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Abstract

Background and aim: Chronic lymphocytic leukemia
(CLL) is a malignant disease of B-cells that is characterized
by variable prognosis. This study aims to search for novel
prognostic markers in CLL. Methods: Six publicly available
data sets of omics (proteomics and/or transcriptomics) that
were generated from CLL cells, normal B-cells and normal
peripheral blood mononuclear cell (PBMCs) were integrated
to perform a crude search for CLL-associated proteins. Next,
two publicly available data sets of CLL transcriptomics based
on two independent cohorts (130 and 107 CLL patients) with
available clinical information were utilized to assess the
relevance of the suggested CLL-associated proteins at the
level of transcription (mRNA) to CLL prognosis. Finally,
Pearson score (PS) was employed to conduct correlation
analyses of gene expression. Results: Sixty candidates were
suggested as CLL-associated proteins, from which 19 proteins
(32%) were previously implicated in cancer, and over-
represented CLL-related biological processes. Furthermore,
amongst the 60 proteins, nine (15%) had transcripts that
significantly predicted early therapy (p=0.0001 to 0.05) and/
or short survival in CLL patients (p = 0.0002 to 0.05). Four
of these markers showed a prognostic significance in the two
independent data sets of CLL transcriptomics, increasing
their validity as predictors of CLL prognosis. Finally, genes
of pathways known to contribute to the aggressiveness of
CLL were significantly correlated with FCRLA (PS = 0.50;
p < 0.00001), which is a currently reported marker of poor
prognosis. Conclusion: This study shows the usefulness
of integrating publicly available omics data sets to identify
potential biomarkers.

Key words: Leukemia, CLL; Prognostic Markers, Overall
Survival, Time of Therapy; Proteomics; Transcriptomics.
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Introduction

Chronic lymphocytic leukemia (CLL)
is a malignant disease that affects B-cells and
is characterized by lymphocytosis of mature-
looking B-cells (>5000 cells/pl) that accumu-
late in peripheral blood, lymph nodes, bone
marrow and the spleen 1. The cause of CLL
is still unknown, yet some hereditary factors
have been associated with the risk of develop-
ing CLL ™. While important advances in CLL
therapy have been accomplished, the current
treatment does not eradicate CLL but reduces
the disease burden and improves the overall
survival time of afflicted patients 1*.

CLL is a heterogeneous disease with
variable clinical outcomes. While some pa-
tients have an indolent form of CLL, others
exhibit an aggressive form of the disease with
an early need for therapy and short overall
survival time . Different prognostic markers
have been widely implemented to predict the
prognosis of CLL . For instance, deletions
in 11q and 17p; unmutated immunoglobu-
lin heavy variable genes (IGHV; UM-CLL);
and over-expression of CD38 and zeta-chain-
associated protein kinase 70 (ZAP-70) are
markers of poor prognosis °*I. In contrast, de-
letions in 13q and mutated IGHV (M-CLL);
and low-expression of CD38 and ZAP70 are
predictors of good prognosis [5-8]. Although
the above prognostic markers have been well
established and widely applied, providing an
accurate prognosis of CLL is still challenging
1. Therefore, the search for novel prognostic
markers that may improve the prognostica-

tion of the disease is needed.

Cancer-associated genes and/or proteins
can be a rich source to facilitate the search for
prognostic markers. In the context of CLL,
various molecules that are reported to possess
prognostic value for the disease exhibit pref-
erential expression in CLL cells as compared
with normal B-cells [4]. A typical example is
ZAP-70, which is not expressed in normal B-
cells but highly expressed in CLL cells from a
subset of patients who are characterized with
inferior prognosis ®l. In addition, apoptosis
regulator Bcl-2, which is an anti-apoptotic
protein, is significantly over-expressed in
CLL cells compared with normal B-cells and
predicts poor prognosis of the disease '’ In
contrast to normal B-cells, CLL cells express
elevated levels of C-X-C chemokine receptor
type 4 (CXCR4), which is a poor prognostic
marker in the disease !'!. Overall, these find-
ings indicate that the search for cancer-asso-
ciated genes and/or proteins can be an early
step to facilitate the identification of prognos-
tic markers.

