
Case report

INTRODUCTION
Mantle cell lymphoma (MCL) is an aggressive B-cell 

neoplasm characterized by a translocation involving chromo-
somes 11 and 14, t(11;14)(q13;q32), which juxtaposes the 
cyclin D1 (CCND1) oncogene to the immunoglobulin heavy 
chain (IGH) locus.   As a result, the tumor cells overexpress 
CCND1 protein, which leads to tumor proliferation.1,2   The 
tumor cells are usually positive for SOX11 expression.   Most 
cases are diagnosed at an advanced stage and the overall sur-
vival rate is 3-5 years.3,4

MCL exhibits varying histological patterns such as the 
nodular, diffuse and mantle zone patterns.   In rare cases, 
CCND1-positive tumor cells remain restricted to the inner 
layer of the mantle zone and exhibit indolent behavior with 
long-term survival even without treatment.5-8   This type of 
MCL was newly defined as in situ mantle cell neoplasia 
(isMCN) in the 2017 WHO classification.9   Although an in 
situ distribution of tumor cells may be found in conventional 
MCL (cMCL) as part of the histological pattern, isMCN 
demonstrating a solely in situ pattern is rare and most cases 
are incidentally found.8   Of note, this subtype is defined only 

by the histological location of the tumor cells in lymphoid 
tissue and systemic distribution of the tumor cells will not 
exclude the diagnosis.9

On the other hand, there are many studies in the last 
decade reporting cases of MCL with leukemic forms having 
an indolent clinical course, and the affected patients survived 
without treatment.10-14   This type of MCL was newly defined 
as leukemic non-nodal-type MCL (nnMCL) in the 2017 
WHO classification.9   Patients with nnMCL present with 
peripheral blood, bone marrow and splenic involvement of 
the tumor cells, without significant lymphadenopathy or sys-
temic organ involvement.   The tumor cells are positive for 
CCND1 and negative for SOX11.7,12,14   isMCN and nnMCL 
may have a partly overlapping disease spectrum, although the 
correlation between these two subtypes has not been well 
described.

We report a case of isMCN in which the distribution of 
the tumor cells was restricted to the inner layer of the mantle 
zone, but some cells were also distributed systemically.   The 
tumor cells were positive for both CCND1 and SOX11 
expression.   The relationship between isMCN and nnMCL is 
discussed.
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CASE PRESENTATION
The patient was a 65-year-old Japanese male who pre-

sented to a local hospital with a 5-year history of slowly 
increasing submandibular lymph node swelling.   He had had 
no B-symptoms (fever, night sweats and weight loss).   A 
complete peripheral blood count revealed a white blood cell 
count of 4,900/µL (neutrophils: 58.0%, lymphocytes: 32.0%, 
monocytes: 5.0%, eosinophils: 4.5%, basophils: 0.5%), 
hemoglobin of 15.3 g/dL, platelet count of 29.7 x 104/μL, lac-
tate dehydrogenase level of 164 U/L and soluble interleu-
kin-2 receptor level of 232 U/L.   Positron emission tomogra-
phy-CT demonstrated increased glucose metabolism and 
standardized uptake values only in the submandibular lymph 
node.   The size of the lymph node was approximately 1.8 cm 
and excisional lymph node biopsy was performed for patho-
logical diagnosis, but neither cytogenetic nor flow cytometry 
analysis was performed.   Histologically, the excised lymph 
node demonstrated multiple hyperplastic lymph follicles with 
reactive germinal centers (Figure 1a).   The mantle zone was 
narrow.   Small to mid-sized lymphocytes were present in the 
mantle zone.   Immunohistochemistry demonstrated CCND1 
positivity in lymphocytes restricted to the mantle zone area.   
These lymphocytes were also positive for CD20, bcl-2 and 
SOX11, and negative for CD3, CD5, CD10, bcl-6 and 
pSTAT3, and exhibited a low Ki-67 labeling index (Figure 
1b-f).   Fluorescence in situ hybridization (FISH) analysis 
demonstrated rearrangement of IGH/CCND1 (Figure 1g), 
yielding a diagnosis of isMCN.

