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Mantle cell lymphoma (MCL) is an aggressive and rare B-cell non-Hodgkin lymphoma classified in two clinicopatho-
logical subtypes according to SOX11 expression and mutation state of immunoglobulin variable region heavy chain
(IgVH) gene. The transcription factor SOX11, overexpressed in 78%-93% of MCL patients, plays a central role in mod-
ulating tumor microenvironment prosurvival signals and angiogenic genes. In this work, we have explored the lymph
node microenvironment of three subgroups of MCL patients classified according to SOX11 expression as negative,
light, and strong. CD34+ microvessels, CD4+ and CD8+ T-lymphocytes, CD68+ and CD163+ macrophages, and
the oncogene p53 expression were evaluated by immunohistochemistry. Moreover, STAT3 mRNA expression was an-
alyzed by RNA-scope assay.
Our results confirmed increased angiogenesis in the sample of patients positive to SOX11 compared to the negative ones
and demonstrated that angiogenesis and SOX11 expression positively correlate to a higher T-lymphocytes inflammatory
infiltrate. On the contrary, angiogenesis and SOX11 expression negatively correlate withmacrophage's inflammatory in-
filtrate and p53 expression. STAT3 mRNA expression level was not relevant concerning angiogenesis or SOX11 expres-
sion. Overall, our data indicate that, in MCL, SOX11 expression is associated with increased angiogenesis and a high
CD4+ and CD8+ T-cell infiltration, which are not sustained by CD163+ macrophages infiltrate and p53 expression.
Introduction

Mantle cell lymphoma (MCL) is an aggressive and rare B-cell non-
Hodgkin lymphoma. It originates in the lymph nodes but frequently metas-
tasizes in the bone marrow, spleen, and gastrointestinal tract, representing
around 2%-10% of NHLs in adults [1,2]. MCL is predominantly found in
men than in women at a ratio of 3:1, and the median age at diagnosis is
65 years old. It is associated with chromosomal translocation t(11;14)
(q13;q32) in the naive pre-germinal center B-cells or with somatic muta-
tions in the immunoglobulin variable region heavy chain (IgVH) gene
resulting in upregulation of BCL-1 gene coding for protein cyclin D1
[3,4]. Although cyclin D1 overexpression is a hallmark of MCL, there is a
patient subgroup which is cyclin D1 negative but presents cyclin D2/cyclin
D3 translocations and SOX-11 overexpression with a similar genomic pro-
file and clinical course to cyclinD1–positiveMCL [5,6]. In theWorldHealth
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Organization (WHO) 2016 update about lymphomas, based on clinical pre-
sentation and molecular mutations, two MCL main subtypes are distin-
guished: classical MCL or non-nodal MCL [7]. The first one is
characterized by IgHV unmuted and SOX11 positivity leading to blastoid
or pleomorphic types associated with an aggressive disease course. The sec-
ond one is characterized by IgHV ipermuted and SOX11 negativity, and it is
associated with an indolent disease course.

In addition to chromosomal aberration,MCL leads to considerable alter-
ations in oncogenic genes such as p53, Notch1, CDKN2A, and ATM that are
related to the angiogenic switch modulating thrombospondin-1, vascular
endothelial growth factor, and hypoxia-inducible factor-1 [8–13]. Among
these, p53 gene mutations and deletions are involved in MCL progression,
and it appears to be a robust predictive biomarker for therapy failure
[14]. Seventy percent ofMCL patients are also signed by the constitutive ac-
tivation of signal transducer and activator of transcription-3 (STAT3), as the
result of an autocrine secretion of interleukin-6 and/or interleukin-10 (IL6
and/or -10) or in response to B-cell receptor engagement [15]. STAT3 acts
as a repressor for SOX11 transcription by interacting directly with the
SOX11 gene promoter and enhancer [16].

