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Simple Summary: The study of transcriptomic profiles of diffuse large cell lymphoma has made it
possible to define several subtypes known as germinal center (GC) and Activated B Cell (ABC).
These analyses were performed in non-HIV related lymphomas. These lymphomas have a
particular pathophysiology which is linked, in addition to classical oncogenesis phenomena, to the
existence of immune depression and a particular microenvironment. In our study we carried out a
transcriptomic analysis of patients with DLCL lymphomas linked to HIV infection. This analysis
very clearly defined two subgroups, but which do not correspond to the GC or ABC categories.
Pivotal genes of cancer biology were differentially expressed, such as TP53 which was over-
expressed in group I patients, and BCL2 which was over-expressed in group II patients. These
differences in expression are theragnostic and should be taken into account in future therapeutic
trials in order to tailor treatment to each individual patient.

Abstract: Background/Objectives: Transcriptomic studies of diffuse large cell lymphoma (DLCL)
have made it possible to distinguish several profiles, including Germinal Centres (GC) and
Activated B-Cells. These different types present a different pathophysiology and evolution, which
may lead to different treatments. However, these profiles were determined in patients not infected
with the human immunodeficiency virus (HIV), whereas lymphomas in the immunocompromised
present certain specific characteristics. We therefore set out to determine the transcriptomic profile
of DLCL occurring in HIV patients, in order to more precisely determine the pathophysiology of
the different subtypes and to identify deregulated molecular pathways that could have a
theragnostic value. Methods: We analysed 12 paraffin-embeddd samples of DLCL linked to HIV
infection (two replicates per biological samples) using the Agilent's SurePrint G3 Human GE 8x60K
v2 transccriptome chip. Unsupervised hierarchical clustering was performed on the normalized
data (quantile normalization) to define the groups that separate the samples according to their gene
expression profile. Results: From this sample of 12 DLCLs, we were able to clearly define two
transcriptomic subgroups. Among the differences in gene expression, TP53 and BCL7A were
overexpressed in cluster I, and BCL2 in cluster II. In terms of signalling pathways, the ‘immune
system development’ pathway was under-expressed in cluster I and over-expressed in cluster II.
Conclusions: Our results strongly suggest the existence of two different transcriptomic signatures
which certainly underlie significant differences in pathophysiology. These differences may be due
to the specific tumour environment associated with HIV infection. Our very preliminary study will
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need to be continued with a larger number of patients, and integrate proteomic, metabolomic and
clinical data in order to define a theragnostic approach.

Keywords: lymphoma; human immunodeficiency virus type 1; transcriptome.

1. Introduction

Diffuse large B-cell lymphomas (DLBCL) represent 30-40% of lymphomas and are treated with
a combination of chemotherapy and immunotherapy drugs. The International Prognostic Index (IPI),
used to classify and treat patients, is calculated on the basis of clinical parameters: age, LDH level,
anatomical stage, extra-nodal localizations, and performance status [1]. On this basis, four prognostic
groups are defined with a 5-year survival rate varying from 26% for IPI 4-5 to 70% for IPI 0-1.
Modifications of the IPI have been proposed, that have only marginal consequences on the prognosis
in the era of anti-CD20 associated chemotherapy regimens. Nonetheless in a seminal paper, Alizadeh
et al. [2] used microarrays analysis of tumor biopsies from patients with DLBCLs to propose the
distinction of two different subtypes. The GC (germinal center) subtype is defined by the
overexpression of CD10, CD38, A-myb, OGG1, BCL-6, BCL-7A, and LMO2, while the ABC (activated
B cell) subtype is characterized by the overexpression of IRF4, FLIP, and BCL-2, with its proliferation
seemingly relying on the NF-«B pathway. The GC lymphomas are considered to have a better
prognosis than the ABC type. Based on these molecular profiles, attempts have been made to
specifically target the metabolisms pathways used in each subtypes [3]. Moreover, attempts to use a
more simple technique for its use in routine practice have been proposed, such as the
immunochemistry algorithm of Hans et al. [4] or Muris et al. [5], which strict correlation with
transcriptomic data is not observed. Since ABC-DLCL proliferation and survival rely on BcR-
dependent NF-kB signaling, inhibitors of Bruton tyrosine kinase (BTK) could be useful, although
more trials are required before the validation for routine treatment [6,7]. Additional subgroups have
further been identified, since a 17 gene model allowed to divide DLCL in quartiles with five-year
survival ranging from 15% to 73% [8]. These profiles correspond to different prognostic groups, at
least in relapsed/refractory patients [9] although this issue is debated [10] and probably depends on
the technical approach used, transcriptomic profiling versus various algorithms [11].

