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ABSTRACT
Tumor microenvironment including endothelial and immune cells plays a crucial role in 

tumor progression and has been shown to dramatically influence cancer survival. In this study, 
we investigated the clinical relevance of the gene expression of key mediators of angiogenesis, 
VEGF isoforms 121, 165, and 189, and their receptors (VEGFR-1 and R-2) in a cohort of patients 
(n = 37) with relapsed/refractory diffuse large B-cell lymphoma (DLBCL) from the Collaborative 
Trial in Relapsed Aggressive Lymphoma (CORAL). In patients with ABC-like DLBCL, but not 
in patients with GCB-like DLBCL, low VEGF121 expression was associated with a significantly 
better survival than in those with high VEGF121 level: 4-year overall survival at 100% vs 36% 
(p = .011), respectively. A specific gene signature including 57 genes was correlated to VEGF121 
expression level and was analyzed using a discovery process in 1,842 GSE datasets of public 
microarray studies. This gene signature was significantly expressed in other cancer datasets 
and was associated with immune response. In conclusion, low VEGF121 expression level was 
significantly associated with a good prognosis in relapsed/refractory ABC-like DLBCL, and with a 
well-conserved gene-expression profiling signature related to immune response. These findings 
pave the way for rationalization of drugs targeting immune response in refractory/relapsed 
ABC-like DLBCL.
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INTRODUCTION

Tumor microenvironment plays a major role in 
tumor growth, with key players including immune cells, 
stromal cells, extracellular matrix and angiogenesis [1]. 
Angiogenesis is precisely regulated by genes encoding 
for the vascular endothelial growth factor (VEGF) 
and its receptors (VEGFR). VEGF (referred to also 
as VEGF-A) belongs to a gene family that includes 
placenta growth factor (PlGF), VEGF-B, VEGF-C, and 
VEGF-D [2]. VEGF has five main isoforms produced by 
alternative splicing of a gene located on 6p21.3: VEGF121, 
VEGF165, VEGF189, VEGF145, and VEGF206, which differ 
in their bioavailability [3]. VEGF mRNA is expressed 
in the vast majority of human tumors, including lung, 
breast, gastrointestinal tract, kidney, bladder, ovary, and 
endometrium carcinoma and several intracranial tumors 
including glioblastoma (see [3] for review). In the last 10 
years, the clinical impact of VEGF expression has been 
a breakthrough, with an important link between tumor 
angiogenesis and survival, and the demonstration of a 
clinical benefit in inhibiting VEGF, increasing survival in 
patients with advanced malignancies. 

In lymphoma, VEGF expression is frequently 
increased, and predicts a poor response to treatment [4-
6]. Different analytic approaches by gene-expression 
profiling (GEP) identified distinct biologic attributes of 
diffuse large B-cell lymphoma (DLBCL) tumors that are 
associated with survival. The first GEP studies identified 
two biologically and clinically distinct molecular subtypes 
of DLBCL [7, 8]. The germinal-center B-cell-like DLBCL 
(GCB-like DLBCL) arises from normal germinal-center 
B-cells, whereas activated B-cell-like DLBCL (ABC-like 
DLBCL) arises from a post-germinal-center B cell that 
is blocked during plasmacytic differentiation. These two 
cell-of-origin (COO) subtypes have different oncogenic 
mechanisms and are responding differently to treatment 
[9, 10]. 

In the context of relapse, several adverse risk factors 
have been identified, such as International Prognosis 
Index (IPI), prior rituximab treatment, c-MYC gene 
rearrangment, COO subtype, and delay of relapse [10-12]. 
In addition, whole-exome sequencing and copy number 
variations (CNV) analysis by SNP array identified frequent 
abnormalities, some of which holding a prognostic 
value. Abnormalities affect genes related to cell cycle 
and apoptosis (TP53, CDKN2A, MYC, DIABLO, PTMS, 
CK2B, XPO1, RB1, FAT2, ATM, CCND3), chromatin 
modifications (KMT2D, EZH2, CREBBP, HIST1 H1T/
H2BC/H2AK, AIRN, SMARCA4, TBL1XR1, MLL3), cell 
proliferation (HES1, DVL3,TMSB4X, HYAL2), B-cell 
development and immune response (CD58, B2M, PRDM1, 
REL, GNA13, IRF4, BCL2, LGALS9C, CIITA, POU2AF1, 
IGLL5), BCR signalling (IBTK, CD79B, FOXO1, 
PTPN6), NFKB pathway (MYD88, CARD11, PIM1, 

TNFAIP3, NFKBIA, NFKBIE, NFKBIZ), MAPK pathway 
(DUSP2), JAK-STAT pathway (STAT6, SOCS1), insulin 
secretion pathway (PCLO) and tryptophan degradation 
pathway (IDO1, TDO2) [13-19]. 

A second analytic approach identified the prognostic 
impact of the tumor microenvironment [8, 20, 21]. Two 
gene-expression signatures, stromal-1 and stromal-2, 
reflecting the character of non-malignant cells in DLBCL, 
were identified as significant prognostic factors. The 
stromal-1 signature, reflecting extracellular matrix, fibrotic 
reaction, and histiocyte and myeloid cells infiltration, was 
associated with a favourable prognosis. The stromal-2 
signature, reflecting blood-vessel density and angiogenic 
activity, was associated with unfavourable prognosis in 
patients treated by the standard R-CHOP (Rituximab, 
Cyclophosphamide, Adriamycin, Vincristine and 
Prednisone) regimen [20]. 

Our goal was to evaluate the clinical impact of 
the expression of VEGF isoforms, VEGF121, VEGF165, 
VEGF189, and their receptors VEGFR-1 and R-2 in a cohort 
of patients with relapsed/refractory DLBCL prospectively 
treated in the international multicentre trial CORAL 
(Collaborative Trial in Relapsed Aggressive Lymphoma) 
[11]. We secondary aimed at exploring the biological 
significance of the differential expression of VEGF121, 
the only isoform with a clinical impact in our series, by 
performing a GEP analysis. We identified a specific gene 
signature, validated this gene signature in all public cancer 
datasets available and characterized its function. 

RESULTS

Low level of soluble VEGF121 mRNA is 
significantly associated with a better prognosis in 
ABC-like DLBCL

The expression levels of the 5 transcripts VEGF121, 
VEGF165, VEGF189, VEGFR-1 and VEGFR-2 are described 
in the Table 1. In the whole cohort, VEGF121 expression 
below the median level was associated with a better 
outcome, with a 4-year progression-free survival (PFS) 
at 63% vs 33% (p = .0533) and a 4-year overall survival 
(OS) at 79% vs 37% (p = .0321), respectively. VEGF165, 
VEGF189, and VEGF-R1, -R2 transcript levels did not have 
any significant impact (Table 2). 

Eighteen patients were predicted as ABC-like 
DLBCL and 19 as GCB-like DLBCL. In patients with 
ABC-like DLBCL, low VEGF121 level was associated 
with a significantly better survival than in those with high 
VEGF121 level: 4 year-PFS at 57% vs 27%, p = .0533 and 
4-year OS at 100% vs 36% (p = .0111). The differences in 
outcome according to VEGF isoforms were not significant 
among patients with GCB-like DLBCL (Figure 1). 
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The prognostic value of VEGF121 expression 
level was analysed regarding the clinical and biological 
characteristics of the cohort of patients by multivariate 
analysis. None of the GEP scores ie COO and TGS (Two-
Gene Score) influenced the prognosis in this subset of 
population (Table 2). The type of induction treatment did 
not influence the outcome, and the prognostic value of 
VEGF121 expression level was not observed whatever the 
type of treatment. Beside VEGF121 expression, two other 
biological parameters influenced the overall survival: (i) 
the presence of MYC rearrangement detected by FISH 
(Fluoresence In Situ Hybridization) analysis (p = .0540) 
as already demonstrated [12] with limited statistical 
significance because of the low number of occurrence, and 
(ii) the functional status of p53 (p = .0360). 