More than these intrinsic events and signals, also the extrinsic
ones from the microenvironment contribute to MCL growth and pro-
gression. In lymphoid tissue, B-cells interact with different types of cells,
such as stromal cells, macrophages, and T-cells, and are exposed to many
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soluble factors belonging to the lymphoidmicroenvironment. Themicroenvi-
ronment components, if dysregulated, as during acute or chronic inflamma-
tion, can predispose or support tumorigenesis, which in turn supports the
proinflammatory environment [17]. In these events, transcription factors
and primary proinflammatory cytokines orchestrate the crosstalk between
tumor cells and microenvironment, enhancing tumor cells proliferation and
survival, neoangiogenesis mechanisms, metastasis processes, escape from
adaptive immunity, drug resistance, accumulation of random genetic alter-
ations in tumor cells, and inflammatory infiltrate recruitment [17]. In MCL,
tumor cells could shape their microenvironment, activating a complex che-
mokine network to promote tumor progression, drug resistance develop-
ment, and chemotherapy refractoriness [2]. In this context, SOX11 plays a
central role in modulating tumor microenvironment prosurvival signals
[18,19]. It has been well proven that SOX11 overexpressed in 78%-93% of
MCL patients is associated with angiogenic genes upregulation and higher
microvascular density compared with SOX11-negative MCL [20–22]. Fur-
thermore, it has been shown that increased angiogenesis is associated with
more aggressive behavior and a worse disease outcome [22]. Indeed,
SOX11 overexpression promotes B-cell receptor (BCR) signaling, represses
Bcl6 transcription and upregulates PAX5 to avoid B-cell differentiation into
memory B-cells or plasma cells, promotes angiogenesis via platelet-derived
growth factor A (PDGF-A), tumor cells homing and invasion via upregulation
of (C-X-C motif) chemokine receptor 4 (CXCR4) and focal adhesion kinase
(FAK) [18,21,23–25].
Figure 1. IHC of SOX11 on lymph node biopsies. Samples were divided into three histo
group (0%of cells SOX+) (A), light group (1%-39%of cells SOX+) (B), or strong group (≥
increased SOX11 expression from negative to the strong group. Data are reported as m
ANOVA. Statistical significance: ***P ≤ .001. Scale bar: 80 μm.
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To date, the cellular composition of the microenvironment in MCL has
not been systematically or definitively analyzed. In this work, we have ex-
plored the MCL microenvironment features evaluating CD34+

microvessels, CD4+ and CD8+ T-lymphocytes, CD68+ and CD163+ mac-
rophages, and the oncogene p53 according to SOX11 expression by immu-
nohistochemistry (IHC). Moreover, we have analyzed STAT3 mRNA
expression by RNA-scope assay.

Materials and Methods

Patients

Lymph node biopsies from 63 patients diagnosed with MCL were col-
lected from the archive of the Section of Pathology of the University of
Bari, Hospital Policlinico, Bari, Italy. All procedures were following the eth-
ical standards of the responsible committee on human experimentation (in-
stitutional and national) and with the Helsinki Declaration of 1964 and
later versions, and signed informed consent from individual patients was
obtained to conduct the study.

MCL tissue sections have been processed for SOX11 IHC staining using a
rabbit anti-SOX11 antibody at a dilution of 1:10 (Sigma-Aldrich, Darm-
stadt, Germany) (Figure 1). After counterstaining with Mayer's hematoxy-
lin, the sections were evaluated by a certified pathologist (G.I.) who
remained blinded to the clinical data using standard light microscopy.
logical groups based on the percentage of cells positive to SOX11 staining: negative
40% of cells SOX11+) (C).Morphometric analysis (D) shows a significative gradual

eans ± SD, and Bonferroni post-test was used to compare all groups after one-way



Table 1
Antibodies Used for IHC

Protein Catalog Number Species IHC Dilution Antigen Retrieval Source

SOX11 CLO143 Rabbit 1:10 Tris/EDTA pH 9 Sigma-Aldrich
CD34 QBEnd10 Mouse 1/500 Tris/EDTA pH 9 Beckman Coulter
CD4 4B12 Mouse 1:25 Tris/EDTA pH 9 Dako
CD8 ab75129 Mouse Prediluted Tris/EDTA pH 9 Abcam
CD68 ab125047 Rabbit 1:100 Tris/EDTA pH 9 Abcam
CD163 NCL-L-CD163 Mouse 1:300 Sodium citrate pH 6 Novocastra
p53 DO-7 Mouse 1:50 Sodium citrate pH 6 Dako
Anti-rabbit IgG BA-1000 Goat 1:150 Vector Laboratories
Anti-mouse IgG BA-9200 Goat 1:150 Vector Laboratories
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Tumors samples were divided into three histological groups based on IHC
SOX11 staining intensity positivity calculated by a semiquantitative scoring
system: negative (n = 20) with no staining and 0% of cells positive to
SOX11; light (n = 25) with a weak-moderate staining and 1%-39% of
cells positive to SOX11; and strong (n=18) with a moderate-strong stain-
ing and ≥40% of cells positive to SOX11. Moreover, the SOX11 staining
was evaluated with the whole-slide scanning platform Aperio ScanScope
as described below. Figure 1D shows the morphometric analysis of the
SOX11 expression in negative (0.0005647% ± SD 0.0002707%), light
(0.03845% ± SD 0.002292%), and strong (0.07690% ± SD 0.003692%)
groups.
Figure 2. IHC of endothelial cells marker CD34 on lymph node biopsies of negative (A
Morphometric analysis (D) shows a significative gradual increased CD34 expression fro
post-test was used to compare all groups after one-way ANOVA. Statistical significance:

