
Review Article
Tumor Microenvironment in Diffuse Large B-Cell Lymphoma:
Role and Prognosis

Alexandra Ioana Cioroianu ,1 Patricia Irina Stinga,1 Liana Sticlaru,1

Mirela Daniela Cioplea,1 Luciana Nichita,1,2 Cristiana Popp ,1 and Florica Staniceanu2

1Department of Pathology, Colentina Clinical Hospital, 020125 Bucharest, Romania
2Faculty of Dental Medicine, University of Medicine and Pharmacy “Carol Davila”, 020021 Bucharest, Romania

Correspondence should be addressed to Cristiana Popp; brigaela@yahoo.com

Received 14 July 2019; Accepted 6 November 2019; Published 16 December 2019

Guest Editor: Daniel Pirici

Copyright © 2019 Alexandra Ioana Cioroianu et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.

Diffuse large B-cell lymphoma (DLBCL) represents 30-40% of all non-Hodgkin lymphomas (NHL) and is a disease with an aggressive
behavior. Because about one-third of DLBCL patients will be refractory or resistant to standard therapy, several studies focused on
identification of new individual prognostic and risk stratification biomarkers and new potential therapeutic targets. In contrast to
other types of cancers like carcinomas, where tumor microenvironment was widely investigated, its role in DLBCL pathogenesis
and patient survival is still poorly understood, although few studies had promising results. The composition of TME and its
interaction with neoplastic cells may explain the role of several genes (beta2-microglobulin gene, CD58 gene), receptor-like
programmed cell death-1 (PD-1) and its ligand (PD-L1), or other cell components (Treg) in tumor evasion of immune
surveillance, resulting in tumor progression. Also, it was found that “gene expression profile” of the microenvironmental cells, the
phenotype of tumor-associated macrophages (TAM), the expression of matricellular proteins like SPARC and fibronectin, the
overexpression of several types of matrix metalloproteinases (MMPs) like MMP-2 and MMP-9, or the tissue inhibitors of matrix
metalloproteinases (TIMPs) may lead to a favorable or adverse outcome. With this review, we try to highlight the influence of
microenvironment components over lymphoid clone progression and their prognostic impact in DLBCL patients.

1. Introduction

Diffuse large B-cell lymphoma (DLBCL) represents about 30-
40% of non-Hodgkin lymphomas (NHL) [1]. Although
DLBCL demonstrates an aggressive clinical course, using
the established rituximab, cyclophosphamide, hydroxydau-
norubicin, vincristine, and prednisone (R-CHOP) standard
therapy, this neoplasm is curable in 60-70% of cases [1].
However, about one-third of these patients are refractory to
this treatment. It is critical for them to find new therapeutic
agents that alone or in addition to R-CHOP therapy may
help to improve their survival or to provide an alternative
for cases that are not eligible, are refractory, or have relapsed
[2]. Recently, new molecular findings in DLBCL genetics
have shown that these lymphomas comprise a group of disor-

ders with specific signaling programs [1], and their first target
was to identify new potential therapies with greater specific-
ity and with lower toxicity [2].

Current research in this field is focused on identification
of new individual prognostic and risk stratification bio-
markers in order to predict the outcome and therapy
response or that could indicate the patients who may be eli-
gible for more aggressive therapies. Also, they may provide
new perspective on current and future possible therapies.

Using gene expression profiling (GEP), Alizadeh et al. [3]
found that DLBCL may be divided into two biologically and
clinically molecular subgroups, with different prognoses and
treatment responses. According to cell-of-origin (COO),
these were defined as germinal center B-cell (GCB) (40-
50%) or activated B-cell (ABC) (50-60%) subtypes [3]. Also,
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there was found a small unclassifiable group (10-15%) [3].
ABC DLBCL cases were found to have a poorer outcome
than GCB DLBCL patients when treated with the standard
therapy, with a 5-year survival of 44% for the ABC subtype
and 87-92% for the GCB subtype [4, 5]. A recent discovery
based on a new 20-gene assay permitted also the identifica-
tion of the ABC vs. the GCB subgroup using formalin-
fixed and paraffin-embedded tissue, a method which proved
to be accurate and robust [6]. In addition, GCB DLBCLs
were found to express genes of germinal center B cells, such
as CD10, LMO2, or BCL6, and frequently, they were associ-
ated with REL amplification, EZH2 mutation, or t(14;18)
translocation [3, 7–13]. The pathogenesis of ABC DLBCLs
was believed to be related to activation of the NF-κB signal-
ing pathway via the B-cell receptor (BCR) pathway, but
recent studies demonstrated that NF-κB may be expressed
in both ABC and GCB DLBCL subgroups and is an adverse
prognostic factor [7, 12–20]. TNFAIP3, CARD11, CD79B,
CD79A, TRAF2, MYD88, and REL are the most commonly
altered genes with an adverse impact in the ABC DLBCL
subtype [7, 12, 13, 17–21].

Recently, several studies have focused on the potential
role of the tumor microenvironment (TME) in DLBCL path-
ogenesis, but the results remained controversial. It is thought
that the role of TME is based on the interactions between
tumor cells and stromal elements (fibroblast, blood, and lym-
phatic vessels), extracellular matrixes, inflammatory, and
immune cells (mast cells, macrophages, and T or B lympho-
cytes). The composition and spatial characteristics of the
TME and the interaction between its components and lym-
phoma cells demonstrate significant heterogeneity depend-
ing on the type of lymphoma or the tissue or organ in
which lymphoma arises and may have an important impact
in the patient’s survival, therapy response, and disease pro-
gression or relapse.

2. Immune Evasion

Immune evasion is a pathogenetic mechanism used by
several types of cancers in their evolution, and avoidance
of circulating T-lymphocytes (CTL) or the escape from NK
cell recognition are the main processes implied. Challa-
Malladi et al. [22] concluded that genetic alterations associ-
ated with lack of surface HLA-I and inactivation of the
beta2-microglobulin gene (B2M) are present in 29% of
DLBCL cases, leading to escape of tumor cells from CTL.
CD58, the receptor of the natural killer (NK) cells or T cell
CD2+, also has an important role in this process. 21% of
DLBCLs, more frequently the ABC subtype, were found to
have inactivation of the CD58 gene (CD58) that is implied
in the loss of recognition of tumor cells by CTL and NK cells
[22]. They concluded that both events may be coselected
during lymphomagenesis and may be regarded as specific
pathogenetic mechanisms [22].

