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Abstract

Forminlike 1 (FMNL1) is a member of the Formin
protein family, which are regulators of actin and
microtubule cytoskeletal dynamics. FMNL1 belongs
to the subfamily of formins knows as Diaphanous
related formins (DRF) and is involved in processes
such as phgocytosis, cell adhesion, podosome
dynamics, cell migration, cytokinesis, and polarity
control. It has been suggested that spatial and
temporal regulation of FMNL1 is controlled by
small Rho GTPases. The present review contains
data on FMNL1 DNA/RNA, prain encoded and
function.

Identity

Other names:FRL1, FRL alpha
HGNC (Hugo): FMNL1
Location: 17g21.31

DNA/RNA

Description

FMNL1 full-length cDNA (Favaro et al., 2003) was
obtained from the EST IL-MT0208-210201356-
f01 (GenBank Accession No. B1028593), geated

FH1

from the Human Cancer Genome Project (Dias Neto
et al., 2000). The entire FMNL1 gene is located in
chromosome 17 (17921) and has a size of
approximately 25.8 Kb (start: 45221444 and end:
45247320 bp; orientation: Plus strand) and contains
17 exonsThe FMNL1 cDNA contains 3973 bp and
is located in chromosome 17 (17921).

Protein

Description

Formin proteins are characterized by a unique and
highly conserved @erminal formin homology (FH)

2 domain, responsible for its interaction with actin
(Wallar and Alberts, 2003; Higgs, 2005).
Diaphanousgelated formins (DRF) are characterized
by regulatory domains at the-tdrminus, including
the GTPase binding domain (GBD), Diaphanous
inhibitory domain (DID), and dimerization domain
(DD), and a single @ermind Diaphanous
autoregulatory domain (DAD) (Figure 1). DRFs are
regulated by an autoinhibitory interaction of DAD
with DID (Li and Higgs, 2003). This autoinhibition
is relieved through binding of an activated
RhoGTPase to the GBD, resulting in activation of
formin to polymerize actin filaments (Kuhn and
Geyer, 2014)(Figure 2).

-

DAD

FH2 |Leu1100

Figure 1. Domain structure of FMNL1. Amino acid positions are identified. GBD; GTPase binding domain, DID; Diaphanous
inhibitory domain; DD; dimerization domain. FH1 and FH2; Formin homology 1 and 2 domain. DAD; Diaphanous autoregulatory

domain.
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Figure 2. Schematic model of regulation of DRF by RhoGTPases. DRF are autoinhibited in an inactivated state by the
interaction of DAD with DID. Upon the interaction of an activated Rho GTPase with the GBD, the C-terminal autoregulatory
domain is displaced from its N-terminal recognition site, resulting in the activation of formin and consequently the polymerization
of actin filaments. Adapted from (Alberts, 2002).

Expression

In normal tissues, FMNL1 expression is restricted to
peripheral blood mononuclear and homing tissues
such as thymus, spleen, lymph nodes and bone
marrow (Favaro et al., 2003; Schuster et al., 2007)
In bone marrow, FMNL1 expression was restricted
to myeloid cells and in lymph nodes, mature
lymphocytes stain strongly for FMNL1 (Gardberg et
al., 2014).

FMNL1 is highly expressed in a variety of
hematopoietic malignancies, including cells from
patientswith lymphoid and myeloid leukemias and
nonHodgkin's lymphomas, as well as malignant
lymphoid and myeloid cell lines and in renal
carcinoma cell lines (Favaro et al., 2003; Favaro et
al., 2006; Schuster et al., 2007). Recently, Gardberg
et al reported tiaFMNL1 to be also expressed in
smooth muscle cells and myoepithelial cells
(Gardberg et al., 2014).

Localisation

Immunohistochemical analyses have shown that
FMNL1 staining is cytoplasmatic (Gardberg et al.,
2014).

Function

Many functions have been atwited to FMNL1,
such as cell adhesion, cytokinesis, cell polarization
and migration in mitosis (Yayoshamamoto et al.,
2000; Seth et al., 2006; Esue et al., 2008; Mersich et
al., 2010). The silencing of FMNL1 reduces cell
proliferation as well as migratioof human leukemia
cells and tumor growth (Favaro et al., 2013).
FMNL1 is needed for cytotoxicity, polarization and
maintenance of the Golgi complex in-cElls
(Gomez et al.,, 2007; Coldraranco et al., 2011).
FMNL1 is involved in podosome dynamics in
maciophage cell lines (Mersich et al., 2010) and a
new splice variant of
reported to induce polarized membrane nonapoptotic
blebbing (Han et al., 2009). During mouse oocyte
meiotic maturation, FMNL1 has shown to affect
both actin dynanais and spindle formation, through
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a RHOA -FMNL1- GOLGA2 (GM130) pathway,
leading to oocyte polar body extrusion (Wang et al.,
2015; Yin and Sun, 2015)

Homology

FMNL1 shares homology with that of the other
members of the formin protein family.

FMNL1 also tas a high homology among different
species (Table 1).

% Identity for: Homo

sapiensEMNL1 Symbol |Protein DNA

vs. P. troglodytes FMNL1 |99.0 99.0
vs. M. mulatta FMNL1 98.0 |96.0
vs. C. jacchus FMNL1 95.0 |95.0
vs. N. galili Fmnll 94.0 |88.0
vs. B. taurus FMNL1 93.0 (86.0
vs. M. musculus Fmnll 93.0 |85.0
vs. M. putorius FMNL1 |91.0 88.0
vs. C. lupus FMNL1 91.0 |87.0
vs. R. norvegicus Fmnll 89.0 |84.0
vs. G. gallus FMNL1 |72.0 86.0
vs. |. punctalus fmnll |69.0 |82.0

Table 1.Comparative identity of human FMNL1 with other
species (Source: http://www.ncbi.nlm.nih.gov/homologene)

Mutations

Somatic

Recurrent mutations in the FMNL1 gene are rare,
and 123 substitution missense, 4 substitution
nonsense, 57 batitution synonymous, 5 insertion
inframe, 1 insertiorframeshift, 9 deletions inframe

F MBnNd B deletoiMiMineshift, muthtioars ard reponted in

COSMIC (Catalogue of somatic mutations in cancer;
http://cancer.sanger.ac.uk/cancergenome/projects/c
osmic).
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Implicated in

T-cell non-Hodgkin's lymphoma
A study performed irb4 frozen biopsies of T nen

Hodgkin's lymphoma (NHL) patients and five
reactive lymph nodes showed that FMNL1 protein
expression was detected in all samples. However,

FMNL1 expression was highest in thec&ll NHL,
when compared with others NHL (follicula&NHL

and diffuse large Bell NHL) and reactive lymph

nodes (Favaro et al., 2006).
Leukemia

FMNLL1 protein is overexpressed in malignant cells
from patients with lymphoid and myeloid leukemias,
including chronic lymphocytic leukemia (CLL),
acute B and T-lymphoblastic leukemia and acute
myeloid leukemia (Krackhardt et al., 2002; Favaro et
al., 2003; Schuster et al., 2007). These findings are
consistent with FMNL1 expression in human

leukemic cell lines and also with a largeale meta
analysis of gene expsion in humans (AFFY-33,

array platform) (Lukk et al., 2010; Favaro et al.,

2013).
Breast cancer

Eight basal type breast cancer samples were tested
for FMNL1 expression. In three cases, FMNL1
expression was restricted to inflammatory cells and
in five samples, FMNL1 staining was observed in a
subset of the malignant epithelial cells (Gardberg et

al., 2014).