3

Immunohistochemistry

Archival formalin-fixed, paraffin-embedded human MCL histologi-
cal sections of 2-μm thickness were collected on poly-L-lysine–coated
slides, deparaffinized, and rehydrated in a xylene-graded alcohol scale
and then rinsed in Tris-buffered saline solution (TBS). For antigen re-
trieval, the sections were heated in a solution of sodium citrate pH 6.0
or Tris/EDTA buffer pH 9 (cod. S1699 or cod. S2367, Agilent Dako,
Santa Clara, CA) once the temperature has reached 98°C in a water
bath for 20 minutes (Table 1), and after three washes in TBS + 0.025
Triton X-100, the slides were left in a blocking buffer [BB; TBS pH 7.4
), light (B), and strong (C) groups classified according to SOX11 staining intensity.
m negative to the strong group. Data are reported as means ± SD, and Bonferroni
***P ≤ .001. Scale bar: 80 μm.
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+ 1% bovine serum albumin (BSA) + 10% normal goat serum] for
2 hours. Subsequently, the sections were incubated with primary uncon-
jugated antibodies (Table 1) diluted in TBS + 1% BSA overnight at 4°C
and washed in TBS + 0.025 Triton X-100, and endogenous peroxidases
were blocked using 3% hydrogen peroxide solution for 10 minutes in
the dark. Then, the sections were incubated with biotinylated goat
anti-rabbit IgG or goat anti-mouse IgG diluted in TBS + 1% BSA for
1 hour followed by streptavidin-peroxidase conjugate (cod. A-2704,
Vector Laboratories) for 30 minutes. Finally, the immunodetection
was performed in distillate water with AEC or DAB substrate kit for per-
oxidase (cod. SK-4200 or cod. SK-4100, Vector Laboratories) for
40 minutes per AEC and 2 minutes per DAB at room temperature. Fi-
nally, the sections were counterstained with Mayer's hematoxylin
(cod. 51275, Sigma-Aldrich, St. Louis, MO) and mounted in glycergel
(cod. C0563, Agilent Dako). Specific preimmune serum replacing the
primaries antibodies served as a negative control.

Morphometric Analysis

All slides were scanned at the maximummagnification available (40×)
using the whole-slide scanning platform Aperio ScanScope CS (Leica
Biosystems, Nussloch, Germany) and were viewed and analyzed remotely
employing Positive Pixel Count algorithm embedded in the ImageScope
v.11.2.0.780 (Leica Biosystems). Using this algorithm, each
Figure 3. IHC of T-lymphocytes marker CD4 on lymph node biopsies of negative (A),
Morphometric analysis (D) shows a significative increase in CD4 expression from nega
was used to compare all groups after one-way ANOVA. Statistical significance: ** P ≤ .
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immunohistochemical signal was individually calibrated to calculate the
number of strong positive pixels, the number of medium positive pixels,
and the number of weak positive pixels. The positivity value results, calcu-
lated as the total number of positive pixels divided by the total number of
pixels, were considered.
RNAscope Analysis

RNA in situ hybridization was performed using RNAscope® 2.5 HD Re-
agent Kit [RED 322360, Advanced Cell Diagnostics, Hayward, CA] as de-
scribed [26]. Briefly, deparaffinized tissue sections were hybridized with
the Hs-STAT3 probe (ref. 425631), positive control probe Hs-PPIB (ref.
313901), or negative control probe DapB (ref. 310043) at 40°C for
2 hours. After hybridizations, sections were subjected to signal amplifica-
tion, Gill's hematoxylin counterstaining, and scanning (Aperio ScanScope
CS, Leica Biosystems, Nussloch, Germany) at 40× magnification. Fast
Red semiquantitative image analysis was performed using the Aperio
RNA ISH algorithm, which automatically quantifies the staining across
whole slides and counts individual molecular signals and clusters in the
cells. The obtained results are divided into three ranges: 1, which includes
cells containing 2-5 dots per cell; 2, which includes cells containing 6-20
dots per cell; and 3, which includes cells containing more than 20 dots
per cell.
light (B), and strong (C) groups classified according to SOX11 staining intensity.
tive to strong groups. Data are reported as means ± SD, and Bonferroni post-test
01; ***P ≤ .001. Scale bar: 80 μm.
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Statistical Analysis