The goal of the present study was to in-
tegrate proteomics and transcriptomics data
sets to identify novel prognostic markers in
CLL. As mentioned earlier, the search for
disease-associated proteins may facilitate the
discovery of prognostic markers. Consequent-
ly, this study integrated six publicly available
data sets of proteomics and transcriptomics
to conduct a crude search for CLL-associated
proteins. Next, two publicly available data
sets of CLL transcriptomics were used to
evaluate the prognostic value of the cognate

transcripts of the proposed CLL-associated
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proteins in CLL patients. Collectively, nine
transcripts were currently reported to signifi-
cantly predict the prognosis of CLL.
Methods
Proteomics data sets

Five proteomics data sets were used for
the crude search for CLL-associated proteins.
These data sets include three CLL proteomics
data sets ">l one proteomics data set of
normal B-cells ' and one proteomics data
set of normal PBMCs "I, The proteomics
data sets were selected because they were
generated from primary cells (i.e. clinical
CLL samples and normal cells from healthy
donors) using the bottom-up proteomics
approach and liquid chromatography coupled
with tandem mass spectrometry (LC-MS/
MS) workflow. Further details about the
five proteomics data sets are summarized
in Supplementary Table 1. The proteomics
data sets were obtained from the supporting
information of the corresponding studies '*61.
The data sets PXD001512-16 ' PXD001657
151 and PXD001415-23 " are also available
at the ProteomeXchange Consortium http://
proteomecentral .proteomexchange.org  via
the PRIDE partner repository https://www.
ebi.ac.uk/pride/archive/. To insure a proper
comparison between the proteomics data
sets, the protein identifiers (protein-specific
identifier) in the different data sets were
cross-referenced with the UniProt entry
2016_08) using the

retrieve/ID mapping tool http://www.uniprot.

identifiers (release:

org/uploadlists/ "

Transcriptomics data sets

For the analyses performed to crudely
search for CLL-associated proteins, a
transcriptomics data set of normal B-cells
(Series GEO accession number: GSE10325;
n= 6 samples) '8 was used. This data set
was selected because it was generated from
primary cells (normal B-cells of healthy
donors) using Affymetrix Human Genome
U133A Array. Additionally, two independent
data sets of CLL transcriptomics " ! were
used for the analyses aimed to assess the
impact of the suggested CLL-associated
proteins (at the level of transcription; mRNA)
on CLL prognosis. Three criteria led to the
selection of these two data sets. First, they
included prognostic information for the
individual patients whose samples were
studied; the data set GSE39671 ! contained
data regarding the time to first treatment
(TTFT), which measures the time between
diagnosis and initial therapy; and the data
set GSE22762 ™ included information about
the overall survival (OS), which indicates
the time between diagnosis and death.
Second, the two data sets were based on
two independent patients cohort consisting
of more than 100 patients each (GSE39671
= 130 patients, GSE22762 = 107 patients).
Third, both data sets were generated using
the same oligonucleotide microarray platform
(Affymetrix Human Genome U133 Plus 2.0
Array).

All the transcriptomics data sets were
obtained from Gene Expression Omnibus

(GEO) http://www.ncbi.nlm.nih.gov/geo/
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21 The DataSet SOFT files of the transcrip-
tomics data sets were downloaded from GEO.
Then, the ID references (probe IDs) of the
Affymetrix Human Genome U133A Array
and Affymetrix Human Genome U133 Plus
2.0 Array were cross-referenced with the
UniProt entry identifiers (release: 2016_08)
using g:Profiler http://biit.cs.ut.ee/gprofiler/
gconvert.cgi and the retrieve/ID mapping tool

http://www.uniprot.org/uploadlists/ ['7- 22

Integration of the data sets and statistical
analysis

The UniProt entry identifiers corre-
sponding to the proteomics and transcrip-
tomics data sets and Venn diagram tool http://
bioinfogp.cnb.csic.es/tools/venny_old/venny.
php ! were used for the integration analysis
that aimed to search for CLL-associated pro-
teins. The correlation analysis using Pearson
score was performed using Excel software.
Kaplan-Meier curves of TTFT and OS were
created using Prism Graphpad software;
p values and hazard ratios (HR) were calcu-
lated using the log rank test. The probabil-
ity scores of the pathway enrichment analy-
sis was calculated using Reactome pathway
knowledgebase **. The heatmap visualization
of the correlation analyses was conducted us-
ing the heatmapper web-based tool

http://www 1 .heatmapper.ca/ 1.

Gene ontology annotations

To gain insight into the biological
processes assigned to the proteins of inter-
est, Quick Gene Ontology tool (Quick GO)

https://www.ebi.ac.uk/QuickGO/annotations
was employed *°l. The analysis was limited
to gene ontology (GO) of Homo sapiens and
only GO terms assigned to the aspect “Bio-
logical Process” was searched. Given that
different proteins have different biological
processes, the present study reported only bi-
ological processes that were over-represented

by at least 4% of the proteins of interest.

