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1- PDGFRB (5q33), orfFGFR1 (8p12), membrane 2- A partner.
associated tyrosine kinases which dimerize upon  +/- Non Hodgkin Lymphoma in the case of FGFR1
PDGF or FGF presence; role in signal involvement indicating that a stem-cell is likely to

transduction; and be implicated.
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Il- MYELODYSPLASTIC SYNDROMES
(MDS)

[I.1. Introduction
Myelodysplasia: cells look "bizarre", dysplastic.
Classified according to the FAB:

- Refractory anemia without excess of blasts

(RA)

- Refractory anemia with excess of blasts
(RAEB)

- Refractory anemia with ringed sideroblasts
(RARS)

- Chronic myelomonocytic leukemia (CMML)

- Atypical chronic myelogenous leukemia(see
above)

- Unclassifiable myelodysplasias

- Aside: Secondary myelodysplasias (see
secondary acute leukemias).

Chromosome anomalies:
- del(5q) /-5
- del(7q) /-7

- +8
- Various structuratearrangements

I1.2. Del(5qg) and myeloid malignancies

It is the most common structural rearrangement in
myelodysplastic syndromes (MDS) and in acute
myeloid leukemias (AML); del (5q) is accompanied
with given clinical and haematological features.
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We herein summarize these three pictures as:

1- "the 5g- syndrome”, with del(5q) as the sole
karyotypic anomaly in MDS,

2- MDS with del(5q) and additional karyotypic
anomalies, and

3- AML with del(5q) (solely or not).

Clinics:

1. The 5g- syndrome is a myelodysplastic
syndrome (classified as refractory anemia (RA)
in 75% of cases, RA with excess blasts (RAEB)
in 15%).

- Possibility of an exposure to a toxic
agent in the environment.
Treatment: supportive; prognosis: favorable.

2. MDS with del(5q): de novo MDS and therapy-
related MDS (with prior exposure to alkylating
agent, with or without radiotherapy); RAEB or
RAEBT (RAEB in leukemic transformation);
CMML (chronic myelomonocytic leukemia).

- Prognosis: unfavorable; median
survival: 10-12 months.

3. AML with del(5q) solely (in 20-25% of cases)
or not.

- Phenotype: de novo AML and therapy-
related AML; all FAB subgroups, mainly
M2 AML.
- Represents 15% of therapy-related
AML with prior exposure to alkylating
agents (with or without radiotherapy).
- Prognosis: extremely poor; median
survival: 3 months.
RPS14(5933), encoding for a ribosomal protein, was
recently discovered (Jan 2008) has having a majer r
in the 5g- syndrome.
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llI- ACUTE MYELOID LEUKAEMIAS
(AML) (or Acute Non Lymphocytic
Leukaemias (ANLL))

[1l.1. Introduction
Massive proliferation of myeloid precursors; with a
hiatus aspect in the maturation pyramid and enfry o
immature cells into the bloodstream.
The new WHO/OMS classification replaces and
completes the FAB classification (M1 to M7).
FAB:
MO : Undifferentiated
M1 : myeloblastic without maturation
M2 : myeloblastic with maturation
M3 : promyelocytic
M4 : myelomonocytic
M5 : monocytic
M6 : erythroleukemia
M7 : megakaryoblastic
WHO:
First group: -AML with recurrent cytogenetic
translocations
Second group: Multilineage AML (mAML)
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Third group: -Secondary AML

Fourth group: -others AML, Morpholocical

and Immunophenotyping classification
Prognostic value of the chromosomal anomaly +++.

I11.2. First group: AML with recurrent cytogenetic
translocations

[.2.1. 1(8;21)(q22;922):

M2 mostly.

The most frequent anomaly in chilhood AML; seen in
children and adults: mean age 30 yrs.

Prognosis: Complete remission (CR) in most cases
(90%); but relapse is frequent; and median survival
yrs (adults) to 2 yrs (children).

RUNX1 gene (alias: AML1, CBFA2) 2122,
transcription factor implicated in hematopoieticll ce
maturation; forms heterodimers with CBFB; formation
of a hybrid gene; RUNX1 partner: RUNX1T1 (8922).
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I.2.2. 1(15;17)(q25;921):
- quasi pathognomonic of M3 AML

- RARA (17q12)(Retinoic acid receptor, alpha)

genes, transcription factor implicated

hematopoietic cell maturation; formation of a

hybrid gene; RARA partner: PML (15qg22).

- Good prognosis(compared to others AML).

- Prognosis improvement due to recent
differentiation therapy (all trans retinoic acid):
Complete remission is obtained in 80-90% of

cases.
[11.2.3. inv(16)(p13922):
- pathognomonic of M4eo-AML

- CBFB (16922) gene, T-cell transcription
factor, (forms heterodimers with RUNX1, see
above); formation of a hybrid gene; CBFB

partner: MYH11 (16p13).

- good prognosis median survival = 5 yrs.
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l11.2.4. 11923 rearrangements:

M4, M5, biphenotypic acute leukaemia

MLL (11g23) is implicated: transcription
regulator (yin/yang?), regulates (among others)
HOX genes expression. hematopoiesis and
embryogenesis regulation; formation of a hybrid
gene with a partner.

Various rearrangements, of which are the
1(9;11)(p22;q23) thet(11;19)(q23;p13.1)a partial
duplication of MLL, ...

t(9;11)(p22;923):

- Phenotype: M5 most often (especially
M5a), M4; de novo AML and therapy
related AML with antitopoisomerase Il
drugs (epipodophyllotoxins,
anthracyclins, actinomycin D).