One-way ANOVA with Bonferroni post hoc tests and Spearman non-
parametric correlation analysis were performed using GraphPad Prism
5.01 statistic package (GraphPad Software, San Diego, CA). Statistical sig-
nificance was set at P ≤ .05, and results are given as mean ± SD.
Results

Angiogenesis and SOX11 Expression Positively Correlate to T-Lymphocytes In-
flammatory Infiltrate

CD34, CD4, and CD8 IHC reactions were performed on lymph node bi-
opsies of negative, light, and strong groups, classified according to SOX11
staining intensity (Figure 1), to evaluate neoangiogenesis mechanisms
(Figure 2 for CD34) and the presence of CD4+ and CD8+ T-lymphocytes
(Figures 3 and 4) in mantle cells lymphoma.

As shown in Figure 2, in light and strong groups, the blood vessels are
positive to the endothelial and hematopoietic stem cell marker CD34,
which does not seem to be present in the negative one (Figure 2).
Figure 2D shows the morphometric analysis of the CD34 expression in neg-
ative (0.0003161% ± SD 0.0001771%), light (0.001572% ± SD
0.0003269%), and strong (0.003188% ± SD 0.0004868%) groups. The
correlation study proves a positive one between CD34 and SOX11 (r =
0.8593, P≤ .0001with SOX11; Figure 10). Therefore, these results demon-
strate that SOX11 may promote new blood vessels formation in MCL, as al-
ready mentioned by others, via sprouting angiogenesis and vasculogenesis
[22,24,27,28].
Figure 4. IHC of T-lymphocytes marker CD8 on lymph node biopsies of negative (A),
Morphometric analysis (D) shows a significative gradual increased CD8 expression fro
post-test was used to compare all groups after one-way ANOVA. Statistical significance:
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The cytotypes most present in the inflammatory infiltrate of MCL lymph
nodes are the T-lymphocytes, as shown in Figures 3 and 4. Figure 3D shows
the morphometric analysis of the CD4 expression in negative (0.0005648%
± SD 0.0001931%), light (0.0119% ± SD 0.003822%), and strong
(0.02589%± SD 0.004348%) groups. Figure 4D shows the morphometric
analysis of the CD8 expression in negative (0.01715%± SD 0.0006553%),
light (0.02557% ± SD 0.001759%), and strong (0.03385% ± SD
0.002333%) groups. CD4+ and CD8+ T-lymphocytes are present in all
the groups, and a gradual and statistical significative increase is evident
from negative to strong SOX11-positive group, as confirmed by the
correlation study between CD4 or CD8 and CD34 or SOX11 expression
(for CD4: r = 0,.8399, P ≤ .0001 with CD34; r = 0.9165, P ≤ .0001
with SOX11; for CD8: r = 0.9144, P ≤ .0001 with CD34; r = 0.8453, P
≤ .0001 with SOX11; Figures 9 and 10). Taken together, these results con-
firm a close positive correlation between neoangiogenesis mechanisms ac-
tivation and SOX11 expression supported by higher CD4 and CD8 positive
T-lymphocytes inflammatory infiltrate in the SOX11+ strong group. These
T-cells are probably involved in the formation of an immunosuppressive
microenvironment that promotes tumor escape from the patient's immune
system.
Angiogenesis and SOX11 Expression Negatively Correlate with Macrophages In-
flammatory Infiltrate and p53 Expression

CD68, CD163, and p53 IHC reactions were performed on lymph node
biopsies of negative, light, and strong groups, classified according to
SOX11 staining intensity, to characterize macrophage inflammatory infil-
trate (Figures 5 and 6 for CD68 and CD163, respectively) and the
light (B), and strong (C) groups classified according to SOX11 staining intensity.
m negative to the strong group. Data are reported as means ± SD, and Bonferroni
***P ≤ .001. Scale bar: 80 μm.