Notably, these studies were performed in HIV-negative patients, although non-Hodgkin's
lymphomas in HIV-infected patients include specific pathological forms (serous lymphomas,
multicentric Castleman's disease), in addition to histological forms found in non-
immunocompromised patients, including Burkitt's lymphoma and DLBCL [12,13]. Although this
recent WHO classification is no more exclusively based on the lymphoma disease background (HIV-
related, post-transplantation, primary immunodeficiency, iatrogenic immunodeficiencies), HIV
infection has some specificity [14]. The presence of HIV induces a particular microenvironment in the
lymph node that induces, among other effects, activation and proliferation of B cells in the absence
of the immune response. This proliferation increases the deregulation of genes such as p53 and the
activation of proto-oncogenes such as c-myc and BCL-6 in addition to the absence of immune
surveillance. Moreover, the immunosuppression linked to CD4 T cell depletion allows the
proliferation of EBV and of KSHV/HHVS viruses which encoded proteins stimulate B cell
proliferation and thus lymphomagenesis [15]. Nonetheless, HIV itself could have a direct impact on
lymphomagenesis, more particularly via the expression of HIV p17 protein variants that accumulate
in lymph node (even in the absence of HIV detection) and are able to activate the I3K/Akt signaling
pathway [16]. These HIV p17 protein variants share insertions in their C-terminal region that modify
their biologic properties Although recent advances in anti-retroviral treatment allow most patients
with controlled HIV infection to be treated like the general population [17], due to these
particularities of HIV-related lymphomas, the existence of the two GEP signatures GC vs. ABC in
HIV-related lymphomas was not evident. Thapa et al. [18] have focused their study on the expression
of microRNAs, since these molecules have been shown to play a significant role more particularly in
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EBV-related tumorigenesis [19]. In this study they have shown that the mi-17-92 paralog clusters
were upregulated in B cells more particularly at the GC stage, in the eight analyzed DLCL but also in
three other subtypes of HIV-related lymphomas (Burkitt, central nervous system, primary effusion
lymphoma) [18]. The study of Ramos et al. [20] analyzed the expression of NF-kB target genes in HIV-
related lymphomas. They observed the expression of tissue origin-specific markers in PEL (CD69,
CSF-1, CIQBP), of IL1beta, cyclin D3 and CD48 in KS, and identified CCRS5 as a key marker in Burkitt
lymphoma [20]. To differentiate HIV-related from the other DLBCL, Capello et al./Rinaldi et al.
performed a genome-wide DNA profiling [21,22]. They concluded that HIV-related had specific
genetic lesions since fragile sites-associated genes were more frequently inactivated, more
particularly FHIT(FRA3B), WWOX (FRA16D), DCC(FRA18B) and PARK2(FRAG6E), in comparison
with non-HIV related DLBCL. In the study of Chapman et al. [23] thirty HIV-related DLBCL were
analyzed. Interestingly the HIV-related lymphomas had more frequent MYC rearrangements or
mutations than non-HIV related lymphoma, and in contrast had rarely BCL2 rearrangements. The
authors used the Hans algorithm [4] to classify these HIV-related lymphoma, and concluded that half
lymphoma was of GC type, but the other half could not be classified as ABC. These results were
confirmed by cell of origin (COO) LymphGen tool [24]. Of note, the percentage of lymphoma
classified as other than GC but not ABC (50%) is quite high in comparison with the results usually
obtained in non-HIV related lymphoma, i.e = 50% of ABC types 2. The very interesting study of Madan
et al. [25] analyzed by immunohistochemical staining of tissue microarrays the expression of GC
markers (BCL6, CD10, CyclinH) vs ABC markers (MUM1, CD138, PAK1, CD44, BCL2) in 12 HIV-
related and 27 non-HIV related DLBCL. The immunostaining, as expected, clearly identified two
distinct clusters of GC and ABC types in non-HIV related DLBCL, while in the case of HIV-related
lymphomas only a single aggregate was identified, that moreover expressed an intermediate
GG/ABC phenotype [25]. Interestingly, the study of Patrone et al. [26] allows some different
conclusions in comparison with the previous studies. They analyzed by suppression subtractive
hybridization (SSH) to isolate differentially expressed genes from HIV-related and non-related
DLBCL. They progressively restricted the study from 1800 to 18 candidate genes. Unfortunately,
there was no preferential expression of these genes in HIV-related vs non-HIV-related lymphomas.
This study had nonetheless significant limitations, i.e the number of analyzed samples and the
restriction of analyzed genes to those already annotated in data banks [26].