Programmed cell death-1 (PD-1) is a surface inhibitory
receptor expressed by macrophages, dendritic cells, and
T cells [23]. After PD-1 binds to PD-L1 (expressed on an
antigen-presenting cell (APC) surface), it plays an important

role in regulation of immune response by inhibiting cytokine
production and cell-cycle progression in T cells [24].

Many studies tried to find the role of PDL-1 in the mech-
anism of immune evasion of aggressive B-cell lymphomas
[25–28]. In DLBCL, PD-L1 expression was found in both
tumor cells and microenvironmental cells, primarily macro-
phages, and had a controversial role [26, 27, 29, 30]. The
DLBCL subgroup with PDL-1+ in tumor cells was associated
with unfavorable prognostic factors like the non-GCB sub-
type, IPI high-risk group, elevated beta2-microglobulin,
resistance to standard therapy, and reduced overall survival
(OS) compared with the PD-1 negative subgroup [29–32]
(see Table 1). On the other side, a favorable OS was seen in
cases with PD-1 expression of a large number of tumor-
infiltrating lymphocytes [32–34].

PD-L1+ tumor cells have other various mechanisms to
escape T cell immune surveillance, the most important of
them being the induction of apoptosis in some of the T cells
through the PD-1/PD-L1 pathway [35]. Also, the expression
of PD-L1 in myeloid dendritic cells (MDCs) induces T cell
immune suppression in the tumor microenvironment [36].
Steidl et al. [25] have found that rearrangements of CIITA
in B-cell lymphomas determine the overexpression of PD-1
and PD-L1 and may also lead to T cell immune avoidance.

Regulatory T cells (Treg) are other cellular components of
TME that can contribute to the deprival of neoplastic cells
from the effect of several proinflammatory stimuli released
by nonneoplastic immune or inflammatory cells. One of the
main functions of Tregs is the regulation of antitumor
immune responses by inhibiting the cytokine production
and suppressing the proliferation of CD8+ T cells, which
may lead to an ineffective antitumor response and to the pro-
liferation of cancer cells [37–39]. In DLBCL, the prognostic
influence of FOXP3+ Treg is controversial, reported as being
associated with a good prognosis in some studies or with an
adverse outcome [40–42] or a trend toward a worse progno-
sis in other studies [43].

3. Stromal Gene Signature

Lenz et al. [4] identified a new gene expression profile of the
nontumor cells, determining two different subgroups of
DLBCL, predictive of survival and outcome in patients treated
with R-CHOP [4].

High expression of “stromal-1 signature” was found in
tumors with abundant extracellular matrix elements and a
high number of macrophages. This subtype encodes ele-
ments of extracellular matrix, like osteonectin, various types
of collagen and laminin, fibronectin, antiangiogenic factor
thrombospondin, connective-tissue growth factor (CTGF),
and remodeling proteins (MMP2, MMP9, MMP14, PLAU,
and TIMP2) [4]. The “stromal-1” response was associated
with a better prognosis [4].

“Stromal-2 signature” encodes markers of endothelial
cells (CD31, von Willebrand factor), regulators of angiogen-
esis (vascular endothelial growth factor (VEGF) receptor,
endothelial tyrosine kinase (TEK), and components of cave-
olae), and genes usually expressed in adipocytes, like RBP4,
ADIPOQ, PLIN, and FABP4 [4]. High expression of this
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subtype was correlated with poorer outcome and increased
tumor blood vessel density [4].

Several studies tried to develop a new biologic prognostic
model (BPM) and modified BPM (mBPM) based on COO
and stromal-1 and stromal-2 responses, in order to determine
DLBCL progression and response to therapy [44, 45]. The sys-
tem uses three adverse prognostic markers—expression of
SPARC, non-GCB subgroup, and high microvascular density
[44, 45]. Cases with low score of BPM and mBPM showed a
better survival rate [45] and higher rate of complete response
to therapy [44] but without any impact on the patient’s OS
[44, 45].

Recently, Ciavarella et al. [46] analyzed GEP datasets from
175 cases of DLBCL using the computational method CIBER-
SORT to identify microenvironmental prognostic genes. Fur-
thermore, they used the NanoString technology on FFPE to
asses both TME genes and COO, in order to develop a repro-
ducible assay [46]. They found that cases with higher propor-
tions of myofibroblasts, dendritic cells (DCs), and CD4+ T
cells had longer OS, independently of the COO [46]. In con-
trast, cases with a higher number of activated NK and plasma
cells correlated with poorer outcome [46]. When they had
integrated the two prognosticators, TME and COO, the sur-
vival prediction was improved [46].

4. Tumor-Associated Macrophages

The role of tumor-associated macrophages (TAMs) has been
widely studied in the pathogenesis of various cancers, espe-
cially because of their controversial role. On the one side,
they can kill tumor cells, but on the other side, they may favor
tumor growth, invasion, and progression by inducing immu-
nosuppression and synthesis of higher levels of angiogenic
factors such as VEGF, interleukin 8 (IL-8), TNF-alfa, metal-
loproteases, and fibroblast growth factor 1 (FGF-1) [47].

In lymphomas, tumor cells release several soluble media-
tors, leading to continuous B-cell-receptor (BCR) stimulation
and T cell and CD14+ monocyte recruitment and through
them, to B-cell abnormal proliferation and rescue from apo-
ptosis [48–51]. Khalifa et al. [52] found that lymphomas with
an increased number of CD14+ monocytes and with loss of
human leukocyte antigen-DR (HLA-DR) expression were
more aggressive and more frequently associated with refrac-
tory disease or relapse to treatment.

There are also some discrepancies in the prognosis of
TAM in DLBCL outcome, depending on the macrophage
phenotype M1 (CD68/HLA-DR) or M2 (CD68/CD163). Rii-
hijärvi et al. [53] found in their study that both CD68+ TAM
and CD68 mRNA levels were associated with adverse prog-
nostic factors for OS in patients treated with CHOP, but
among patients that were treated with R-CHOP, the prog-
nostic of CD68+ was favorable and the patients had improved
OS. Marchesi et al. [54] (n = 61), Nam et al. [55] (n = 165),
and Wada et al. [56] (n = 101) also concluded that M2
TAM is a significant factor for poor prognosis, being an
independent predictor for shorter OS and PFS. On the other
side, in several studies, no significant correlation was found
between TAM and patient survival [57–59].