Figure 5. IHC of pan-macrophage marker CD68 on lymph node biopsies of negative (A), light (B), and strong (C) groups classified according to SOX11 staining intensity.
Morphometric analysis (D) shows a significative gradual decrease in CD68 expression from negative to the strong group. Data are reported as means ± SD, and
Bonferroni post-test was used to compare all groups after one-way ANOVA. Statistical significance: ***P ≤ .001. Scale bar: 80 μm.
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expression of oncogene p53 (Figure 7) inmantle cells lymphoma. As shown
in Figures 5 and 6, CD68+ and CD163+macrophages are present in all the
groups. Figure 5D shows themorphometric analysis of the CD68 expression
in negative (0.007608% ± SD 0.0002004%), light (0.002516% ± SD
0.0003026%), and strong (0.001431% ± SD 0.0003725%) groups.
Figure 6D shows the morphometric analysis of the CD163 expression in
negative (0.01491% ± SD 0.002147%), light (0.006889% ± SD
0.001949%), and strong (0.0007801% ± SD 0.0003464%) groups. The
correlation study between CD68 or CD163 and CD34 or SOX11 expression
has shown a gradual and statistically significative decrease fromnegative to
strong SOX11 positive group (for CD68: r = −0.8774, P ≤ .0001 with
CD34; r = −0.8800, P ≤ .0001 with SOX11; for CD163: r = −0.8774,
P ≤ .0001 with CD34; r = −0.8617, P ≤ .0001 with SOX11; Figures 9
and 10). Unlike CD68+ macrophages that have a mostly rounded shape
and are distributed also within the tumor mass (Figure 5), the CD163+

rounded ones are preferentially accumulated in peripheral connective tis-
sue in negative and light group compared to strong one, whereas
CD163+ macrophages with elongated shapes are present within the
tumormass in all the three groups (Figure 6). Figure 7 shows a very modest
positivity for p53 in all the samples, but a gradual and statistically significa-
tive decrease is evident from negative to strong SOX11 positive group, as
confirmed by the correlation study on the relationship between p53 and
CD34 or SOX11 expression in the three groups (r = −0.8695, P ≤ .0001
6

with CD34; r = −0.8544, P ≤ 0,0001 with SOX11; Figures 9 and 10).
Figure 7D shows the morphometric analysis of the p53 expression in nega-
tive (0.0006469% ± SD 0.0001393%), light (0.0001570% ± SD
0.00004547%), and strong (0.00003809% ± SD 0.00003092%) groups.
Taken together, these results reveal a close negative correlation among
neoangiogenesis mechanisms activation and SOX11 expression with both
macrophages inflammatory infiltrate and p53 expression.

STAT3 mRNA Expression Is Not Related to Angiogenesis or SOX11 Expression

RNAscope in situ hybridization to STAT3 mRNA evaluation was per-
formed on lymph node biopsies of negative, light, and strong groups, clas-
sified according to SOX11 staining intensity (Figure 8). The pictures in
Figure 8 show that STAT3, like red spots, is expressed in all the groups
but the quantification analysis, performed by Aperio RNA ISH algorithm,
dividing data into three groups according to number of spots per cell
(Figure 8D) or cellular localization (Figure 8E), did not indicate any rele-
vant difference (P > .05). In negative/group 0+ (60.27% ± SD 9.77%),
negative/group 1+ (40.30% ± SD 7.38%), negative/group 2+ (1.15%
± SD 0.43%), negative/in cells (0.74% ± SD 0.23%), negative/in nuclei
(0.20%±SD0.09%), negative/in cytoplasm (0.55%±SD0.14%), as com-
pared to light/group 0+ (63.13%± SD 7.31%), light/group 1+ (38.59%
±SD7.50%), light/group 2+ (1.01%±SD 0.67%), light/in cells (63.13%



Figure 6. IHC of M2 macrophage marker CD163 on lymph node biopsies of negative (A), light (B), and strong (C) groups classified according to SOX11 staining intensity.
Inserts in A and B show round and larger macrophages present in few areas of the samples. Morphometric analysis (D) shows a significative gradual decreased CD163
expression from negative to the strong group. Data are reported as means ± SD, and Bonferroni post-test was used to compare all groups after one-way ANOVA.
Statistical significance: ***P ≤ .001. Scale bar: 80 μm.
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± SD 0.23%), light/in nuclei (38.53% ± SD 0.08%), light/in cytoplasm
(1.01% ± SD 0.15%), as compared to strong/group 0+ (5374% ± SD
6.63%), strong/group 1+ (42.41% ± SD 5.29%), strong/group 2+
(2.33%± SD 0.64%), strong/in cells (53.74%± SD 0.17%), strong/in nu-
clei (42.41% ± SD 0.09%), strong/in cytoplasm (2.33%± SD 0.13%).

These results demonstrate that the constitutive activation of STAT3
in MCL is not related to an increased gene expression but probably to
other mechanisms related to protein stability or mRNA degradation
[15,29].

