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Abstract  

Soluble molecules play an important role in communication between 
cells. They can manipulate the immune response, as well as signaling 
pathways. Therefore, the investigating the secretome of cancer cells is a 
good way to unravel potential pathogenetic mechanisms involved in the 
development of malignant lymphoma. We collected the supernatants of 
follicular lymphoma (FL, n=2) as well as germinal center B cell derived 
large cell lymphoma (GCB-DLBCL, n=4) and activated B cell large cell 
lymphoma (ABC-DLBCL, n=2) cell lines and analyzed them with LC-
MS/MS. 1,317 (45%) of all proteins identified in the supernatant were 
known to be secreted and 6% of those were secreted via the classical 
pathway. Of the 1,317 secreted proteins, 51% were detected in FL, GCB-
DLBCL and ABC-DLBCL. Comparison of the 3 lymphoma subtypes 
revealed that ABC-DLBCL is different from the other two, with the 
highest percentage (19%) of unique secreted proteins. Comparison of the 
secretome profiles with those of classical Hodgkin lymphoma (cHL) and 
nodular lymphocyte predominant Hodgkin lymphoma (NLPHL), 
revealed that 7% of the secreted proteins are shared between all five 
lymphoma types. The secretome of cHL displayed the highest proportion 
of unique proteins followed by the secretome of ABC-DLBCL. Analysis 
of the transcript levels of the secreted proteins in NHL compared to 
germinal center B cells (GC-B) revealed 302 differentially expressed 
secreted proteins with change of more than two fold difference in 
expression. Of these 302 proteins, 191 (63%) were upregulated. Gene 
ontology analysis indicated functions of those proteins were including 
metabolism (31.8%), signal transduction (8%), immune response (5.6%), 
transcription (5%), cell cycle (5%), apoptosis (4%), cell motility (3%) and 
angiogenesis (1%). Among the elevated proteins involved in immune 
responses, CD70 and MIF are proteins likely to be involved in the 
crosstalk between tumor cells and the microenvironment. 
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Introduction 

Diffuse large B cell lymphoma (DLBCL) is the most common form of B 
cell lymphoma with an incidence of 25-30%. It is an aggressive non-
Hodgkin lymphoma (NHL) subtype with a five year survival of 
approximately 60%. Follicular lymphoma (FL) is an indolent NHL 
subtype1, but in approximately one third of FL patients a transformation 
to a more aggressive lymphoma subtype occurs within ten years. The 
most commonly observed transformation is into DLBCL2.  

DLBCL is a heterogeneous group of B cell lymphoma, of which a large 
proportion is referred to as DLBCL not otherwise classified (NOS). Gene 
expression profiling studies of both primary and transformed DLBCL 
revealed two distinct entities, i.e. germinal center (GCB) derived and 
non-GCB or activated B cell (ABC) derived DLBCL, of which ABC type 
DLBCL has the worst prognosis3. 

In the past decade it has become evident that the microenvironment of 
the tumor cells plays a crucial role in the disease pathogenesis. Tumor 
infiltrating cells can recognize the tumor cells and trigger an anti-tumor 
immune response4, but these infiltrating cells also can suppress the 
immune system and support growth of the neoplastic cells5,6. The cross 
talk between the tumor cells and the infiltrating cells is crucial for the 
balance between these two opposite effects and is therefore considered a 
main player in the disease.  

An attractive approach to study the tumor cell initiated interaction with 
the microenvironment is to analyze the secretome of the tumor cells. The 
secretome encompasses all secreted proteins of living cells7. These 
proteins are released in three ways: classical secretion, non-classical 
secretion and membrane shedding7. Proteins with a predicted signal 
peptide are considered secreted proteins via the classical (endoplasmic 
reticulum/golgi dependent) pathway, for non-classical secretion the 
mechanisms are only partially known, and membrane shedding occurs 
by proteolytic enzymes such as metalloproteases. The secretome 
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facilitates the intercellular communication between neoplastic cells and 
infiltrating cells and has been shown to play a role in tumor homeostasis, 
tumor invasion, tumor progression, immune response, occurrence of 
inflammation, and electrolyte and metabolite transportation7,8.  