Marinaccio et al. [60] demonstrated opposing roles of
inhibition and promotion of angiogenesis based on the M1
and M2 phenotypes of TAM, M1 macrophage having antitu-
mor and antiangiogenic roles, and M2 macrophage acting
as immunosuppressive and proangiogenic. Therefore, they
concluded that since the expression of CD68 or CD163 is
associated with an adverse outcome in patients treated with
R-CHOP, double staining for CD68 and CD163 may be a
better method of predicting outcomes of DLBCL [60].

Legumain is a cysteine protease, secreted by tumor cells
undergoing hypoxia and also by TAM and is thought to
have several roles in cancer pathogenesis. In tumors, the
overexpression of legumain was found in correlation with
angiogenesis, expansion of the tumor, and cleavage of the
ECM [61, 62]. In vitro experiments of Shen et al. [62]
showed first that M2 TAMs induced cleavage of ECM
and formation of several vessel tubes demonstrating their
proangiogenic role, but subsequent administration of legu-
main’s inhibitors demonstrated that these effects were actu-
ally mediated by legumain.

5. Extracellular Matrix

Extracellular matrix (ECM) is composed by a mixture of sev-
eral proteins, mineral deposits, and proteoglycans, synthe-
sized by stromal cells, and has roles in supporting the cells
and regulating intercellular interactions [49, 63, 64]. ECM
composition is constantly changing by interactions between
its components and different enzymes, contributing to pro-
gression of several types of malignancies [4, 49, 65]. Genes
coding several ECM components, like collagens, laminin,
metalloproteases, and matricellular proteins, were related to
“stromal-1 signature” which have been associated with a
favorable prognosis in DLBCL [4].

Among matricellular proteins, SPARC (secreted protein
acidic rich in cysteine), also called osteonectin, is a marker
expressed by a subset of macrophages and has ambiguous
roles in tumor pathogenesis. It is considered in some stud-
ies as a tumor suppressor and in others a tumor promoter,
favoring epithelial-to-mesenchymal transition (EMT), tis-
sue invasion, or metastasis, depending on the tissue and
cell type [66, 67].

In types of leukemia like myelogenous leukemia with
MLL abnormalities that do not express SPARC, in pancreatic
carcinoma, or in ovarian carcinoma, SPARC was associated
with tumor suppression [68–70]. On the other side, lym-
phomas and types of leukemia with SPARC overexpres-
sion presented increased tumor growth [71]. In DLBCL,
SPARC positivity of stromal cells was associated with longer
OS and EFS than negative cases [4, 58]. Abdou et al. [44]
reported high levels of SPARC in patients with adverse prog-
nostic factors such as splenic involvement, but without any
effect on patient overall survival, and concluded that DLBCL
TEM could modulate tumor progression behavior.

In DLBCL, Brandt et al. [72] evaluated the expression of
fibronectin (Fn1), another “stromal-1 gene,” and SPARC and
concluded that combined immunohistochemical assessment
of both of them is an important predictor of survival. They
reported that “patients with double positive DLBCL had a
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significantly longer OS than the negative group and a better
association with OS data than the expression of SPARC or
Fn1 taken separately” [72].

The expression and synthesis of various types of matrix
metalloproteinases (MMPs) in some aggressive B-cell lym-
phomas could be determined by neoplastic cell type and by
the surrounding environment [72]. Osteopontin (OPN) is a
TMEmatricellular protein, usually expressed by both normal
and cancer cells that was demonstrated to have an important
role in tumor invasion and metastasis through its function
as a regulator of the enzymatic activity of MMPs [73–77].
Several studies suggested that overexpression of MMP-2
and MMP-9, upon their role in OPN-induced tumor inva-
sion, is associated with an aggressive phenotype of cancers
[78–81]. Their role in the dissemination and progression
of aggressive NHL was also highlighted in the special liter-
ature [75, 82–84].

IL-6 is another promoter of tumorigenesis [85–88], and
in addition to OPN, it activates MMP-2 and MMP-9 and
stimulates the expression of the tissue inhibitor of metallo-
proteinase (TIMP) by neoplastic and stromal cells [89]. IL-
6 levels were reported to be associated with a poor prognosis
in DLBCL [90]. In vitro studies conducted by Malaponte
et al. [75] demonstrated that OPN, but not IL-6, stimulation
was associated with increased MMP-9 and MMP-2 secretion
and activation, suggesting that higher levels of IL-6 found in
NHL and their role in proliferation, invasion, and migration
of lymphoma cells may probably be attributed to the activa-
tion of other molecular pathways.

Usually, tissue inhibitors of metalloproteinases (TIMPs)
have roles in maintaining the balance between ECM compo-
nents through the inhibition of the MMP’s activity, but
several studies reported contradictory actions, especially in
lymphomas, suggesting that they may actually contribute to
tumor progression [49, 91, 92].

TIMP-1 is produced by both neoplastic lymphocytes and
TME elements [49, 92, 93], and by activating different signal-
ing pathways, it is an inhibitor of germinal center B-cell apo-
ptosis and a promoter of neoplastic cell survival [92, 94]. The
antiapoptotic role of TIMP-1, which may contribute to the
poor prognosis of aggressive B-cell neoplasms, is determined
by the binding of TIMP-1 to a putative cell-surface receptor,
independent of its MMP inhibitory function [92].

TIMP-1 expression in DLBCL was assessed by Choi et al.
[92], and they reported that it is an independent prognostic
marker of poor prognosis and highlighted its possible role
in the tumor progression but without any correlation with
histogenetic origin or the presence of EBV infection.

6. Vasculogenesis

The angiogenic mechanism in DLBCL could be explained by
different interactions of neoplastic cells and TME elements.
The role of TAMs and mast cells in tumor progression and
angiogenesis was demonstrated by their capacity of releasing
several proangiogenic cytokines such as VEGF, IL-8, fibro-
blast growth factor 2 (FGF-2), and TNF-alfa [60, 95, 96].
Also, mast cells, by their role as regulators of MMPs and
plasminogen activator (PA) activity, stimulate the prolifer-

ation of endothelial cells and the release of proangiogenic
factors [60, 95–98].

Another angiogenic mechanism is related to a
“stromal-2 signature” component—CXC chemokine ligand
12 (CXCL12) or stromal-cell-derived factor 1 (SDF-1)—a
chemokine that can recruit CXCR4+ endothelial cells from
the bone marrow [4, 99, 100]. The angiogenic role of the
adipocyte-associated gene expression is related to adipocyte
precursors that have the potential to differentiate into endo-
thelial cells [101]. Finally, neoplastic B lymphocytes can also
receive directly proliferation and/or survival signals through
the overexpression of VEGF receptors [49, 102].