- Prognosis: CR in most de novo AML
cases; the prognosis may not be as poor
as in other 11923 leukaemias, with a
median survival around 4 yrs in de novo
cases; very poor prognosis in secondary
AML cases; MLL partner: MLLT3.
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MLL partners

[11.2.5. Note:

Hundreds of chromosome rearrangements are not
listed by the WHO in its "first group"; for example
1(9;22)(q34;q11) (very rare in AML; hybrid gene BER
ABL1, poor prognosis).

[11.3. Second group: Multilineage AML

This category is defined by the presence of
multilineage dysplasia (in contrast with the t(15;%),
for example, which affects only promyelocytes).
Chromosomes abnormalities:

del(5q) / -5

del(7q) /-7
+8
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3031-3g26 rearrangements:

Phenotype: AML, often preceeded by
MDS; MDS; may occur as additional anomaly
in CML with t(9;22), with thrombocytosis.

Prognosis: median survival is only 4
mths.

EVI1 (3g26): EVI1 and(antagonist?)
MDS1-EVI1 splicing may play an important
role in organogenesis, cell migration and
differentiation; formation of a hybrid gene;
partner: RPN1 (3g21).
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Others ...
[1l.4. Third group: Secondary AML
[11.4.1. Introduction
"Secondary " to exposure to toxins (ex:
chemotherapy, radiotherapy, professionnal
expositions (benzene), radiations, smoking.
Chromosomes anomalies:

- del(5q) /-5

- del(rq) /-7
after alkyliting agent exposure, long-term latency
(years).

- 11923 (MLL) rearrangements

- 21922 (RUNX1) rearrangements
Others after antitopoisomerase Il exposure; sleont
latency (often some months).
Very poor prognosis.
[11.4.2. 11923 rearrangements in therapy related
leukaemias:
(Note: 11923 rearrangements are also -and more
often- found in de novo leukaemia)
Phenotype:these treatment related myelodysplasias (-
MDS) or treatment related leukaemias (t-AL) exhibit
variable phenotypes:

CMML or RAEBZT in MDS cases;

AML most often (M4 or M5a mainly,
M1, M2, M5b at times),

ALL (and biphenotypic leukaemias),
often CD19+, more rarely; t(4;11) cases are
frequently ALL cases.

Etiology: 11923 rearrangements in treatment related
leukaemias were thought to be found mainly follogvin

a treatment with anti-topoisomerase Il
(epipodophyllotoxins) or with an intercalating
topoisomerase Il inhibitor (anthracyclins), as some
21922 rearrangements; actually, they may also be
found after alkylating agents treatment
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and/or radiotherapy. The prior cancer is variabteast
cancer, non-Hodgkin lymphoma, Hodgkin disease,
leukaemia, lung carcinoma, and other malignancies.
Epidemiology: up to 30% of t(11;19)(g23;p13.1), 10%
or more of t(9;11), 5% of t(4;11) and 5% of t(10;kte
found in secondary leukaemias: altogether, 5 to 0%
11923 leukaemias are treatment related; these 11923
second leukaemias are found at any age, from igfanc
to elder age.

Clinics: Latency before the outcome of the second
leukaemia after the first cancer is often shortdiaee

2 yrs), but highly variable, and may not dependten
type of treatment received; it is however most rofte
shorter than in cases of second leukaemias assdciat
with -5/del(5q) or with -7/del(7q).

Prognosis is poor as in other therapy related
leukaemias; in a recent excellent study (n=40)y onl
80% of patients achieved remission, ae relapsedrwith
a year; median remission duration being 5 mths.

lII.5. Fourth group: others AML, classified by
Morphology and Immunophenotyping of the cells

AML M1 to M7, according to the FAB clasification +
MO (undifferentiated) and biphenotypic acute
leukaemias (AML + ALL)

IV- ACUTE LYMPHOBLASTIC
LEUKEMIAS (ALL)

IV.1. Introduction

Heavy proliferation of B or T lymphoid precursors,

The immunophenotyping (CD, Ig) allows the
recognition of the lineage involved in the malighan
process, and the degree of maturation of the matign

cell.

The cytology differenciates ALL1 and 2 on the one
hand, and ALL3 with large Burkitt-type cells on the
other hand.
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MIC classification (Morphology, Immunophenotype,
Cytogenetics) allows to define entities with given
prognoses.

ALL often occur in childhood.

Chromosomes anomalies:

IV.2.1(4;11)(921;923)
- Immature(CD19+) B-cell.
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Occurs often in childhood, especially very
early (e.g. congenital leukemia, before 1 yr);

Very poor prognosis (median survival below
1 yr), the treatment being a bone marrow graft;
geneavLL in 11923 and AF4 in 4g21; formation of
a hybrid gene.
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IV.3. Other 11923 rearrangements in leukemias
Phenotype:

de novo and therapy related leukaemias; AML and
ALL grossly represent half cases each; MDS in the
remaining 5%; biphenotypic leukaemia at times; B3.g2

rearrangements in treatment related
represent 5-10% of 11923 cases.

MDS: most often RA or RAEB+T

leukaemias

AML: M5a in half cases, M4 (20%), M1 or M5b

(10% each), M2 (5%);

ALL: B-cell mostly, L1 or L2, CD19+ in 60% of
T-ALL in rare cases

B-ALL cases, CD10+ 35%;
(less than 1%);

Epidemiology: 25% are infant (less than 1 yr) cases;
children and adults each represent 50% of cases;
altogether, 11923 rearrangements in childhood acute

lymphoblastic leukemia is frequent; M/F = 0.9 (NS)

Clinics: organomegaly; frequent CNS involvement

(5%); high WBC (above 50 x 10in 40%).