In Hodgkin lymphoma (HL), we have previously analyzed the secretome 
of cell lines resulting in the identification of several proteins relevant to 
HL pathogenesis. The majority of the secreted immune response proteins 
were shown to be present in tumor cells of primary HL cases as well as in 
serum samples of HL patients9. So, these proteins could potentially be 
used as circulating disease biomarkers. In this study, we aimed to 
identify proteins relevant for the cross talk between tumor cells and the 
microenvironment as well as identify putative novel biomarkers. We 
established the secretome of eight NHL cells lines, including two FL, four 
GCB and two ABC-DLBCL cell lines. In addition, we performed gene 
expression profiling to determine which of the secreted proteins are also 
differentially expressed in comparison to normal germinal center B cells. 

 

Material and Methods 

Cell lines 

We used eight cell lines (purchased from DSMZ, Germany) for the 
secretome and gene expression profiling analysis: DOHH2, SUDHL4 
(both FL), Karpas422, SUDHL5, SUDHL6, SUDHL10 (all GCB-DLBCL), 
OCILY3, U2932 (both ABC-DLBCL). All cell lines were tested negative 
for mycoplasma and were free from infections. The cell lines were 
cultured in RPMI 1640 supplemented with penicillin/streptomycin and 
10% FCS (DOHH2, SUDHL4, Karpas422, OCILY3, U2932) or 20% FCS 
(SUDHL5, SUDHL6, SUDHL10). Germinal center B cells were sorted 
from fresh tonsils obtained from routine tonsillectomy as reported 
previously10. 
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Protein preparation 

Cells were washed three times with RPMI without FCS to remove serum 
proteins and seeded at 0.2 x106 cell/ml in RPMI without FCS at 37°C, 5% 
CO2. Cell culture supernatants were harvested after 48 hours by filtration 
with an 0.2µm syringe filter  and concentrated using the Vivaspin® 2 
Centrifugal Concentrator (Sartorius Stedim Biotech GmbH, Goettingen, 
Germany) from 30ml to 30µl. Samples (12.5µl) were heated in loading 
buffer for 5 minutes at 100°C and run by SDS-PAGE for 1.5 hours at 
110V. Each lane was divided into 15 pieces and washed twice in 400µl 
MilliQ for 15 minutes and twice with 50% Acetonitrile. Preparation for 
LC-MS/MS was performed according to Ma9 and the samples were 
analyzed on the Orbitrap LC-MS (Thermo Fisher Scientific, Waltham 
MA, USA) 

 

Data analysis and identification of secreted proteins 

Protein identification was done by ProID 1.1 (Applied Biosystems) as 
described by Alvarez-Llamas et al11. The Uniprot database was used to 
convert accession numbers to protein sequence to determine the amino 
acid length of the proteins12. SecretomeP was used to predict classical 
and non-classical secreted proteins13. Proteins longer than 4,000 amino 
acids (16 proteins) were analyzed with overlapping fragments in 
SecretomeP. Proteins with a NN-score >0.5 were predicted as secreted. If 
a signal peptide was predicted by SignalP the protein was classified as 
secreted via the classical pathway. If no signal peptide was predicted by 
SignalP the protein was classified as secreted via the non-classical 
pathway.  

We compared the secretome data of the three NHL subtypes using Venn 
diagram tool (HTTPS:// bioinformatics.psb.ugent.be/webtools/Venn/). 
The overlap was determined based on presence of a protein in at least 
one of the cell lines of the respective NHL subtypes, i.e. FL, GCB-DLBCL 

3  
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and ABC-DLBCL. In addition, we compared the secretome of the NHL 
cell lines to our previously published secretome list of classical Hodgkin 
lymphoma (cHL) (L428, L1236 and KM-H2) and nodular lymphocyte 
predominant Hodgkin lymphoma (NLP HL) (DEV) cell lines9. 