Upon these mechanisms, the relationship between MVD
and DLBCL behavior was the object of many studies. High
expression of the “stromal-2 gene signature” was found in
cases with increased MVD, being correlated with an adverse
outcome and with a shorter OS rate [4, 45, 60, 103]. In a
cohort of 74 patients with DLBCL, Gomez-Gelvez et al.
[43] reported contradictory results, high MVD being associ-
ated with better PFS and EFS. In the experiment conducted
by Abdou et al. [44], MVD was found to be associated with
poor prognostic parameters such as splenic involvement,
high mitotic rate, and capsular invasion.

7. Conclusion

Our review of recent literature demonstrates once again that
DLBCL is a disease with complex pathogenesis and behavior
not only from the perspective of genetic alterations of lym-
phoid cells but also from the perspective of TME composi-
tion and its elements’ interactions with neoplastic cells.
These findings are important steps in understanding DLBCL
pathogenesis and its unpredictable evolution. In addition to
current COO classification and other prognostic markers,
microenvironment assessment will discriminate better the
subsets of patients with worse prognosis leading to the begin-
ning of a new therapeutic era that will allow the administra-
tion of personalized therapy.

Patients with aggressive diseases that have relapsed or are
refractory to current standard therapy may benefit from
novel treatment strategies like antiangiogenic treatments,
inhibition of legumain, administration of monoclonal anti-
bodies targeting antigens of the myeloid-lineage cells, or
immunotherapy targeting the PD-1/PD-L1 pathway.

Although the understanding of DLBCL biology has
improved, the molecular mechanism by which several ele-
ments of TME confer aggressiveness is still poorly understood
and further studies with larger cohorts and longer follow-up
are recommended.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

This work was partially supported by a grant of the Romanian
Ministry of Research and Innovation, CCCDI-UEFISCDI

5Analytical Cellular Pathology



(project number 61PCCDI/2018 PN-III-P1-1.2-PCCDI-
2017-0341), within PNCDI-III.

References

[1] S. H. Swerdlow, E. Campo, N. L. Harris et al., World Health
Organisation Classification of Tumors of Hematopoietic and
Lymphoid Tissues, IARC Press, Lyon, France, 2008.

[2] L. H. Sehn and R. D. Gascoyne, “Diffuse large B-cell lym-
phoma: optimizing outcome in the context of clinical and
biologic heterogeneity,” Blood, vol. 125, no. 1, pp. 22–32,
2015.

[3] A. A. Alizadeh, M. B. Eisen, R. E. Davis et al., “Distinct types
of diffuse large B-cell lymphoma identified by gene expres-
sion profiling,” Nature, vol. 403, no. 6769, pp. 503–511, 2000.

[4] G. Lenz, G. Wright, S. S. Dave et al., “Stromal gene signatures
in large-B-cell lymphomas,” New England Journal of Medi-
cine, vol. 359, no. 22, pp. 2313–2323, 2008.

[5] W. W. L. Choi, D. D. Weisenburger, T. C. Greiner et al., “A
new immunostain algorithm classifies diffuse large B-cell
lymphoma into molecular subtypes with high accuracy,”
Clinical Cancer Research, vol. 15, no. 17, pp. 5494–5502,
2009.

[6] D. W. Scott, G. W. Wright, P. M. Williams et al., “Determin-
ing cell-of-origin subtypes of diffuse large B-cell lymphoma
using gene expression in formalin-fixed paraffin-embedded
tissue,” Blood, vol. 123, no. 8, pp. 1214–1217, 2014.

[7] K. Karube, A. Enjuanes, I. Dlouhy et al., “Integrating genomic
alterations in diffuse large B-cell lymphoma identifies new
relevant pathways and potential therapeutic targets,” Leuke-
mia, vol. 32, no. 3, pp. 675–684, 2018.

[8] S. L. Barrans, P. A. Evans, S. J. O'Connor et al., “The t(14;18)
is associated with germinal center-derived diffuse large B-cell
lymphoma and is a strong predictor of outcome,” Clinical
Cancer Research, vol. 9, no. 6, pp. 2133–2139, 2003.

[9] G. Lenz, G. W. Wright, N. C. T. Emre et al., “Molecular sub-
types of diffuse large B-cell lymphoma arise by distinct
genetic pathways,” Proceedings of the National Academy of
Sciences, vol. 105, no. 36, pp. 13520–13525, 2008.

[10] R. D. Morin, N. A. Johnson, T. M. Severson et al., “Somatic
mutations altering EZH2 (Tyr641) in follicular and diffuse
large B-cell lymphomas of germinal-center origin,” Nature
Genetics, vol. 42, no. 2, pp. 181–185, 2010.

[11] J. G. Lohr, P. Stojanov, M. S. Lawrence et al., “Discovery and
prioritization of somatic mutations in diffuse large B-cell
lymphoma (DLBCL) by whole-exome sequencing,” Proceed-
ings of the National Academy of Sciences of the United States
of America, vol. 109, no. 10, pp. 3879–3884, 2012.

[12] L. Li, Z. Y. Xu-Monette, C. Y. Ok et al., “Prognostic impact of
c-Rel nuclear expression and REL amplification and crosstalk
between c-Rel and the p53 pathway in diffuse large B-cell
lymphoma,” Oncotarget, vol. 6, no. 27, pp. 23157–23180,
2015.

[13] L. Pasqualucci, V. Trifonov, G. Fabbri et al., “Analysis of the
coding genome of diffuse large B-cell lymphoma,” Nature
Genetics, vol. 43, no. 9, pp. 830–837, 2011.

[14] Q. Zhao, W. Fu, H. Jiang et al., “Clinicopathological implica-
tions of nuclear factor κB signal pathway activation in diffuse
large B-cell lymphoma,” Human Pathology, vol. 46, no. 4,
pp. 524–531, 2015.

[15] R. E. Davis, K. D. Brown, U. Siebenlist, and L. M. Staudt,
“Constitutive nuclear factor kappaB activity is required for
survival of activated B cell-like diffuse large B cell lymphoma
cells,” Journal of Experimental Medicine, vol. 194, no. 12,
pp. 1861–1874, 2001.

[16] J. Wang, M. Zhou, Q. G. Zhang et al., “Prognostic value
of expression of nuclear factor kappa-B/p65 in non-GCB
DLBCL patients,” Oncotarget, vol. 8, no. 6, pp. 9708–9716,
2017.

[17] M. Zhang, Z. Y. Xu-Monette, L. Li et al., “RelANF-κB subunit
activation as a therapeutic target in diffuse large B-cell lym-
phoma,” Aging, vol. 8, no. 12, pp. 3321–3340, 2016.