Pathway enrichment analysis

Reactome, which is a curated pathway
database https://reactome.org/, was used to
perform pathway enrichment analysis of tran-
scripts of interest **I. The analysis was con-
ducted using the “Analyze Data” tool and was
limited to human-specific pathways. Reac-
tome reports enriched pathways with p value,
which indicates the probability of a pathway
being identified by chance %. In the present
study, only pathways that were significantly
enriched (p < 0.05) were reported.
Results

Cancer-associated proteins can be a
rich source for the search for cancer prognos-
tic markers. Five proteomics data sets were
used for the crude search for CLL-associated
proteins; specifically, there were three CLL
proteomics data sets (696 proteins 2, 728
proteins ¥ and 3521 proteins '*), one pro-
teomics data set of normal B-cells (3029
proteins ") and one proteomics data set of
normal PBMCs (6885 proteins '%). The three
proteomics data sets of CLL were combined
to give a total CLL proteome consisting of

3615 distinct proteins. In addition, the pro-
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teomics data sets of normal B-cells and nor-
mal PBMCs were combined to give a total
proteome of the normal cells (control cells)
containing 9086 distinct proteins. Next, the
proteome of the CLL cells was compared
with the proteome of the normal cells. From
the CLL proteome, 3479 proteins (96%) were
common to the proteome of the normal cells,
while 136 proteins (4%) appeared only in the
proteome of CLL cells (Fig 1A). To increase
the stringency of the search for CLL-associ-
ated proteins, the proteins that were specific
to CLL proteome (136 proteins) were further
compared with a transcriptomics data set of
normal B-cells (7976 distinct transcripts;
GEO accession number: GSE10325 8)) to
eliminate proteins with a positive transcript
expression in normal B-cells. Consequently,
the current study reported 60 proteins (2% of
CLL proteome) that were evident only in the
proteome of CLL cells and had no detectable
mRNA in the transcriptome of normal B-cells
(Fig 1B). These proteins were suggested as
CLL-associated proteins and were used for

the search for CLL prognostic markers (Sup-

plementary Table 2).
(A)
Proteome of Proteome of
CLL cells normal B-cells
(3615 proteins) and PBMCs
(9086 proteins)
®_ :
Proteins evident only Transcriptome of
in the proteome of normal B-cells
CLL cells (136 (7976 transcripts)
proteins)

Fig.1 Integration of omics data sets. Proteomics and/
or transcriptomics that were generated from CLL cells, nor-
mal B-cells and (PBMCs) were integrated for a crude identi-
fication of CLL-associated proteins

Existence of a relationship between the
suggested CLL-associated proteins and can-
cer may indicate validity of the integration
method applied in the present study. Thus, the
literature was searched for the 60 proteins in
the context of cancer. Interestingly, 19 pro-
teins (32%) were previously shown to associ-
ate with cancer as opposed to normal tissues
and/or implicated in the pathology and poor
prognosis of different malignancies, includ-
ing CLL (Supplementary Table 3). The Quick
GO tool was also used to provide an insight
into the biological processes of the proposed
CLL-associated proteins (Table 1).

Table 1: Biological processes of the suggested

CLL associated proteins

. . Percentage
Biological process .
of proteins
Signal transduction 12
Transcription, DNA- 12
templated
Oxidation-reduction process 6
Protein ubiquitination 6
Phosphorylation 6
Kinase activity 6
Nucleosome assembly 6
Regulation of small GTPase 4
mediated signal
transduction
Positive regulation of MAPK 4
cascade
Positive regulation of I-kap- 4
paB kinase/NF-kappaB (NF-
kB) signaling
Positive regulation of B-cell 4
proliferation
Inflammatory response 4
mRNA processing 4
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Only biological processes reported for 4% or
more of the proposed CLL-associated pro-
teins are shown in the table. MAPK: mitogen-

activated protein kinase.