To be noted

Allorestricted MHC class-testricted T cell receptor
(TCR) with specificity for FMNL1 and potent
activity against CLL cells werisolated (Schuster et

al., 2007). Recently, MHC cladkrestricted CD4

T cells and TCR with specificity for leukaemia
antigens, including FMNL1 were also isolated

(Weigand et al., 2012)..
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Abstract

Kallikreins (KLKs) constitute a family of 15
homologous secreted serine proteases (KILE},
which participate in numerous physiological
procedures. All KLKs are encoded by the largest
contiguous cluster of protease genes in the human
genome (19913:23.4). In specific, the human
KLK13 gene spans aegion of 8905 nucleotides,
comprises 5 exons and 4 intervening introns and
produces a single mRNA transcript that encodes
KLK13 precursor protein. Like the rest of the KLK
genes, KLK13 gene encodes for a trypldie serine
peptidase, the functions of whiare still unclear.
KLK13 expression has been detected in a variety of
human tissues and is found to be associated with
several types of cancer. Evidence has showed that
KLK13 can be an independent biomarker of
favorable prognosis in breast cancer pasieand
may potentially be able to identify patients likely to
benefit from hormonal treatment. In addition, major
prognostic abilities of KLK13 have been confirmed
in nonsmall cell lung cancer as well as gastric cancer,
as patients with KLK13 overexpression
demonstrated significantly longer overall (OS) and
diseasdree survival (DFS) accordingly. Although
the precise localization and structure of the KLK13
gene has now been fully identified, its functional
roles and implication mechanisms to human
malignandes are still not conveniently understood
and merit further investigation.

Keywords
Kallikreins; KLK13; KLK-L4; KLKL4; biomarker;
Proteolytic cascades

Identity

Atlas Genet Cytogenet Oncol Haematol. 2017; 21(5)

Other names:KLK -L4, KLKL4
HGNC (Hugo): KLK13

Location: 19913.33

Local order: Telomere tacentromere.

Note: The name of this gene is "kallikreielated
peptidase 13". The name of its product is "kallikrein
13 precursor".

DNA/RNA

Description

The human KLK13 gene is located on the
chromosome 19q, spans a region of 8905 nucleotides
and comprise$ exons and 4 intervening introns. In
addition, the lengths of the coding regions in each
exon are 52, 187, 269, 137, and 189 nucleotides,
respectively. (Yousef et al, 2000).

Transcription

Only one mRNA transcript of the KLK13 gene has
been annotated (NM16596.1). This mMRNA
encodes for the kallikreit3 precursor protein
(NP_056411.1). In addition, evidence derived by
automated computational analysis supports the
existence of another transcript (XR_935788.1),
which is predicted to be a na@woding transcripand
therefore a candidate for nonsemsediated mRNA
decay (NMD). Like most members of the human
kallikrein (KLK) gene family, KLK13 is expressed
in a wide array of normal human tissues. In detail,
KLK13 expression was detected at high levels in the
esofhagus and tonsil, while lower concentrations of
KLK13 mRNA were confirmed

in cervix, salivary gland, and vagina. In addition,
even lower expression levels have been detected in
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various other adult and fetal tissues (Shaw and
Diamandis, 2007).

In addition nextgeneration sequencing approaches
have revealed the existence of one novel
alternatively spliced variant of KLK13 that has
already been submitted in the GenBank® database
(GenBank® accession number: KX595106) and is
predicted to be nenoding, sinceit contains a
premature stop codon.

Pseudogene
None.

Protein

Description

The protein encoded by the KLK13 gene is a
kallikrein-related serine protease of 277 amino acid
residues, with a calculated molecular mass of 30570
Da. Hydrophobicity and structural omology
analysis showed that the amiteyrminal region of
the encoded protein is quite hydrophobic. In
addition, evidence suggested that the amino acid
segment 220 represents the signal peptide, while the
segment 225 is the activation peptide. As a rlisu
the active form of KLK13 starts from amino acid 26
(Yousef et al, 2000).

Expression

High expression levels of KLK13 protein have been
detected in mammary gland, prostate, salivary gland,
testis, esophagus and tonsil, but lower expression
levels have ben found in many other human tissues
(breast, kidney, skin, thyroid, trachea, ureter, and
lung). In addition, KLK13 secretion in seminal
plasma has been confirmed (Kapadia etl al, 2003)
(Shaw and Diamandis, 2007).

Localisation

Immunohistochemistry studiesave demonstrated
that KLK13 is generally located in the cytoplasm
(Petraki et al, 2003). However, some nuclear staining
of epithelial cells was also observed.

Function

The function of the protein is still unclear. Like all
members of the human kallikrefamily, KLK13 is
predicted to encode a secreted serine protease that is
likely present in biological fluids. However, no
suitable method for measuring KLK13 protein with
high sensitivity and specificity has been established
(Kapadia et al, 2003).

Homology

KLK13 protein shares 51% amino acid sequence
similarity with the TLSP and zyme genes, 49% with
KLKS5, 47% with KLK3 as well as 45% with KLK2.

In addition, the classical catalytic triad of serine
proteases is well conserved in the KLK13 (#¥is
Asp'®3 andSer*d) (Yousef et al, 2000).

Atlas Genet Cytogenet Oncol Haematol. 2017; 21(5)
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Implicated in

Breast cancer

Prognosis

Clinical studies in breast tumour specimens have
highlighted KLK13 as an independent favourable
prognostic marker in breast cancer. Patients with
positive KLK13 expression demonstrate a
significantly longer diseasfee survival (DFS) and
overall survival (OS), as revealed by both univariate
and multivariate Cox regression analyses. In
addition, KLK13 expression positivity was detected
more frequently in estrogen receptor (ERksitive
patients and was also significantly higher in patients
over the age of 55 years. As a result, evidence
supports that KLK13 can be an independent
biomarker of favorable prognosis in breast cancer
patients and may potentially be able to identify
patients likelyto benefit from hormonal treatment
(Chang et al, 2002).

Non-small cell lung cancer

Note

In a recent study, KLK1B31RNA expression levels
were assessed using a sensitive quantitativ®8R
method in patients with nesmall cell lung cancer
(NSCLC), in orderto investigate its prognostic
potential in this type of malignancy. KLK13 was
found significantly overexpressed in most cancerous
tissues compared to the paired normal ones.
Additionally, female patients demonstrated higher
KLK13 expression levels than tegpatients.

Prognosis

Regarding the prognostic abilities of KLK13 in
NSCLC, patients characterized with overexpression
of KLK13 survived significantly longer and
therefore KLK13 expression is a favorable,
independent prognostic indicator, in terms of aller
survival (OS) (Gueugnon et al, 2015).

Gastric cancer

Note

The prognostic ability of KLK13 mRNA levels have
also been studied in stomach cancer. In detail, after
guantitative analysis of KLK13 expression profile
was performed in numerous primary gastric
carcinoma samples, using an usensitive (QRT
PCR) methodology, KLK13 expression was found to
be downregulated in cancerous tissues, compared to
their matching noftancerous ones.

Prognosis

Additionally, survival evaluation using Kaplan
Mayer curves reealed that patients overexpressing
KLK13 demonstrate not only a significantly
increased diseadece survival (DFS), having low
risk of disease recurrences, but also a longer overall
survival (OS).
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Thus, KLK13 can serve as a new favorable tumor
biomarker for patients with gastric cancer
(Konstantoudakis et al, 2010).

Epithelial ovarian carcinoma

Prognosis

The clinical value of KLK13 protein (KLK13) as a
marker in ovarian cancer has been clarified. KLK13
levels were quantified in numerous ovarian tumor
sanples using an enzyraked immunosorbent
assay (ELISA).

After KLK13 concentration in ovarian tumor
cytosols was identified, KLK13 levels were
associated with various clinicopathological
variables, progressiefniee survival (PFS) and
overall survival (OS)

Results indicated that patients with KLKp8sitive
tumor samples had a significantly longer PFS as well
as OS in comparison with KLK1Begative patients.