[18] N. Knies, B. Alankus, A. Weilemann et al., “Lymphomagenic
CARD11/BCL10/MALT1 signaling drives malignant B-cell
proliferation via cooperative NF-κB and JNK activation,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 112, no. 52, pp. E7230–E7238, 2015.

[19] M. Compagno, W. K. Lim, A. Grunn et al., “Mutations of
multiple genes cause deregulation of NF-κB in diffuse large
B-cell lymphoma,” Nature, vol. 459, no. 7247, pp. 717–721,
2009.

[20] R. E. Davis, V. N. Ngo, G. Lenz et al., “Chronic active B-cell-
receptor signalling in diffuse large B-cell lymphoma,” Nature,
vol. 463, no. 7277, pp. 88–92, 2010.

[21] A. Rosenwald, G. Wright, W. C. Chan et al., “The use of
molecular profiling to predict survival after chemotherapy
for diffuse large-B-cell lymphoma,” New England Journal of
Medicine, vol. 346, no. 25, pp. 1937–1947, 2002.

[22] M. Challa-Malladi, Y. K. Lieu, O. Califano et al., “Combined
genetic inactivation of β2-microglobulin and CD58 reveals
frequent escape from immune recognition in diffuse large B
cell lymphoma,” Cancer Cell, vol. 20, no. 6, pp. 728–740,
2011.

[23] G. J. Freeman, A. J. Long, Y. Iwai et al., “Engagement of the
PD-1 immunoinhibitory receptor by a novel B7 family mem-
ber leads to negative regulation of lymphocyte activation,”
Journal of Experimental Medicine, vol. 192, no. 7, pp. 1027–
1034, 2000.

[24] M. E. Keir, M. J. Butte, G. J. Freeman, and A. H. Sharpe, “PD-
1 and its ligands in tolerance and immunity,” Annual Review
of Immunology, vol. 26, pp. 677–704, 2008.

[25] C. Steidl, S. P. Shah, B. W. Woolcock et al., “MHC class II
transactivator CIITA is a recurrent gene fusion partner in lym-
phoid cancers,” Nature, vol. 471, no. 7338, pp. 377–381, 2011.

[26] D. J. Andorsky, R. E. Yamada, J. Said, G. S. Pinkus, D. J. Bet-
ting, and J. M. Timmerman, “Programmed death ligand 1 is
expressed by non–Hodgkin lymphomas and inhibits the
activity of tumor-associated T cells,” Clinical Cancer
Research, vol. 17, no. 13, pp. 4232–4244, 2011.

[27] B. J. Chen, B. Chapuy, J. Ouyang et al., “PD-L1 expression is
characteristic of a subset of aggressive B-cell lymphomas and
virus-associated malignancies,” Clinical Cancer Research,
vol. 19, no. 13, pp. 3462–3473, 2013.

[28] D. D. W. Twa, F. C. Chan, S. Ben-Neriah et al., “Genomic
rearrangements involving programmed death ligands are
recurrent in primary mediastinal large B-cell lymphoma,”
Blood, vol. 123, no. 13, pp. 2062–2065, 2014.

[29] J. Kiyasu, H. Miyoshi, A. Hirata et al., “Expression of pro-
grammed cell death ligand 1 is associated with poor overall
survival in patients with diffuse large B-cell lymphoma,”
Blood, vol. 126, no. 19, pp. 2193–2201, 2015.

6 Analytical Cellular Pathology



[30] L. Y. Hu, X. L. Xu, H. L. Rao et al., “Expression and clinical
value of programmed cell death-ligand 1 (PD-L1) in diffuse
large B cell lymphoma: a retrospective study,” Chinese Jour-
nal of Cancer, vol. 36, no. 1, p. 94, 2017.

[31] W. Xing, K. Dresser, R. Zhang et al., “PD-L1 expression in
EBV-negative diffuse large B-cell lymphoma: clinicopatho-
logic features and prognostic implications,” Oncotarget,
vol. 7, no. 37, article 11045, pp. 59976–59986, 2016.

[32] X. Fang, B. Xiu, Z. Yang et al., “The expression and clinical rel-
evance of PD-1, PD-L1, and TP63 in patients with diffuse large
B-cell lymphoma,” Medicine, vol. 96, no. 15, p. e6398, 2017.

[33] S. Muenst, S. Hoeller, N. Willi, S. Dirnhofer, and A. Tzankov,
“Diagnostic and prognostic utility of PD-1 in B cell lympho-
mas,” Disease Markers, vol. 29, no. 1, 53 pages, 2010.

[34] M. J. Ahearne, K. Bhuller, R. Hew, H. Ibrahim, K. Naresh, and
S. D. Wagner, “Expression of PD-1 (CD279) and FoxP3 in
diffuse large B-cell lymphoma,” Virchows Archiv, vol. 465,
no. 3, pp. 351–358, 2014.

[35] H. Dong and L. Chen, “B7-H1 pathway and its role in the
evasion of tumor immunity,” Journal of Molecular Medicine,
vol. 81, no. 5, pp. 281–287, 2003.

[36] T. J. Curiel, S. Wei, H. Dong et al., “Blockade of B7-H1
improves myeloid dendritic cell-mediated antitumor immu-
nity,” Nature Medicine, vol. 9, no. 5, pp. 562–567, 2003.

[37] S. Hori, T. Nomura, and S. Sakaguchi, “Control of regulatory
T cell development by the transcription factor Foxp3,” Sci-
ence, vol. 299, no. 5609, pp. 1057–1061, 2003.

[38] J. D. Fontenot, J. P. Rasmussen, L. M. Williams, J. L. Dooley,
A. G. Farr, and A. Y. Rudensky, “Regulatory T cell lineage
specification by the forkhead transcription factor foxp3,”
Immunity, vol. 22, no. 3, pp. 329–341, 2005.

[39] G. Roncador, P. . J. Brown, L. Maestre et al., “Analysis of
FOXP3 protein expression in human CD4+CD25+ regulatory
T cells at the single-cell level,” European Journal of Immunol-
ogy, vol. 35, no. 6, pp. 1681–1691, 2005.

[40] A. Tzankov, C. Meier, P. Hirschmann, P. Went, S. A. Pileri,
and S. Dirnhofer, “Correlation of high numbers of intratu-
moral FOXP3+ regulatory T cells with improved survival in
germinal center-like diffuse large B-cell lymphoma, follicular
lymphoma and classical Hodgkin’s lymphoma,” Haematolo-
gica, vol. 93, no. 2, pp. 193–200, 2008.