Prognosis very poorin general; variable according to
the translocation, the phenotype, the age, andhehet

the leukaemia is de novo or secondary.
Cytogenetics:
t(4;11)(g21;923):represent 1/3 of cases.
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1(6;11)(927;923) : 5% of cases; mostly;
children and young adults; male predominance.

1(9;11)((p23;923) : represent ° of cases;
myeloid lineage.

t(10;11)(p12;923) :5% of cases; M4 or M5
AML; ALL at times; from infants and children to
(rare) adult cases.

t(11;17)(g23;921): rare; AML; not to be
confused with the t(11;17)(g23;921) in M3 AML.
t(11;19)(g23;p13.1): 5% of cases; M4 or M5
AML most often; de novo and therapy related AL;
adult mainly; the gene involved in 19p13.1 is ELL
a transcription activator.

t(11;19)(923;p13.3): 5% of cases; ALL,
biphenotypic AL and AML (M4/M5 mainly);
therapy related AL; T-cell ALL at times, these T-

168
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cell cases are the only cases of t(11;19) with an
excellent prognosis; mostly found in infants (half
cases), and other children (altogether: 70%), or
young adults; the gene involved in 19p13.3 is
MLLT1, a transcription activator.
Various other poorly known
rearrangements have be described.

11923

1(9;22)(934;q11)
B cell.
Very poor prognosis
BCR and ABL1; P210 in half cases, P190 in
the other half.
t(12;21)(p12;922)
Paediatric B cell ALL CD10+
Epidemiology: 15 to 35% of paediatric B-

lineage ALL.

Prognosis: CR in all cases; prognosis seems
good.

Cytogenetic:  t(12;21) often remained
undetected.
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IV.6.

Hybrid gene betweenETV6 (12pl3) a
transcription regulator, andrRUNXZ/AML1
(21g22), another transcription factor.

1(8;14)(g24;932) and t(2;8)(p12;g24) and

t(8;22)(g24;q11) variants

Pathognomonic of L3-ALL and Burkitt
lymphoma (mature B malignant cell);

The prognosis was poor until recently, where
new treatments were accompanied with better
outcome.

MYC in 8g24; immunoglobulin heavy-chains
(igH), in 14932, or light-chains Kigk) in
2p1l2 and L L) in 22gll1; these
translocations set the oncogene MYC under
the regulation of immunoglobulin
transcription-stimulating sequences (actives in
the B-lineage), leading to overexpression.
Note: there is NO hybrid gene.

IV.7. 14911 rearrangements

ex:

t(11;14)(p13;q11), 1(8;14)(g24;q11) and

t(10;14)(q24;q11)
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T cell. T-cell receptor {cR D and A)
belonging to the immunoglobulin super-
familly in 14g11. These translocations set
various oncogenes under the regulation of

T-cell receptor transcription-stimulating
sequences (actives in the T-lineage, inactives
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in the B-lineage; such a translocation in the B-
cell would remain silent, since these T-cell

stimulating sequences are asleep in the B-
cell), leading to overexpression. Note: there is
NO hybrid gene.

IV.8. B Cell/ T Cell

t(8;14)(q24;q11) MYC/TCR
T Cell

1(8;14)(q24:932) / 1(2;8)(p12;q24) / 1(8;22)(q24:q11)

MYCllg
B Cell

169
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IV.9. Others:

- del(6q), hyperploidy (hyperploidy under 50;
hyperploidy above 50); they are of good
prognosis.

There are also good leukemias! :

- dic(9;12)(p13;p13) childhood CD10+ ALL;
PAX5 (9p13) / ETV6 (12p13); hybrid gene;
Excellent prognosis.
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IV.10. Domino game

V- NON HODGKIN'S LYMPHOMAS /
CHRONIC LYMPHOPROLIFERATIVE
DISEASES

V.1. B-cell chronic lymphoproliferative disorders
(CLD)
- Chronic lymphocytic leukemia (CLL):
good prognosis in most cases.
+12, del(13q), del(11q) (ATM),
del(17p) (TP53).
- Prolymphocytic leukemia: t(11;14)(q13;932).
- Splenic lymphoma with villous lymphocytes:
t(11;14)(q13;932), del(7q), +3 ...
- Multiple myeloma : malignant monoclonal
plasma cell proliferation.

V.2. B cell Non Hodgkin's lymphomas (NHL)
- Small lymphocytic lymphoma : +12, +3,
del(6q)
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- Follicular lymphoma (FL) :

Small cleaved cells: good prognosis.

t(14;18)(q32;921) BCL2 and IgH; the
immunoglobulin gene enhancer stimulates
the expression of BCL2; BCL2 is anti
apoptotic.

Or: 3927 rearrangements
implicating BCL6, a transcription factor;
the translocation partners of BCL6 are not
confined to the immunoglobulin
superfamily; the partner gene therefore
fuses with BCL6.

- Diffuse large cell lymphoma 3qg27 (BCL6)
rearrangements.

- Burkitt's lymphoma (BL) (see above)
- Mantle cell lymphoma t(11;14)(q13;932)
(CCNDUYIgH; the immunoglobulin gene
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enhancer stimulates the expression
CCND1).

- Marginal Zone B-cell lymphoma
t(11;18)(921;q21) (BIRC3/MALT1 hybrid
gene).