 

Gene expression profiling 

All NHL cell lines and GC-B samples were labeled and hybridized 
following the manufacturer’s instructions (Agilent Technologies, Santa 
Clara, CA, USA). Briefly, 25-40ng total RNA was used for labeling with 
the dual-color Low Input Quick Amp Labeling Kit with Cyanine 3 and 5 
CTP Dye Packs (Agilent Technologies, Santa Clara, CA, USA). The 
purification of labeled cRNA was performed with the RNeasy Mini Kit 
(Qiagen), and the hybridization was done using the Gene Expression 
Hybridization Kit (Agilent Technologies). Samples were hybridized on 2 
versions of a custom designed microarray based on the Sureprint G3 
8x60K array format that both contained the same probes for all protein-
coding genes (30,094 probes) derived from AMADID #028004 (Agilent 
Technologies, Santa Clara, CA, USA). GC-B cells were hybridized on a 
previously published custom design14 and the NHL cell lines were 
hybridized using an unpublished version of a custom design. Arrays 
were scanned with the Agilent DNA Microarray Scanner using Agilent 
Feature Extraction software version 10.7.3.1. The protein coding probes 
overlapping both arrays were selected and loaded into GeneSpring GX 
12.5 software (Agilent Technologies) and quantile normalized without 
baseline transformation. Probe sets were filtered with the criterion that at 
least 60% of the samples in at least 1 out of 4 conditions have expression 
values above the background. One-way ANOVA using Welch’s 
correction was applied to determine significantly differentially expressed 
probes between GC-B cells and each of the three NHL subgroups. In 
addition, we applied a 2-fold difference criterion. The probes showing an 
at least 2-fold significant difference in gene expression level were 
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overlayed with the secretome protein list including all proteins present in 
at least one of three NHL subtype.  

 

Gene ontology assignment 

DAVID was used to determine gene ontology of the secreted proteins15,16. 
We focused on gene ontology groups linked to the microenvironment 
and cancer, i.e. immune response, angiogenesis, signaling, apoptosis, 
motility, metabolism, transcription, and cell cycle. 

  

Results 

Secretome analysis of the three non-Hodgkin lymphoma subtypes 

The number of proteins detected by LC-MS in the supernatant of the cell 
lines ranged from 1,363 in SUDHL5 to 2,221 in U2932 (Fig. 1). The total 
number of unique proteins in the 8 NHL cell lines was 2,919. SecretomeP 
analysis indicated that 1,317 of the proteins were secreted (45%), of 
which 170 were secreted via the classical pathway based on the presence 
of a signal peptide by SignalP. The percentage of proteins secreted by the 
classical and non-classical pathway was also quite consistent for the eight 
cell lines (Fig. 1). 

 

3 



Chapter 3 

74 | P a g e  

Figure 1: Overview of the secretome analysis for the eight NHL cell lines. The 
lymphoma subtype is given for each of the cell lines below the graph. In the 
graph we show the total number of proteins identified per cell line. The number 
of proteins that are secreted via the classically and non-classically pathways 
according to SecretomeP and SignalP are indicated. 
 

Comparison of the three lymphoma subtypes revealed an overlap of 670 
out of the 1,317 secreted proteins (51%). The percentage of proteins that 
were only identified in one of the three NHL subtypes was 65 (8%) for 
FL, 98 (10%) for GCB-DLBCL and 200 (19%) for ABC-DLBCL (Table 1, 
Fig. 2A). This analysis shows that the secreted protein profile of ABC-
DLBCL contains more unique proteins in comparison to FL and GCB-
DLBCL. 

Table 1. Comparison of the secretome of three NHL subtypes 

Lymphoma subtype Total secreted 
proteins (N) 

Unique proteins N 
(%) 

FL 851 65 (8%) 
GCB 1017 98 (10%) 
ABC 1073 200 (19%) 

FL: follicular lymphoma 
GCB: germinal center B cell like diffuse large B cell lymphoma 
ABC: activated B cell like diffuse large B cell lymphoma 