In addition to these findings, survival analysis using
KaplanMayer curves revealed a decreaselhpse
and death hazard in patients with KLkf8sitive
tumors (Scorilas et al, 2004).
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as its expresion level is associated with decreased
AbStraCt survival of patients.
Kallikreins (KLKs) represent the largest cluster of Although the precise localization and structure of t_he
serine peptidases, which is composed of 15 members KLK9 gene has now been fully characterized, its

(KLK1-15). The human Kallikreinelated peptidase functional roles and connections to human diseases
9 gene (KLK9), like the restf the KLK genes, are still incompletely understood ancert further
encodes for a trypsilike serine peptidase. Serine investigation.

peptidases are a group of proteleaving enzymes Keywords

that contain a serine residue in their active site. Kallikreins; KLK9:; KLK-L3: KLKL3: biomarker:
Kallikreins ~ constitute a subfamily of serine  proteolytic cascades; breast cancer; ovarian cancer;
peptidases that cleave kininogen amdlease astrocytoma

vasoactive peptides (kinins). The human KLK9 gene

is located at 19g13.41 and consists of 5 exons and 4 | entity

intervening introns. Although KLK9 expression has

been detected in various normal human tissues, Other names KLK-L3, KLKL3
differences in mRNA and protein expression lsve HGNC (Hugo): KLK9

have bgen ob;erved. Like othgr KLK_s, KLK9 is Location: 19q13.41

found differentially expressed in multiple human
malignancies. Clinical studies regarding the KLKg  Local order: Telomere to centromere.

expression analysis in breast cancer tissues have Note: The name of this gene is "kallikreielated
demonstrated that KLK9 mRNA expression peptidase 9", while the name of its product is
possesses significaprognostic ability and therefore "kallikrein-9 precursor".

could be a strong, independent marker of favorable

prognosis in patients with breast cancer. In addition, DNA/R NA

the prognostic potential of the KLK9 mRNA .

expression levels in ovarian cancer has been D€scription

clarified, since patients wi KLK9-positive tumors The KLK9 gene consists of 5 exons and 4
demonstrate significantly longer progressioge intervening introns, spanning a region of 7081 bp
and overall survival in comparison with KLK9 genomic DNA.

negative patients.
Finally, KLK9 could serve as a prognostic biomarker
for patients diagnosed with higjrade astrocytoma,
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Detailed structure of the annotated full-length mRNA transcript (NM_005551.4) of the KLK9 gene. The full-length KLK9 mRNA
transcript is composed of 5 exons. Exons are depicted as boxes and introns as lines; gray and white boxes represent coding and
non-coding exons, respectively. Numbers inside boxes and above lines indicate the length of each exon or intron in nucleotides.

Finally, the translation start and stop codons are also shown.

Transcription

A single mRNA trascript (NM_005551.4) of the
KLK9 gene, with a total length of 1438 nucleotides,
has been annotated. Expression of the KLK9 gene
has been detected in various normal human tissues;
still, differences in mMRNA and protein expression
levels have been observéd.particular, the highest
MRNA levels of the KLK9 gene have been detected
in stomach and vagina. In addition, KLK9 is
expressed in high levels in the brain, cervix,
esophagus, and fallopian tube, while normal
expression levels are observed in breaststpte,
testis, thymus, thyroid, liver, lung, small intestine,
spinal cord, and trachea (Shaw and Diamandis,
2007).

However, recent evidence derived from nRext
generation sequencing approaches has confirmed the
existence of 10 novel alternative KLK9 trangtsi
(KLK9 v.2 ->v.11) that have already been submitted
in GenBank® database (GenBank® accession
numbers: KX571238 KX571247 accordingly).

Pseudogene
Not yet identified.

Protein

Description

The protein encoded by the KLK9 gene is a
kallikrein-related serie protease of 250 amino acid
residues, with a calculated molecular mass of 25.6
kDa. Similar to other tissue kallikreins, the KLK9
protein is produced as a ppeoenzyme consisting of
250 amino acids, which is processed into a mature
form with enzymatic etivity (229 amino acids). In
addition, KLK9 protein harbors a signal peptide of
19 amino acid residues and aa& presegment
(Yousef and Diamandis, 2000).

Localisation
KLK9 is mainly localized in the cytoplasm.
Function

Like the rest of the KLK genegshe KLK9 gene
encodes for a trypsilike serine peptidase. Serine
peptidases are a group of proteleaving enzymes
that contain a serine residue in their active site.
Kallikreins constitute a subfamily of serine

Atlas Genet Cytogenet Oncol Haematol. 2017; 21(5)

peptidases that cleave kininogen and i&dea
vasoactive peptides (kinins) (Schachter, 1980).

Homology

Homology tests have demonstrated that human
KLK9 protein shares the highest homology with
human KLK11 (40%). In addition, KLK9 protein
sequence is 38% homologous with the sequence of
KLK5 and 33%homologous with the one of tissue
kallikrein ( KLK1) (Yousef and Diamandis, 2000).

Mutations

No germinal or somatic mutations have been
associated with cancer.

Implicated in

Breast cancer

Prognosis

Clinical studies regarding the expression analysis of
the KLK9 gene in breast cancer tissues have
demonstrated that KLK9 mRNA expression
possesses strong prognostic ability. In particular,
breast cancer patients with KLK$sitive tumors
exhibit significantly longer diseadece survival
(DFS) as well as overadlurvival (OS) compared to
those who are KLKSegative. As a result, mRNA
overexpression of the KLK9 gene in breast tumors is
found to be associated with increased DFS and OS
leading to the conclusion that KLK9 mRNA levels
could be a strong, independent ker of favorable
prognosis in breast cancer (Yousef et al., 2003).

Ovarian cancer

Prognosis

Similar studies regarding the KLK9 mRNA
expression analysis in ovarian tumor samples have
clarified the prognostic potential of the KLK9 gene
in ovarian cancer. KL mRNA overexpression can
serve as an independent favorable prognostic marker
for ovarian cancer patients, since patients with
KLK9-positive tumors demonstrated significantly
longer progressicfree and overall survival in
comparison with KLK9negative pagents (Yousef et

al., 2001).

Astrocytoma
Prognosis
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KLK9 protein expression analysis in two distinct
tissue microarrays containing grade Il and IV
astrocytoma samples revealed that increased KLK9
expression is associated with decreased survival of
patients thus suggesting its utility as a prognostic

biomarker for patients diagnosed with higrade
astrocytoma (Drucker et al., 2015).
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Abstract

This CARD addresses the following questions: 1)
how should in situ follicular neoplasia be defined
and diagnosed? and Bpw should people/patients

with in situ follicular neoplasia be managed?

Keywords
In situ follicular neoplasia; intrafollicular neoplasia;
early lesions in lymphoid neoplasia

Identity

The term in situ follicular neoplasia has been
adopted very recently tdassify a Bcell lymphoid
neoplasia with an intrafollicular growth pattern. The
neoplastic B cells are localized within the germinal
center, without invasion of surrounding structures. In
situ follicular neoplasia (Swerdlow et al., 2016), the
newly adoptd name for in situ follicular lymphoma,
reflects lowrisk of progression to overt lymphoma.
Alias: Follicular lymphomdike B cells of
undetermined significance (Fend et al., 2012). The
term "Follicular lymphomdike B cells of
undetermined significancehas been proposed to
indicate the unknown clinical outcome; Follicular
lymphoma in situ (FLIS) (Jegalian et al., 2011);
intrafollicular neoplasia /in situ follicular lymphoma
(Harris et al., 2008); In situ localization of follicular
lymphoma (Cong et al2002); Incipient follicular
lymphoma (Pruneri et al, 2001); Follicular
lymphoma of compartmentalizefbllicular center
cells (Carbone et al., 1992).

Atlas Genet Cytogenet Oncol Haematol. 2017; 21(5)

An updated report of the case has recently been
published under the title of "Coexisting follicular
and nmantle cell lymphoma with each having an in
situ component” (Carbone and Gloghini, 2011).

Clinics and pathology

Disease

The 2008 "WHO Classification of Tumors of
Haematopoietic and Lymphoid Tissues" has
addressed the problem of early lesions in lymphoid
nelasia (Harris et al., 2008; Swerdlow et al.,
2008). In situ neoplasia has been recognized for both
follicular lymphoma (FL) and mantle cell lymphoma
(Richard et al., 2006; Agel et al., 2008; Harris et al.,
2008; Jares and Campo, 2008; Swerdlow et al.,
2008; Pileri and Falini, 2009).

In the case of in situ follicular neoplasia the
accumulation of neoplastic cells is detectable within
the lymphoid follicles.

The follicular dendritic cells represent the barrier
beyond which in situ follicular neoplasia doest
extend (Carbone and Gloghini, 2014). In fact, the
lesion follows the existing architecture of the
involved lymphoid follicles. For these reasons, in
situ follicular neoplasia does not usually form a
tumor; it is not surprising, therefore, that thessitu
lesions are often incidental findings in an otherwise
reactiveappearing lymph node (Carbone and
Santoro, 2011).