V.3. T Cell:

- T-cell prolymphocytic lymphoma

- Mycosis fungoides/Sezary's syndrome
- Adult T-cell leukemia/lymphoma (ATLL)
- Anaplasic large cell ymphoma (ALCL)

t(2;5)(p23;935); hybrid gene
between NPM (2p23) antlLK (5g35).
Or ALK+ variants (with another

partner).

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2)
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ALK is a membrane associated
tyrosine kinase receptor.

Note: ALK can also be implicated in
the genesis of a rare solid tumor: the
inflammatory myofibroblastic tumor .
Moreover and strikingly, the hybrid gene
and fusion protein can be identical in the
lymphoma and in the myofibroblastic
tumor (e.g. 5' TPM3 - 3' ALK).
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Part Il - Solid Tumours

(short summary)

l. Sarcomas

I. Carcinomas with translocations
Il. Carcinomas: colorectal cancer

V. Carcinomas: breast cancer/ hereditary breastca  ncer

I- SARCOMAS

Sarcomas: it is an heterogeneous group, of many
benign or malignant tumours, often the diagnosdic i
hard to reach; however, a number of these tumours

present a specific translocation; which can berefg

help for diagnostic ascertainement.

A few examples:

I-1. Lipoma: rearrangement oHMGA2 (12g15),
high mobility group gene, non histone protein,
architectural factor, preferential binding to AT
rich sequences in the minor groove of DNA helix.

[-2. Liposarcoma: MDM2 amplification (NO
translocation, NOR stimulation by a gene
enhancer as for MYC) ; (located in 12915, MDM2
interacts withTP53 and RB1, inhibits the cell
cycle arrest in G1 phase and apoptosis); Often,
neighbouring genes too, CDK4 and HMGA2, may
be amplified and over-expressed.

I-3. Inflammatory myofibroblastic tumor (see abave)

I-4. Embryonal rhabdomyosarcoma loss of
heterozygoty in 11pl15 (function of IGF2, H19,
CDKN1C ??); complex karyotype.

I-5. Alveolar rhabdomyosarcoma specific

translocation  t(2;13)(g35;914); PAX3  (2q35,

transcription factor implicated in proliferation,
differentiation, apoptosis) and FKHR (13q14).
Variant translocation: t(1;13)(p36;914): PAX7(1p36)
| FKHR.

[-6. Ewing's tumors / Primitive neurectodermal
tumours (PNET): small round-cell tumours (difficult
to diagnose) deriving from neural crests cells.
- 1(11;22)(g24;912) FLI1/ EWSR1 and variant
translocations all implicatingWSR1.
- EWSR1 binds to RNA; repressor.

lI- CARCINOMAS

[I-1. There can be specific translocations, e.g.:
Papillary carcinoma of the Thyroid: RET (10ql1,
tyrosine kinase receptor) and partners hybrid genes

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2)
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Papillary renal cell carcinoma TFE3, (Xpl1, Colorectal cancers can also be related to giveneran
transcription factor) and partners hybrid genes. prone diseases:
Secretory Ductal Breast Carcinoma(rare, buteTV6/ llI-1. Familial adenomatous polyposis (FAP):

NTRK3 hybrid gene, due to a t(12;15)(p13;q25)), a characterized by the development of hundreds of
translocation also seen in Congenital Mesoblastic polyps at a very early age, due to mutations in APC
Nephroma, Congenital Fibrosarcoma, and - even more (5g21); CTNNB1 is phosphorylated by a complex

surprising - in a case of acute leukemia! including APC, which leads to CTNNB1
[I-2. Most often, karyotypes are complex, and still degradation by the ubiquitin-proteasome; CTNNB1
poorly understandable; comparative genomic is assumed to transactivate genes which may
hybridization (CGH) and CGH array are stimulate cell proliferation or inhibit apoptosis.
particularly useful. IlI-2. Hereditary nonpolyposis colon cancer
I1l- COLORECTAL CANCER model (HNPCC) or Lynch syndrome: due to germline

mutations in genes intervening in the repair of DNA

The diploid form, RER+ (Replication Error +), mismatches occurring during replication (MSH2
sporadic, without loss of heterozygoty (LOH), wigw and MLH1) g g rep (

TP53 andAPC, mutations, in the right-sided colon.
The polyploid form, RER-, with LOH 5q, 17p, 18q,

p53 mutations, more often in left-sided colon, wéth
poorer prognosis.
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IV- BREAST CANCER model /
HEREDITARY BREAST CANCER

Karyotype:

- complex, not yet understood.

- losses of heterozygocity (LOH)

- HSR (homogeneously staining region):
DNA amplification.

Genes Implicated:

- ERBB2 (17921, membrane-associated
tyrosine kinase receptor), prognostic indicator.
Overexpression of ERBB2 is associated with
tumor aggressiveness; if ERBB2 is amplified,
a treatment with Erceptin should be given,

- HRAS, KRAS, NRAS (GTP binding p21
proteins, signal transduction),

- TP53

- CCNDL1 (cell cycle control related to RB1),

- FGFR1 (8pll, membrane associated tyrosine
kinase),

-  BRCAL, BRCAZ,
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- PTEN (10923, phosphatase, downregulator of
the PI3K/AKT pathway, also implicated in
Cowden, a cancer prone disease),

- ATM (see below),

- MSH2, MLH1, PMS1, PMS2, MSHS3,
"Mismatch repair" genes,
- ..etc....