Soluble VEGF121 transcript level is specifically 
associated to a specific gene signature

Gene signature associated to soluble VEGF121 
differential expression grouped 57 genes listed in Figure 

2. This signature was associated with higher level of 
VEGF121 in both ABC-like and GCB-like samples, but 
with worse outcome only in ABC-like samples. All these 
genes were under-expressed in high VEGF121-expressing 
samples. Functional annotations of these 57 genes showed 
that these genes are involved in immune response and 
T-cell activation (Table 3).

The specific gene signature is conserved in public 
cancer datasets

From the GEO (Gene Expression Omnibus) 
database, we considered human microarray platforms 
having a sufficient coverage of our gene set: GPL96 
(84%), GPL570 (94%) and GPL571 (84%), and we 
retained 1,842 GSE (GEO Series) from these platforms. 
In these series, we searched for pairs of samples with the 
same trend of expression for our 57 genes, according to 
an already published method that identified from several 
different studies a common gene signature associated 
with tolerance to renal allograft [22]. For each pair of 

Figure 1: Progression-free survival and overall survival in DLBCL patients considering VEGF121 expression level.
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samples, we computed a p-value corresponding to the 
probability to observe the same trend by chance. The 
resulting pair of samples was ranked according to its 
p-value. We selected the 250 best pairs, with a threshold 
corresponding to a proportion p of positive expression 
changes greater or equal to 90%, a p-value less than 1.9 
x 10-8 and an adjusted p-value for multiple comparisons 
less than 3.0 x 10-5 (using Holm method). We performed 
a text mining processing of the annotations of our GSE 
and compared the term occurrences between the series 
related to our selection and the remaining series. Using a 
Fisher test, we could notably associate to our selection the 
following significant terms: tumor, carcinoma, immunity, 
lymphocyte. Figure 3 shows the existence of this signature 
in two DLBCL studies (GSE10846 [20], Figure 3A; 
E-TABM-346 [23], Figure 3B) and two solid cancers 
studies (Breast cancer GSE1561 [24], Figure 3C; Adult 
Male Germ Cell Tumors GSE3218 [25], Figure 3D). This 
shows that more than half the genes are highly correlated 
in these studies and constitute a robust gene signature.

The gene set function is related to immune 
response

Using the MADCOW query engine [26], we 
searched for genes repetitively correlated to our gene 
list. Only 48 genes gave positive results and provided a 
set of 2,812 neighbors. We reduced the size of this set by 
discarding isolated neighbors. For this, we selected only 

genes that were the neighbor of at least 3 genes of our gene 
list. This filter retained 872 neighbors. We performed the 
hierarchical clustering of the genes and removed clusters 
containing less than 3 genes. Figure 4 represents the 
corresponding summary graph, consisting of 21 clusters 
related to a set of 719 genes. The functions of these 
gene clusters were related to tumor microenvironment 
including 5 majors clusters related to (i) defense response, 
(ii) leukocyte activation, (iii) B-cell differentiation, (iv) 
apoptosis and (v) actin cytoskeleton organization. The 
other clusters were too small to give significant functional 
annotation. 

DISCUSSION

Only a few studies have reported on the role of 
VEGF in lymphoma. In our study, the role of VEGF was 
analyzed in patients with relapsed/refractory DLBCL after 
R-CHOP. For these patients, prognosis is poor and new 
therapeutic strategies are urgently needed [27]. Here we 
demonstrate that the transcript level of the soluble isoform 
of VEGF, VEGF121, has a major impact on the prognosis 
of ABC-like DLBCL and is associated to a gene signature 
conserved in all cancer subtypes with a function related to 
the immune response. 

Our results are in keeping with two recent studies on 
the prognostic impact of VEGF expression in DLBCL. In 
a meta-analysis of 8 studies (670 patients), positive VEGF 
protein expression in blood circulating lymphocytes and 
lymph nodes correlated with shorter survival in newly 

Table 1: Expression of VEGF-A isoforms (121, 165, 189) and receptors (R1 and R2) in patients with relapsed/refractory 
DLBCL. 

Median Mean range SD min max
VEGF121 
All DLBCL 0.6248 1.2474. 9.6844 1.9591 0.0565 9.7409
GCB-like DLBCL 0.5560 1.4466 9.6844 2.5584 0.0565 9.7409
ABC-like DLBCL 0.7184 1.0302 4.5210 1.1208 0.0613 4.5824
VEGF165
All DLBCL 0.0801 0.1423 1.2156 0.2206 0.0072 1.2228
GCB-like DLBCL 0.0691 0.1617 1.1978 0.2834 0.0250 1.2228
ABC-like DLBCL 0.0858 0.1229 0.5869 0.1381 0.0072 0.5941
VEGF189
All DLBCL 0.0381 0.0628 0.5237 0.0912 0.0099 0.5337
GCB-like DLBCL 0.0293 0.0624 0.5194 0.1186 0.0142 0.5337
ABC-like DLBCL 0.0491 0.0631 0.2277 0.0553 0.0099 0.2376
VEGFR-1
All DLBCL 0.3047 0.48029 2.3876 0.5609 0.0683 2.4560
GCB-like DLBCL 0.3376 0.5738 2.3876 0.6572 0.0683 2.4560
ABC-like DLBCL 0.2604 0.3867 1.6154 0.4441 0.0688 1.6842
VEGFR-2
All DLBCL 0.1445 0.2249 1.7402 0.0941 0.0163 1.7566
GCB-like DLBCL 0.1914 0.2356 0.7779 0.1930 0.0163 1.7566
ABC-like DLBCL 0.0986 0.2143 1.7402 0.3954 0.0370 0.8149

Results are shown in the all group of patients and regarding the subtypes ABC-like DLBCL (n = 18) and GCB-like DLBCL 
(n = 19). SD: Standard Deviation.
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diagnosed DLBCL [28]. In another recent study performed 
on 149 newly diagnosed DLBCL, high serum VEGF level 
was associated with poorer prognosis [29]. Yet, our study 
is the first conducted on the different VEGF isoforms 
and receptors, on native tumor, in the context of relapsed 
DLBCL. 

In our study, the prognostic impact of VEGF121 
expression level was significant in ABC-like subtype and 
not in GCB-like subtype. These two DLBCL subtypes 
are well-known to be two distinct diseases with different 
oncogenic mechanisms [30]. The ABC subtype has gene-
expression characteristics of normal B cells that were 
activated by cross-linking the B-cell receptor (BCR) 
[7]. The chronic active BCR signaling is a critical step 
in the pathogenesis of the ABC subtype [31, 32] and is 
associated to a constitutive NF-kB activation with the 
genetic alterations of 3 main actors: CARD11, BCL10, 
and MALT1. It has been shown that BCR signaling could 
directly interact with the microenvironment by decreasing 

the expression of CXCR4 and CD62L, two major players 
of nodal and marrow stroma in chronic lymphocytic 
leukemia [33]. 