[41] N. R. Lee, E. K. Song, K. Y. Jang et al., “Prognostic impact of
tumor infiltrating FOXP3 positive regulatory T cells in diffuse
large B-cell lymphoma at diagnosis,” Leukemia & Lym-
phoma, vol. 49, no. 2, pp. 247–256, 2008.

[42] S. Hasselblom, M. Sigurdadottir, U. Hansson, H. Nilsson-
Ehle, B. Ridell, and P. O. Andersson, “The number of
tumour-infiltrating TIA-1+ cytotoxic T cells but not FOXP3
+ regulatory T cells predicts outcome in diffuse large B-cell
lymphoma,” British Journal of Haematology, vol. 137, no. 4,
pp. 364–373, 2007.

[43] J. C. Gomez-Gelvez, M. E. Salama, S. L. Perkins, M. Leavitt,
and K. V. Inamdar, “Prognostic impact of tumor microenvi-
ronment in diffuse large B-cell lymphoma uniformly treated
with R-CHOP chemotherapy,” American Journal of Clinical
Pathology, vol. 145, no. 4, pp. 514–523, 2016.

[44] A. G. Abdou, N. Asaad, M. Kandil, M. Shabaan, and
A. Shams, “Significance of stromal-1 and stromal-2 signa-
tures and biologic prognostic model in diffuse large B-cell
lymphoma,” Cancer Biology & Medicine, vol. 14, no. 2,
pp. 151–161, 2017.

[45] A. M. Perry, T. M. Cardesa-Salzmann, P. N. Meyer et al., “A
new biologic prognostic model based on immunohistochem-
istry predicts survival in patients with diffuse large B-cell lym-
phoma,” Blood, vol. 120, no. 11, pp. 2290–2296, 2012.

[46] S. Ciavarella, M. C. Vegliante, M. Fabbri et al., “Dissection of
DLBCL microenvironment provides a gene expression-based
predictor of survival applicable to formalin-fixed paraffin-
embedded tissue,” Annals of Oncology, vol. 29, no. 12,
pp. 2363–2370, 2018.

[47] C. Brigati, D. M. Noonan, A. Albini, and R. Benelli, “Tumors
and inflammatory infiltrates: friends or foes?,” Clinical &
Experimental Metastasis, vol. 19, no. 3, pp. 247–258, 2002.

[48] C. G. Mueller, C. Boix, W. H. Kwan et al., “Critical role of
monocytes to support normal B cell and diffuse large B cell
lymphoma survival and proliferation,” Journal of Leukocyte
Biology, vol. 82, no. 3, pp. 567–575, 2007.

[49] M. Cacciatore, C. Guarnotta, M. Calvaruso et al., “Microenvi-
ronment-centred dynamics in aggressive B-cell lymphomas,”
Advances in Hematology, vol. 2012, Article ID 138079, 12
pages, 2012.

[50] F. Guilloton, G. Caron, C. Ménard et al., “Mesenchymal stro-
mal cells orchestrate follicular lymphoma cell niche through
the CCL2-dependent recruitment and polarization of mono-
cytes,” Blood, vol. 119, no. 11, pp. 2556–2567, 2012.

[51] R. Küppers, “Mechanisms of B-cell lymphoma pathogenesis,”
Nature Reviews Cancer, vol. 5, no. 4, pp. 251–262, 2005.

[52] K. A. Khalifa, H. M. Badawy, W. M. Radwan, M. A. Shehata,
and M. A. Bassuoni, “CD14+HLA‐DR low/− monocytes as
indicator of disease aggressiveness in B‐cell non‐Hodgkin
lymphoma,” International Journal of Laboratory Hematology,
vol. 36, no. 6, pp. 650–655, 2014.

[53] S. Riihijärvi, I. Fiskvik, M. Taskinen et al., “Prognostic influ-
ence of macrophages in patients with diffuse large B-cell lym-
phoma: a correlative study from a Nordic phase II trial,”
Haematologica, vol. 100, no. 2, pp. 238–245, 2015.

[54] F. Marchesi, M. Cirillo, A. Bianchi et al., “High density
of CD68+/CD163+ tumour-associated macrophages (M2-
TAM) at diagnosis is significantly correlated to unfavorable
prognostic factors and to poor clinical outcomes in patients
with diffuse large B-cell lymphoma,” Hematological Oncol-
ogy, vol. 33, no. 2, pp. 110–112, 2015.

[55] S. J. Nam, H. Go, J. H. Paik et al., “An increase of M2 macro-
phages predicts poor prognosis in patients with diffuse large
B-cell lymphoma treated with rituximab, cyclophosphamide,
doxorubicin, vincristine and prednisone,” Leukemia & Lym-
phoma, vol. 55, no. 11, pp. 2466–2476, 2014.

[56] N.Wada, M. A. Zaki, Y. Hori et al., “Tumour-associated mac-
rophages in diffuse large B-cell lymphoma: a study of the
Osaka Lymphoma Study Group,” Histopathology, vol. 60,
no. 2, pp. 313–319, 2012.

[57] Q. C. Cai, H. Liao, S. X. Lin et al., “High expression of tumor-
infiltrating macrophages correlates with poor prognosis in
patients with diffuse large B-cell lymphoma,”Medical Oncol-
ogy, vol. 29, no. 4, pp. 2317–2322, 2012.

[58] S. Hasselblom, U. Hansson, M. Sigurdardottir, H. Nilsson-
Ehle, B. Ridell, and P. O. Andersson, “Expression of CD68+
tumor-associated macrophages in patients with diffuse large
B-cell lymphoma and its relation to prognosis,” Pathology
International, vol. 58, no. 8, pp. 529–532, 2008.

[59] P. N. Meyer, K. Fu, T. Greiner et al., “The stromal cell marker
SPARC predicts for survival in patients with diffuse large B-

7Analytical Cellular Pathology



cell lymphoma treated with rituximab,” American Journal of
Clinical Pathology, vol. 135, no. 1, pp. 54–61, 2011.

[60] C. Marinaccio, G. Ingravallo, F. Gaudio et al., “Microvascular
density, CD68 and tryptase expression in human diffuse large
B-cell lymphoma,” Leukemia Research, vol. 38, no. 11,
pp. 1374–1377, 2014.

[61] Z. Liu, M. Xiong, J. Gong et al., “Legumain protease-activated
TAT-liposome cargo for targeting tumours and their micro-
environment,” Nature Communications, vol. 5, no. 1, 2014.