5-10% of breast cancers are due to hereditary
pred|sp03|t|on with germinal mutations in:
- BRCA1 (17921; complex role: part of the

DNA repair complex, transcriptional
regulator, cell cycle regulator, role in
apoptosis...)

- BRCAZ2 (13912, phosphorylated by ATM,
implicated in the double-strand break
response).

. Others hereditary conditions with predispositton
breast cancers:

- Ataxia
Syndrome,

Li-Fraumeni
(see below).

telangiectasia
etc...
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Part Il - Cancer prone diseases

I- Hereditary Breast Cancer, Colorectal Cancer, etc

[I- Chromosome Instability Syndromes

1. Fanconi Anemia (FA)

2. Ataxia telangiectasia (AT)

3. Bloom Syndrome (BS)

4. Xeroderma pigmentosum (XP)

lll- Retinoblastoma / Li-Fraumeni Syndrome
1. Retinoblastoma

2. Li-Fraumeni Syndrome and TP53

IV- Hamarto-Neoplastic Syndromes

... (see above)

lI- CHROMOSOME INSTABILITY
SYNDROMES

Some rare genetic diseases:

- Fanconi Anaemia (FA)

- Ataxia Telangiectasia (AT)

- Bloom Syndrome (BS)

- Xeroderma pigmentosum (XP)
are defined by:

- chromosome instability, DNA

anomalies and a

- High cancer frequency.
These diseases are defined by a high level of break
or chromosomal rearrangements and/or a high
sensibility to mutagen reagents.
If DNA lesions are not properly repaired, mutations
and genes rearrangements fast accumulate, leading
to oncogene activation or antioncogene inactivatign
by chance, at a time or another.
[I.1. Fanconi Anemia (FA)
Autosomal recessive?e 1/40 000.
Clinics:

- growth retardation

- skin abnormalities: hyperpigmentation

repair

and/or café au lait spots
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- squeletal  malformations,
radius axis defects
- progressive bone marrow failure  bone
marrow aplasia
Neoplastic_risk: myelodysplasia (MDS) and acute
myeloid leukemia (AML): in 10% of cases; i.e. a 15
000 fold increased risk; other cancers (5%).
Cytogenetics:
- spontaneous
breaks.
- hypersensitivity to the clastogenic effect of
DNA cross-linking agents.
Others: slowing of the cell cycle (G2/M transition).
Genes: At least 7 complementation groups genes
FANCA, FANCC, FANCD?2...
The FA complex subsequently interacts in the
nucleus with FANCD2 during S phase or following
DNA damage.
Activated FANCD2, downstream in the FA
pathway, will then interact with other proteins
involved in DNA repair, possibly BRCA1; after DNA
repair, FANCD2 return to the non-ubiquinated
form.

particularly

chromatid/chromosome
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[I.2. Ataxia Telangiectasia (AT)

Autosomal recessive?e 1/40 000.

Clinics:
- telangiectasia: facial region exposed to

sunlight.
- progressive cerebellar ataxia
- combined immunodeficiency
80% of deaths.

infections
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Neoplastic risk: T-cell malignancies(a 70 fold and
250 fold increased risks of leukaemia and lymphoma

respectively)

20% of deaths.

Cytogenetics:

more than 10% of mitoses bear a chromosome
rearrangement in  7pl4, 7935, 14ql1,
(localisations  of receptor T  genes,
immunoglobulin superfamilly) or 14g32.
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- clonal rearrangements further occur  T-
cell malignancy.
Others:
- lenthening of the cell cycle (slower S phase).
- Radiosensitivity: AT patients present a high
sensitivity to radiations and to radiomimetic
drugs.
Gene: ATM (11g22), key role in cell cycle control
during double-strand DNA breaks; phosphorylate
TP53, BRCAL, etc...
Note: heterozygous for AT may be at increased risk
of breast cancer.

I1.3. Bloom Syndrome (BS)
Autosomal recessive?e 2/100 000.
Clinics:
- sun sensitive telangiectatic erythema.
- dwarfismn.
- normal intelligence.
- combined immunodeficiency
Neoplastic risk:

infections.
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- carcinomas (30%), lymphomas (25%),
acute lymphocytic and non lymphocytic
leukemias (15 % each),...

- mean age at first cancer onset: 21 yrs; more
than one cancer in a given patient.

Cytogenetics:

spontaneous chromatid breaks.

diagnosis on the highly elevated spontaneous sister
chromatid exchange rate (90 per cell).

Others: slowing of the cell cycle (lenthening of th
G1 and S phases).

Gene:BLM, (15g26), codes for a DNA helicase.
Participates in a supercomplex oBRCA1l-associated
proteins named BASC (BRCA1-Associated genome
Surveillance Complex) and

In a complex named BRAFT (BLM, RPA, FA,
Topoisomerase lllalpha) containing five of the
Fanconia Anemia (FA) complementation group
proteins (FANCA, FANCG, FANCC, FANCE and
FANCF).
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Micro nuclei
SCE (sister chromatid exchange)

[I.4. Xeroderma Pigmentosum (XP)
Autosomal recessiveZe 0,4/100 000.

Clinics:

- severe sun photosensitivity

poikilodermia, premature aging of the skin
skin cancers.

- photophobia.

- neurologic features.
Neoplastic risk: multiple cutaneous and ocular tumors
as early as from the age of 8 yrs (in sun exposed
zones).
Cytogenetics:normal level of breaks and chromatid
exchanges.
Others: hypermutability of the cells under UV
irradiation.
Genes:9 complementation groups. Genes ERCC
(excision repair cross complement) and XP (e.g.:
XPA) : mumerous and dispersed on various
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chromosomes; role in DNA repair (helicases) and in
the complex repair/transcription factor.