Epidemiology

Presently unknown
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Without overt lymphoma
Associated with overt lymphoma
With overt follicular lymphomdFL)

Carbone A, Gloghini A

Early infiltration by synchronous FL

or preceding FL by years

With lymphomas other than FL

splenic marginal zone lymphoma

Classic Hodgkin Lymphoma
Diffuse Large BCell Lymphoma

Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma

Lymphoplasmacytic lymphoma
Peripheral Tcell ymphoma, unspecified

Associated with non lymphoid malignancies

Colorectal carcinoma

Breast carcinoma

Melanoma

Lung carcinoma

Other (sporadic reports)

Table 1. In situ follicular neoplasia: Clinical variants. Modified and adapted from Carbone et al., 2012.

Clinics

From a clinical point of view, in situ follicular
neoplasia has an uncertain clinical behaviour and
unknown risk to progression to overtiphoma.

In terms of prognosis and treatment is important to
rule out the presence of lymphoma in other locations
and/or previously unknown non lymphoid
malignancies (Carbone et al., 2012) (Table 1). To
this end, a careful staging is advisable; this should
include biopsy of additional lymph nodes or other

suspicious tissue involvement, blood flow
cytometry, and CT or PET scans
Pathology

The lymph node involved with in situ follicular
neoplasia usually shows preservation of the nodal

Architecture

Follicle size

Distribution of involved follicles
Follicular cuff

Follicular edge

Expression of BCL2
Expression of CD10
Expression of CD20
Expression ofBCL6
Expression of CD3

Follicular involvement

Stromal microenvironment of the mantle

Table 2. In situ follicular neoplasia: Diagnosis s.Modified and adapted from Carbone and Gloghini, 2014.
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architecture, whereas aew follicles contain a
monotonous population of small lymphoid cells and
may lack tingible body macrophages. Affected
follicles are usually scattered, and contain germinal
center B cells that show strongly positive staining for
BCL2 and CD10 (Cong et al2002; Harris et al.,
2008; Carbone and Santoro, 2011) (Table 2).
Pathological diagnosis of in situ follicular neoplasia
requires recognizing strong immunostaining of
BCL2 and CD10 by neoplastic B cells inside the
affected follicles. In situ follicular nedgsia should

be distinguished from overt follicular lymphoma
with partial lymph node involvement. In this case
partial effacement of the architecture could be
observed (Campo et al., 2011; Jegalian et al., 2011,
Fend et al., 2012).

Intact

Normal

Widely scattered
Intact

Sharp

Positive, very B
Positive, very B
Positive

Positive
Negative
Usually limited to germinal center
Intact
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Figure 1. Various levels of germinal center involvement in in situ follicular neoplasia. The germinal center involvement
ranges from few scattered BCL2+ B cells (A) to many BCL2+ B cells that occupy the germinal center (B). In all follicles, however,
the BCL2+ B cells display a uniform and strong intensity of staining and are consistently restricted to germinal center, without
invasion of the surrounding structures. (B Inset) Double-staining chromogenic in situ hybridization assay shows that cells in the
affected follicle contain BCL2 split signals (i.e. clearly separate red and blue signals).(A, B) Immunohistochemistry, haematoxylin
counterstain. (Inset) in situ hybridization, haematoxylin counterstain.
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The proportion and distribution of the BCL2+
germinal center B cells within the affected follicles
may be variable (Fig. )1 but the staining is
consistently of strong intensity. BCL2 staining is
stronger than in mantle cells or reactive T cells (Fig.
1). In all cases the neoplastic cells are localized and
restricted to germinal centers without invasion of
surrounding structaes. Since follicular T cells are
also BCL2+, an important step in evaluating BCL2
expression is to compare CD3 staining with BCL2
expression to control how many T cells are in the
follicles (Carbone and Gloghini, 2014).

Treatment

The treatment depends time coexistence or not of
an overt lymphoma or other malignancies (Carbone
et al., 2012) (Table 1): 1) in the case of localized in
situ follicular neoplasia without evidence of overt
disease a watchful waiting policy is recommended;
2) in the case of inti follicular neoplasia with overt

disease the treatment should be planned according to

the site, stage and clinical characteristics of the
patient (Cheson, 2008). For patients with
concomitant overt malignancy, therapy must be
applied according to the coomitant overt
malignancy.

Genetics

Neoplastic cells of in situ follicular neoplasia are
derived from germinal center B cells and display the
genetic hallmark t(14;18) (q32;921) (Sotomayor et
al., 2007; Cheung et al., 2009).

In situ hybridisation analysifr t(14;18) (Fig. 1) is
mandatory in  doubtful cases in which
immunohistochemistry data are ambiguous.
Furthermore, a precise pathologic diagnosis of in situ
follicular neoplasia may be corroborated by the
demonstration of Rell clonality, by
microdisseting the BCL2+ follicles and analyzing
them in parallel by PCR (Cong et al., 2002).
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Abstract

Although  T-cell/histiocyte rich large Rell
lymphoma (THRLBCL) is an aggressive diffuse
large Bcell lymphoma (DLBCL), its morphology
can resemble nodularyrhphocyte predominant
Hodgkin lymphoma (NLPHL). These two entities
are closely related: both diseases contain neoplastic
cells with similar morphologic and
immunophenotypic features but differ with respect
to their architecture and the nature of the reacti
background.

Due to the overlapping features between THRLBCL
and NLPHL, it is sometimes impossible to
distinguish these two entities; thus, "grey zone"
lymphoma is used to define some of those cases.
Because of the morphologic and immunophenotypic
similarities between THRLBCL and NLPHL, it is
possible that these two entities may represent
different stages of the same disease.

A possible biological relation of THRLBCL with
NLPHL has been suggested. Overlapping recurrent
genetic abnormalities (gain of 4nd loss of 19p)
might be the genetic link between THRLBCL and
NLPHL.

Keywords
THRLBCL; grey zone lymphoma; NLPHL
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Clinics and pathology

Disease

T-cell/histiocyte rich large Rell lymphoma
(THRLBCL) is an aggressive diffuse largecsll
lymphoma (DLBCL) that morphologically can
resemble nodular lymphocyte predominant Hodgkin
lymphoma (NLPHL), a rare indolent type of
Hodgkin lymphoma (HL). Interesigly, some
studies suggest that THRLBCL and NLPHL are
closely related, based on the overlap which occurs in
the 'grey zone' between these two entities (Lim et al.,
2002; Boudova et al., 2003; Vanhentenrijk et al.;
2006; Zhao et al., 2008; Hartmann et 2013). Due

to the overlapping features between NLPHL and
THRLBCL, it is sometimes impossible to
distinguish these two entities; thus, "grey zone"
lymphoma is used to define some of those cases
(Rudiger et al., 1998; Boudova et al., 2003; Zhao et
al., 2008.

Whereas the 2008 WHO monograph termed as
"NLPHL, THRLBCL-like" cases of NLPHL that
progress to a diffuse-gell-rich pattern (De Wolf
Peeters C et al., 2008), the 2016 revision recommend
the designation of "THRLBCllike transformation

of NLPHL" for those cases (Swerdlow et al., 2016).
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PMLBCL Grey zone
DLBCLL NOS THRLBCL 4 N PHL
Y lymphoma

Intermediate
DLBCL/BL

[ —

B-cell lymphomas, unclassifiable (BCLU)/DLBCL/BL

High grade B-cell lymphomas (HGBL)
with/without MYC, BCL2 and or BCL6 translocations

Figure 1. Borderline categories for cases that do not clearly fit into one entity include the grey zone lymphoma between
THRLBCL and NLPHL, and a category termed B-cell ymphoma, unclassifiable (BCLU), with features intermediate between
diffuse large B-cell ymphoma (DLBCL) of the primary mediastinal type (PMLBCL) and classical Hodgkin lymphoma (cHL).

Another unclassiable category was created for cases showing features intermediate between DLBCL and Burkitt ymphoma (BL)
with the newer recognized categories now termed high-grade B-cell ymphoma (HGBL) with and without MYC and BCL2 and/or
BCL6 translocations

Epidemiology
THRLBCL usually affects middle aged men
(Hartmann et al., 2015).

Pathology
THRLBCL and NLPHL diseases contain neoplastic
cells with similar morphologic and

immunophenotypic features but differ with respect
to their architecture and the nature of the reactive
background.