The next goal was to use the proposed
CLL-associated proteins for the search for
CLL prognostic markers. To do that, two
independent data sets of CLL transcrip-
tomics were used (GEO accession numbers:
GSE39671 [19] and GSE22762 [20]). The
transcriptomics data set GSE39671 contained
data regarding TTFT (number of patients
= 130), while the transcriptomics data set
GSE22762 included information concerning
OS (number of patients = 107). Therefore, the
two transcriptomics data sets were used in-
dependently to assess whether the transcripts
corresponding to the suggested CLL-associ-
ated proteins predict TTFT and OS in CLL
patients. The median level of transcripts cor-
responding to the proposed CLL-associated
proteins was used to divide the patients into
two groups: a low-expression group (patients
with transcript expression smaller than the
median) and a high-expression group (pa-
tients with transcript expression greater than
the median). This was conducted for each one
of the transcripts of interest in the two tran-
scriptomics data sets. Next, Kaplan—-Meier
curves were constructed to compare TTFT
and OS in the low expression and high ex-
pression groups of patients. Interestingly, the
analyses showed that the cognate transcripts
of 6 proteins and 7 proteins were significantly

predictive of early therapy and short OS, re-

spectively (Figs 2 and 3). Out of the six pro-
teins whose transcripts indicated early thera-
py in the data set GSE39671 [19], four had
transcripts that also predicted short OS in the
data set GSE22762 [20], adding more validity
to the reported findings.

(A) - Lowexpression of FCRLA B) -~ Low expression of ARHGAP44  (C)
median TTFT = 86 months median TTFT = undefined
== High expression of FCRLA

++ Low expressicn of CHDH
median TTFT = 86 months

2 = High expression of ARHGAP44 = High expression of CHDH
5 100 median TTFT = 25 months gma ?ned,ap,:e TTFT = 34 months éwo median TTFT = 34 months
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Fig. 2 Six of the CLL-associated proteins had tran-
scripts significantly predictive of early therapy in CLL pa-
tients. Low expression: patients with a transcript expression
smaller than the median; high expression: patients with a
transcript expression higher than the median; TTFT: time to
first treatment; HR: hazard ratio of high expression versus
low expression.

- Low expression of DCLK2
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Fig. 3 Seven of the CLL-associated proteins had tran-

scripts significantly indicative of short OS in CLL patients.

Low expression: patients with a transcript expression below

the median; high expression: patients with a transcript ex-

pression above the median; OS: overall survival time;

HR: hazard ratio of high expression versus low expression.
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Next, the present study attempted to  (A)
explain the association of FCRLA with high-
risk CLL. The Pearson score (PS; Pearson
correlation coefficient) was applied using
Excel software to the data set of CLL tran-
scriptomics (GSE39671; 130 patients [19]) in
order to identify genes that correlate with the
expression of FCRLA. Next, genes that exhib-
ited correlation with FCRLA (PS = 0.50; p <
0.00001) were subjected to a pathway enrich-
ment analysis using Reactome. Interestingly, (B)
the analysis showed a significant enrichment
(p < 0.05) for CLL-related pathways (Table
2). Heatmap-based visualization of the signif-
icant correlation between genes assigned to
CLL-related pathways and FCRLA in the 130 ©)
CLL patients is shown in Fig 4.

Table 2: Significant enrichment of CLL-

TUTVZVTUUDVETVVTV VDR TVTDDT
OSBWOO @« o B383R = DAATARD VBB HZDNRRDB X VBNV N e e £ )
e e e e ]
S Hmmgwmmmm'ﬂwcm LSO O
=ros i s e
w W > o W

related pathways by the genes that correlated (D) G
TCL1A
. . Gl
with the expression of FCRLA T
D52
Kzt
ERK2
5
CD79A
2M
- &6re
Name of enriched pathway p value %EZ’EB%LZ
S Phase (cell cycle) 0.0008 &%
Extension of Telomeres 0.002
Downstream signaling events of I 5 F B
BCR 0007 Row Z-Score
Telomere lagging strand synthesis |  0.012 Fig. 4 Heatmap presentation of the correlation be-
Activation of NF-kB in B cells 0.015 tween genes assigned to CLL-related pathways and FCRLA.
Cellular response to hypoxia 0.038 Excel software was used to sort the 130 CLL patients (from

the data set GSE39671) horizontally based on the ascending
expression FCRLA (from lowest expression to highest ex-
pression). Then, the genes that significantly enriched S phase
(A), downstream signaling events of B-cell receptor (BCR)
(B) and extension of telomeres (C); and other CLL-related
genes (D) in the 130 CLL patients were sorted vertically ac-
cording to their Pearson scores, with FCRLA being at the top
of each list. Next, heatmapper web-based tool was used to
construct a heatmap graphic based on the expression of the

BCR: B-cell receptor; NF-»B: nuclear factor-»B

genes of interest and FCRLA in the 130 patients.
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Discussion

The integration method of the omics
data sets that was applied in the present study
aimed for a rough identification of CLL-as-
sociated proteins from the massive CLL pro-
teomics data "*'1. This method targets pro-
teins that were detected (present) in the CLL
proteome but were not detected (absent) in the
proteome of the normal cells (control cells).
However, this method is not sensitive for the
identification of differentially expressed pro-
teins in CLL cells compared with the normal
cells. Therefore, such proteins might have
been missed because they were marked as
“present proteins” in the proteomes of the
malignant and the control cells. Although the
proteome of the malignant cells was mainly
derived from CLL cells, approximately 10%
of the cellular population was PBMCs >4,
Therefore, the proteome of normal PBMCs
161 was included in the proteome of the con-
trol cells.