All XP genes are implicated in various steps of the
NER (nucleotide excision repair) system, except the
XP variant that is mutated in a mutagenic DNA
polymerase (POL H) able to bypass the UV-induced
DNA lesions.

l1l- RETINOBLASTOMA and LI-
FRAUMENI SYNDROME

[ll.1. Retinoblastoma
Cancer prone disease at increased risk of the cafice
the retina called retinoblastoma.

- tumor of the neurectoderma (retina)

- appears most often in childhood.

- there are sporadic forms (with a negative
familly history) and hereditary forms.

- there are:
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These features are unusual,

unilateral forms (mostly in the sporadic
cases) and bilateral forms (mainly in the
hereditary cases).
hereditary forms seem to be
transmitted as an autosomal dominant
disease with a 90 % penetrance.
patients having a retinoblastoma have an
increased frequency of other cancers, in
particular osteosarcoma
in a (very) few cases, a visible chromosome
13 deletion may be seen on the constitutional
karyotype, and, according to the lenght of the

deletion, retinoblastoma can either be isolated, or

be a part of a malformative syndrome.

contradictory...let's tell the story:

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2)

1st event : deletion
in a germ cell: hereditary form
(therefore each of the cells of the patient,

and some appear

in

Huret JL

- 2nd event: 2nd deletion:
in a retinoblast (somatic deletion).

Finally: ~when homozygosity for
inactivation is reached the tumor
develops.

Therefore, the gene is a recessive gene; however it
seems to be transmitted with an autosomal
dominant pattern in the hereditary forms; How?:

- The hereditary mutation, first event, has a
probability of %2 to be transmitted from the
carrier parent.

- The somatic event's probability is close to 1
(the probability of the somatic/second event is
the result of the very low rate of mutation for
each given cell multiplied by a great number
of cells at risk).

- so, the final probability to have a
retinoblastoma, when one of the two

particular each of the cells of each of the 2

eyes bear the deletion : that will considerably

increase the risk of multiple retinoblastomas

in 1 eye, or that of a bilateral retinoblastoma).
or in a retinoblast: sporadic form.

181

parents is carrier, will be: 1/2 x nearly 1 =
"nearly 1/2",

which usually characterize autosomal
dominant transmission (!).



Chromosomes, Leukemias, Solid Tumors, Hereditary Cancers

This somatic hit is produced either by:

loss of the normal chromosome 13
monosomy with only the deleted 13
(hemizygosity).

loss of the normal chromosome 13 and
duplication of the deleted 13 (homozygosity).
deletion within the normal 13 where 'the
important gene' sits.

mutation (or any other kind of inactivation) of
'the important gene' present on the normal 13.

RB1 (13q14)
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key regulator of cell division entry; acts as a
tumor suppressor.

Directly implicated in heterochromatin
formation: by maintaining the chromatin
structure  et, particulary,  constitutive
heterochromatin; stabilize histone
methylation.

Also acts as transcription repressor of the E2F
target genes.
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[11.2. Li-Fraumeni Syndrome and TP53

- 1/3 of the population will have a cancer;

- Besides, exist familial cancers; more than a
hundred genetic diseases are accompanied with an
increased risk of cancers.

- In the general population, if a given person
has a cancer: the risk is increased by 2 or 3 in
the family.

- 7 In certain types of familial cancers: risk x
107

How to suspect an hereditary cancer predisposition:
- too early in life;

- more than 1 cancer in 1 patient;

- positive family history.

In 1969 FP Li and JF Fraumeni define a syndrome:

- autosomal dominant,

- with: breast cancers, sarcomas, brain tumors,
leukemias ...

- inclusion criteria: 1 individual having a
sarcoma and at least 2 related persons with a
sarcoma or a carcinoma.

Mutation of various genes can lead to Li-Fraumeni

Syndrome:

- TP53in 70% of Li-Fraumeni cases, but also:

- CHK2 (2212, role in DNA double-strand
break response),

- PTEN (10923, downregulator of PI3K/AKT
pathway),

- CDKN2A (9p21, interacts with CDKs (cyclin
dependant kinases), activates the cell cycle arrest
by preventing RB1 phosphorylation).

...on the other hand, somatic mutations of P53 are
found in about 50% of all cancers.

IV- HAMARTO-NEOPLASTIC
SYNDROMES

Hamartomas ardocalized tissue proliferations with

faulty differenciation and mixture of component

tissues;

hamartomas arebenign proliferations that have a

potential towards neoplasia;

patients are atincreased risk of benign and

malignant tumors of various tissues and organs.

These diseases dneritable;

the genes known so far aneémor suppressor genes

but no common fonction has yet been established.

- Neurofibromatosis Type 1 (gene NF1)

- Neurofibromatosis Type 2 (gene NF2)

- Tuberous sclerosis

- Von Hippel-Lindau Syndrome (gene VHL)

- Multiple Endocrine Neoplasia type 1 (gene
MENZ1)

- Multiple Endocrine Neoplasia type 2 (gene
RET, tyrosine kinase receptor, see above
in"carcinomas with translocation”)
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- Cowden (gene PTEN, phosphatase, see "breast
cancer" above). ...etc ...