In the THRLBCL there are few large neoplastic B
cdls scattered in a background of Apeoplastic T
cells with histiocytes (De WolPeeters C et al.,
2008; Carbone et al., 2010). The neoplastic cells may
resemble centroblasts, immunoblasts, lymphocyte
predominant (LP) Hodgkin cells, or classic Hodgkin
Real-Sternberg (HRS) cells (Lim et al.,, 2002;
Carbone et al., 2010). The pattern of involvement in
lymph nodes is usually diffuse or may be vaguely
nodular, in absence of aggregates of follicular
dendritic reticulum cells (FDC).

Immunophenotype

Neoplastic cd$ of THRLBCL express CD45 and-B
cell antigens, are strongly positive for BCL6, are
negative for CD30 and CD15, and are not infected
by EBV (Achten et al., 2002; Lim et al., 2002).
Background

Small B cells are virtually absent in THRLBCL, and
T cells with a follicular helper Fcell phenotype
(CD57 and/or PD1) are not numerous and do not
form rosettes around the neoplastic B cells. Presence
of granzyme B positive and Tial positive T cells is
restricted to primary THRLBCL (Table 1).

The background in NLPHL isomposed of large
meshworks of FDC filled with B cells, histiocytes
and numerous germinal center CD4 positive T cells.
These T cells specifically express CD3, CD4, PD1,
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and MUML1/IRF4. Tial and CD40L positive CD3 T
cells are absent. PEringing is a featue commonly
seen in NLPHL (Carbone et al., 1995; Carbone et al.,
2002; Poppema et al., 2008) (Table 1).

NLPHL may evolve to a completely diffusecell-

rich proliferation lacking any follicular dendritic
cells which would be consistent with a THRLBCL.

NLPHL |THRLBCL
Expression of molecular markers

CD15 - -

CD30 Usually- -or +
EMA + Usually +
CD20 + +
CD79a + +

IRF4 + -or +
EBV - Usually-
Cell microenvironment

T-cells -or + +
B-cells/B and Fcells + -

CD57 + rosetting Tcells |+ or- -
CD40L + rosetting Tcells - -

MUML1 + rosetting Fcells |+ -
Histiocytes -or + +

DRCs meshworks + -

Table 1 Comparative expression of molecular markers
and cell microenvironment.NLPHL: Nodular lymphocyte
predominant Hodgkin lymphoma; THRLBCL: T-
cell/histiocyte rich large B-cell ymphoma; EBV: Epstein-
Barr virus; DRCs: Dendritic reticulum cells
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Prognosis

This B-cell lymphoma is usually aggressive with a
prognosis more close to DLBCL than NLPHL
(Younes et al.,, 2014). The treatment outcomes of
THRLBCL are similar to those of DLBCL. The
addition of rituximab to CHOP seems to be helpful
for the management of THRLBCL, as it is for
DLBCL (Kim et al., 2014).

Genetics

Note

A biologic continuum has been supported by gene
expression profiling (GEP) studies [(brune et al.,
2008) that have demonstrated a surprisingly high
similarity of LP cells to the tumor cells of
THRLBCL, with deregulation of proor antk
apoptotic genes ( C3P2, ATM, and TRAF5) and
putative  oncogenes. Comparative  Genomic
Hybridyzation (CGH) studies revealed a
significantly higher number of genomic imbalances
in NLPHL than in THRLBCL with only a few
overlapping recurrent genetic abnormalities (gain of
4q and bss of 19p). These overlapping abnormalities
might be the genetic link between NLPHL and
THRLBCL (Rudiger et al., 1998; Zhao et al., 2008).
In conclusion, GEP and array CGH studies have
shown similarities between NLPHL and THRLBCL,
suggesting a relationghto each other, in spite of
other major differences. (Hartman et al., 2015;
Swerdlow et al., 2016).
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Abstract

Review on t(7;12)(q36;p13), with data on clinics,
and the gees involved.

Keywords
Chromosome 7; chromosome 12; acute myeloid
leukemia.

Clinics and pathology

Disease

Phenotype/cell stem origin

Almost exclusively present in acute myeloid
leukemia (AML) ) of various subtypes: 13 AML not
specified cases (Hagemeijeradt, 1979; Wlodarska

et al., 1998; Tosi et al., 2000; Slater et al., 2001,
Simmons et al., 2002; Tosi et al., 2003; Ballabio et
al., 2009; Wildenhain et al., 2010), 8 MO (Tosi et al.,
2000; Tosi et al.,, 2003; von Bergh et al., 2006;
Ballabio et al., 2009Park et al., 2009; Wildenhain
et al., 2010), 2 M1 (Tosi et al., 2000; Slater et al.,
2001), 7 M2 (Raimondi et al., 1999; Satake et al.,
1999; von Bergh et al., 2006; Hauer et al., 2008), 1
M3 (Slater et al., 2001; Wildenhain et al., 2010; ), 3
M4 (Hagemger et al., 1981; Tosi et al., 2000; Naiel
etal., 2013), 3 M5 (Tosi et al.;1998; Park et al., 2009;
von Bergh et al., 2006), 1 M6 (Satake et al., 1999)
and 2 M7 (Taketani et al., 2008; Naiel et al., 2013).
Four cases of acute lymphoblastic leukemia (ALL)
(Andreasson et al., 2000; Tosi et al., 2000; von Bergh
et al., 2006) as well as 2 acute biphenotypic
leukaemia patients were reported (Park et al., 2009;
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Naiel et al., 2013) (Data from Naiel et al., 2013). The
case that was reported previously as myelodgsic
syndrome (Tosi et al.; 1998), revealed a revised
diagnosis as AML (Ballabio et al., 2009).
Epidemiology

At least 47 reported cases with chromosomal
translocation and/or the fusion transcript (sex ratio
19M/28F; the incidence is low (3%) in overall
paediatric AML, but significant in infant AML (Neil

et al.,, 2013; Tosi et al., 2015); extremely rare in
infant ALL and older children. The translocation
may be overlooked, and therefore underestimated;
the estimated incidence of this translocation is
appraximately one third of AML paediatric patients
with age between-@ years (von Bergh et al., 2006;
Tosi et al.,2015).

Clinics
WBC range &30 x 10/L, median 12 x10%L;

organomegaly, central nervous system involvement
in 7 of 12 cases (Tosi et al., 2015).

Prognosis

Inferior outcome with the standard induction therapy
with probabilities of 3 years event free survival ef 0
14 % and overall survival of28 % (von Berg et al.,
2006; Tosi et al., 2015). From the recently published
data on the clinical outcomenly 5 patients are alive

(1 after 22 months post BMT (Slater et al., 2001); 1
relapsed twice, but alive after 2 years after BMT
(Simons et al., 2002); 1 after chemotherapy and 1
after BMT.
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Top Left: example of FISH performed on bone marrow metaphase from a patient with t(7;12)(q36;p13). Dual colour FISH using
whole chromosome paint specific for chromosome 7 (in green) and chromosome 12 (in red) shows the reciprocal translocation.
The arrow indicates the der(7) and the arrowhead indicates the der(12) - Sabrina Tosi; Right: Example of double colour FISH
performed on bone marrow metaphase from a patient with t(7;12)(q36;p13). The PAC clone 1121A15 for the breakpoint region at
chromosome band 7936 (in green) and a cosmid cocktail for ETV6 at chromosome band 12p13 (in red) show one green signal
for the normal chromosome 7, one red signal for the normal chromosome 12 and two fusion signals at both the derivative
chromosomes 7 and 12 - Anne RM von Bergh and H. Berna Beverloo.

Bottom FISH using commercially available LSI TEL (12p13) Break-apart (Vysis, Abott, USA) probe showing juxtaposition of
telomeric sequences (split red signal) to der(7) chromosome and a 2 fusion (one of them smaller appearing), 1 red signal pattern
on interphase cells (A). The juxtaposition of disrupted TEL sequences to 7936.3 may be visualized by Vysis LSI ETV6
(TEL)/RUNX1 (AML1) dual color translocation probe and SureFISH 7g36.3SHH probe (red signal) (Agilent Technologies, US)
revealing the fusion signal on der(7) chromosome and the remaining TEL sequences (green) on der(12) chromosome
(visualisation of 7936.3 on derivative chromosome 12 might be impaired due to the small size of the translocated fragments) (B).
To screen for t(7;12)(g36;p13) in infants with MLL-negative AML, commercially available Vysis LS| ETV6 (TEL) break-apart
probe can be used to confirm the breakage of the ETV6 gene on 12p13, showing the split signal on der(7) chromosome and the
truncated fusion signal on der(12) (Figure 1A). Visualization of 79q36.3 sequences may be done by SureFISH 7q36.3SHH probe
(Agilent Technologies, US) alone or with combination of Vysis LSI ETV6 (TEL)/RUNX1 (AML1) dual color translocation probe
(Figure 1B) - Adriana Zamecnikova, Soad Al Bahar.