 
We next compared the secretome of the three NHL subtypes to the 
previously reported secretome of the cHL cell lines (336 proteins) and to 
the secretome of the NLP HL cell line (168 proteins). The total number of 
secreted proteins in the 5 lymphoma subgroups was 1,432. Of these, 101 
proteins (7%) were found in all five lymphoma types (Fig. 2B). The 
number of unique proteins was 61 (7%) for FL, 91 (9%) for GCB-DLBCL, 
197 (18%) for ABC-DLBCL, 79 (24%) for cHL and 8 (7%) for NLPHL 
(Table 2). This shows that both ABC-DLBCL and cHL have a higher 
percentage of unique proteins compared to FL, GCB-DLBCL and NLP 
HL. 
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Figure 2: Venn diagram of the secreted proteins in different lymphoma 
subtypes. (A): Venn diagram of the secreted proteins in NHL showing a relative 
high number of shared proteins. The total number of unique secreted proteins 
was 1,317, with a relative low number of FL (65 out of 851) and GCB-DLBCL (98 
out of 1,017) specific proteins in comparison to ABC-DLBCL (200 out of 1,073) 
cell lines. (B): Venn diagram of the secreted proteins in NHL and HL cell lines, 
showing a limited overlap of only 101 proteins. The total number of unique 
proteins was 1,432. 
 

Table 2. Comparison of secretome of NHL with HL 
Lymphoma Total Unique (%) 

FL 851 61 (7%) 
GCB 1017 91 (9%) 
ABC 1073 197 (18%) 
cHL 336 79 (24%) 

NLPHL 168 8 (7%) 
FL: follicular lymphoma 
GCB: germinal center B cell like diffuse large B cell lymphoma 
ABC: activated B cell like diffuse large B cell lymphoma 
cHL:  classical Hodgkin lymphoma 

NLPHL:  nodular lymphocyte predominant Hodgkin lymphoma 
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Figure 3: Heatmaps of the unsupervised hierarchical clustering of the 2 fold 
differentially expressed and secreted genes for all three lymphoma subtypes. 
(A): Heatmap of FL including 217 genes, with 66% of the genes being 
upregulated (B): Heatmap of the GCB-DLBCL, 62% of the 197 genes being 
upregulated and (C): Heatmap of the ABC-DLBCL with 61% of the 234 
differentially expressed genes being upregulated. 

 

Table 3. Genes differentially expressed compared to GC B cells and the 
overlap with the secreted proteins per lymphoma subtype 

 FL GCB-
DLBCL 

ABC-
DLBCL Total 

ANOVA and 2-fold 2,417 2,138 2,583 3,520 
Overlap with secretome 217 197 234 529 

 

Gene expression profile of secreted proteins 

To determine if the NHL secreted proteins are differentially expressed in 
comparison to GC-B cells we performed a gene expression profiling 
study. This revealed a total of 3,520 differentially expressed genes 
(ANOVA and 2-fold change), of which 302 were detected also in the 
secretome (Table 3). Unsupervised hierarchical clustering of the secreted 
differentially expressed genes per subtype comparison revealed a clear 
separation for all three NHL subtypes in comparison to the normal GC-B 
cells (Fig 3 and Supplementary Table S1.). The majority of the 
differentially expressed and secreted proteins were found to be 
upregulated in comparison to normal GC-B cells, i.e. 191 out of 302 genes 
(63%), including 144 in FL, 123 in GCB-DLBCL and 144 in ABC-DLBCL. 

Gene ontology analysis of the secreted and differentially expressed proteins 

The 191 secreted proteins upregulated in at least one of the three NHL 
subgroups in comparison to GC-B cells were grouped according to gene 
ontology. Of the 191 proteins, 160 had known gene ontology in DAVID. 
The largest gene ontology group included 51 proteins related to cell 
metabolism (31.8%) (Fig. 4). The other gene ontologies comprised a low 
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number of proteins with 13 in signal transduction (8%), 9 in immune 
response (5.6%), 8 in transcription (5%), 8 in cell cycle (5%), 6 in apoptosis 
(4%), 5 in motility (3%) and 2 in angiogenesis (1%). The upregulated 
proteins involved in immune response are C1QBP, CD70, CTSC, MIF, 
PNP, RPS19, SAAL1, SBDS and Serpina1 (Table 4). C1QBP, MIF and PNP 
were upregulated in all three NHL subtypes, whereas Cathepsin C, SBDS 
and Serpina 1 showed increased levels in two of the three NHL subtypes 
as determined by gene expression profiling. In the proteomics results, 
C1QBP, MIF, PNP, RPS19, SAAL1 and SBDS were found in all subtypes, 
and CTSC was found in 2 subtypes. 