Tumor microenvironment is a main battleground 
during the neoplastic process such as lymphoma, 
fostering proliferation and survival of tumor cells. This 
microenvironment is composed of immune cells, tumor 
cells, stromal cells and extracellular matrix. Angiogenesis 
is a key player in this ground, and is stimulated by 
angiogenic factors such as VEGF, produced by the tumoral 
cells. In the other hand, the tumoral cells are crosstalking 
to the immune system to propagate conditions that 
favour tumor immune tolerance and survival. We report 
here that the link between VEGF and immune response 
is conserved among several types of cancer, based on a 
specific gene signature. The main genes involved in this 
signature are grouped in clusters related to “immune 
defense”, “leucocyte activation” and “B-cell activation”. 
In the “immune defense” cluster, the discriminated genes 

Figure 2: Genes set correlating to low and high levels of VEGF121 in the ABC-like and GCB-like DLBCL. Light blue 
squares define low level of VEGF121 (121L); dark blue squares, high level of VEGF121 (121H). Red squares define ABC-like DLBCL 
samples; green square GCB-like DLBCL samples. Black squares define dead patients, and grey squares define alive patients. 
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were GIMAP1, GIMAP2, GIMAP4, GIMAP6, GIMAP7, 
GIMAP8, belonging the Gimap gene family shown to be 
integral to T-cell survival and development [34], AIF1 
(allograft inflammatory factor 1), associated with the 
inflammation and activated macrophages [35], and the C1q 
complement subunits C1QA and C1QB. The infiltrating 
macrophages may transmit trophic signals to the tumor, 
suppress antitumor immune responses, or both [36]. We 
identified 2 clusters related to “leucocyte activation”, one 
including discriminating genes such as BCL11B, CCL5, 
CD3D, CD8A, CD8B, CXCR6, and the other one including 
discriminating genes such as SOCS1, BIRC3, CD7, 

CD40, CXCL9, CXCL11, FAS, FLT3LG, FOSL2, ICAM1, 
ICOS, IDO1, IRF4, IL15RA, MX2, NFKB2, NFKBIA, 
PTGER4, RGS1. In the first cluster, B-cell leukemia/
lymphoma 11B (BCL11B) is a member of the BCL family 
and plays a crucial role in the development, proliferation, 
differentiation and subsequent survival of T-cells. BCL11B 
alterations are related to malignant T-cell transformation 
that occurs in hematological malignancies, regulating 
the apoptotic process and cell proliferation [37]. SOCS1 
(Suppressor Of Cytokine Signaling 1) in the second 
cluster, a member of the STAT-induced STAT Inhibitor 
(SSI), acts as cytokine-inducible negative regulator of 

Table 2: Impact of cell of origin classification, gene-expression profiling indexes and level of angiogenic biomarkers. 

GC: Germinal Center B-cell like; ABC: Activated B-cell like; TGS: Two-Gene Score; IPI: International Prognosis Factor; 
PFS: Progression-Free Survival; OS: Overall Survival; VEGF: Vascular Endothelial Growth Factor.
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cytokine signaling, downstream of cytokine receptors, and 
takes part in a negative feedback loop to attenuate cytokine 
signaling. In the “B-cell activation” cluster, PIK3C2B 
gene encodes for a phosphoinositide 3-kinase (PI3K) that 
plays a role in cell survival, proliferation, migration, and 
oncogenic transformation. Remarkably, the other clusters 
closely related to these 3 immune responses clusters, were 
linked to the organization of the cytoskeleton and the 
microenvironment. 

Prognosis of patients with relapsed/refractory 
DLBCL is poor [11] and is strongly influenced by MYC 
rearrangements [12]. Response to standard regimen for 
relapse: R-ICE (Rituximab, Ifosfamide, Carboplatine, 
Etoposide) or R-DHAP (Rituximab, Dexamethasone, 
Cytarabine, Cisplatine) is different regarding the COO 
[10]. Our findings have major implications for new 

therapeutic strategies. Various VEGF signal inhibitors, 
including anti-VEGF neutralizing antibodies and VEGFR 
kinase/multi-kinase inhibitors, have been successfully 
developed and are now widely used in the clinic, 
particularly for colorectal cancer, lung cancer, breast 
cancer, glioblastoma, liver cancer and renal cell carcinoma 
treatment [38-40]. In preclinical studies performed on 
lymphoma xenografts, administration of an anti-VEGF 
antibody led to tumor regression, showing a synergistic 
antitumor effect with rituximab [41]. Recently, the efficacy 
and toxicity of rituximab-bevacizumab association versus 
single-agent rituximab was compared in patients with 
previously treated follicular lymphoma. The addition of 
bevacizumab to rituximab significantly improved PFS 
[42] (median 20.7 vs. 10.4 months respectively; HR 0.40 
(95% confidence interval [CI], 0.20-0.80); p = .007), as 

Table 3: Functional annotations of the 57 genes of the gene signature associated to soluble VEGF121 differential 
expression. 

#GO GO name Total genes Changed genes Enrichment Log10(p) FDR

GO:0002376 Immune system process 921 22 5.440415 11.383116 0.000000
GO:0042110 T cell activation 209 12 13.076874 10.221357 0.000000
GO:0046649 Lymphocyte activation 279 13 10.612266 -9.941860 0.000000
GO:0001775 Cell activation 452 15 7.558260 -9.424698 0.000000
GO:0045321 Leukocyte activation 318 13 9.310762 -9.238159 0.000000
GO:0006955 Immune response 567 16 6.426965 -9.044632 0.000000
GO:0042287 MHC protein binding 13 5 87.598291 -8.788562 0.000000
GO:0002682 Regulation of immune system process 461 14 6.916655 -8.277422 0.000000
GO:0048583 Regulation of response to stimulus 516 14 6.179414 -7.653025 0.000000
GO:0042288 MHC class I protein binding 10 4 91.102222 -7.175224 0.000000
GO:0050776 Regulation of immune response 282 10 8.076438 -6.539483 0.000000
GO:0023052 signaling 2301 26 2.573509 -6.512071 0.000000
GO:0002684 Positive regulation of immune system process 315 10 7.230335 -6.096855 0.000000
GO:0051249 Regulation of lymphocyte activation 181 8 10.066544 -6.000050 0.000000
GO:0030217 T cell differentiation 82 6 16.665041 -5.858916 0.000000
GO:0002694 Regulation of leukocyte activation 194 8 9.391982 -5.772747 0.000000
GO:0048518 Positive regulation of biological process 1680 21 2.846944 -5.707682 0.000000
GO:0019882 antigen processing and presentation 49 5 23.240363 -5.668759 0.000000
GO:0051251 Positive regulation of lymphocyte activation 141 7 11.307013 -5.627840 0.000000
GO:0050865 Regulation of cell activation 204 8 8.931590 -5.609057 0.000000
GO:0050778 Positive regulation of immune response 205 8 8.888022 -5.593179 0.000000
GO:0002696 Positive regulation of leukocyte activation 146 7 10.919787 -5.526712 0.000000
GO:0048584 Positive regulation of response to stimulus 286 9 7.167133 -5.479161 0.000000
GO:0050863 Regulation of T cell activation 149 7 10.699925 -5.467838 0.000000
GO:0050867 Positive regulation of cell activation 151 7 10.558205 -5.429306 0.000000
GO:0002521 Leukocyte differentiation 152 7 10.488743 -5.410249 0.000000

GO:0002429 Immune response-activating cell surface 
receptor signaling pathway 99 6 13.803367 -5.377925 0.000000

GO:0002768 Immune response-regulating cell surface 
receptor signaling pathway 102 6 13.397386 -5.302391 0.000000

GO:0023033 Signaling pathway 1801 21 2.655673 -5.208275 0.000000
GO:0050896 Response to stimulus 2482 25 2.294073 -5.207908 0.000000
GO:0030098 Lymphocyte differentiation 109 6 12.537003 -5.135135 0.000000

MHC: Major Histocompatibility Complex; FDR: False Discovery Rate; GO: Gene Ontology.
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Table 4: Clinical characteristics, Immunohistochemical (IHC) staining results, chromosomal breakpoints analysed by 
Flurorescent in situ hybridization (FISH) and cell of origin (COO) classification. 