The patient was referred to University of Tsukuba 
Hospital for further studies.   A systemic search using gastro-
endoscopy revealed a small erosion in the stomach, which 
was biopsied.   Histological examination of the biopsy 

sample demonstrated small lymphocytes aggregated in the 
gastric mucosa.   These were positive for CD20, CCND1 and 
SOX11, negative for CD5 and positive for rearrangement of 
IGH/CCND1 (Figure 2).   Bone marrow biopsy also demon-
strated slight infiltration of B-cells that were positive for 
CCND1 and SOX11, negative for CD5 and positive for rear-
rangement of IGH/CCND1 (Figure 3).   Flow cytometry 
analysis of the peripheral blood revealed a population of 
B-cells (40% of leucocytes) within the lymphocyte gate 
(CD45/side scatter).   Although CD5 immunohistochemistry 
was negative for tumor cells in the lymph node, stomach and 
bone marrow, the B-cells in the peripheral blood expressed 
CD5 and kappa light chain according to flow cytometry 
(Figure 4a).   FISH analysis of peripheral blood also demon-
strated rearrangement of IGH/CCND1 (Figure 4b).   These 
findings from the stomach, bone marrow and peripheral 
blood suggested that the isMCN tumor cells were distributed 
systemically.   The immunoglobulin heavy chain variable 
region (IGHV) gene was analyzed by PCR amplification and 
Sanger sequencing using DNA from the bone marrow sam-
ple, and subjected to an IGBlast search (https://www.ncbi.
nlm.nih.gov/igblast/).   The mutation rate was 5.6% com-
pared with the germline IGHV gene; therefore, based on pre-
vious reports, we concluded that these tumor cells were 
hypermutated.15,16

The patient was followed up closely without treatment 
and there has been no evidence of recurrence (follow-up 
time: 40 months).

DISCUSSION
The present case meets the criteria for lymph node 

isMCN.   We also found tumor cells that demonstrated 

Fig. 1.  Lymph node. (a) H&E staining (x40) shows many lymph follicles with expanded germinal centers and narrow mantle zones. (b, c) 
Cyclin D1 (CCND1) staining (b: x12.5, c: x100) shows that dense CCND1- positive cells are restricted to the inner layer of the mantle zone. 
The mantle zones are independent of each other and there is no evidence of mantle cell lymphoma with a mantle zone growth pattern. (d) 
SOX11 staining (x100) exhibits a pattern similar to that of CCND1 staining. (e) Ki-67 staining (x100) shows that the inner layer of the mantle 
zone has a low proliferation rate. (f) pSTAT3 staining (x100) is negative in the inner layer of the mantle zone. (g) Fluorescence in situ hybrid-
ization (FISH) analysis using a dual- fusion probe for CCND1 and the IGH locus shows two yellow signals, one red signal and one green sig-
nal, indicative of t(11;14) [red: CCND1 (11q13), green: IGH (14q32), yellow: fusion signal].
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Fig. 2.  Stomach. (a, b) H&E staining (a: x12.5, b: x100) shows small lymphocyte aggregates in the mucosa. (c) Cyclin D1 (CCND1) staining 
(x400) reveals numerous CCND1-positive lymphocytes in the mucosa. (d) SOX11 staining (x100) exhibits a pattern similar to that of CCND1 
staining. (e) FISH analysis using a dual-fusion probe for CCND1 and the IGH locus shows two yellow signals, one red signal and one green 
signal, indicative of t(11;14) [red: CCND1 (11q13), green: IGH (14q32), yellow: fusion signal].

Fig. 4.  Peripheral blood. (a) Flow cytometry revealed that CD20- and CD5-positive B-cells displayed surface immuno-
globulin kappa light chain restriction. (b) FISH analysis using a dual-fusion probe for cyclinD1 (CCND1) and the IGH 
locus shows two yellow signals, one red signal and one green signal, indicative of t(11;14) [red: CCND1 (11q13), green: 
IGH (14q32), yellow: fusion signal].

Fig. 3.  Bone marrow. (a) H&E staining (x400) and (b) CD20 staining (x400) show scattered small cells. (c) Cyclin D1 (CCND1) staining 
(x400) reveals scattered positivity in the bone marrow. (d) SOX11 staining (x100) exhibits a pattern similar to that of CCND1 staining. (e) 
FISH analysis using a dual-fusion probe for CCND1 and the IGH locus shows two yellow signals, one red signal and one green signal, indica-
tive of t(11;14) [red: CCND1 (11q13), green: IGH (14q32), yellow: fusion signal].
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similar immunohistochemistry and FISH patterns with the 
isMCN in the stomach, bone marrow tissue and peripheral 
blood, resembling lymphoma with leukemic involvement.   
As patients with conventional MCL (cMCL) often exhibit 
leukemic involvement and have a poor prognosis,17,18 detec-
tion of cMCL tumor cells in the bone marrow or peripheral 
blood is important.   nnMCL, on the other hand, follows an 
indolent clinical course despite its leukemic form.   Although 
each concept of isMCL and nnMCL has been independently 
constructed, a recent case series suggested that isMCN over-
laps with nnMCL.   Carvajal-Cuenca et al. reported that in 5 
of 23 cases (21.7%) of isMCN, the tumor cells involved the 
bone marrow and/or peripheral blood.   Although nnMCL is 
usually negative for SOX11, one case in the latter series was 
positive.5   In addition, Espinet et al. reported a case series of 
nnMCL in which 5 of 13 cases (38.5%) had CCND1-positive 
tumor cells in secondary lymphoid tissue, being located 
mainly in the mantle zone and displaying an in situ pattern.14   
All of these 5 cases were SOX11-negative.   However, nei-
ther of the latter two case series included an analysis of 
somatic hypermutation.