Discussion

MCL is an aggressive B-cell NHL with poor long-term survival. MCL pa-
tients are first diagnosed at an advanced stage, typically with the involve-
ment of the lymph nodes, bone marrow, spleen, and gastrointestinal tract
[30,31]. Today, there is no specific care for the treatment of MCL because
of its high heterogeneity. Thanks to the growing knowledge of its biology,
ontogeny, andmolecular pathology, twomain clinicopathological subtypes
of MCL are recognized [7]. The first subtype is named classical MCL and is
characterized by IgHV gene unmuted and SOX11 positivity, leading to
blastoid or pleomorphic types associated with an aggressive disease course.
The second one is named non-nodalMCL and is characterized by IgHV gene
7

ipermuted and SOX11 negativity, and it is associated with an indolent dis-
ease course. Although the prognostic role of SOX11 is controversial because
others have shown that most indolent MCLs are SOX11+ [32]. In general,
SOX11 is specifically expressed in MCL compared with other lymphomas,
and in nonmalignant bone marrow, no evidence of nuclear SOX11 staining
was found [5,33]. In MCL, the staining of SOX11 is nuclear, intense, and
present in the majority of the tumor cells [5].

A combination of aberrant cell cycle regulation, DNA damage, molecu-
lar and genomic alterations, BCR signaling, and interactions with the lym-
phoid tissue microenvironment forms the basis of MCL cell growth.

The role of the lymphoid tissue microenvironment in MCL progression
is not still fully understood. Therefore, in this study, we provide an in-
depth evaluation of immune-inflammatory cells and blood microvessels
using the high-throughput morphology analysis by Aperio ScanScope CS.
The microenvironment elements could protect against tumorigenesis and
invasion if it is in a healthy state, or it could be a “partner in crime” promot-
ing tumor initiation, progression, andmetastasis if it is not in a healthy state
[34]. The microenvironment consists of extracellular matrix macromole-
cules, myofibroblasts, fibroblasts, neuroendocrine cells, adipose cells,
immune-inflammatory cells, and the blood and lymphatic vessels [35]. In
MCL, these elements provide extrinsic signals to tumor cells, activate
prosurvival signaling like BCR and classical and alternative NF-kB
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pathways, and sustain the imbalance of the Bcl-2 family downregulating
Bim and inducing Bcl-xL [2].

In many lymphoid tumors, the association between increased angiogene-
sis and more aggressive behavior featured by increased tumor proliferation
and dissemination has been suggested [36,37]. In this study, by CD34 IHC re-
action, we have demonstrated and confirmed that neoangiogenesis mecha-
nisms occur in MCL with negative, light, or strong SOX11 expression, and
in the latter, it is much more than the first two. Furthermore, we have
shown a close positive correlation between CD34 and SOX11 expression.
These results are in accord with others that compare intratumoral microvas-
cular density and area in SOX11-positive and -negative MCL patients using
CD34 staining [38]. They have been showed that, in SOX11-negative MCL,
there is a corona-like distribution of blood vessels in the stroma surrounding
the nodules indicating a less invasive tumor phenotype compared to the
SOX11-positive one, where the blood vessels were randomly distributed
[22]. Moreover, CD34 positivity could be considered a sign of
neoangiogenesis mechanisms activation as it has been identified as tip cell-
specific markers by whole genome genetic profiling strategies [27,39].