Parameters n %
Clinical characteristics
Sex Male 29 78

Female 8 22
Age (years) Median 50

Range 20-63
PS 0-1 35 95

2-3 2 5
LDH level Normal 19 51

Elevated 18 49
Ann Arbor Stage I-II 13 35

III-IV 24 65
Extranodal sites < 1 24 76

≥ 2 9 24
Initial response CR/Cru 27 73

PR 4 11
Progression 6 16

Time to relapse < 12 months 23 62
≥ 12 months 14 38

Samples Diagnosis 20 54
Relapse 17 46

Prior rituximab treatment Yes 17 46
No 20 54

Treatment at relapse R-ICE 19 51
R-DHAP 18 49

CR at relapse (induction treatment) Yes 19 51
No 18 49

Immunohistochemistry
CD10 Positive 13 35

Negative 24 65
BCL6 Positive 17 47

Negative 19 53
MUM1/IRF4 Positive 18 49

Negative 19 51
FOXP1 Positive 20 57

Negative 15 43
BCL2 Positive 27 73

Negative 10 27
Fluorescence In Situ Hybridization
BCL2/18q21 Positive 12 40

Negative 18 60
BCL6/3q27 Positive 17 47

Negative 19 53
c-MYC/8q24 Positive 3 11

Negative 24 89
Cell of origin 
According to Immunohistochemistry GC 24 65

Non-GC 13 35
According to Gene Expression Profiling GC-like DLBCL 19 49

ABC-like DLBCL 18 51

PS: Performans Status; LDH: Lactate Deshydrogenases; CR: Complete Response. 



Oncotarget90816www.impactjournals.com/oncotarget

well as OS (73% vs. 53% at 4 years; HR 0.40 (95% CI, 
0.15-1.05); p = .055). In DLBCL, several anti-angiogenic 
drugs (VEGF trap, bevacizumab) have been associated 
with R-CHOP in first line treatment. 

We also demonstrated that VEGF is linked to 
immune response. In this study, the 57 genes involved in 
immune response and T-cell activation were decreased 
in patients with high VEGF expression in both ABC-like 
and GCB-like subtypes of DLBCL, indicating that drugs 
targeting immune response would be efficient in both 
subtypes. Various immunotherapies are currently under 
evaluation in lymphomas [43]. Novel drugs have been 
reported to be of particular interest in lymphomas such as 
anti-KIR enhancing NK-cell-mediated cytotoxicity [44], 
anti-PD1 targeting T-cells infiltrating tumor [45], anti-
CD137 targeting immune cells, including NK cells [46]. 

VEGF isoforms, present numerous differences in 
matrix-sequestration, transport, and VEGFR/NRP binding, 
leading to a spectrum of vascular structures, from the 

stable, thin, and branching vessels of the heavier VEGF188 
isoform (the murine equivalent of VEGF189) to the 
malformed, oedematous and enlarged network vessels of 
the most soluble VEGF120 isoform (the murine equivalent 
of VEGF121) [47]. The normalization of these pathological 
vascular structures constitutes the main goal of anti-
angiogenic therapies, which may be more successful in 
tumors that express higher levels of VEGF121 leading to 
normal blood flow patterns and a better cytotoxic drug 
delivery [48]. It is interesting to note that blockade of 
VEGFR2 selectively increased blood flow in VEGF120-
expressing tumors but not in those expressing VEGF188 
[49, 50].

In conclusion, tumor microenvironment and 
angiogenesis in DLBCL are differently orchestrated 
in the ABC-like subtype and in the GCB-like subtype. 
VEGF121 expression level has a major impact on survival 
of patients with refractory/relapsed ABC-like DLBCL 
and is strongly associated with an immune response. This 

Figure 3: Conservation of the signature in public datasets. Gene expression signature associated to soluble VEGF121 expression 
were found in public data sets. The signature was found in two DLBCL studies (GSE10846 [20] Figure 3A; E-TABM-346 [23] Figure 3B) 
and two positive studies found in GEO database by the previous strategy (Breast cancer GSE1561 [24] Figure 3C; Adult Male Germ Cell 
Tumors GSE3218, [25] Figure 3D).
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Figure 4: Summary graph of co-expressed genes. Nodes represents clusters of genes frequently co-expressed in GEO studies. Node 
sizes are proportional to the number of genes aggregated in each node (mean cluster size=34 genes; min=5 genes; max=90 genes). Genes 
were aggregated as long as they are maximally connected to the other genes contained in the joined clusters, as explained in material & 
methods section. An edge links two clusters if their inter-cluster connectivity is greater or equal to 0.2. Gene names displayed in the upper 
part of the columns corresponds to the genes in our primary list; gene names in lower part correspond to a focus on the most conserved 
neighbors. This selection of neighbors was based on the median number of GEO series in which they were significantly co-expressed with 
a gene of our list, according to the MADCOW tool (296 neighbors are shown, corresponding to a median number of GEO series ranging 
from 34 to 138, with a mean of 81). Annotation indicates the most significant clusters. They denote over-representations of GO categories 
in a cluster compared to the whole gene set (p-values obtained by Fisher test; significance level of 0.05).
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immune response signature is well-conserved in all cancer 
subtypes and may lead to new therapeutic perspectives. 
These results need to be confirmed on an independent 
cohort.

MATERIALS AND METHODS

The 37 patients studied were a subset of the 477 

patients included in the CORAL study [11] which enrolled 
patients aged 18 to 65 years old presenting a relapsed/
refractory CD20+ DLBCL, to compare the efficacy of 
R-ICE and R-DHAP followed by autologous stem cell 
transplant (part 1) and to test maintenance with or without 
rituximab (part 2) [51]. The study was registered under 
European Union Drug Regulating Authorities Clinical 
Trials (EudraCT) No.2004-002103-32 and ClinicalTrials.

Table 5: Specific primer and probe sequences used for real-time RT-qPCR. 

A common VEGF forward primer was designed based on the fact that all VEGF isoforms share exon 1–5 and various reverse 
primers or probes were designed to amplify each isoform using its specific sequence mode. VEGF: Vascular Endothelial 
Growth Factor; VEGFR: Vascular Endothelial Growth Factor Receptor; B2M: Beta2 Microglobulin; TBP: TATA box Binding 
Protein.
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gov NCT 00137995 and was conducted in accordance 
with Good Clinical Practice rules. All patients gave 
written informed consent to participate and to provide 
tissue material for biological studies.

Patients’ characteristics including clinical, 
histological and GEP scores (to determine COO) [7] and 
TGS [52]) are summarized in Table 4. The results are part 
of our previous analysis [10, 12]. Samples used to detect 
VEGF expression level and GEP were the same for each 
patient.

VEGF and VEGF receptors evaluation

Expression of 5 angiogenic biomarkers including 
VEGF (isoforms 121, 165, and 189), and their receptors 
(VEGFR-1 and R-2) was assessed by quantitative qRT-
PCR after total RNA extraction and cDNA synthesis 
from frozen tumor samples, using Perfect-master Mix-
probe (Anygenes, Paris, France) on Light-cycler (Roche 
Diagnostics, Meylan, France) as previously described [53]. 
The expression levels of the transcripts were normalized 
to the housekeeping PPIA (peptidylpolyl isomerase A) and 
TBP (TATA-box binding protein) gene transcripts. Gene 
set assays were designed using Primer-Express software 
(Applied Biosystems, Foster City, CA, USA). Primers and 
probes sequences are listed in Table 5. Gene expression 
levels were determined using standard calibration curves 
prepared form gene-specific PCR products. All PCRs were 
done in duplicate. 