It appears to be that the only long time survival isa  leukaemia alive after 5 years, treated with
paediatric patient with acute megakaryocytic chemotherapy (Taketani et al., 2008). The remaining
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18 patients died during inductionh@motherapy,
infection or relapse (Data from Tosi et al., 2015).

Cytogenetics morphological

Not always visible by chromosome banding
techniques alone; may also be misdiagnosed as
del(12)(p13) and/or del(7q), thus fluorescence in situ
hybridization (FISH) aalysis has to be done for its
identification.

Cytogenetics

Additional anomalies

Accompanied by the presence of an extra
chromosome in the majority of cases: +19 mostly,
occurring in 38 out of 47 cases (+19 alone in 22
cases, in association with +8 in8,3 in 2, +22in 3
and with +X,+8 in 3), while +8 as a sole numerical
anomaly was found in 2 patients (Data from Naiel et
al., 2013).

Variants

To date, threavay complex translocations were
found in 3 patients, characterized as:
1(5;7;12)(931;936;p13), 1(7;12)(q25;936;p13)
(Park et al., 2009) and t(7;12;16)(q36;p13;912)
(Naiel et al., 2013).

Genes involved and
proteins

MNX1 (homeo box HB9)

Location
7936.3

Note

HLXB9 mutation are found
Currarino syndrome
DNA/RNA

3 exons, 2061 bp mMRNA

Protein

403 AA; Homeobox protein HB9; Highly expressed
in CD34+ bone marrow cells; Possibly involved in
the regulation of growth and differentiation of
progenitor cells.

ETVG6 (ets variant 6)

Location

12p13.2

DNA/RNA

9 exons; alternate splicing

Protein

containsa HelixLoop-Helix and ETS DNA binding

domains; wide expression; nuclear localisation;
ETS-related transcription factor

in patients with
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Cytogenetics molecular

Detectable by dual colour FISH. A cosmid cocktalil
or YAC 964c10 shows a split signal on the der(12)
and der(7). Also the commercial probe LSI
TEL/AML1 (ES) for the detectiorof the t(12;21)
shows a split signal on the der(7) and the der(12) in
the t(7;12) cases since the breakpoint in these cases
falls within the first three exons, which are contained
in this probe. FISH using the PAC clone RP5
1121A15 mapping to 7936 showssplit signal on

the der(7) and der(12).

Result of the chromosomal
anomaly

Hybrid gene

Description

5 HLXB9 - 3 ETV6. The breakpoints on
chromosome 12 disrupting the ETV6 genee
consistently at the 5? end of ETV6, between exons 1
and 3, however chromosome 7 breakpoints are
scattered in regions proximal to the HLXB9
(Homeobox HB9, MNX1) gene, suggesting that
HLXB9 gene is translocated to the der(12) without
its disruption (Toset al., 2015).

Fusion protein

Note

The t(7;12) is heterogeneous at the molecular level.
The presence of an HLXB9/ETV6 fusion transcript
has been identified only in approximately 50 % of
described patients (Beverloo et al., 2001; Simmons
et al., 2002; VorBergh et al., 2006; Taketani et al.,
2008; Ballabio et al., 2009; Wildenhain et al., 2010).

Description

N-terminal HLXB9, including its polyalanine repeat
region, is fused to a large-t€rminal part of the
ETV6 protein including its HLH domain and ETS
domain; the homeobox domain of HLXB9 is not
retained in the fusion protein; the reciprocal
transcript is not expressed.

Oncogenesis

The pathogenic mechanisms arising from
t(7;12)(q36;p13) are not fully understood. As the
presence of an HLXB9/ETV6 fusion tramgpt has
been shown only in approximately 50% of patients
and the reciprocal ETV6/HLXB9 transcript has
never been observed, it is unclear if generation of a
fusion gene is involved in leukemogenesis, at least
in some cases. In addition, the presence of a
HLXBO/ETV6 protein has not been confirmed to
date, thus the production of a fusion protein is still
debatable (Tosi et al., 2915). While the role of a
chimeric protein as an oncogenic trigger is unclear,
the observation of highly increased HLXB9
expressionn t(7;12)positive patients suggests that
ectopic expression of HLXB9 might promote
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oncogenesis (Von Bergh et al., 2006; Ballabio et al.,
2009). Alternatively, it is possible that ETV6 is the

only contributor to leukaemogenesis and

disruption alone mght activate oncogenesis.
Furthermore, as the t(7;12) has been found
associated with deletions of 12p and/or a gene(s) at
7936, it is likely that inactivation of ETV6 and/or a
gene(s) at 7936 might contribute to the malignant

phenotype (Neiel., et al. 281
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Abstract

Review on 1(3;7)(q26;921), with data on clinics, and
the genes involved.

Keywords
chromosome 3; 1(3;7)(q26;921); MECOM

Clinics and pathology

Disease
Myeloid malignancies.

Phenotype/cell stem origin

Fifteen cases are available (Tien et al., 1989; Henzan
et al., 2004; Storlazzi et al., 2004; Madrigal et al.,
2006; Bobadilla et al., 2007; Colovic et al., 2011,
Haferlach et al., 2012)There were 4 chronic
myelogenous leukemia in blast crisis (CNBIC),

one myelodysplastic syndrome (MDS) and 10 acute
myeloid leukemia (AML) cases.

Epidemiology

t(3;7)(g26;921) represented about 1% of a cohort of
606 AML and 377 MDS patients with normal
karyotypes (n = 594) or chromosome 7 alteratiens (
7/7¢; n = 389). Media age was 51 years (range 47
70) (Haferlach et al., 2012). In 6 other patients, ages
were, 18, 41, 56, 58, 61 and 71 years. Of 7 cases with
data on the patient'sex; there were 6 male and 1
female patient.

Cytogenetics
Cryptic rearrangement.

Prognosis
Poor prognosis. Survival outcomes in 22 patients
with cryptic MECOM rearrangements

Atlas Genet Cytogenet Oncol Haematol. 2017; 21(5)

(der(7)t(3;7)(926;921), inv(3)(p24926), and
1(3;21)(q26;q11), altogether) were compared with
inv(3)(g21926)/t(3;3)(q21;g26) cases. Median
overall survival was 9.4 months in thegroup with
cryptic MECOM rearrangements which was not
significantly different from the 21.8 months in
patients with an inv(3)(q21926)/t(3;3)(q21;q26)
(Haferlach et al., 2012). The 3 other patients with
t(3;7)(926;921) and survival data died 4, 6, and 26
months after diagnosis.

Cytogenetics

Cytogenetics morphological

There were 6 cases of balanced form t(3;7)(q26;921)
(the 4 CMLBC and 2 AMLs), and 9 cases of
unbalanced form der(7)t(3;7)(g26;921) (1 MDS, and
8 AMLs). CML-BC cases also showed the typical
1(9;22)(q34;q11). No other additional chromosome
abnormality was found in any documented case.

Genes involved and
proteins

MECOM (Ecotropic Viral Integration

Site 1 (EVI1) and Myelodysplastic
Syndrome 1 (MDS1-EVI1)

Location

3026.2

Note

MECOM is a nuclear trascription factor that plays
an essential role in the proliferation and maintenance
of hematopoietic stem cells and can inhibit myeloid

differentiation. Two alternative forms exists, one
generated from EVI1, the other MECOM (MDS1
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CDK6/ MECOM
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and EVI1 complex locus) tbugh intergenic splicing
with MDS1 (myelodysplasia syndrome 1), a gene
located 140 kb upstream of EVI1.