ComparingMCLpatients negative to SOX11 expressionwith thosemod-
erately positive to it (1%-39% of cells positive to SOX11) and with those
strongly positive to it (40%-100% of cells positive to SOX11), our results
have shown a significant difference in microenvironment composition
about lymphocytes and macrophage infiltration, and p53 expression ac-
cording to SOX11 level.
Figure 7. IHC of the cellular tumor antigen p53 on lymph node biopsies of negative (A
Morphometric analysis (D) shows a significative gradual decreased p53 expression fro
post-test was used to compare all groups after one-way ANOVA. Statistical significance:
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We have demonstrated a higher CD4+ and CD8+ T-lymphocytes in-
flammatory infiltrate in MCL lymph node biopsies of patient’'s strong
group, that positively correlate with strong SOX11 intensity and increased
angiogenesis, compared with the other ones. Usually, CD4+ and CD8+ T-
cells induce immune responses against tumors. In fact, analyzing the pe-
ripheral blood and lymph nodes of MCL patients, it was demonstrated
that CD4+ and CD8+ T-cells are lower in aggressive forms of MCL and a
low CD4:CD8 ratio is a predictor of unfavorable overall survival [40,41].
Our results do not agree with this, probably because we did the inflamma-
tory infiltrate evaluation concerning SOX11 expression and not clinical out-
come. Alternatively, a more detailed T-cell phenotypic characterization
could lead to the identification of a specific CD4-positive T-cell subset like
Th1, Th2, Th9, Th17, Th22, and Tfh, with a role in the inhibition of antitu-
mor immune response [42]. For example, the immunosuppressive Tregs
cells (CD4+CD25+FoxP3+), whose increase correlates with advanced
tumor growth and predicts poor prognosis, could bemuchmore inMCL pa-
tients with higher SOX11 expression [43]. Otherwise, as demonstrated in
chronic lymphocytic leukemia, CD4+ T-cells could have a Th2 cell profile
that supports tumor cells via cytokines, chemokines, and membrane recep-
tors [44]. The increased number of cytotoxic CD8+ T-lymphocytes in the
strong group, which is the one with the worse outcome, compared to the
negative and light ones, which have a favorable prognosis, could be related
to the activation of tumor immune evasion processes. It was demonstrated
that CD8+ T-cells promote the secretion of prostaglandin E2 by tumor cells
), light (B), and strong (C) groups classified according to SOX11 staining intensity.
m negative to the strong group. Data are reported as means ± SD, and Bonferroni
***P ≤ .001. Scale bar: 80 μm.



Figure 8. RNAscope in situ hybridization of STAT3 on lymph node biopsies of negative (A), light (B), and strong (C) groups classified according to SOX11 staining intensity.
Morphometric analyses (D, E) show STAT3 mRNA expression in all the samples without any significant difference among the groups both in number of dots per cell and in
cellular localization (D). Data are reported as means ± SD, and Bonferroni post-test was used to compare all groups after one-way ANOVA. Statistical significance: no. Scale
bar: 80 μm.

T. Annese et al. Translational Oncology 13 (2020) 100744
and increase the myeloid-derived suppressor cells recruitment via Fas sig-
naling causing tumor escape [45,46].Moreover, the Fas/FasL signaling pro-
motes the expression of proinflammatory chemokines and angiogenesis as
demonstrated in malignant astrocytoma [47].

Our results have shown reduced CD68+ and CD163+ macrophages in-
flammatory infiltrate in MCL lymph node biopsies of patient's strong group
compared to the other two that inversely correlates with increased SOX11
intensity and angiogenesis. In all groups, CD163+ cells usually
outnumbered CD68+ cells and presented both rounded and elongated
shapes. Monocytes/macrophages can promote angiogenesis, suppress anti-
tumor immunity, and drive the survival of lymphoma cells [48,49]. In most
tumors, an inflammatory infiltrate rich inmacrophages is associated with a
more aggressive phenotype and with a higher proliferation rate, and nega-
tively correlates with overall survival [48]. Twomain macrophage subpop-
ulations could be distinguished using molecular markers and cytokine
secretion profile: the proinflammatory M1 macrophages, promoting Th1
responses and showing tumoricidal activity, and the anti-inflammatory
M2 macrophages, contributing to tissue repair and promoting Th2 re-
sponses. CD68 is usually used to identify all the macrophages, but CD163
is considered an M2 marker [50]. However, it is a controversial issue if
all CD163+ cells are M2 macrophages [51]. Moreover, M1 macrophages
are usually characterized by the classical pancake-like shape that could be
changed according to their function [52]. It was demonstrated that proin-
flammatory M1 could take an elongated shape, which is strictly correlated
to an anti-inflammatory M2 phenotype transition, by applying an external
mechanical force on already differentiated macrophages or by blocking
HDAC activity [53]. In vitro under IL-10 and CSF1 stimuli, it was demon-
strated that MCL monocytes polarize into M2-like macrophages, which in
turn favor tumor survival and proliferation [49]. Regarding angiogenesis,
it was suggested that M1 macrophages induce sprouting angiogenesis,
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while M2 macrophages are involved in blood vessel stabilization via
pericyte recruitment [54]. Therefore, our results have shown a mixed
M1/M2 population, where CD163+ rounded and elongated macrophages
are mostly present in groups of patients with negative or low expression
of SOX11, highlighting their marginal role in the maintenance of a
protumorigenic microenvironment in SOX11-positive patients.