Statistical analysis

We looked for a prognostic impact of VEGF 
isoforms (121, 165, and 189) and VEGF receptors 
(VEGFR-1 and R-2) expression levels. All survival 
analyses were performed on an intention-to-treat basis. 
VEGF isoforms, VEGF receptors expression levels and 
complete remission rates were compared using the chi-
squared and Fisher exact tests. PFS was defined as the 
time from study entry until disease progression or death. 
OS was defined as the time from the start of treatment 
until death. Survival functions were estimated using the 
Kaplan-Meier method and compared with the log-rank test 
[54]. Differences between the results of comparative tests 
were considered significant at a 2-sided p <0.05. Because 
the CORAL trial was not stratified by biological data, we 
controlled for the effects of prognostic factors on outcome 
due to sampling fluctuations in the treatment groups with 
a multivariate analysis of survival in a Cox model [55]. 
All statistical analyses were performed using SAS 9.13 
(SAS Institute, Cary, NC, USA) and S-Plus 6.2 (MathSoft, 
Cambridge, MA, USA) software. 

Gene expression profiling

From the 37 patients, 47 biopsies samples (20 
primary biopsies, 17 relapse biopsies and 5 matched 
cases) were included in the GEP analysis using the Agilent 
Whole Human Genome microarray (G4112F) (Agilent 
Technologies, Mississauga, ON, USA). The microarray 
procedures are previously described [10]. Briefly, total 
RNA quantity and initial quality were estimated with 
a NanoDrop® ND-1000 spectrophotometer, and RNA 
quality was further assessed by electrophoresis with the 
Agilent 2100 Bioanalyzer (Agilent Technologies). Data 
have been submitted to the GEO (GSE26812). After raw 
data normalisation using Lowess method [56], genes with 
low expression (inferior to median value of the sample) in 
more than two-third of the samples were rejected. On the 
44,000 probes of the microarray, only 14,455 probes went 
through the filtration step. Genes discriminating for high 
level (equal or higher than 2) of versus low level (equal 
or lower than 1) of VEGF121 expression were determined 
using a t-statistic test at 0.1% risk. Fifty seven genes were 
found positive and after multi-testing correction for, false-
discovery rate was 0.025. Samples were sorted as GCB-
like or ABC-like using COO signatures, as described 
in our previous work [10]. The TGS and the TGS-IPI 
were applied to the samples considering the expression 
of LMO2 and TNFRSF9 as reported by Alizadeh et al 
[52]. Functional annotations were performed using Gene 
Ontology (GO) [57] and GoMiner [58]. Significance of 
over- and underrepresentation of GO terms was computed 
using Fisher’s exact test. Enrichment of GO terms 
(frequency of GO term in differential gene list / frequency 
of GO term in the filtered gene list) was also determined.

Validation of the signature in public microarray 
databases

To validate our gene list (L), we mined a large 
collection of public microarray studies stemming from 
the public repository GEO. We aimed to validate the 
coordinated expression trend found in our dataset by 
systematically analyzing the variation of gene expression 
among GEO samples. The principle of this discovery 
process consists in observing the propensity of our gene 
set to follow the same differential expression between two 
biological situations. More precisely, we considered a pair 
of samples (si, sj) and observed the proportion p of positive 
expression change between samples si and sj. Let si

k (resp. 
sj

k) be the expression value of the kth L-gene observed in 
sample si (resp. sj). The proportion p is defined by the ratio 
of two numbers: the number of occurrences of positive 
values of the difference si

k - sj
k ; the number of L-genes. A 

perfect coordinated expression change would correspond 
to a value p = 1. At the opposite, one could expect that 
independent and identically distributed expression values 
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would result in a value p close to 0.5. 
Assuming that the sign of si

k - sj
k stems from a 

fair Bernoulli experiment, we computed the probability 
to observe the same proportion p by chance. We thus 
obtained a p-value measuring the fitness of a sample pair 
according to our gene expression signature. 

As public datasets are poorly annotated, phenotypes 
associated to samples are not always clearly determined. 
Therefore, we followed an unsupervised approach based 
on the systematic analysis of all pair samples stemming 
from a GEO dataset. For each GEO study, we followed the 
same procedure: firstly, samples were preprocessed using 
rank-based normalization [59]. Then, we computed the 
p-value for all possible sample pairs. The more significant 
sample pair was retained as well as its p-value.

This discovery process yielded a collection of 
GEO series ranked by their sample pair p-values. We 
selected a set of representative datasets and performed 
a text mining processing of their annotations (title and 
summary sections). Using a Fisher test, we explored the 
most significant terms by comparing the term occurrences 
between the series related to our selection and the 
remaining series.

Functional characterization of the discriminating 
genes

To identify conserved patterns of co-expression 
among public microarray datasets, we used a 
bioinformatics tool called MADCOW [26]. Given a user-
specified gene, this online resource extracts strongly co-
expressed genes in GEO datasets. More specifically, this 
tool provides a list of neighbors, a neighbor being a gene 
having a correlation significantly higher than expected 
by chance (p-value threshold of 10-4). The resulting list 
comprises a selection of 200 best neighbors (i.e. presenting 
the highest occurrences in the scanned microarray studies).

From this tool, we identified a set N of neighbors 
stemming from queries based on our gene signature L. 
These results have been modeled as a Boolean matrix 
m(i,j), were gi defines a L-gene, gj a gene belonging to 
N and m(i,j) a Boolean indicating if gj is a neighbor of 
gi. Matrix m can be visualized in terms of a graph in 
which vertices represent genes and edges describe the 
neighborhood relationship (i.e. an edge is present between 
two genes if one is the neighbor of the other). As visual 
exploratory analysis of large graphs is difficult, we 
simplified the representation using a common technique 
consisting in drawing a summary of complex graphs [60]. 
This summary graph is a condensed model that aggregates 
vertices into a single vertex, each vertex representing a 
cluster of strongly connected nodes (i.e. genes). This 
summary graph reduces the number of visible elements 
and then highlights the structure of the initial graph. To 
construct the summary graph, we performed a hierarchical 

clustering starting with nodes corresponding to single 
genes. Then, pairs of connected nodes were iteratively 
joined to form dense nodes equivalent to clusters. In our 
agglomerative procedure, two nodes were joined if and 
only if the resulting cluster remained a fully connected 
component (this required that all the possible connections 
inside a cluster were met: all the L-genes must be 
interconnected and every neighbor must be connected with 
all the L-genes). An edge between two clusters was drawn 
if their inter-cluster connectivity was greater or equal to 
a predefined threshold. Inter-cluster connectivity was 
defined as the proportion of edges (g1, g2) between clusters 
c1 and c2, where g1 (resp. g2) belongs to c1 (resp. c2).

Abbreviations

ABC: Activated B-Cell like; AIF1: Allograft 
Inflammatory Factor 1; BCL11B: B-Cell leukemia/
lymphoma 11B; BCR: B-Cell Receptor; CNV: Copy 
Number Variation; COO: Cell Of Origin; CORAL: 
Collaborative study on Relapsed Aggressive Lymphoma; 
CR: Complete Response; DLBCL: Diffuse Large 
B-cell Lymphoma; FDR: False Discovery Rate; FISH: 
Fluorescence In Situ Hybridization; GCB: Germinal 
Center B-cell like; GEO: Gene Expression Omnibus; GEP: 
Gene-Expression Profiling; GO: Gene Ontology; GSE: 
GEO Series; IPI: International Prognosis Index; LDH: 
Lactate DesHydrogenase; MHC: Major Histocompatibility 
Complex; OS: Overall Survival; PFS: Progression-
Free Survival; PI3K: Phosphoinositide 3-Kinase; PPIA: 
Peptidylpolyl isomerase A; PS: Performance Status; 
R-CHOP: Rituximab, Cyclophosphamide, Adriamycin, 
Vincristine and Prednisone; R-DHAP: Rituximab, 
Dexamethasone, Cytarabine, Cisplatine; R-ICE: 
Rituximab, Ifosfamide, Carboplatine, Etoposide; SD: 
Standard Deviation; SOCS1: Suppressor Of Cytokine 
Signaling 1; SSI: STAT-induced STAT Inhibitor; TBP: 
TATA-box binding protein; TGS: Two-Gene Score; 
VEGF: Vascular Endothelial Growth Factor; VEGFR: 
Vascular Endothelial Growth Factor Receptor

Author contributions

SM, RH and CT conceived and designed the study. 
SM, JB, J Bri, JB, SB, PG, WC, NM, CG, GR, RH and CT 
acquired, analysed and interpreted the data. JB, SM, RH 
and CT wrote the article.  All authors approved the version 
to be published. 