... Example:NF1:

Neurofibromatosis Type 1

- Heredity: autosomal dominantwith almost
complete penetrance;

- frequency: 30/10 newborns (and 1 of 200
mentally handicapped persons): one of the most
frequent genetically inheritable disease;

- Neomutation in 50%, mostly from the
paternal allele;

- highly variable expressivity, from very mild
to very severe; expressivity is also age-related.

- Clinics: NF1 is an hamartoneoplastic
syndrome; hamartomas are localized tissue
proliferations with faulty differenciation and
mixture of component tissues; they are heritable
malformations that have a potential towards
neoplasia; the embryonic origin of dysgenetic
tissues involved in NF1 is ectoblastic.

- Diagnosisis made on the ground of at least 2
of the following:

café-au-lait spots

2 neurofibromas or 1
neurofibromas (mainly cutaneous)

2 Lisch nodules (melanocytic
hamartomas of the iris)

freckling in the axillary/inguinal region.

glioma of the optic nerve

distintive bone anomalies (scoliosis,
pseudoarthroses, bony defects (orbital wall)

)

plexiform

positive family history

Other features: macrocephaly, epilepsy,
mental retardation in 10 %; learning diabilities
in half patients, sexual precocity and other
endocrine anomalies, hypertension (renal
artery stenosis).

- Neoplastic risk:

5% of patients having von
Recklinghausen disease will have a cancer.

Neurofibromas (especially the
plexiform variety) arepolyclonal (benign)
proliferation; may be present at birth or
appear later.They may be a few or thousands,
small or enormous, occur in the skin and in
various tissus and organs.

Neurofibrosarcomatous
transformation (malignant) of these in 5-10
%.

Schwannomas(optic nerve, see above),
meningiomas, astrocytomas, ependymoma.

Childhood MDS (myelodysplasia) and
AML , often with monosomy fmonosomy 7
syndrome , ‘juvenile myelomonocytic
leukaemia’): risk, increased by X 200 to 500,
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most often before the age of 5 yrs; no Mutations:

increased risk of leukaemia in the adult. - Germinal: deletions or insertions in
Pheochromocytomas 25% of cases, point mutations and
Various other neoplasias of which are translocations; no  “cluster" of
rhabdomyosarcomas. mutations, making difficult the
Treatement: early diagnosis, lifetime diagnosis.
monitoring and surgery are essential. - Somatic: the second allele stays
Gene: NF1 (neurofibromin 1) 17q11.2; normal in benign tumours but is often
(GTPase activating protein  (GAP)) lost in malignant tumours.
interacting with p21RAS tumour
sSuppressor.

This article should be referenced as such:

Huret JL. Chromosomes, Leukemias, Solid Tumors,
Hereditary Cancers. Atlas Genet Cytogenet Oncol
Haematol. 2009; 13(2):156-185.
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|. Generality
Il. Hemoglobin genes
Il.1. Gene Families

I1.2. Sequential genes expression through the devel

[ll. Mutations

[11.1. Definition

l11.2. Example of a Platonical gene
IV. Clinics - main syndromes

IV.1. Sickle-cell anemia

opment

IV.2. Thalassemias
IV.3. Thalassemias
|. Generality - The notion of gene familie¢and the notion
. pseudogene, consequence of the family gene
Hemoglobin: o
formation);

Protein that composes the hemoglobin (Hb).
Hemoglobin A (the dominant form in adults):
molecular weight is 64400. It is composed of o@e2
tetramer and 4 Heme molecules of a weight of 614
(X4).

There are different tetramers2 2 tetramers, mostly,

in the adult; 2 2 in the foetus most often, and other
tetramers in the embryo. There is a wide range of
hemoglobin genes. It brings out two fundamental
notions:
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- The notion ofsequential expression of genes from
the same family through the development in
particular in the embryo development (See also the
paragraph on the Hox gene family in Skeletal
Development in Human ).

Hemoglobin genetic anomalies can cause hemolytic
anemias such as: sickle-cell anemia (Hbs),
thalassemias, thalassemias (see details below), more
or less severe diseases, depending on the mutation
and/or the number of mutations (i.e. one gene
deletion is latent, but the deletion of 4genes cause
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hydrops foetalis and death in utero or during the
neonatal period).

Il. Hemoglobin genes

[I.1. Gene Families

The hemoglobin genes (and the myoglobin genes of
muscle) represent a family of gene. The common
ancestor is more than 500 million years old. The
ancestor gene duplicated (a number of times), and

each duplicated copy mutated, so that the set of
resulting genes brought a diversity of various
functional genes, and non-functional genes (codting
non functional proteins, they are called pseudogene
Gene localization:

- Chromosome 11: localization in 11p15.5.

Genes coming from an ancient duplication (existence
of homologous sequences) drifted by mutation and
recombination.

The genes Gand A are coding for the chain; 1
amino acid is different in position 136. Existerude

a pseudogene akin to normal genes but mutated in a
way that it is not coding for any protein.- Chroroo®
16: localization in 16p13.3.
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More recent duplication of thel and 2 genes;
homology: they have close nucleotide sequencesand
identical coding sequence. The gene is weakly
express.
Each gene is made of 3 exons (coding sequences)
separate by 2 introns (non-coding sequences).
II.2. Sequential gene expression through
development
The hemoglobin genes split the tasks: some areesgpr
by the embryo; others take over in foetus; andllfina
others in adult. Also, the sequential expressiotches
the physical distribution of the gene from 5’ ta 3o

be noted that a “foetal” gene can compensate mdail
“adult” gene (hereditary persistence of the foetal
hemoglobin):
- In the embryo, tetramers2 2, 2 2, 2 2and 2 2;
- In the foetus: 2 2 (and 2 2);
- In the adult, in majority, tetramers2 2 (but also

2 2and 2 2).

the



[1l. Mutations (see example)

[1.1. Definition

Most of the time silent mutation.