 
Figure 4: Distribution of the most commonly observed gene ontologies among 
the upregulated and secreted proteins. For 160 of the 191 upregulated proteins 
known gene ontology could be detected by DAVID: metabolism (51), immune 
response (9), transcription (8), cell cycle (8), apoptosis (6), motility (5), and 
angiogenesis (2). 
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Table 4. List of the nine secreted immune response proteins 
upregulated in NHL and presence in proteomics analysis 

Gene 
symbol Gene name 

Gene 
expression Proteomics 

FL GCB ABC FL GCB ABC 

C1QBP 

complement 
component 1, q 
subcomponent 
binding protein 

X X X X X X 

CD70 CD70 molecule, 
CD27 ligand - - X - - X 

CTSC cathepsin C X - X - X X 

MIF 
macrophage 

migration 
inhibitory factor 

X X X X X X 

PNP nucleoside 
phosphorylase X X X X X X 

RPS19 ribosomal 
protein S19 - - X X X X 

SAAL1 
Serpina 

1 

serum amyloid 
A-like 1 - X - X X X 

serpin peptidase 
inhibitor, 
member 1 

- X X X - - 

 

Discussion 

This study on the secretome of NHL cell lines revealed a substantial 
number of secreted proteins. A large number of the proteins were 
predicted to be secreted by Secretome P (45%). In our previous study on 
the secretome of HL the percentage of secreted proteins was 
approximately 30%.  

Grouping of the NHL cell lines based on lymphoma subtype, indicated a 
much higher percentage of unique proteins in ABC-DLBCL (19%). This 
might be related to the proposed post-germinal center origin of this 
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lymphoma subtype in comparison to the germinal center B cell origin of 
the 

other two lymphoma subtypes (8% and 10%). This pattern was also 
observed upon combination of the NHL secretome data to our previously 
published HL secretome data. Despite the germinal center B cell origin17, 
cHL also showed a high percentage of unique proteins (24%). This might 
be driven by the loss of B cell phenotype. In NLP HL, the percentage of 
unique proteins was low (7%) similar to FL and GCB-DLBCL (7% and 
9%). This is consistent with the B cell phenotype of the tumor cells in 
NLP HL, which is much more pronounced than that of the tumor cells in 
cHL. The consistent low percentage of unique proteins in FL, GCB-
DLBCL and NLP HL might thus reflect a common cell of origin, namely 
the germinal center B cell. As a consequence of the characteristic patterns 
of both ABC-DLBCL and cHL, only 7% of the secreted proteins were 
found to be common between all lymphoma subtypes.  

To allow a further selection of the most interesting secreted proteins, we 
performed gene expression profiling. This revealed that the majority of 
the secreted proteins were upregulated at the mRNA level in the 
lymphoma cell lines as compared to normal GC-B cells. Metabolism was  

the most common gene ontology with 51 proteins, while 9 proteins were 
related to immune response. For seven of these proteins a clear link with 
the cross talk between tumor cells and the microenvironment is not 
directly obvious. RPS19, SBDS and SAAL1 have not been linked with 
cancer and the microenvironment and their potential roles remain 
unknown. The protease CTSC was found in the secretome of cHL and its 
expression was confirmed in tumor cells in 9 out of 11 cHL tissue 
samples. CTSC has been proposed to play a role in carcinogenesis, via 
degradation of extracellular matrix components as well as adhesion 
molecules and promoting angiogenesis, however the role in NHL is not 
known yet18,19. C1QBP is a receptor of complement factor C1q and was 
found to be released from activated Raji cells20,21. In cancer cell lines 
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C1QBP is expressed and plays a role in proliferation, migration and 
protection from apoptosis22. Serpina 1 or α1-antitrypsin was reported to 
be overexpressed in ALK+ anaplastic large cell lymphoma23,24. High 
serum levels have been associated with bad prognosis in multiple 
myeloma25. In HL expression of Serpina 1 has been described in the 
tumor cells, but its role remains unclear26. Expression of PNP, purine 
nucleoside phosphorylase, is already high in B lymphocytes, whereas we 
saw a significant upregulation of this gene in comparison to GC-B cells. 
In CLL, PNP levels are lower than in normal B cells, whereas hairy cell 
leukemia have higher levels than normal B cells27. An inhibitor of PNP, 
forodesine has been tested in phase I/II studies in fludarabine resistant 
B-CLL patients, but no significant clinical responses were seen28. 

