
Clinical and diagnostic relevance of NOTCH2 and
KLF2 mutations in splenic marginal zone lymphoma

Splenic marginal zone lymphoma (SMZL) is a small B-
cell lymphoma distinguished by frequent 7q loss and the
biased use of IGHV01-02. Massive sequencing techniques
have demonstrated NOTCH2 and KLF2 gene mutations to
be the most frequent mutations in SMZL, with NOTCH2
mutations occurring in 10-25% of SMZL cases,1-3 and tran-
scription factor KLF2 mutations present in 12-44% of
SMZLs.1,4,5 The clinical impact of NOTCH2 alterations is
controversial, with different studies reaching very distinct
conclusions.3 Herein, we have analysed NOTCH2 and
KLF2 mutations in a large series of SMZLs and examined
the associations of these alterations with clinicopathologi-
cal features. Our results confirm the association of the
NOTCH2 mutation with shorter median treatment-free
survival and suggest the possible usefulness of the identi-
fication of these changes for the diagnosis of SMZL. 
The study panel comprised a series of 84 SMZL patients,

and, for comparison purposes, 76 non-SMZL B-cell lym-
phomas, including 12 splenic diffuse red pulp B-cell lym-
phoma (SDRPL), 13 chronic lymphocytic leukemia (CLL),
14 mantle cell lymphoma (MCL), 14 follicular lymphoma
(FL), 1 hairy cell leukemia (HCL) and 18 lymphoplasmacyt-
ic lymphoma (LPL). Four cases of monoclonal B-cell lym-
phocytosis (MBL) with non-CLL phenotype were also
included. The diagnosis of all the lymphoma types includ-
ed in the series was performed according to WHO criteria
and Matutes et al.6,7 MBL cases had a B-cell monoclonal
population without lymphadenopathy or splenomegaly. 
The NOTCH2 C-terminal coding exon 34 and the KLF2

exons 1-3 were sequenced by Sanger sequencing for all
tumor samples in the study herein (Online Supplementary
Table S1). We identified 17 NOTCH2 mutations in 14 of
the 84 (16.6%) cases of SMZL, noting double mutations in
3 cases. Their somatic nature was confirmed in 5 cases for
which non-tumor DNA was available. Of the 17 NOTCH2
mutations identified in SMZL, 9 were truncating
(frameshift or nonsense) mutations. These deleterious
mutations were localized in the nuclear localization signal
(NLS), transactivation domain (TAD) and PEST domains
(Figure 1), where they are predicted to alter the correct
transport of the notch intracellular domain (NICD) to the
nucleus or to eliminate degradation signals in the PEST
domain, increasing the stability of the NICD. The remain-
ing 8 mutations seen in SMZL were missense variants
localized in the TAD and PEST domains. Two of them
were predicted to be deleterious by the PolyPhen-2 pro-
gram8 (Online Supplementary Table S2). No NOTCH2
abnormality was seen in the other B-cell lymphomas
examined: in SDRPL (0/9), CLL (0/13), MCL (0/14), FL
(0/14), HCL (0/1), LPL (0/15) and MBL (0/4). Consistent
with our findings, this alteration has been reported only
occasionally in other B-cell lymphomas, such as extran-
odal marginal zone lymphoma (1.5%), in diffuse large B-
cell lymphoma  (3.7-4.3%),3,9 MCL (5.2%)10 and FL
(1.94%).11 It is of note that NOTCH-mutated FLs showed
significantly more frequent splenic involvement than wild-
type cases.11 The analysis of the relationship of NOTCH2
mutations with other alterations involved in SMZL patho-
genesis has revealed an association with the deletion of
7q31-32,3 IgHV1-2 overrepresentation5 and higher pro-
moter-methylation status.12
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Figure 1. NOTCH2 mutation distribution in SMZL. A. Schematic representation of the human
NOTCH2 gene (top) and the protein (bottom), with its key functional domains. B. Number of cases
of mutation for diagnosis. Symbols indicate the type and position of the mutation. EGF: epithelial
growth factor; LNR: NOTCH repeats; HD: heterodimerization; TM: transmembrane; RAM: regulation
of amino acid metabolism; NLS: nuclear localization signal; TAD: transactivation domain; PEST: pro-
line (P), glutamic acid (E), serine (S) and threonine (T) peptide sequence; SMZL: splenic marginal
zone lymphoma; NICD: notch intracellular domain. 
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KLF2 is also frequently targeted by mutation in SMZL.4,5