[62] L. Shen, H. Li, Y. Shi et al., “M2 tumour-associated macro-
phages contribute to tumour progression via legumain
remodelling the extracellular matrix in diffuse large B cell
lymphoma,” Scientific Reports, vol. 6, article 30347, 2016.

[63] B. Geiger, A. Bershadsky, R. Pankov, and K. M. Yamada,
“Transmembrane crosstalk between the extracellular matrix
and the cytoskeleton,”Nature Reviews Molecular Cell Biology,
vol. 2, no. 11, pp. 793–805, 2001.

[64] T. R. Kyriakides and P. Bornstein, “Matricellular proteins as
modulators of wound healing and the foreign body response,”
Thrombosis and Haemostasis, vol. 90, no. 12, pp. 986–992,
2003.

[65] M. R. Ng and J. S. Brugge, “A stiff blow from the stroma: col-
lagen crosslinking drives tumor progression,” Cancer Cell,
vol. 16, no. 6, pp. 455–457, 2009.

[66] S. Sangaletti, C. Tripodo, P. Portararo et al., “Stromal niche
communalities underscore the contribution of the matricellu-
lar protein SPARC to B-cell development and lymphoidmalig-
nancies,” OncoImmunology, vol. 3, no. 6, article e28989, 2014.

[67] A. Chlenski and S. L. Cohn, “Modulation of matrix remodel-
ing by SPARC in neoplastic progression,” Seminars in Cell &
Developmental Biology, vol. 21, no. 1, pp. 55–65, 2010.

[68] J. F. DiMartino, N. J. Lacayo, M. Varadi et al., “Low or absent
SPARC expression in acute myeloid leukemia withMLL rear-
rangements is associated with sensitivity to growth inhibition
by exogenous SPARC protein,” Leukemia, vol. 20, no. 3,
pp. 426–432, 2006.

[69] N. Sato, N. Fukushima, N. Maehara et al., “SPARC/osteonec-
tin is a frequent target for aberrant methylation in pancreatic
adenocarcinoma and a mediator of tumor-stromal interac-
tions,” Oncogene, vol. 22, no. 32, pp. 5021–5030, 2003.

[70] M. J. Socha, N. Said, Y. Dai et al., “Aberrant promoter meth-
ylation of SPARC in ovarian cancer,”Neoplasia, vol. 11, no. 2,
pp. 126–135, 2009.

[71] N. Martínez, F. I. Camacho, P. Algara et al., “The molecular
signature of mantle cell lymphoma reveals multiple signals
favoring cell survival,” Cancer Research, vol. 63, no. 23,
pp. 8226–8232, 2003.

[72] S. Brandt, C. Montagna, A. Georgis et al., “The combined
expression of the stromal markers fibronectin and SPARC
improves the prediction of survival in diffuse large B-cell
lymphoma,” Experimental Hematology & Oncology, vol. 2,
no. 1, p. 27, 2013.

[73] S. R. Rittling and A. F. Chambers, “Role of osteopontin in
tumour progression,” British Journal of Cancer, vol. 90,
no. 10, pp. 1877–1881, 2004.

[74] P. Y. Wai and P. C. Kuo, “Osteopontin: regulation in tumor
metastasis,” Cancer and Metastasis Reviews, vol. 27, no. 1,
pp. 103–118, 2008.

[75] G. Malaponte, S. Hafsi, J. Polesel et al., “Tumor micro-
environment in diffuse large B-cell lymphoma: matrixme-
talloproteinases activation is mediated by osteopontin

overexpression,” Biochimica et Biophysica Acta (BBA)-Molec-
ular Cell Research, vol. 1863, no. 3, pp. 483–489, 2016.

[76] S. Curran and G. I. Murray, “Matrix metalloproteinases:
molecular aspects of their roles in tumour invasion and
metastasis,” European Journal of Cancer, vol. 36, no. 13,
pp. 1621–1630, 2000.

[77] A. E. Kossakowska, S. A. Huchcroft, S. J. Urbanski, and
D. R. Edwards, “Comparative analysis of the expression
patterns of metalloproteinases and their inhibitors in
breast neoplasia, sporadic colorectal neoplasia, pulmonary
carcinomas and malignant non-Hodgkin’s lymphomas in
humans,” British Journal of Cancer, vol. 73, no. 11,
pp. 1401–1408, 1996.

[78] B. V. Kallakury, S. Karikehalli, A. Haholu, C. E. Sheehan,
N. Azumi, and J. S. Ross, “Increased expression of matrix
metalloproteinases 2 and 9 and tissue inhibitors of metallo-
proteinases 1 and 2 correlate with poor prognostic variables
in renal cell carcinoma,” Clinical Cancer Research, vol. 7,
no. 10, pp. 3113–3119, 2001.

[79] H. C. Yeh, S. M. Lin, M. F. Chen, T. L. Pan, P. W. Wang, and
C. T. Yeh, “Evaluation of serum matrix metalloproteinase
(MMP)-9 to MMP-2 ratio as a biomarker in hepatocellular
carcinoma,” Hepato-Gastroenterology, vol. 57, no. 97,
pp. 98–102, 2010.

[80] K. W. Min, D. H. Kim, S. I. Do et al., “Expression patterns
of stromal MMP-2 and tumoural MMP-2 and -9 are sig-
nificant prognostic factors in invasive ductal carcinoma of
the breast,” APMIS, vol. 122, no. 12, pp. 1196–1206, 2014.

[81] B. Yang, F. Tang, B. Zhang, Y. Zhao, J. Feng, and Z. Rao,
“Matrix metalloproteinase-9 overexpression is closely related
to poor prognosis in patients with colon cancer,”World Jour-
nal of Surgical Oncology, vol. 12, no. 1, p. 24, 2014.

[82] A. E. Kossakowska, S. J. Urbanski, and A. Janowska-Wiec-
zorek, “Matrix metalloproteinases and their tissue inhibi-
tors-expression, role and regulation in human malignant
non-Hodgkin’s lymphomas,” Leukemia & Lymphoma,
vol. 39, no. 5-6, pp. 485–493, 2000.

[83] B. Hazar, G. Polat, E. Seyrek, Ö. Baǧdatoǧlǧlu, A. Kanik,
and N. Tiftik, “Prognostic value of matrix metalloproteinases
(MMP-2 and MMP-9) in Hodgkin’s and non-Hodgkin’s
lymphoma,” International Journal of Clinical Practice,
vol. 58, no. 2, pp. 139–143, 2004.