Direct comparison between indepen-
dent proteomics data sets could misidentify
disease-irrelevant proteins as proteins of in-
terest. Therefore, the present study applied
three actions in an attempt to avoid false
identification. First, only proteomics data
sets generated using the bottom-up approach
and LC-MS/MS workflow were included to
minimize technical variations. Second, the
proteome coverage of the normal cells was
larger than that of the CLL cells (9086 pro-
teins compared with 3615 proteins, respec-
tively). Therefore, this reduced the false iden-

tification of random proteins as CLL-specific

proteins due to  limited proteome coverage
in the normal cells. Finally, for a candidate to
be suggested as a CLL-associated protein, it
had to be evident only in the CLL proteome
and undetectable in the transcriptome of nor-
mal B-cells. Consequently, only 2% (60 pro-
teins) of the CLL proteome was suggested
as CLL-associated proteins, of which 32%
(19 proteins) were previously linked to dif-
ferent neoplasms, including CLL (summa-
rized in Supplementary Table 3), and 15% (9
proteins) had transcript expression that was
currently shown to significantly predict the
prognosis of CLL. In addition, the proposed
CLL-associated proteins over-represented bi-
ological processes that were implicated in the
progression of CLL, such as positive regula-
tion of MAPK cascade, signaling of NF-«B
and B-cell proliferation .

Nine prognostic markers were currently
reported, of which five were previously linked
to CLL. For example, an increased expression
of TLRO significantly predicted short OS in
the present study supporting a previous report
that showed an elevated expression of TLR9
in CLL cells compared with normal B-cells
and a higher expression of TLRY in patients
with progressive CLL compared with those
having a stable form of the disease *”. In ad-
dition, an up-regulated expression of DCLK?2
was described in the present work as a marker
of short OS. Consistently, an independent
transcriptomics study found an increased
expression of DCLK?2 in CLL samples from
high-risk patients (UM-CLL and ZAP-70

positive) compared with low risk group (M-
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CLL and ZAP-70 negative) /. The present
study also reported a significant prediction of
early therapy and/or short OS by an elevat-
ed expression of FCRLA, ARHGAP44 and
CHDH. Interestingly, another independent
transcriptomics study reported high expres-
sion of these three markers as risk factors of
developing CLL, suggesting an involvement
of these markers in the initiation of the dis-
ease %!, Furthermore, the protein products of
DCLK?2,FCRLA and CHDH were also shown
in the CLL proteomics data set!'"¥, which was
used in the present study, to be overexpressed
in patients with high-risk CLL (UM-CLL)
compared with patients having low-risk CLL
(M-CLL).

Among the reported prognostic mark-
ers, increased expression of FCRLA was
the strongest predictor of early therapy and
second most accurate indicator of short OS
in CLL patients using the two independent
CLL transcriptomics data sets. These findings
seem to fit with the role of FCRLA in B-cells.
FCRLA was implicated in the activation and
proliferation of B-cells; elevated expression
of FCRLA was shown to mark activated B-
cells and the highest level of FCRLA expres-
sion was reported in B-cells that reside in the
proliferation centers of lymphoid tissues 1**-3!1.
Furthermore, FCRLA interacts with intracel-
lular Ig and is required for the proper assem-
bly of IgG and IgM 2331 In consistence with
the role of FCRLA in B-cells, the correlation
analysis reported in the current study demon-
strated a significant enrichment of CLL-re-

lated pathways; such as S phase (cell cycle),

downstream signaling events of B-cell recep-
tor (BCR), extension of telomeres and activa-
tion of NF-»B, by the genes that significantly
correlated with the expression of FCRLA in
the 130 CLL patients ***71. In addition, genes
that are known to derive the proliferation and/
or survival of CLL cells, in particular those
that participate in the signal transduction of
BCR like CD79A, CD79B, BLNK, BTK and
SYK; and other genes, such as TCL1A,CDA40,
IKZF3 and CD27, exhibited a significant cor-
relation with the expression of FCRLA 38441,
This may provide an insight into the signifi-
cant prediction of the aggressive form of CLL
by the elevated expression of FCRLA.