Deletion or insertion of a nucleotide: change ie th
reading frame: reading impossible; if the chandeda
place far from the end of the gene, there will lme n
protein synthesis.

Deletion or insertion of a triplet: 1 amino acidrirore
or less destabilizes + the tertiary protein strreetu
Extent deletion: frequent for thegene: thalassemia.
Fusion of 2 genes: unequal crossing over during
meiosis: deletion at the end of th& dene and at the
beginning of the % --> hybrid gene; example Hb
Lepore: fusion

Abnormal mRNA splicing: deletion at the

Atlas Genet Cytogenet Oncol Haematol. 2009; 13(2) 188

beginning of an exon with, possibly, a change ia th
reading frame.

Mutation in one exon: 1 amino acid will be repladsd
another one; variable consequences depending on the
amino acid: most of the time a silent mutation; thet
Sickle-cell anemia is due to a mutation at thedgition

of the gene (Glu->Val).

Nonsense mutation in an exon: cut the polypeptide
chain; if the mutation takes place somewhere dlae t
at the end of the gene, there will be no possibbéem
synthesis.

Mutation in the nonsense termination codon: the
transcription does not stop; example Hb Constant
Spring: chain extends of 31 amino acids.

Mutation on the promoter.

[11.2. Example
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IV. Clinics - main syndromes

- Hemoglobinopathy: Constitutional anomalies of the
Hb structure (qualitative anomaly).

- Thalassemia Constitutional anomalies of the Hb
synthesis (quantitative anomaly).

IV.1. Sickle-cell anemia

- Hemoglobinopathy. Mutation at th& 8odon of the
gene (Glu->Val).

- Prevalent in Black populations (in some populaio
up to 40% of the individuals are heterozygote);
Mediterranean basin; ...

- Persistence of the gene frequency due to a pesiti
selection of the heterozygote caused by the malaria
(loss of the Hardy Weinberg equilibrium due to the
selection effect).

- Tendency to polymerization of the mutated
hemoglobin molecule (Hbs) --> red blood cells are
deforms and rigid (sickle-cell anemia) --> hemadysi
and thrombosis.

- Homozygote state

Starts in childhood:

Alteration of the general state, hemolytic disease,
abdominal pain, feverish articular manifestation. |
poor populations, the affected children (homozygjpte
rarely live beyond the age of 2 years.

Hemolytic anemia with sickle-shaped red cells.
Diagnosis by hemoglobin (Hb S) electrophoresis.
Evolution: hemolytic crises and thromboses (bone
infarct, visceral infarct (in particular splenic3pleen
atrophy, infectious complications). Frequent death
the childhood.

Symptomatic treatment (rehydration, transfusions).
Prenatal diagnosis: there is a restriction enzyEiR) (
which normally recognises and cleaves the genbeat t
6th codon, among other sites, producing a DNA
fragment of 1,1 Kb. The mutation responsible of the
disease eliminates this site at codon 6. Becawgsadkt
site is farther on the gene, the fragment will Hel 8
Kb. Then, by electrophoresis of the DNA, it is gbkes

to discriminate the normal homozygotes (NN), the
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heterozygotes (NS) and the affected homozygotey (SS
See the figure below.

- Heterozygote state

Often asymptomatic.

Sometimes thrombosis.

- Double heterozygote: heterozygote for sickle-cell
anemia associated with another mutation on thkain
for the other allele.

Often intermediate condition.

IV.2. Thalassemia
Mediterranean basin, Southeast Asia....

chains synthesis in weak or nil quantity, depegdih
the anomaly.
Free chains which precipitate --> Ineffective
erythropoiesis.

chains * relieve by the synthesis of th@ 2
tetramers chains: HbF (foetal) (if the HbF rate08%
“PHHF" or hereditary persistence of the foetal
hemoglobin: often asymptomatic).
- Homozygote statgor Cooley disease)
Starts in childhood:
Alteration of the general state, splenomegaly, aeéal
skull “turricephaly”.
Hypersideremic microcytic hypochromic anemia. Hb
electrophoresis diagnosis: HbA 22 tetramers),
decreased: ¢ thalassemias), or absent: O(
thalassemias), HbF increased.
Evolution: hepatomegaly, hepatic fibrosis, cardiac
failure. Frequent death before 20 years.
Treatment: transfusions (--> hemochromatosis risk).
Prenatal diagnosis.
- Heterozygote state
Often asymptomatic; microcythemia without anemia.
- Related diseases

Thalassemias: lack of and genes; at the

homozygote state intermediate condition.
Hb Lepore: mimicking thalassemia condition.



IV.3. Thalassemia - Hemolytic microcytic hypochromic anemia from
Southeast Asia, Africa, Mediterranean basin... birth; splenomegaly.

01, 2, 3 or 4 genes affected: subnormal HbA One or two genes affected:

synthesis, decreased, or impossible and absence or - Asymptomatic or discreet symptomatology.
presence of Hb Bart4) or d'HbH (4) non functional.
Hydrops Foetalis: This article should be referenced as such:

-4 genes affected. Non viable. Huret JL, Troussard X. Hemoglobin genes; Sickle-cell

Hemoglobin H disease: anemia - Thalassemias. Atlas Genet Cytogenet Oncol
- 3 genes affected. Haematol. 2009; 13(2):186-190.
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