p53 IHC analysis has shown a gradual content decrease, from negative
to strong SOX11-positive group, with a general low expression in all the
three groups compared to the other proteins analyzed. Furthermore, we
found that p53 expression negatively correlates with strong SOX11 inten-
sity and increased angiogenesis. In agreement with us, it was demonstrated
that p53 status has a good correlation with negative/low SOX11 mRNA
levels in both non-nodal and classical mantle cell lymphoma [55,56]. p53
is the most common oncogene associated with human cancer. It is on chro-
mosome 17 and, in the case of DNA damages, acts as a negative/positive
regulator of cell proliferation/apoptosis, respectively. Its alterations iden-
tify a high-risk population signed by reduced sensitivity to conventional
chemotherapy with cytarabine and rituximab at high dose, followed by
consolidation therapywith autologous stem cell transplantation [54]. Note-
worthy is the role of p53 as an inhibitor of inflammatory responses and of
somatic cells reprogramming to stem cells during inflammation. However,
in tumor, the functional loss of p53 fail to maintain suppressive microenvi-
ronment causing excessive inflammatory reactions that in turn sustain
tumor growth and progression [57].

The RNAscope assay performed to evaluate STAT3mRNA expression in
lymph node biopsies of MCL patients did not show any significant differ-
ence in its expression amount or cellular localization among the three
groups. InMCL, STAT3 is constitutively activated and acts as a repressor de-
creasing SOX11 expression [16,58]. Contrary to what has been shown in
other lymphomas, our results have demonstrated that the constitutive



Figure 9. Spearman's correlation graph between CD34 (x-axis) and the inflammatory infiltrate cell markers (y-axis) positivity on lymph node biopsies. Statistical significance
was determined by linear regression analysis (P ≤ .0001).
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activation of STAT3 in MCL is not related to an increased gene expression
but probably to othermechanisms related to protein stability ormRNA deg-
radation [26,29]. The link between tumor microenvironment, signed by
the inflammatory infiltrate, and MCL, signed by SOX11 overexpression
and STAT3 constitutive activation, could be represented by IL-6. MCL
cells and inflammatory infiltrate cells can secrete IL-6 and its soluble recep-
tor gp80 promoting, in an autocrine and paracrine mode, MCL survival,
growth, and drug resistance [59].

These results suggest that SOX11 promotes a tumor protective microen-
vironment supportingMCLprogression and immune escape. Accordingly, it
was demonstrated that the pathways CXCR4/CXCL12 and FAK/PI3K/AKT
play a significant role inMCL-microenvironment crosstalk contributing to a
more aggressive phenotype and worse outcome [18,60]. SOX11 directly
binds to regulatory regions of genes encoding for CXCR4 and FAK and acti-
vating the FAK/PI3K/AKT pathway promoting higher tumor cells homing
and invasion, and increases cell adhesion–mediated drug resistance in pos-
itive MCL patients compared with the negative ones [18]. FAK is highly
expressed in bone marrow infiltrates of MCL, and its stroma-mediated acti-
vation leads to the activation of multiple kinases involved in prosurvival
and proliferation signaling causing secondary mechanisms of drug resis-
tance [60]. In fact, it was demonstrated that FAK, with other acquired
mechanisms of resistance, induces resistance to ibrutinib, a small molecule
inhibitor of Bruton tyrosine kinase applied in relapsed or refractory MCL
[60]. Therefore, new therapeutical approaches that destroy the tumor-
stromal protective microenvironment and tumorigenic B-cell by
immunochemotherapy depletion are emerging as a promising strategy for
the treatment of MCL [61,62].
10
Conclusions

In conclusion, our results have shown, in MCL, different immune-
inflammatory cells and blood microvessels composition concerning
SOX11 expression. The high SOX11 positivity (40%-100% of lymph node
cells) is associated with increased angiogenesis and a high CD4+ and
CD8+ T-cell infiltration, which are not sustained by CD163+ macrophages
infiltrate and p53 expression. On the contrary, the tumor proliferation and
progression in MCL patients negative to SOX11 are sustained by CD163+

macrophages infiltrate and p53 expression. An intermediate microenviron-
ment composition features the patients with low SOX11 expression.

The identification of peculiar characteristics that can allow distinguishing
the microenvironment composition in MCL concerning SOX11 expression is
complex, and evenmore complicated is to determine the individual contribu-
tion of all microenvironment components to the tumor behavior. Microenvi-
ronment comparative analysis in larger cohorts of patients with high-
throughput molecular and morphology analysis is indispensable to under-
stand better themechanisms underlyingMCL pathogenesis. Future therapeu-
tic approaches will have to consider the disruption of crosstalk between the
tumor cells and their microenvironment, such as adding B-cell receptor path-
way inhibitors, lenalidomide, or proteasome inhibitors [55].
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Statistical significance was determined by linear regression analysis (P ≤ .0001).
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