Protein

The protein encoded by this gene is a transcriptional
regulator involved in cell differentiation and
proliferation, and apoptosis. The encodatein
can interact with transcriptional coactivators
(P/CAF, CBP) and corepressors (CTBP1, HDAC) as
well as other transcription factors (GATAL, Smad3)
(de Braekeleer et al., 2012)

CDKG®6 (cyclin dependent kinase 6)

Location
7921.2

Protein

Serine/threoningrotein kinase; it was regarded as a
mere homolog of CDK4 with overlapping functions
in the initiation of the cell cycle. CCND1 (cyclin D1)
is an activator of CDK4/ CDK6. CDK4 and CDK6
associate with Bype cyclins, to go through from the
G1 phase to the S phase. CDK®6 is overexpressed
and/or amplified in leukemias and lymphomas,
glioblastoma and pancreatic cancer. CDK6 can
regulate transcription independently of its kinase
activity (Tigan et al., 2016).

Result of the chromosomal
anomaly

Fusion protein

Oncogenesis
Increased MECOM expression was noted.
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Abstract

Review on 1(1;1)(p36;941) DUSP10/PRDM16
translocations, with data on clinics, and the genes
involved.

Keywords
chromosome 1; t(1;1)(p36;g41); PRDM16; DUSP10

Clinics and pathology

Disease

Acute myeloid leukemia.

Clinics

A 25yearold male patient presented acute

monoblastic leukemia without differentiation (FAB
type M5a) (Noguchi et al 2007).).

Cytogenetics

Cytogenetics morphological

The der(1)t(1;1)(p36.3;041) was the sole
abnormality.

Genes involved and

proteins

PRDM16 (PR domain containing 16)

Location

1p36.32
DNA/RNA

11 splice variants

Protein

Atlas Genet Cytogenet Oncol Haematol. 2017; 21(5)

1276 amino acids and smaller proteins. Contains a
N-term PR domain; 7 Zinc fingers, a prolirieh
domain, and 3 Zinc fingers in the-t€rm. Binds
DNA. Transcription activator, PRDM16 has an
intrinsic  histone  methyltransferase  activity.
PRDM16 forms a transcriptional complex with
CEBPB. PRDM16 plays a dowtream regulatory
role in mediating TGFB signaling (Bjork et al.,
2010). PRDM16 induces brown fat determination
and differentiation. PRDM16 is expressed
selectively in the earliest stem and progenitor
hematopoietic cells, and is required for the
maintenane of the hematopoietic stem cell pool
during development. PRDM16 is also required for
survival, celicycle regulation and setenewal in
neural stem cells (Chuikov et al., 2010; Kajimura et
al., 2010; Aguilo et al., 2011; Chi and Cohen, 2016).

DUSP10 (dual specificity
phosphatase 10)

Location

1941

Protein

482 amino acids. DUSP10 is a MAP kinase
phosphatase. DUSP10 inactivate p38MAPK
signaling by dephosphorylation.
Activation/phosphorylation of the p38MAPK

pathway inhibits tumor formation (the p38MAPK
subfamily is composed by four members: MAPK11,
MAPK12, MAPK13 and MAPK14 ). DUSP10
mMRNA levels were lower in prostate cell lines
derived from malignant tumor (Nonn L,

2011). High DUSP10 expression in colorectal cancer

was found associated with improvemensunvival.
DUSP10 negatively regulates intestinal epithelial
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cell growth and acts as a suppressor for colorectal
cancer (Png et al., 2016).

DUSP10 polymorphisms influence the risk of
developing colorectal cancer. DUSP10 was found
expressed in meningiomas all grades. DUSP10
expression with deactivation of p38MAPK may
contribute to the pathogenesis of meningiomas
(Johnson et al., 2016).

AGR2, a protein known to be overexpressed in
various human cancers and to provide a poor
prognosis, upegulates DUSP10 which
subsequently inhibits p38MAPK, prevents TP53
activation by phosphorylation, and provides a poor
prognosis in ER+breast cancer (Hrstka et al., 2016).
MTORC2 (MTOR protein complex 2) binds and
phosphorylates DUSP10, which blocks DUSP10
turnover resulhg in inactivation of p38MAPK
signaling. DUSP10 protein levels and
phosphorylation is increased inglioblastoma
multiforme tumors (BenavideSerrato et al., 2014).
MIR92A/DUSP10/INK signaling: MIR92A targets
DUSP10 (DUSP10 inhibits JKN signaling (MAPKS,
MAPK9 and MAPK10, also called JNK1,2,3) to
promote JNK signaling, which promotes pancreatic
cancer cell proliferation. (He et al., 2014).

Result of the chromosomal
anomaly

Hybrid gene
Description

5'DUSP10 3' PRDM16. The splice junction was in
intron 1 ofDUSP10 and in exon 4 of PRDM16.

Fusion protein

Description

The breakpoint within PRDM16 induced the
disruption of the PRDBF1-R1Z1 homologous (PR)
domain.
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Abstract

Review ont(2;11)(p21;923) with MLL (KMT2A)
involvement, with data on clinics, and the genes
involved.

Keywords

Chromosome 2; chromosome 11; MLL; KMT2A,;
acute myeloid leukemia; acute lymphoblastic
leukemia

Clinics and pathology

Disease

Myelodysplastic syndromes: ([B), acute myeloid
leukemia: (AML) and acute lymphoblastic leukemia
(ALL).

R g

r - 9
n R
2 der2) der(11) 11

Phenotype/cell stem origin

Although at least 43 cases of t(2;11)(p21;923) have
been described in hematological malignancies (19
MDS, 21 AML, 2 acute lymphocytic leukemia
(ALL) and 1 chronic lymphocytic leukemia: (CLL)
(Mitelman et al., 2016)., The implication of MLL
was ascertained in only 5 cases (Thirman et al., 1993;
Finke et al., 1994; Fleischman et al., 1999; Kim et
al., 2002; Meyer et al., 2006), a case with a hidden
involvemen of AFF3 (2qll) being discarded
(Hiwatari et al., 2003), while thirty two case of
t(2;11)(p21;923) without MLL rearrangement are
available (review in Ruano and Shetty, 2016). There
were a case of refractory anemia with excess of
blasts: (RAEB) evolving twards an AML, a M@
AML: evolving towards a M4AAML, a M5aAML,

and two ALLs.

g .

_)_‘4 a.?_‘ 4._."_

<

.
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2 der(2) der(1) 11

t(2;11)(p21;923) G- banding (left) - Courtesy Eric Crawford, and R- banding (Editor)
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Epidemiology

Sex ration was 3M/1F. Patients were agedddths,

58, 58, and 61 years (Thirman et al., 1993; Finke et
al., 1994; Fleischman et al., 1999; Kim et al., 2002).
Clinics

variable

Cytogenetics

Additional anomalies

The t(2;11)(p21;923) was the sole abnormality in 3
cases, and was accompanied witthe|(5q) in one
case. It is of note that deletions of 5q usually are not
seen in cases with ML-Associated translocations.

Genes involved and
proteins

Note
the gene involved in 2p in unknown

KMT2A (myeloid/lymphoid or mixed
lineage leukemia)

Location
119233

DNA/RNA
37 exons, spanning about 120 kb: IIBMRNA

Protein

3969 amino acids, 431 kDa; Transcriptional
regulatory factor. MLL is known to be associated
with more than 30 proteins, including the core
components of the SWI/SNF chromatin remodeling
complexand the transcription complex TFIID. MLL
binds promotors of HOX genes through acetylation
and methylation of histones. MLL is a major
regulator of hematopoesis and embryonic
development, through regulation of HOX genes
expression regulation (HOXA9 in pattilar).

Result of the chromosomal
anomaly
Hybrid gene

Description
unknown

Atlas Genet Cytogenet Oncol Haematol. 2017; 21(5)
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Fusion protein

Description
unknown
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Clinics Cyto-Pathology

Age and sex Classification
15 years old male patient.

Previous history
no preleukemia

no previous malignancy Immunophenotype _
no inborn condition of note Flowcytometry of bone marrow aspirate revealed a

Organomeaal predominant abnormal CD45 dim lymphoblasts
N gh tg y | | | | q population (97%) expressing CD3, CD5, CD7,
0 hepatomegaly , napienomegaly , enlarge CD10, TdT, cytoplasmic CD3, thymic associated

!ymph. nogjes (Significant Iymphadenppathy marker CDlaand partial expression of CD8, CD2,
involving bilateral cervical, posterior auricular, and CD30 antigens

submandibular, supraclavicular, and inguinal lymph _
nodes.)no central nervous system involvement Rearranged Ig Ter: not performed.
Electron microscopy. not performed.