ACKNOWLEDGMENTS

The authors would like to thank Nella and Amadeus 
Barletta Foundation for financial support and the Region 
Lorraine for grant R14042MM.



Oncotarget90821www.impactjournals.com/oncotarget

CONFLICTS OF INTEREST

Professor C. Gisselbrecht: Research funding by 
Roche. The other authors declare no competing financial 
interests.

FUNDING

The study received a grant from the Programme 
Hospitalier de Recherche Clinique 2009, INCa, Institut 
National du Cancer, France (Grant PHRC AOM09271).

Region Lorraine: grant R14042MM.

Editorial note 

This paper has been accepted based in part on peer-
review conducted by another journal and the authors’ 
response and revisions as well as expedited peer-review 
in Oncotarget.

REFERENCES

1. Butler J, Kobayashi H, Rafii S. Instructive role of the 
vascular niche in promoting tumour growth and tissue 
repair by angiocrine factors. Nat Rev Cancer. 2010; 10:138-
146. doi: 10.1038/nrc2791.

2. Ferrara N. Vascular endothelial growth factor: basic science 
and clinical progress. Endocr Rev. 2004; 25:581-611. doi: 
10.1210/er.2003-0027.

3. Ferrara N, Gerber HP, LeCouter J. The biology of VEGF 
and its receptors. Nat Med. 2003; 9:669-676. doi: 10.1038/
nm0603-669.

4. Bertolini F, Paolucci M, Peccatori F, Cinieri S, Agazzi A, 
Ferrucci PF, Cocorocchio E, Goldhirsch A, Martinelli G. 
Angiogenic growth factors and endostatin in non-Hodgkin’s 
lymphoma. Br J Haematol. 1999; 106:504-509.

5. Niitsu N, Okamato M, Nakamine H, Yoshino T, Tamaru 
J, Nakamura S, Higashihara M, Hirano M. Simultaneous 
elevation of the serum concentrations of vascular 
endothelial growth factor and interleukin-6 as independent 
predictors of prognosis in aggressive non-Hodgkin’s 
lymphoma. Eur J Haematol. 2002; 68:91-100. 

6. Salven P, Orpana A, Teerenhovi L, Joensuu H. 
Simultaneous elevation in the serum concentrations of 
the angiogenic growth factors VEGF and bFGF is an 
independent predictor of poor prognosis in non-Hodgkin 
lymphoma: a single-institution study of 200 patients. Blood. 
2000; 96:3712-3718. 

7. Alizadeh AA, Eisen MB, Davis RE, Ma C, Lossos IS, 
Rosenwald A, Boldrick JC, Sabet H, Tran T, Yu X, Powell 
JI, Yang L, Marti GE, et al. Distinct types of diffuse large 
B-cell lymphoma identified by gene expression profiling. 
Nature. 2000; 403:503-11. doi: 10.1038/35000501.

8. Rosenwald A, Wright G, Chan WC, Connors JM, Campo 

E, Fisher RI, Gascoyne RD, Muller-Hermelink HK, 
Smeland EB, Giltnane JM, Hurt EM, Zhao H, Averett L, et 
al. The use of molecular profiling to predict survival after 
chemotherapy for diffuse large-B-cell lymphoma. N Engl J 
Med. 2002; 346:1937-1947. doi: 10.1056/NEJMoa012914.

9. Dunleavy K, Pittaluga S, Czuczman MS, Dave SS, Wright 
G, Grant N, Shovlin M, Jaffe ES, Janik JE, Staudt LM, 
Wilson WH. Differential efficacy of bortezomib plus 
chemotherapy within molecular subtypes of diffuse large 
B-cell lymphoma. Blood. 2009; 113:6069-6076. doi: 
10.1182/blood-2009-01-199679.

10. Thieblemont C, Briere J, Mounier N, Voelker HU, Cuccuini 
W, Hirchaud E, Rosenwald A, Jack A, Sundstrom C, 
Cogliatti S, Trougouboff P, Boudova L, Ysebaert L, et 
al. The germinal center/activated B-cell subclassification 
has a prognostic impact for response to salvage therapy in 
relapsed/refractory diffuse large B-cell lymphoma: a bio-
CORAL study. J Clin Oncol. 2011; 29:4079-4087. doi: 
10.1200/JCO.2011.35.4423.

11. Gisselbrecht C, Glass B, Mounier N, Singh Gill D, Linch 
DC, Trneny M, Bosly A, Ketterer N, Shpilberg O, Hagberg 
H, Ma D, Brière J, Moskowitz CH, et al. Salvage regimens 
with autologous transplantation for relapsed large B-cell 
lymphoma in the rituximab era. J Clin Oncol. 2010; 
28:4184-4190. doi: 10.1200/JCO.2010.28.1618.

12. Cuccuini W, Briere J, Mounier N, Voelker HU, Rosenwald 
A, Sundstrom C, Cogliatti S, Hirchaud E, Ysebaert L, Bron 
D, Soulier J, Gaulard P, Houlgatte R, et al. MYC+ diffuse 
large B-cell lymphoma is not salvaged by classical R-ICE 
or R-DHAP followed by BEAM plus autologous stem cell 
transplantation. Blood. 2012; 119:4619-4624. doi: 10.1182/
blood-2012-01-406033.

13. Jiang Y, Redmond D, Nie K, Eng KW, Clozel T, Martin 
P, Tan LH, Melnick AM, Tam W, Elemento O. Deep 
sequencing reveals clonal evolution patterns and mutation 
events associated with relapse in B-cell lymphomas. 
Genome Biol. 2014; 15:432. doi: 10.1186/s13059-014-
0432-0.

14. Novak AJ, Asmann YW, Maurer MJ, Wang C, Slager 
SL, Hodge LS, Manske M, Price-Troska T, Yang 
ZZ, Zimmermann MT, Nowakowski GS, Ansell SM, 
Witzig TE, et al. Whole-exome analysis reveals novel 
somatic genomic alterations associated with outcome 
in immunochemotherapy-treated diffuse large B-cell 
lymphoma. Blood Cancer J. 2015; 5:e346. doi: 10.1038/
bcj.2015.69.

15. Mareschal S, Dubois S, Viailly PJ, Bertrand P, Bohers E, 
Maingonnat C, Jaïs JP, Tesson B, Ruminy P, Peyrouze 
P, Copie-Bergman C, Fest T, Jo Molina T, et al. Whole 
exome sequencing of relapsed/refractory patients expands 
the repertoire of somatic mutations in diffuse large B-cell 
lymphoma. Genes Chromosomes Cancer. 2016; 55:251-67. 
doi: 10.1002/gcc.22328.

16. Morin RD, Assouline S, Alcaide M, Mohajeri A, Johnston 
RL, Chong L, Grewal J, Yu S, Fornika D, Bushell K, 



Oncotarget90822www.impactjournals.com/oncotarget

Nielsen TH, Petrogiannis-Haliotis T, Crump M, et al. 
Genetic Landscapes of Relapsed and Refractory Diffuse 
Large B-Cell Lymphomas. Clin Cancer Res. 2016; 22:2290-
300. doi: 10.1158/1078-0432.CCR-15-2123.