The remaining two proteins are potentially relevant for the cross talk 
between tumor cells of NHL and the microenvironment, i.e. CD70 and 
MIF. CD70 is a costimulatory molecule and the receptor for CD27, CD70 
and CD27 are part of the tumor necrosis factor receptor superfamily. 
CD70 is expressed in 30% of the FL and 70% of the DLBCL cases29. CD70 
expression on NHL B cells induces expression of FoxP3 in CD4+CD25- 
infiltrating T cells30. We found secreted CD70 in ABC-DLBCL cell line 
U2932, as well as differential expression in ABC-DLBCL compared to 
GC-B cells. So expression and secretion of CD70 by the tumor cells of 
ABC-DLBCL may induce a suppressive environment and be part of an 
active immune escape mechanism.  

MIF was also found in the secretome of HL cell lines and its expression 
was confirmed in the tumor cells of cHL in 11 of 11 cases9. Moreover, a 
significantly higher MIF plasma level was observed in HL patients 
compared to controls, and MIF levels were significantly reduced after 
completion of treatment. MIF is an inhibitor of the cytotoxic T cell (CTL) 
response and production of MIF by lymphomas can protect them from 
killing by CTLs. Since more aggressive lymphomas tend to contain more 
CD8+ T cells, enhanced MIF expression might be favorable for tumor cell 
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survival especially in the aggressive type, ABC-DLBCL. In the Eµ-Myc 
lymphoma mouse model, loss of MIF expression delayed the onset of 
lymphoma, this might potentially be caused by a more effective immune 
response which delays development of Myc-driven B cell lymphoma31. 
Based on these findings, it might be interesting to determine the MIF 
levels in primary tissue and serum samples of DLBCL cases including 
Myc translocation positive cases. We found MIF in the secretome of all 
cell lines and observed increased levels in all NHL subtypes. Thus the 
role of MIF in FL lymphoma and DLBCL deserves further investigation. 

Novel tissue or circulating biomarkers relevant for prognosis and 
evaluation of treatment response are required to optimize treatment 
decisions for DLBCL-NOS patients. Follow-up studies on the secreted 
proteins identified in this study might potentially result in identification 
of new biomarkers that can aid in an improved risk classification of this 
heterogeneous lymphoma subgroup. Two of the immune response 
associated markers, i.e. MIF and CD70, present attractive markers to 
study in more detail. 
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Supplmentary Table S1. Differentially expressed gene list of the NHL 
secretome  

GC-B vs FL 
Upregulated 

GC-B vs GCB-DLBCL 
Upregulated 

GC-B vs ABC-DLBCL 
Upregulated 

QPRT QPRT CD70 
CTH CTH ACTA1 

HMGCS1 UCK2 QPRT 
BCAT1 HEXB BCL2 
CTSZ HMGCS1 SPR 

ENDOG C20orf27 CTSC 
PSMG4 PLOD1 CTSZ 
CTSC PPIF BCAT1 
SCLY ENDOG MINA 

COCH CTSZ UCK2 
UCK2 PRDX4 TUBB4A 
NLE1 TRAP1 CTH 

GRWD1 TTLL12 TTLL12 
NOMO1 COCH TRAP1 

FAM136A BCAT1 C20orf27 
PSMB5 SLC1A5 LMAN1 
SLC1A5 MINA SCLY 
METTL1 AHCY NLE1 

PPIF SCLY AHCY 
PTGES2 SNX12 HMGCS1 
SLC7A5 SLC3A2 HEXB 
MINA PTGES2 TRIP13 
PRDX4 METTL1 ACAT1 

SRM ISOC2 LDHA 
HEXB PSMG1 C1QBP 

TTLL12 GRPEL1 SRM 
ACAT1 PGAM5 MIF 
ISOC2 HRSP12 PSMG1 
PSMG1 CECR5 GRPEL1 
SNX12 TPI1 SDHA 
PPM1F ACAT1 HEATR2 
RHEB GNPNAT1 ENO1 
MVK LDHA PRDX4 
RNF7 ENO1 PGAM5 
GSR MIF KPTN 