A number of points should be consid-
ered while viewing the results of the current
report. First, the integration of the omics
data sets aimed for a rough identification of
candidates that could be proposed as CLL-
associated proteins. However, to draw a de-
finitive conclusion of the association of those
proteins with CLL, either overexpression or
specific expression of those proteins in CLL
cells compared with normal B-cells has to
be confirmed by a specific protein detection
technique like western blotting. Second, the
significant identification of the 9 prognostic
markers was based on TTFT data of 130 pa-
tients (GSE39671) and OS information of 107
patients (GSE22762) whose transcriptomics
data sets were published before the era of
novel treatment of CLL. Therefore, the clini-
cal usefulness of these markers in the context
of the new modalities of CLL therapy merits

investigation. Third, a comparison between
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the present markers and those commonly ap-
plied in CLL, such as IGHV, ZAP-70, CD38
and the chromosomal aberrations, was not
possible to conduct due to the unavailability
of the common makers of the 237 patients.
Consequently, studying the present markers
in parallel with those frequently applied is
necessary to assess whether the present mark-
ers add prognostic information to what can
be known by the commonly used markers.
Fourth, conventionally, real-time PCR is used
to confirm findings generated using DNA
microarray-based transcriptomics. Therefore,
measuring the expression of the 9 markers us-
ing real-time PCR is worthwhile to validate
the expression patterns of the 9 transcripts in
CLL samples.

Conclusion

The integration method applied on the
omics data sets suggested 60 candidates as
CLL-associated proteins, of which 32% (19
proteins) were previously implicated in neo-
plasms, including CLL. Moreover, the in-
creased transcript expression of 9 of the sug-
gested CLL-associated proteins significantly
predicted early therapy and/or short OS in
CLL patients. Interestingly, 4 of the 9 tran-
scripts retained prognostic significance in the
two independent transcriptomics data sets
(237 CLL patients). Therefore, they may have
the potential to serve as prognostic markers in
the disease. Importantly, further assessment
of the reported prognostic markers (using re-
al-time PCR) in parallel with those frequently

applied in a cohort of patients who have been

treated with the new modality of CLL thera-
py is worthwhile to validate the utility of the

present markers in the prognosis of CLL.
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Supplementary Tables (1,2 and 3)

Supplementary Table 1: Technical information about the proteomics data sets

used in the present study

Source of Number of Type of pro- | Mass Protein Mass spec- Ref.
sample samples tein extract label | database trometry
PBMCs isolated | 1 sample from an | Crude-mem- [ N/A Human|QTOF API US| [1]
from CLL pa- |untreated patient |brane extract SwissProt | (Waters)
. database
tient
PBMCs isolated | 12 samples from | Cytosolic and [iTRAQ [H um an|4800 MALDI-| [2]
from CLL pa-|12patientswithdif- | nuclear ex- SwissProt | TOF/TOF  (Ap-
. plied Biosys-
tients ferent prognoses, | tracts database tems)
some of whom
were treated.
PBMCs isolated | 18 samples from | Whole cell ly- [iTRAQ |H u m a n | TripleTOF 5600 [3]
from CLL pa- | 18 patients with dif- | sate SwissProt | System (AB
. SCIEX)
tients ferent prognoses, database
some of whom
were treated.
Normal B-cells |2 sample from 2 |Whole cell ly- [iTRAQ [H u m a n|LTQ-OrbitrapXL| [4]
isolated  from | healthy donors sate Ensembl| (Thermo Fisher
PBMCs protein da- | Scientific)
tabase
healthy donor
Normal PBMCs | 3 samples from 3 | Supernatant, [ N/A H u m a n|QExactive Or-| [5]
isolated  from | healthy donors cytosolic and SwissProt [ bitrap  (Thermo
database |Fisher Scien-
healthy donors nuclear  ex- tific)
tracts

Protein database indicates the database that was used in each study for the identifica-
tion of proteins based on the MS and MS/MS spectra. Q-TOF: Quadrupole-time of flight mass
spectrometry; MALDI-TOF/TOF: matrix assisted laser desorption/ionization-time of flight tan-

dem mass spectrometry; TripleTOF: triple time of flight mass spectrometry; LTQ-OrbitrapXL:

linear trap quadrupole-orbitrap XL mass spectrometry; iTRAQ: isobaric tags for relative and

absolute quantitation; N/A indicates that mass label was not used in the corresponding study;
PBMC:s: peripheral blood mononuclear cell. PBMCs isolated from CLL patients were =90%
CD5+ and CD19+ (CLL cells).
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Supplementary Table 2: The proposed CLL-associated proteins.