Phenotype
T-cell acute lymphoblastic leukemia-@ALL).

Blood Diagnosis
WBC : 72.8X 109 T-cell acute lymphoblastic leukemia of thymic
HB : 9.4g/dl origin.
Platelets : 72X 1@/ c
Blasts :94% Survival
Bone marrow Hypercellular with near Date of diagnosis 05-2015
replacement with L2 lymphoblasts.%
! L N Treatment
Note: Serum chemistries were significant for LDH Patient started chertierapy on May 15th with

of 923 U/L and uric acid of 7.8 mg/dL. vincristine, bortezomib, and daunorubicin.
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NUP98/RAP1GDS1 gene fusion: Case report and review of
literature
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Figure 1: Gbanded karyotype showing an apparently balanced t(4;11)(q23;p15) [arrows], and deleted 9p

Three days later, he receivB&Gasparaginase. On
Day 29, bone marrow evaluation revealed
morphologic and cytogenetic remissions.

The minimal residual disease (MRD) was negative
(<0.01%), therefore the leukemia was classified as
standard risk.
Complete remission :
obtained.

Treatment related death :no
Relapse :no

Status: Alive

Last follow up: 12-2015

Survival: 7 months

Karyotype
Sample
Bone marrow

Culture time

24 and 48h with 10% GCT.
Banding

GTG

Results
46,XY,t(4;11)(q23;p15),del(9)(p13)[20] (Figure 1).

Complete remissiorwas

Atlas Genet Cytogenet Oncol Haematol. 2017; 21(5)

Other molecular cytogenetics results

Fluorescence in situ hybridization (FISH) using the
T-cell leukemia DNA probe panel including LSI
CDKN2A/CER9, LSI BCR/ABL dual fusion
translocation probe, MLL and TRA/B breakapart
probe(Abbott Molecular, Downers GroWe, USA)
and TCRB breakapart (Cytocell, Cambridge, UK)]
were performed on the harvested bone marrow
pallet. The hybridization revealed a monoallelelic
deletion of CDKN2A/9p21 gene region in 95% of
interphase cells. The remaining probes had a normal
hybridization pattern.

In addition, we investigated RAP1GDS1 and NUP98
as candidate genes for the 1(4;11)(q23;p15)
breakpoints. FISH using two differentially labeled
DNA probes was performed. The BAC RP11
64A22/4923 covering the centromeric portion of
RAP1GDS1gene locus was labeled green, while the
RP11348A20/11p15.4 covering NUP98 gene locus
was labeled orange (BlueGnome, Illumina
Cambridge UK). The hybridization revealed a dual
fusion signals on the der(4) and der(11)
chromosomes (Figure 2). These resultsdated that
the t(4;11)(g23;p15) fused the NUP98 gene with
RAP1GDS1.
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Figure 2: Dual color FISH on a metaphase with t(4;11)(q23;p15) using the DNA probes BAC RP11-348A20/11p15.4 and RP11-
64A22/4923 showing a dual fusion signals hybridized on der(4) and der(11) (arrows) while the green signal and orange signal on
normal chromosomes 11 and 4, respectively.

Comments

In this report, a 15 yeanld-African American boy
presented with progressive neglass for the last 4
weeks. He was found to have a high WBC and
anemia. Following bone marrow evaluation, he was
diagnosed with Tcell ALL of thymic origin.
Cytogenetic testing at time of presentation exhibited
t(4;11)(q23;p15) and deletion of 9ptpter [Hgure

1]. The later resulted in a monoallelic deletion of
CDNK2A/9p21 gene locus. Furthermore, FISH
characterization of the t(4;11)(g23;p15) breakpoints
revealed fusing of NUP98 gene at 11pl5 to
RAP1GDS1 gene at 4923. [Figure 2]

NUP98, like KMT2A (MLL) gene, is shown to fuse

to a various partner genes and presently at least 28
different partners have been detected in a wide range
of hematologic malignancies, including acute
myeloid leukemia, chronic myeloid leukemia in
blast crisis, myelodysplastic syndremand ALL.
This suggests that different fusion partner genes may
have impact on diversity of leukemia phenotypes.
Approximately 10% of patients with NUP98 fusions
have TFlineage ALL but so far no #Rell
malignancies have been reported to have a NUP98
fusion gene. The NUP9BAP1GDS1 gene fusion
resulted from t(4;11)(g223;p15) has been reported

in seven leukemia cases including our present case
[Table 1]. All cases had additional chromosomal
abnormalities. The first report in 1999 by Hussey et
al described three patients with -Eell ALL
exhibiting t(4;11) in which NUP9&®AP1GDS1

Atlas Genet Cytogenet Oncol Haematol. 2017; 21(5)

fusion transcripts were detected in their bone
marrows. Interestingly, this study and for the first
time showed that RAP1GDS1 gene has been
implicated in human leukemia. Subseqlgnt
NUP98RAP1GDS1 gene fusion product was
confirmed in two other female patients with t(4;11)
T-cell ALL (Mecucci et al). Both reports indicated
that the chimeric NUPS8AP1GDS1 transcripts
have the dominant leukemogenic properties. The
next patient, a 6@ear old female, was reported to
have acute myeloid leukemia (AMMO) with
t(4;11)(q13;p15) [Table 1 case 6). FISH on this case
showed a break within NUP98 gene, and RT PCR
exhibited NUP9E&RAPGDS] fusion transcripts. The
RAP1GDS1 fusion point in this casas identical to
the one published in -ALL cases while the
breakpoint in NUP98 was different.

All patients appeared to have a fairly short survival
after diagnosis [Table 1]. Patient no. 1, who showed
the longest survival, underwent two matched
allogenéc bone marrow transplants but relapsed
with an aggressive disease on both occasions. Our
patient achieved hematologic and cytogenetic
remissions and negative MRD. Currently, the patient
is on consolidation chemotherapy and remains in
remission. In summaryt(4;11)(g23;p15) is a rare
translocation causing NUP9RAP1GDS1 gene
fusion. However it is recurrent and mostly associated
with an early FALL while one patient had an AML
MO. The risk associated with t(4;11)(q23;p15.4) is
not well determined due to lowumber of cases
Although most patients with this translocation had a
short survival (Table 1).
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. WBC
CaselLeukemiaAge/Se: 109/ Karyotype

1 T-ALLL1P21/M 423 46 XY,t(4;11)(g21;p15),+2mar

2 T-ALL L1[25/F [1.8

3 [T-ALLL249/M 169 |46,XY,t(4;11)(q21;p15),del(5)(9q13q:NUP98/RAP1GDS early relapse,

4 T-ALLL216/F 34  47XX1(4;11)(q21;p15),+8

5 T-ALLL238F 35  47,XX,t(4;11)(q21;p15),+mar

6 AML-MO |60/F 3.9 46 t(4;11)(q1?3;p15),?der(8)(p?) NUP98/RAP1GDS died 8m after

7 T-ALL [1I5/M [72.8 46,XY,t(4;11)(q23;p15),del(9)(p13) NUP98/RAP1GDS.

46,XX,t(4;11)(gq21;p1415),
del(12)(p13),+del(13)(q12q14)

Deen M, Mohamed AN

Fusion Genes Outcome References
Relapsed after:Husse ot
NUP98/RAP1GDS maiched BMT; || 1933’9
died 43 M o
Failure of Hussev et
NUP98/RAP1GDS induction; Died y
al., 1999
1M later
BM remission,
Hussey et
died 14 M al., 1999
NUP98/RAP1GDS CR, followed by|Mecucci et

BMT; 7 m+ al., 2000
CR, relapsed in

NUP98/RAP1GDS m; died g’l'e‘z?ggg' et
after BMT :

CR,; relapsed ar -n Zutven

et al, 2006

diagnosis
CR obtained, [Present cas
survival 7M+ 2015

Table 1: Reported acute leukemia cases with t(4;11)(g21-g23;p15) and NUP98/RAP1GDS1 gene fusion
Table 1: Reported acute leukemia cases with t(4;11)(g21-g23;p15) and NUP98/RAP1GDS1 gene fusion
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