17. Broséus J, Chen G, Hergalant S, Ramstein G, Mounier 
N, Guéant JL, Feugier P, Gisselbrecht C, Thieblemont 
C, Houlgatte R. Relapsed diffuse large B-cell lymphoma 
present different genomic profiles between early and late 
relapses. Oncotarget. 2016; 7:83987-84002. doi: 10.18632/
oncotarget.9793.

18. Melchardt T, Hufnagl C, Weinstock DM, Kopp N, Neureiter 
D, Tränkenschuh W, Hackl H, Weiss L, Rinnerthaler G, 
Hartmann TN, Greil R, Weigert O, Egle A. Clonal evolution 
in relapsed and refractory diffuse large B-cell lymphoma is 
characterized by high dynamics of subclones. Oncotarget. 
2016; 7:51494-51502. doi: 10.18632/oncotarget.9860.

19. Park HY, Lee SB, Yoo HY, Kim SJ, Kim WS, Kim JI, 
Ko YH. Whole-exome and transcriptome sequencing of 
refractory diffuse large B-cell lymphoma. Oncotarget. 2016; 
7:86433-86445. doi: 10.18632/oncotarget.13239.

20. Lenz G, Wright G, Dave SS, Xiao W, Powell J, Zhao H, Xu 
W, Tan B, Goldschmidt N, Iqbal J, Vose J, Bast M, Fu K, 
et al. Stromal gene signatures in large-B-cell lymphomas. 
N Engl J Med. 2008; 359:2313-2323. doi: 10.1056/
NEJMoa0802885.

21. Shipp MA, Ross KN, Tamayo P, Weng AP, Kutok JL, 
Aguiar RC, Gaasenbeek M, Angelo M, Reich M, Pinkus 
GS, Ray TS, Koval MA, Last KW, et al. Diffuse large 
B-cell lymphoma outcome prediction by gene-expression 
profiling and supervised machine learning. Nat Med. 2002; 
8:68-74. doi: 10.1038/nm0102-68.

22. Baron D, Ramstein G, Chesneau M, Echasseriau Y, Pallier 
A, Paul C, Degauque N, Hernandez-Fuentes MP, Sanchez-
Fueyo A, Newell KA, Giral M, Soulillou JP, Houlgatte R, 
et al. A common gene signature across multiple studies 
relate biomarkers and functional regulation in tolerance to 
renal allograft. Kidney Int. 2015; 87:984-95. doi: 10.1038/
ki.2014.395. 

23. Jais JP, Haioun C, Molina TJ, Rickman DS, de Reynies 
A, Berger F, Gisselbrecht C, Brière J, Reyes F, Gaulard P, 
Feugier P, Labouyrie E, Tilly H, et al. The expression of 
16 genes related to the cell of origin and immune response 
predicts survival in elderly patients with diffuse large B-cell 
lymphoma treated with CHOP and rituximab. Leukemia. 
2008; 22:1917-1924. doi: 10.1038/leu.2008.188.

24. Farmer P, Bonnefoi H, Becette V, Tubiana-Hulin M, 
Fumoleau P, Larsimont D, Macgrogan G, Bergh J, Cameron 
D, Goldstein D, Duss S, Nicoulaz AL, Brisken C, et al. 
Identification of molecular apocrine breast tumours by 
microarray analysis. Oncogene. 2005; 24:4660-4671. doi: 
10.1038/sj.onc.1208561.

25. Korkola JE, Houldsworth J, Chadalavada RS, Olshen 
AB, Dobrzynski D, Reuter VE, Bosl GJ, Chaganti RS. 
Down-regulation of stem cell genes, including those in a 
200-kb gene cluster at 12p13.31, is associated with in vivo 

differentiation of human male germ cell tumors. Cancer 
Res. 2006; 66:820-827. doi: 10.1158/0008-5472.CAN-05-
2445. 

26. Teusan R, Bihouee A, Le Meur N, Ramstein G, Leger J. 
MADTools: management tool for the mining of microarray 
data. European Conference on Computational Biology, 
2003, Paris, France. pp.391-392, 2003.

27. Thieblemont C, Gisselbrecht C. Second-line treatment 
paradigms for diffuse large B-cell lymphomas. Curr Oncol 
Rep. 2009; 11:386-393.

28. Jiang L, Sun JH, Quan LN, Tian YY, Jia CM, Liu ZQ, Liu 
AC. Abnormal vascular endothelial growth factor protein 
expression may be correlated with poor prognosis in diffuse 
large B-cell lymphoma: A meta-analysis. J Cancer Res 
Ther. 2016; 12:605-11. doi: 10.4103/0973-1482.146086.

29. Yoon KA, Kim MK, Eom HS, Lee H, Park WS, Sohn JY, 
Kim MJ, Kong SY. Adverse prognostic impact of vascular 
endothelial growth factor gene polymorphisms in patients 
with diffuse large B-cell lymphoma. Leuk Lymphoma. 
2017; 58:2677-2682. doi: 10.1080/10428194.2017.1300893.

30. Lenz G, Staudt LM. Aggressive lymphomas. N Engl J Med. 
2010; 362:1417-1429. doi: 10.1056/NEJMra0807082.

31. Lenz G, Davis RE, Ngo VN, Lam L, George TC, Wright 
GW, Dave SS, Zhao H, Xu W, Rosenwald A, Ott G, Muller-
Hermelink HK, Gascoyne RD, et al. Oncogenic CARD11 
mutations in human diffuse large B cell lymphoma. Science. 
2008; 319:1676-1679. doi: 10.1126/science.1153629.

32. Ngo VN, Davis RE, Lamy L, Yu X, Zhao H, Lenz G, 
Lam LT, Dave S, Yang L, Powell J, Staudt LM. A loss-
of-function RNA interference screen for molecular targets 
in cancer. Nature. 2006; 441:106-110. doi: 10.1038/
nature04687 

33. Vlad A, Deglesne PA, Letestu R, Saint-Georges S, 
Chevallier N, Baran-Marszak F, Varin-Blank N, 
Ajchenbaum-Cymbalista F, Ledoux D. Down-regulation of 
CXCR4 and CD62L in chronic lymphocytic leukemia cells 
is triggered by B-cell receptor ligation and associated with 
progressive disease. Cancer Res. 2009; 69:6387-6395. doi: 
10.1158/0008-5472.CAN-08-4750.

34. Krücken J, Schroetel RM, Müller IU, Saïdani N, Marinovski 
P, Benten WP, Stamm O, Wunderlich F. Comparative 
analysis of the human gimap gene cluster encoding a novel 
GTPase family. Gene. 2004; 341:291-304. doi: 10.1016/j.
gene.2004.07.005.

35. Deininger MH, Meyermann R, Schluesener HJ. The 
allograft inflammatory factor-1 family of proteins. FEBS 
Lett. 2002; 514:115-121. 

36. Wels J, Kaplan RN, Rafii S, Lyden D. Migratory neighbors 
and distant invaders: tumor-associated niche cells. Genes 
Dev. 2008; 22:559-574. doi: 10.1101/gad.1636908.

37. Huang X, Du X, Li Y. The role of BCL11B in 
hematological malignancy. Exp Hematol Oncol. 2012; 1:22. 
doi: 10.1186/2162-3619-1-22. 

38. Cohen MH, Gootenberg J, Keegan P, Pazdur R. FDA 



Oncotarget90823www.impactjournals.com/oncotarget

drug approval summary: bevacizumab (Avastin) plus 
Carboplatin and Paclitaxel as first-line treatment of 
advanced/metastatic recurrent nonsquamous non-small cell 
lung cancer. Oncologist. 2007; 12:713-718. doi: 10.1634/
theoncologist.12-6-713.

39. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright 
T, Hainsworth J, Heim W, Berlin J, Baron A, Griffing 
S, Holmgren E, Ferrara N, Fyfe G, Rogers B, et al. 
Bevacizumab plus irinotecan, fluorouracil, and leucovorin 
for metastatic colorectal cancer. N Engl J Med. 2004; 
350:2335-2342. doi: 10.1056/NEJMoa032691.

40. Kim KJ, Li B, Winer J, Armanini M, Gillett N, Phillips HS, 
Ferrara N. Inhibition of vascular endothelial growth factor-
induced angiogenesis suppresses tumour growth in vivo. 
Nature. 1993; 362:841-844. doi: 10.1038/362841a0.

41. Wang ES, Teruya-Feldstein J, Wu Y, Zhu Z, Hicklin DJ, 
Moore MA. Targeting autocrine and paracrine VEGF 
receptor pathways inhibits human lymphoma xenografts 
in vivo. Blood. 2004; 104:2893-2902. doi: 10.1182/
blood-2004-01-0226.

42. Hainsworth JD, Greco FA, Raefsky EL, Thompson DS, 
Lunin S, Reeves J Jr, White L, Quinn R, DeBusk LM, 
Flinn IW. Rituximab With or Without Bevacizumab for the 
Treatment of Patients With Relapsed Follicular Lymphoma. 
Clin Lymphoma Myeloma Leuk. 2014; 14:277-283. doi: 
10.1016/j.clml.2014.02.010.

43. Brody J, Kohrt H, Marabelle A, Levy R. Active and passive 
immunotherapy for lymphoma: proving principles and 
improving results. J Clin Oncol. 2011; 29:1864-1875. doi: 
10.1200/JCO.2010.33.4623. 

44. Kohrt HE, Thielens A, Marabelle A, Sagiv-Barfi I, Sola 
C, Chanuc F, Fuseri N, Bonnafous C, Czerwinski D, 
Rajapaksa A, Waller E, Ugolini S, Vivier E, et al. Anti-KIR 
antibody enhancement of anti-lymphoma activity of natural 
killer cells as monotherapy and in combination with anti-
CD20 antibodies. Blood. 2014; 123:678-686. doi: 10.1182/
blood-2013-08-519199. 

45. Myklebust JH, Irish JM, Brody J, Czerwinski DK, Houot 
R, Kohrt HE, Timmerman J, Said J, Green MR, Delabie 
J, Kolstad A, Alizadeh AA, Levy R, et al. High PD-1 
expression and suppressed cytokine signaling distinguish 
T cells infiltrating follicular lymphoma tumors from 
peripheral T cells. Blood. 2013; 121:1367-1376. doi: 
10.1182/blood-2012-04-421826.

46. Kohrt HE, Houot R, Goldstein MJ, Weiskopf K, Alizadeh 
AA, Brody J, Müller A, Pachynski R, Czerwinski D, Coutre 
S, Chao MP, Chen L, Tedder TF, et al. CD137 stimulation 
enhances the antilymphoma activity of anti-CD20 
antibodies. Blood. 2011; 117:2423-2432. doi: 10.1182/
blood-2010-08-301945. 

47. Chen TT, Luque A, Lee S, Anderson SM, Segura T, Iruela-
Arispe ML. Anchorage of VEGF to the extracellular matrix 
conveys differential signaling responses to endothelial 
cells. J Cell Biol. 2010; 188:595-609. doi: 10.1083/

jcb.200906044.
48. Carmeliet P, Jain RK. Molecular mechanisms and clinical 

applications of angiogenesis. Nature. 2011; 473:298-307. 
doi: 10.1038/nature10144.

49. Akerman S, Fisher M, Daniel RA, Lefley D, Reyes-
Aldasoro CC, Lunt SJ, Harris S, Bjorndahl M, Williams LJ, 
Evans H, Barber PR, Prise VE, Vojnovic B, et al. Influence 
of soluble or matrix-bound isoforms of vascular endothelial 
growth factor-A on tumor response to vascular-targeted 
strategies. Int J Cancer. 2013; 133:2563-76. doi: 10.1002/
ijc.28281.

50. Vempati P, Popel AS, Mac Gabhann F. Extracellular 
regulation of VEGF: Isoforms, proteolysis, and vascular 
Patterning. Cytokine Growth Factor Rev. 2014; 25: 1-19. 
doi: 10.1016/j.cytogfr.2013.11.002. 

51. Gisselbrecht C, Schmitz N, Mounier N, Singh Gill D, 
Linch DC, Trneny M, Bosly A, Milpied NJ, Radford J, 
Ketterer N, Shpilberg O, Dührsen U, Hagberg H, et al. 
Rituximab maintenance therapy after autologous stem-cell 
transplantation in patients with relapsed CD20(+) diffuse 
large B-cell lymphoma: final analysis of the collaborative 
trial in relapsed aggressive lymphoma. J Clin Oncol. 2012; 
30:4462-4469. doi: 10.1200/JCO.2012.41.9416.

52. Alizadeh AA, Gentles AJ, Alencar AJ, Liu CL, Kohrt 
HE, Houot R, Goldstein MJ, Zhao S, Natkunam Y, 
Advani RH, Gascoyne RD, Briones J, Tibshirani RJ, et al. 
Prediction of survival in diffuse large B-cell lymphoma 
based on the expression of 2 genes reflecting tumor and 
microenvironment. Blood. 2011; 118:1350-1358. doi: 
10.1182/blood-2011-03-345272.

53. Paule B, Bastien L, Deslandes E, Cussenot O, Podgorniak 
MP, Allory Y, Naïmi B, Porcher R, de La Taille A, Menashi 
S, Calvo F, Mourah S. Soluble isoforms of vascular 
endothelial growth factor are predictors of response to 
sunitinib in metastatic renal cell carcinomas. PLoS One. 
2010; 5:e10715. doi: 10.1371/journal.pone.0010715.

54. Kaplan E, Meier P. Non parametric estimation from 
incomplete observations. J Am Stat Assoc. 1958; 153:457-
481.

55. Cox D. Regression model and life tables. J R Stat Soc B. 
1972; 34:187-220.

56. Yang YH, Dudoit S, Luu P, Lin DM, Peng V, Ngai J, Speed 
TP. Normalization for cDNA microarray data: a robust 
composite method addressing single and multiple slide 
systematic variation. Nucleic Acids Res. 2002; 30:e15. 

57. Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, 
Cherry JM, Davis AP, Dolinski K, Dwight SS, Eppig 
JT, Harris MA, Hill DP, Issel-Tarver L, et al. Gene 
ontology: tool for the unification of biology. The Gene 
Ontology Consortium. Nat Genet. 2000; 25:25-29. doi: 
10.1038/75556.

58. Zeeberg BR, Feng W, Wang G, Wang MD, Fojo AT, 
Sunshine M, Narasimhan S, Kane DW, Reinhold WC, 



Oncotarget90824www.impactjournals.com/oncotarget

Lababidi S, Bussey KJ, Riss J, Barrett JC, et al. GoMiner: 
a resource for biological interpretation of genomic and 
proteomic data. Genome Biol. 2003; 4:R28. 

59. Tsodikov A, Szabo A, Jones D. Adjustments and 
measures of differential expression for microarray data. 
Bioinformatics. 2002; 18:251-260.

60. Clemencon S, De Arazoza H, Rossi F, Tran V. Hierarchical 
clustering for graph visualization. 19th European 
Symposium on Artificial Neural Networks, Bruges, 
Belgium, April 27-29. 2011.