UniProt

identifier Protein name

Q8NHWS5 | 60S acidic ribosomal protein PO-like

QI9UKP5 | Adisintegrin and metalloproteinase with thrombospondin motifs 6 (ADAM-TS 6) (ADAM-
TS6) (ADAMTS-6) (EC 3.4.24)

P49753 | Acyl-coenzyme A thioesterase 2, mitochondrial (Acyl-CoA thioesterase 2) (EC 3.1.2.2)
(Acyl-coenzyme A thioester hydrolase 2a) (CTE-la) (Long-chain acyl-CoA thioesterase
2) (ZAP128)

Q9HCE9 | Anoctamin-8 (Transmembrane protein 16H)

P03928 | ATP synthase protein 8 (A6L) (F-ATPase subunit 8)

Q7Z6A9 | B- and T-lymphocyte attenuator (B- and T-lymphocyte-associated protein) (CD antigen
CD272)

Q9BX70 | BTB/POZ domain-containing protein 2

Q9Y4F5 | Centrosomal protein of 170 kDa protein B (Centrosomal protein 170B) (Cep170B)

Q8NE62 | Choline dehydrogenase, mitochondrial (CDH) (CHD) (EC 1.1.99.1)

Q9Y5K3 | Choline-phosphate cytidylyltransferase B (EC 2.7.7.15) (CCT-beta) (CTP:phosphocholine
cytidylyltransferase B) (CCT B) (CT B) (Phosphorylcholine transferase B)

Q8IWD4 | Coiled-coil domain-containing protein 117

Q7LFL8 | CXXC-type zinc finger protein 5 (CF5) (Putative MAPK-activating protein PM08) (Puta-
tive NF-kappa-B-activating protein 102) (Retinoid-inducible nuclear factor) (RINF)

P00414 | Cytochrome c oxidase subunit 3 (Cytochrome c oxidase polypeptide Ill)

Q8NCMS8 | Cytoplasmic dynein 2 heavy chain 1 (Cytoplasmic dynein 2 heavy chain) (Dynein cyto-
plasmic heavy chain 2) (Dynein heavy chain 11) (hDHC11) (Dynein heavy chain isotype
1B)

P49619 | Diacylglycerol kinase gamma (DAG kinase gamma) (EC 2.7.1.107) (Diglyceride kinase
gamma) (DGK-gamma)

POC6T2 | Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 4

Q7L513 | Fc receptor-like A

Q96LA6 | Fc receptor-like protein 1 (FcR-like protein 1) (FCRL1) (Fc receptor homolog 1)
(FCcRH1) (IFGP family protein 1) (hIFGP1) (Immune receptor translocation-associated
(protein 5) (CD antigen CD307a

Q96P31 | Fc receptor-like protein 3 (FcR-like protein 3) (FCRL3) (Fc receptor homolog 3)
(FCRH3) (IFGP family protein 3) (hIFGP3) (Immune receptor translocation-associ-
ated protein 3) (SH2 domain-containing phosphatase anchor protein 2) (CD antigen
(CD307c¢
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Q6DKI2 | (Galectin-9C (Gal-9C) (Galectin-9-like protein B

Q9UKO08 | (Guanine nucleotide-binding protein G(1)/G(S)/G(O) subunit gamma-8 (Gamma-9

P23527 | (Histone H2B type 1-O (Histone H2B.2) (Histone H2B.n) (H2B/n

P57053 | (Histone H2B type F-S (Histone H2B.s) (H2B/s

Q6PFW1 | Inositol hexakisphosphate and diphosphoinositol-pentakisphosphate kinase 1 (EC
2.7.4.21) (EC 2.7.4.24) (Diphosphoinositol pentakisphosphate kinase 1) (Histidine acid
phosphatase domain-containing protein 2A) (IP6 kinase) (Inositol pyrophosphate syn-
(thase 1) (InsP6 and PP-IP5 kinase 1) (VIP1 homolog) (hsVIP1

Q9H293 | (Interleukin-25 (IL-25) (Interleukin-17E) (IL-17E

Q9P2G3 | Kelch-like protein 14 (Protein interactor of Torsin-1A) (Printor) (Protein interactor of
(torsinA