UNC119B GSR PPIF 
OGDH UBL4A SOD2 
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PGAM5 XPO6 C8orf33 
HIBADH RAB5C MDH2 

HSPE1 DIMT1 HRSP12 
GYG1 DDX21 SOD1 
TCP1 NPC2 PSMG3 

GRPEL1 NOP2 HIBADH 
HRSP12 SAAL1 NAE1 
C20orf27 RAP2B GPN3 
AHCY PUS1 FAM136A 

GNPNAT1 DNATC2 RCC1 
LMAN1 FBL HN1L 
UTP15 NMD3 UTP15 
GCSH FDPS SERPINA1 
C1QBP NHP2 RAE1 
PPME1 APEH APOA1BP 
SEC24A POLR1C ATP6V1F 

PNP GMDS GNS 
WDR12 BYSL TRMT61A 

FDPS LRRC20 LDHB 
CLPP MVK TPD52L2 
CCT8 PNP KEAP1 
IPO7 ACLY P4HB 

PDXK IPO7 ECI1 
CARM1 C1QBP DLAT 
GALK1 PPME1 RPS2 
NMP3 SLC7A5 BAX 
RPL36 HEATR2 PPP1R14B 
SEH1L RCC1 DIMT1 
SOD1 HSPE1 APEX1 
MT1X SOD1 CARM1 
ACLY GYG1 POLR1C 
RAP2B UTP15 OLA1 

TOMM34 PSMB5 NOSIP 
TRIP13 SBDS EIF6 
ASAH1 NLE1 FAHD24 
ATP5B TRIP13 PPIH 

ATP6V1F HIBADH NPC2 
GPN3 CCT4 GSR 

UBL4A PSMG3 METTL2B 
DDX21 UAP1 DNAJC2 

GNS HN1L TH1L 
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PUS1 GRWD1 SUMF2 
SOD2 TRMT61A RPL36 

TRMT61A RFC3 PNP 
METTL2B SRM FBL 
MAT2A WDR12 CCT4 
C21orf33 SERPINA1 TAB1 
FMNL1 NAE1 MARS 
CALM SEH1L RANBP1 
DIP2B RPL36 LRRC20 
NOP2 GPN3 CLPP 

LRRC20 LDHB ISOC2 
UAP1 RNF7 APEH 

DNAJC2 OLA1 SEH1L 
GMDS CCT8 NIF3L1 

HEATR2 PPP1R14B GNPNAT1 
RCC1 TNPO3 ASAH1 

PSMG3 MDH2 PDCD5 
ENO1 SOD2 DTYMK 

SLC3A2 TMEM189 ATP5B 
MDH2 GCSH ATP5D 

TPD52L2 TOMM34 RPS19 
LDHA GGH ACP1 
PREP NOMO1 RPL35 
IPO5 FAM136A GALK1 

LDHB TPD52L2 CSNK2A1 
DIMT1 IMPA1 GMDS 

MIF CNBP GRWD1 
HN1L PDCD5 PUS1 
SBDS RPL35 GYG1 
NHP2 ANAPC1 TMEM189 

TMEM189 MARS NOMO1 
APEH KEAP1 SCRN2 

WBSCR22 NUP155 HSPE1 
APEX1 COPS6 UBL4A 

CLNS1A APOA1BP SLC7A5 
DLAT DCTPP1 UAP1 
EIF6 GNS ARL2 

CCT4 CSNK2A1 CECR5 
ETFA TH1L PSMB5 
NAE1 CALU TOMM34 
RPS2 DHPS SLC1A5 
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ANAPC1 METTL2B SLC3A2 
PPP1RI4B CLPP UNC119B 