[84] K. I. Sakata, M. Satoh, M. Someya et al., “Expression of matrix
metalloproteinase 9 is a prognostic factor in patients with
non-Hodgkin lymphoma,” Cancer, vol. 100, no. 2, pp. 356–
365, 2004.

[85] Y. Wang, L. Li, X. Guo et al., “Interleukin-6 signaling regu-
lates anchorage-independent growth, proliferation, adhesion
and invasion in human ovarian cancer cells,” Cytokine,
vol. 59, no. 2, pp. 228–236, 2012.

[86] D. M. Hilbert, M. Kopf, B. A. Mock, G. Köhler, and
S. Rudikoff, “Interleukin 6 is essential for in vivo development
of B lineage neoplasms,” Journal of Experimental Medicine,
vol. 182, no. 1, pp. 243–248, 1995.

[87] J. F. Seymour, M. Talpaz, F. Cabanillas, M. Wetzler, and
R. Kurzrock, “Serum interleukin-6 levels correlate with prog-
nosis in diffuse large-cell lymphoma,” Journal of Clinical
Oncology, vol. 13, no. 3, pp. 575–582, 1995.

[88] T. Ara and Y. A. DeClerck, “Interleukin-6 in bone metastasis
and cancer progression,” European Journal of Cancer, vol. 46,
no. 7, pp. 1223–1231, 2010.

8 Analytical Cellular Pathology



[89] A. E. Kossakowska, D. R. Edwards, C. Prusinkiewicz et al.,
“Interleukin-6 regulation of matrix metalloproteinase
(MMP-2 and MMP-9) and tissue inhibitor of metallopro-
teinase (TIMP-1) expression in malignant non-Hodgkin’s
lymphomas,” Blood, vol. 94, no. 6, pp. 2080–2089, 1999.

[90] H. Ü. Teke, E. Gündüz, O. M. Akay, C. Bal, and Z. Gülbaş,
“Are the high serum interleukin-6 and vascular endothelial
growth factor levels useful prognostic markers in aggressive
non-Hodgkin lymphoma patients?,” Turkish Journal of
Hematology, vol. 32, no. 1, pp. 21–28, 2015.

[91] T. Sato, A. Ito, and Y. Mori, “Interleukin 6 enhances the pro-
duction of tissue inhibitor of metalloproteinases (TIMP) but
not that of matrix metalloproteinases by human fibroblats,”
Biochemical and Biophysical Research Communications,
vol. 170, no. 2, pp. 824–829, 1990.

[92] J. W. Choi, J. S. An, J. H. Lee, E. S. Lee, K. H. Kim, and Y. S.
Kim, “Clinicopathologic implications of tissue inhibitor of
metalloproteinase-1-positive diffuse large B-cell lymphoma,”
Modern Pathology, vol. 19, no. 7, pp. 963–973, 2006.

[93] A. E. Kossakowska, S. J. Urbanski, and D. R. Edwards,
“Tissue inhibitor of metalloproteinases-1 (TIMP-1) RNA is
expressed at elevated levels in malignant non-Hodgkin’s lym-
phomas,” Blood, vol. 77, no. 11, pp. 2475–2481, 1991.

[94] L. Guedez, L. Courtemanch, and M. Stetler-Stevenson, “Tis-
sue inhibitor of metalloproteinase (TIMP)-1 induces differ-
entiation and an antiapoptotic phenotype in germinal
center B cells,” Blood, vol. 92, no. 4, pp. 1342–1349, 1998.

[95] B. Barleon, S. Sozzani, D. Zhou, H. A. Weich, A. Mantovani,
and D. Marme, “Migration of human monocytes in response
to vascular endothelial growth factor (VEGF) is mediated via
the VEGF receptor flt-1,” Blood, vol. 87, no. 8, pp. 3336–3343,
1996.

[96] B. L. Gruber, M. J. Marchese, and R. Kew, “Angiogenic factors
stimulate mast-cell migration,” Blood, vol. 86, no. 7,
pp. 2488–2493, 1995.

[97] D. Ribatti, A. Vacca, A. Marzullo et al., “Angiogenesis and
mast cell density with tryptase activity increase simultaneously
with pathological progression in B-cell non-Hodgkin’s lym-
phomas,” International Journal of Cancer, vol. 85, no. 2,
pp. 171–175, 2000.

[98] R. J. Blair, H. Meng, M. J. Marchese et al., “Human mast cells
stimulate vascular tube formation. Tryptase is a novel, potent
angiogenic factor,” The Journal of Clinical Investigation,
vol. 99, no. 11, pp. 2691–2700, 1997.

[99] A. Orimo, P. B. Gupta, D. C. Sgroi et al., “Stromal fibroblasts
present in invasive human breast carcinomas promote tumor
growth and angiogenesis through elevated SDF-1/CXCL12
secretion,” Cell, vol. 121, no. 3, pp. 335–348, 2005.

[100] S. Rafii, D. Lyden, R. Benezra, K. Hattori, and B. Heissig,
“Vascular and haematopoietic stem cells: novel targets for
anti-angiogenesis therapy?,” Nature Reviews Cancer, vol. 2,
no. 11, pp. 826–835, 2002.

[101] V. Planat-Benard, J.-S. Silvestre, B. Cousin et al., “Plasticity of
human adipose lineage cells toward endothelial cells: physio-
logical and therapeutic perspectives,” Circulation, vol. 109,
no. 5, pp. 656–663, 2004.

[102] D. Gratzinger, S. Zhao, R. J. Tibshirani et al., “Prognostic
significance of VEGF, VEGF receptors, and microvessel
density in diffuse large B cell lymphoma treated with
anthracycline-based chemotherapy,” Laboratory Investiga-
tion, vol. 88, no. 1, pp. 38–47, 2008.

[103] T. M. Cardesa-Salzmann, L. Colomo, G. Gutierrez et al.,
“High microvessel density determines a poor outcome in
patients with diffuse large B-cell lymphoma treated with
rituximab plus chemotherapy,” Haematologica, vol. 96,
no. 7, pp. 996–1001, 2011.

9Analytical Cellular Pathology


	Tumor Microenvironment in Diffuse Large B-Cell Lymphoma: Role and Prognosis
	1. Introduction
	2. Immune Evasion
	3. Stromal Gene Signature
	4. Tumor-Associated Macrophages
	5. Extracellular Matrix
	6. Vasculogenesis
	7. Conclusion
	Conflicts of Interest
	Acknowledgments