Finally, the validation of the GC/ABC subtypes in HIV-related lymphoma has to be confirmed.
For these reasons, the objective of our study was to analyze the gene expression profile of DLBCL in
order to verify the possible existence of subgroups described in immunocompetent patients and/or
to define new gene profiles specific to HIV-infected NHL. Our goal was also to define the
pathophysiology of the different subtypes and to identify deregulated molecular pathways that may
have prognostic value.

2. Materials and Methods
2.1. Biological Samples

The tumor library of the ANRS (Agence Nationale de la Recherche sur le Sida et les hépatites
virales) provided us with seven paraffin-embedded samples as well as clinical and biological data
(ANRS CO16 Lympho-VIR cohort). Five other samples were provided by Pr. H Lepidi (CHU de la
Timone, Marseille). We used two technical replicates per biological sample. All samples were
obtained from patients who gave their informed consent for the use of their samples for research.

2.2. RNA Extraction, Quantification, and Quality Control

The RNeasy FFPE kit from Qiagen was used for the purification of total RNA from paraffin-
embedded fixed organ microdissection. This protocol includes a deparaffinization and rehydration
step of the tissue, a lysis step with proteinase K, followed by a heat treatment step. RNA was then
extracted on-column with DNase treatment, successive washes, and elution with RNase-free water.
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RNA quantification and quality control were performed using the Agilent NanoDrop and
Bioanalyzer.

2.3. Transcriptomic Study

For transcriptomic analysis, Agilent's SurePrint G3 Human GE 8x60K v2 chip was used. The
chip provides high gene and transcript coverage with high sensitivity. The chip has eight arrays, each
with 62,976 probes. Several probes of the same transcript are synthesized on the chip that target
different locations of the gene, and these have a size of 60 nucleotides. Agilent's Gene Expression
FFPE Workflow protocol was used for sample labeling and hybridization. The protocol includes a
repair, amplification, purification, and labeling step of the library, followed by a purification step of
the labeled complementary DNA and hybridization on genome-wide arrays.

2.4. Statistical Analysis

Unsupervised hierarchical clustering was performed on the normalized data (quantile
normalization) to define the groups that can separate the samples according to their gene expression
profile. A SAM analysis was then performed, taking into account the groups found after hierarchical
clustering. Ten thousand permutations and an FDR of 1% were used with a fold change of 2.

2.5. Gene Enrichment Analysis

Gene enrichment analysis was performed using g:Profiler (https://biit.cs.ut.ee/gprofiler/gost :
g:Profiler version e111_eg58_p18_f463989d, database updated on 25/01/2024) to identify enriched
biological pathways, molecular functions, and cellular components based on the list of differentially
expressed genes. The input gene set was derived from microarray analysis, filtered based on an FDR
of 1% and fold change of 2. The analysis was employed with default settings, using the Ensembl
genome database as the reference background, and accounting for multiple testing correction with
the g:profiler algorithm to reduce false positives. Specific attention was given to Gene Ontology (GO)
terms, with significant enrichment set at an adjusted p-value threshold of 0.05.

3. Results

After hierarchical clustering of the normalized data of the 24 samples (2 replicates per sample),
two groups were highlighted according to their gene expression profile. Based on this, a SAM
analysis was performed on the normalized data using Pearson correlation and 10,000 permutations,
with the FDR set to 1% and a fold change of 2. The two groups identified by the initial unsupervised
hierarchical clustering were confirmed, characterized by the differential expression of 4045 genes
(Figure 1). These two clearly defined subgroups did not correspond to the GC versus non-GC
transcriptomic subgroups, except for the expression of the BCL2 and BCL7a genes. Among the most
significant differences, the BCL2 gene was over-expressed in patients’ group II, while BCL7a was
over-expressed in patients’ group L. In contrast with the transcriptomic classification of non-HIV
related DLBCL, we failed to identify differential functional annotations specific to one subgroup. We
were not able to define differential prognosis between the two groups due to the small number of
samples analyzed. Functional annotation has enabled us to identify very general signaling pathways
that are not directly related to pathology. The several signaling pathways identified are summarized
in Tables 1 and 2. Our findings indicate that HIV-related DLBCLs exhibit a distinct transcriptomic
profile compared to HIV-negative DLBCLs. This distinct profile could be mainly attributed to the
different microenvironment, cytokine profiles, and immune responses in these different lymphoma
populations. The overexpression of BCL2 and BCL7a aligns with the notion that these genes play a
critical role in the pathogenesis of HIV-related lymphomas. The lack of clear GC versus ABC subtype
differentiation suggests that the underlying biology of HIV-associated DLBCL may involve unique
pathogenic mechanisms not present in immunocompetent individuals.
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Figure 1. Expression profile of diffuse large-cell B lymphomas associated with HIV infection. Under-
expressed genes are represented in green, over-expressed genes are in red. On the abscissa samples
are separated into two groups. On the ordinate are the probes that represent the differentially
expressed genes, these are separated into two clusters, i.e the Cluster I and Cluster II.
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Table 1. Cluster I functional annotation. Cluster I genes are under-expressed in patients” group I and
over-expressed in patients” group II. (MF: Molecular functions, BP: Biological Process).