KEAP1 C8orf33 ACLY 
ASF1A WBSCR22 DHPS 

TBC1D9B  IPO7 
EEF1B2  RNF7 
PDCD5  MVK 

MTHFD2  PTGES2 
SSBP1  METTL1 

TNPO3  WDR12 
FAHD2A  FDPS 

OLA1  EEF1B2 
POLR2D  ANAPC1 
PPP2R1B  MTHFD2 

FBL  IPO5 
AK2  NMD3 

RPL35  MAT2A 
ATP5D  EIF2D 
RPP14  CLNS1A 

METTL16  CNBP 
TUFM  TBC1D9B 
UBFD1  RPS5 
NUP205  UBFD1 

XPO6  XPO6 
GC-B vs FL 

Downregulated 
GC-B vs GCB-DLBCL 

Downregulated 
GC-B vs ABC-DLBCL 

Downregulated 
UBE2D1 UBE2D2 UBR1 
POLR1C RP2 HEATR5B 
PFDN6 OGT NFYC 
CDC42 COL4A3BP SH3BGRL3 

C17orf49 FAM107B SH3BGRL 
AP1G2 CDC42 CFL1 
SRP19 H3F3A UBE2D1 
RHOA BRK1 CDC42 

PTP4A2 TUBB4B PGGT1B 
ARF6 TPT1 PFDN6 

NUBP1 PPP2R5C TUBB4B 
BRK1 PDXK GABARAP 
HTT MYL6 CGGBP1 

CIRBP LAMTOR3 BRK1 
ARPC4 SUMO2 ARPC3 

3 



Chapter 3 

90 | P a g e  

OGT PFDN6 RAB4B 
LAMTOR3 ATP6V1G1 PIK3R1 

TTC9C PTP4A2 ATP6V1G1 
CNOT2 RBMX OSTF1 

TPP1 CIRBP COL4A3BP 
UGGT1 TTC9C LAMTOR3 

DNAJC10 HTT H3F3A 
PPP2R5C LNPEP FAM107B 
ARPC3 FLYWCH2 BUB3 
ACTG1 TRIM22 UBE2D2 

FAM107B SERPINA3 ATG7 
H3F3A SRP19 HMGN2 
CAPZB RBM3 SERF2 
RAB4B ARPC4 RP2 

SH3BGRL3 SH3BGRL GNA13 
HIST3H3 CAPZB TARDBP 

SERF2 RAB4B SRP9 
FOXP1 CAPN1 PTP4A2 
SUMO2 RAP1B PPP2R5C 
WDFY4 HERC4 ARFIP1 

ATP6V1G1 TPP1 RBM3 
HMGN2 LGALS3 PPP3CB 
RBMX SETD3 SETD3 
HERC4 DNAJC10 DNAJC10 
WDR26 ACTG1 LNPEP 
SYPL1 PRKAG1 CEP97 

MOB3A CNOT2 HERC4 
HLA-DPB1 FAM98B FAM98B 

CD74 GIT2 NHLRC2 
TMSB4X H2AFJ CNOT2 

SRP9 HIST1H3A CASP8 
MOB1B HIST3H3 ACTG1 

CORO1B CGGBP1 RBMX 
ANXA2 SERF2 ARPC4 

ST13 SRP9 CAPZB 
RAC2 ST6GAL1 FLYWCH2 

HIST1H3A WDFY4 CAPN1 
LGALS3 UGGT1 NUBP1 
LNPEP CD74 HIST3H3 

FAM98B MOB1B HIST1H3A 
GIT2 CBWD5 RAP1B 
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CGGBP1 ST13 SRP19 
ST6GAL1 RSU1 OGT 

ACP1 CORO1B SUMO2 
LUC7L3 PSMD10 MYL6 

HLA-DQB1 DYNLT1 TPT1 
NCK2 LUC7L3 UGGT1 

DYNLT1 HLA-DPB1 IMPA1 
HIST2H2BF KRBA2 UBE2D3 

PSMD10 GCLM RPS4X 
KRBA2 HLA-DQB1 MOB1B 
GCLM TRAF1 PLAA 
PSIP1 TMSB4X KRBA2 

BPNT1 PSIP1 GCLM 
LYSMD2 NCK2 CD74 

CBX3 HIST2H2BF TRIM22 
LTB ANXA2 HLA-DPB1 

 CBX3 GIT2 

 BPNT1 ST6GAL1 

  TTC9C 

  PSMD10 

  LUC7L3 

  TMSB4X 

  RSU1 

  ST13 

  CORO1B 

  SERPINA3 

  DYNLT1 

  PSIP1 

  HLA-DQB1 

  CBWD5 

  HIST2H2BF 

  ANXA2 

  BPNT1 

  ACY3 

  SERPINA9 
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