Thus, unlike epithelial in situ carcinoma, the tumor cells 
of isMCN may spread systemically despite having an “in 
situ” status, as observed in our case.   This suggests that, 
based on the WHO classification definition of isMCN and 
nnMCL, these two tumor subtypes overlap in some cases.   In 
contrast, 1 out of 12 cases (8.3%) in the former case series of 
isMCN progressed to cMCL, suggesting that the former is a 
precursor lesion of the latter.5   These findings are informa-
tive regarding the relationships among cMCL, nnMCL and 
isMCN, and the differences in their biological characteristics.

A recently proposed model of MCL tumorigenesis may 
help clarify this issue (Figure 5).1   In this model, a naïve 
B-cell harboring the IGH/CCND1 translocation originating 
from bone marrow reaches the lymph node mantle zone and 
forms an in situ lesion.   Most of the subsequently developing 
tumor cells may then progress to cMCL with no IGHV 
somatic hypermutations, suggesting that they do not transit 

through the germinal center.   These tumor cells have other 
features such as SOX11 expression, genetic instability and a 
high number of genomic aberrations.   On the other hand, 
some tumor cells may pass through the germinal center, 
spread through the peripheral blood and become nnMCL, 
which often has IGHV somatic hypermutations and does not 
express SOX11.

In this model of MCL tumorigenesis, although isMCN is 
thought to be a precursor lesion of cMCL, it can also be a 
precursor lesion of nnMCL (Figure 5, red dotted arrows), or 
nnMCL tumor cells will home in on the mantle zone area of 
lymphoid tissue and exhibit an in situ pattern (Figure 5, green 
dotted arrow), as demonstrated in the case series described 
above.   cMCL often exhibits SOX11+/IGHV non-mutation, 
whereas nnMCL exhibits SOX11-/IGHV hypermutation, 
although expression of SOX11 and somatic hypermutation 
status in isMCN is not well known.   In terms of the histol-
ogy, progression pattern and somatic hypermutation status, 
the present case met the criteria for the indolent type of 
MCL, although the tumor cells expressed SOX11.   In a 
recent case series of MCL, 5 out of 26 cases (19%) demon-
strated IGHV hypermutation, and IGHV was significantly 
mutated in 11 out of 26 cases (42%), which also expressed 
SOX11.19   Although this series lacked histological descrip-
tions and the histology of SOX11+ with IGHV hypermutated/
significantly mutated MCL was unclear, some cases of MCL 
demonstrated discrepancy between somatic hypermutation 
and SOX11 expression, as observed in our present case.

SOX11 is a neuronal transcription factor thought to be 
important for the progression of MCL and is highly 
expressed in MCL (80-90% of cases).20   Recent reports 
stated that the expression of SOX11 in MCL is an indepen-
dent prognostic factor correlated with a lack of somatic 
hypermutation or a low mutation status.19,21   However, the 
function of SOX11 in MCL is unclear.   Through an examina-
tion of MCL cell lines and patient-derived xenografts, 
Mohanty et al. revealed that the SOX11-negative indolent 
subtype of MCL is related to upregulation of STAT3.22   In 
addition, a recent report found that STAT3 was activated in 
the majority (70%) of indolent leukemic MCL.23   These 
reports suggest that STAT3 plays a key role in repressing 
SOX11 expression and thus accounts for the indolent course 
of SOX11-negative MCL.   Consistent with the hypothesis 
that activated STAT3 represses SOX11, our present case, 
which was SOX11-positive, was negative for pSTAT3 immu-
nohistochemistry (Figure 1f).

We reported a case of isMCN with systemic involvement 
that overlapped with nnMCL.   Although isMCN has a favor-
able prognosis and progression to conventional MCL is rare, 
the patient in the present case will require careful observation 
due to SOX11 expression.   As isMCN is a rare variant with 
few examples of leukemic change, its biological features and 
prognosis will require further study.
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Fig. 5.  Hypothetical model of two different molecular subtypes of 
MCL. isMCN may be the precursor lesion of nnMCL (red dotted 
arrows), or nnMCL tumor cells will home in on the mantle zone 
area (green dotted arrow).
CCND1-R: cyclin D1-rearrangement, IGHV: immunoglobulin 
heavy chain variable region gene, MCL: mantle cell lymphoma
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