Source Term Name Term ID Adjusted p value
GO:MF Protein binding G0:0005515 7,10E-22
GO:MF | Oxidoreduction-driven active transmembrane transporter activity G0:0015453 8,42E-03
GO:MF Interleukin-3 receptor activity G0:0004912 2,89E-02
GO:MF NADH dehydrogenase activity G0:0003954 4,02E-02
GO:MF Cell adhesion molecule binding G0:0050839 4,02E-02
GO:MF SH3 domain binding G0:0017124 4,68E-02
GO:BP Regulation of nitrogen compound metabolic process G0:0051171 2,17E-09
GO:BP Cell death G0:0008219 5,93E-09
GO:BP Cellular response to stress G0:0033554 5,07E-07
GO:BP Regulation of cell population proliferation G0:0042127 1,88E-05
GO:BP Immune system development G0:0002520 2,90E-05
GO:BP Mitochondrion organization G0:0007005 3,26E-05
GO:BP Cell population proliferation G0:0008283 3,70E-05
GO:BP ATP synthesis coupled electron transport G0:0042773 4,13E-05
GO:BP Hemopoiesis G0:0030097 4,16E-05
GO:BP Hematopoietic or lymphoid organ development G0:0048534 5,76E-05
GO:BP Regulation of cell communication G0:0010646 5,99E-05
GO:BP Regulation of myeloid cell differentiation G0:0045637 1,89E-04
GO:BP Positive regulation of cell population proliferation G0:0008284 2,23E-04

Table 2. Cluster II functional annotation. The cluster II genes are over-expressed genes in patients’
group I and under-expressed in patients” group II. (MF: Molecular functions, BP: Biological Process).

Source Term Name Term ID Adjusted p value
GO:MF Protein binding G0:0005515 2,86E-14
GO:BP Response to stimulus G0:0050896 2,15E-05
GO:BP Cell differentiation G0:0030154 1,87E-04
GO:BP Multicellular organism development G0:0007275 3,15E-04
GO:BP Cell communication G0:0007154 9,60E-04
GO:BP Cell-cell signaling G0:0007267 3,57E-03
GO:BP Tumor necrosis factor superfamily cytokine production | GO:0071706 1,15E-02
GO:BP Cell morphogenesis G0:0000902 2,01E-02
GO:BP Cell surface receptor signaling pathway G0:0007166 2,91E-02
GO:BP Positive regulation of dendritic cell cytokine production | GO:0002732 3,06E-02
GO:BP Cell migration G0:0016477 3,20E-02

For example, the signaling pathway “immune system development” identified in the cluster I
functional annotation is under-expressed in patients’ group I and over- represented in patients’ group
II. This pathway includes significative genes such as STAT1, BATF, IRF7, HLA-E and IL4-R, thus
differentially expressed between the patients’ groups. STAT1 is a key transcription factor involved in
interferon signaling pathways, crucial for antiviral responses and tumor surveillance. Dysregulation
of STAT1 has been associated with immune evasion mechanisms in various lymphomas, including
diffuse large B-cell lymphoma [27]. Other pivotal genes of the immune responses have also been

identified. BATF is an important transcription factor that drives the differentiation of T cells and B
cells. It is essential for the development of follicular helper T cells, which support antibody responses.
BATF mutations or dysregulation can affect immune cell function and are implicated in
lymphomagenesis [28]. IRF7 is a transcription factor that regulates the production of type I
interferons, critical for antiviral immunity and immune surveillance against tumors. It has been
linked to immune evasion in lymphomas due to its role in regulating innate immunity [29]. HLA-E
is involved in immune recognition and modulation, particularly through interactions with NK cells.
Overexpression of HLA-E contributes to immune escape in lymphomas by inhibiting NK cell-
mediated cytotoxicity [30]. IRF8 is another transcription factor implicated in the differentiation of
myeloid cells and B cells. Its dysregulation has been associated with certain subtypes of lymphoma,
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particularly those affecting B cell maturation [31]. IL4R encodes the receptor for interleukin-4, a
cytokine that promotes B cell proliferation and survival. Aberrant signaling through IL4R has been
linked to the development of B cell lymphomas [32].