We investigated KLF2 mutations (exon 1-3) in this SMZL
series with available material (45/84). The KLF2 protein
comprises activating and inhibitory domains, 2 NLS and 3
zinc finger motifs (C2H2 type 1, 2 and 3). In our study, we
identified 10 mutations in 10 of the 45 (22.2%) cases of
SMZL, similar to the frequencies reported by other
authors. Two of the cases with KLF2mutations also had a
mutation in NOTCH2. Their somatic nature was con-
firmed in 1 case for which non-tumor DNA was available.
KLF2 mutations included 5 frameshift deletions and 1
nonsense mutation. The c.76 del 1 base pair (bp)
frameshift occurs in the splice site inside exon 2. Based on
their distribution in KLF2, these truncating mutations are
predicted either to disrupt the entire protein or to remove
the zinc-finger domains of KLF2, including the putative
NLS and part of the inhibitory domain (Figure 2). Two in-
frame deletions were localized in the first zinc-finger
domain that also include part of NLS sequence. Two mis-
sense mutations according to the PolyPhen-2 program8

were predicted to be deleterious (Online Supplementary
Table S2). KLF2 was investigated across the clinicopatho-
logical spectrum of other B-cell tumors (n=54). In contrast
to other reports, the KLF2 mutation was not found in
SDRPL (0/5), CLL (0/13), MCL (0/9), FL (0/13), HCL (0/1),
LPL (0/9) or MBL (0/4). KLF2 lesions are known to be
enriched in SMZL cases with 7q deletion,4,5 NOTCH2
mutations4,5 and IGHV1-02 usage.4,5 In our series, we
found a significant association between NOTCH2 and
KLF2 mutations (P<0.005), but there are insufficient cases
with molecular data about IGHV1-02 and 7q deletion

which precludes the obtainment of statistical results.  The
clinical findings of SMZL patients are summarized in the
Online Supplementary Table S3. The median age of patients
was 64 years (range, 32-98 years), and there was a strong
predominance of females (M:F, 1:2). The median follow up
was 70 months (range, 2-209 months). Around 60%
(46/76) of patients received some type of treatment
(splenectomy and/or chemotherapy) at the time of diagno-
sis. In 25 patients, the mean time from diagnosis to first
treatment was 31 months (range, 2-148 months). Four
patients had not received any treatment by the last follow-
up date, and were managed following solely a “wait-and-
see” policy. Splenectomy was performed in 70/78 (89.7%)
patients. Chemotherapy was administered in 30/60
patients. Clinical progression, large B-cell transformation
or death attributable to the tumor was observed in 29/67
(43.2%) patients. Adopting the clinical scoring system pro-
posed by Montalban et al.,13 we distinguished 3 risk groups
with significantly different overall survival (OS). We
defined OS as the time from the date of diagnosis to death
from any cause. Event-free survival (EFS) was considered
as the time from diagnosis to clinical progression, large B-
cell transformation or death attributable to the tumor. In
our series, neither NOTCH2 nor KLF2 status was correlat-
ed with OS or EFS. We found a relationship between
NOTCH2 status and treatment-free survival (TFS), defined
as the time between date of diagnosis and the date of ini-
tiation of first treatment or date of last follow up at which
the patient was known to be untreated. Wild-type and
mutant patients exhibited a median TFS of 15.2 and 0.1
months, respectively (P=0.04) (Figure 3).  Data on
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Figure 2. KLF2 mutation distribution in SMZL. A. Schematic representation of the human KLF2
gene (top) and the protein (bottom), with its key functional domain (Activating and Inhibitory
domain; NLS and ZnF, zinc finger domain).  The symbols denote the type and position of the
mutation. B. Number of cases of mutation for diagnosis. NLS: nuclear localization signal; SMZL:
splenic marginal zone lymphoma.
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NOTCH2 and KLF2 mutations and their clinical relevance
from more than 100 SMZL cases have been published.1-3,5

The lack of an association between the mutation status of
these genes and OS or EFS is the most frequent result,
including in our study. Given that SMZL is a low-grade
lymphoma, it seems most appropriate to examine other
parameters to assess the impact of these changes. Thus,
Parry et al. identified NOTCH2 mutations as a marker of
reduced TFS.1 In our series, although a high percentage of
patients received treatment in the first year following diag-
nosis, and the number of splenectomized patients was
higher than that in others series, we also found a signifi-
cant relationship between NOTCH2 mutations and TFS.
In other subtypes of lymphomas with NOTCH2 muta-

tions, including large B-cell lymphoma (LBCL), CLL and
FL, no significant differences in OS were observed
between cases with and without NOTCH2 mutations,11

although a significant association of NOTCH mutation
with LBCL transformation in FL has been reported.
However, NOTCH2 mutation is associated with aggres-
sive behavior in MCL.10 It is of note that the NOTCH path-
way is affected in approximately 25% of cases of LBCL
that develop in Hepatitis C virus (HCV)-positive patients,
including 20% of NOTCH2 and 4% of NOTCH1,14 in con-
trast to the low frequency (1.6%) in HCV-negative
patients. Furthermore, the cases with NOTCH mutations
were more often associated with the low grade compo-
nent, and had an adverse prognostic impact. 
In summary, we confirmed the relevance of NOTCH2

and KLF2mutations in the clinical outcome of SMZL, and
the probable usefulness of that alteration in the diagnosis
of SMZL. Additional studies are required to confirm our
findings and to determine the pathogenic consequences of
these alterations. 
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Figure 3. NOTCH2 status are associated with TFS. Kaplan–Meier plots of
time to first treatment for patients with NOTCH2 mutations.