4. Discussion

Diffuse large B-cell lymphoma represents a heterogeneous group of aggressive lymphoid
malignancies characterized by diverse genetic alterations and distinct clinical behaviors. Among the
differentially expressed genes, we identified TP53, BCL2 and BCL7A. These pivotal genes implicated
in the pathogenesis of DLBCL stand out for their significant roles in tumor development and
progression.

The TP53 gene is over-expressed in patients’ group I, this gene is a crucial tumor suppressor
gene known for its role in maintaining genomic stability by regulating the cell cycle and initiating
apoptosis in response to DNA damage [33]. Mutations in TP53 are frequently observed in DLBCL,
leading to a loss of function that allows neoplastic cells to escape apoptosis. This dysfunction
contributes not only to the survival of genetically unstable cells but also to the accumulation of further
genetic aberrations, which can drive tumorigenesis The correlation between TP53 mutations and poor
prognosis in DLBCL emphasizes the need for targeted therapies aimed at restoring p53 function or
mimicking its pro-apoptotic effects [34].

The BCL2 gene, a master regulator of apoptosis, is often found to be overexpressed in DLBCL
and is more particularly over-expressed in patients” group II. The dysregulation of BCL2 expression
enables cancer cells to evade programmed cell death, a hallmark of many malignancies. The
overexpression of BCL2 can occur through various mechanisms, including chromosomal
translocations, such as t(14;18), which juxtaposes the BCL2 gene to the immunoglobulin locus. This
aberrant expression is associated with a poor prognosis in DLBCL patients, as it contributes to the
aggressive nature of the disease. Therapeutic strategies targeting BCL2, such as BH3 mimetics, have
shown promise in preclinical and clinical settings, suggesting that modulation of apoptosis pathways
could be a viable approach for treating DLBCL despite various escape mechanisms [35]. Previous
studies have demonstrated the pivotal role of the immune microenvironment in influencing
lymphoma behavior [36]. The presence of HIV alters the lymph node microenvironment significantly,
leading to chronic B-cell activation and an increased risk of lymphomagenesis [37]. The high degree
of gene expression dysregulation observed in our study is consistent with the known impact of HIV
on B-cell proliferation and oncogene activation [38].

The BCL7A gene is over-expressed in patients’ group I. This gene was initially identified as part
of the t(8;14) translocation in Burkitt lymphoma and plays a significant role in the pathogenesis of
DLBCL. Its product is involved in chromatin remodeling, influencing transcription regulation, which
is critical for maintaining normal B-cell function. Mutations or dysregulation of BCL7A have been
associated with alterations in the B-cell receptor (BCR) signaling pathway, a key driver in the
oncogenesis of DLBCL [39]. In the context of HIV-associated DLBCL, BCL7A may have a more
prominent role. HIV infection leads to chronic immune activation and an increased likelihood of
genetic instability in B-cells. This environment may promote mutations in BCL7A, exacerbating its
oncogenic potential. HIV-positive patients with DLBCL often present with more aggressive disease,
and the dysregulation of genes involved in chromatin remodeling, such as BCL7A, could contribute
to this phenotype [40]. Studies have shown that BCL7A mutations are more frequent in HIV-positive
DLBCL compared to non-HIV-associated cases, suggesting that this gene may act as a crucial link
between the immunodeficiency state and lymphomagenesis.

5. Conclusions

Preliminary results may indicate that HIV-related DLBCLs have a clearly distinct transcriptomic
profile compared to HIV-negative lymphomas. This difference could be mainly related to the distinct
microenvironment, cytokine profiles, and immune responses in these populations. Although we
were unable to define differential prognostic groups, the identification of unique gene expression
patterns in HIV-related DLBCL provides a foundation for future research into targeted therapies and
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personalized medicine. Further studies are warranted to explore the potential of transcriptionally
guided therapeutic approaches in improving outcomes for patients with HIV-associated lymphomas.
Future research should aim to expand the sample size and include comprehensive clinical data to
validate the prognostic significance of the identified subgroups. Additionally, integrating multi-
omics approaches, including proteomics and metabolomics, could offer deeper insights into the
molecular underpinnings of HIV-related DLBCL. Investigating the role of the tumor
microenvironment and immune landscape in modulating gene expression and lymphoma
progression will also be crucial. Ultimately, our goal is to translate these findings into clinical practice,
developing personalized treatment strategies that leverage the unique molecular characteristics of
HIV-associated lymphomas.
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