075525 | KH domain-containing, RNA-binding, signal transduction-associated protein 3 (RNA-
binding protein T-Star) (Sam68-like mammalian protein 2) (SLM-2) (Sam68-like phos-
(photyrosine protein

Q6IPR1 | LYR motif-containing protein 5

015481 | (Melanoma-associated antigen B4 (MAGE-B4 antigen

QY9UPN3 | Microtubule-actin cross-linking factor 1, isoforms 1/2/3/5 (620 kDa actin-binding pro-
(tein) (ABP620) (Actin cross-linking family protein 7) (Macrophin-1) (Trabeculin-alpha

QO08AG7 | Mitotic-spindle organizing protein 1 (Mitotic-spindle organizing protein associated with a
(ring of gamma-tubulin 1

Q7z5P9 | (Mucin-19 (MUC-19

Q8TET4 | (Neutral alpha-glucosidase C (EC 3.2.1.20

Q86XR2 | (Niban-like protein 2 (B-cell novel protein 1) (Protein FAM129C

Q9HOG5 | Nuclear speckle splicing regulatory protein 1 (Coiled-coil domain-containing protein 55)
((Nuclear speckle-related protein 70) (NSrp70

Q13515 | Phakinin (49 kDa cytoskeletal protein) (Beaded filament structural protein 2) (Lens fiber
cell beaded filament protein CP 47) (CP47) (Lens fiber cell beaded filament protein CP
(49) (CP49) (Lens intermediate filament-like light) (LIFL-L

A4D1U4 | Protein LCHN

QINQ39 | Putative 40S ribosomal protein S10-like

Q5VTEO | Putative elongation factor 1-alpha-like 3 (EF-1-alpha-like 3) (Eukaryotic elongation fac-
tor 1 A-like 3) (eEF1A-like 3) (Eukaryotic translation elongation factor 1 alpha-1 pseu-
(dogene 5

Q6DNO03 | (Putative histone H2B type 2-C (Histone H2B.t) (H2B/t

A8MVU1 | Putative neutrophil cytosol factor 1C (NCF-1C) (Putative SH3 and PX domain-contain-
(ing protein 1C
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Q8NHM4 | (Putative trypsin-6 (EC 3.4.21.4) (Serine protease 3 pseudogene 2) (Trypsinogen C

Q17R89 | Rho GTPase-activating protein 44 (NPC-A-10) (Rho-type GTPase-activating protein
(RICH2) (RhoGAP interacting with CIP4 homologs protein 2) (RICH-2

Q8N568 | Serine/threonine-protein kinase DCLK2 (EC 2.7.11.1) (CaMK-like CREB regulatory
kinase 2) (CL2) (CLICK-II) (CLICK2) (Doublecortin domain-containing protein 3B)
((Doublecortin-like and CAM kinase-like 2) (Doublecortin-like kinase 2

Q9P246 | Stromal interaction molecule 2

Q6ZRP7 | Sulthydryl oxidase 2 (EC 1.8.3.2) (Neuroblastoma-derived sulfhydryl oxidase) (Qui-
(escin Q6-like protein 1

Q86XK3 | Swi5-dependent recombination DNA repair protein 1 homolog (Meiosis protein 5 homo-
(log

Q8N103 | T-cell activation Rho GTPase-activating protein (T-cell activation GTPase-activating
(protein

Q8N4P2 | (Tetratricopeptide repeat protein 30B (TPR repeat protein 30B

QI9NR96 | (Toll-like receptor 9 (CD antigen CD289

Q9P0S9 | Transmembrane protein 14C

Q6P9G4 | Transmembrane protein 154

Q6ZMUS5 | (Tripartite motif-containing protein 72 (Mitsugumin-53) (Mg53

P09936 | Ubiquitin carboxyl-terminal hydrolase isozyme L1 (UCH-L1) (Neuron cytoplasmic pro-
(tein 9.5) (PGP 9.5) (PGP9.5) (Ubiquitin thioesterase L1

Q5SQH8 | Uncharacterized protein C6orf136

QYULVO | Unconventional myosin-Vb

Q6VEQ5 | WAS protein family homolog 2 (CXYorf1-like protein on chromosome 2) (Protein
(FAM39B

Q62ZNA1 | Zinc finger protein 836

Q96IR2 | Zinc finger protein 845

Q8IX07 | Zinc finger protein ZFPM1 (Friend of GATA protein 1) (FOG-1) (Friend of GATA 1) (Zinc
(finger protein 89A) (Zinc finger protein multitype 1

The integration of the proteomics data sets of CLL cells, normal B-cells and normal
PBMCs; as well as the transcriptomics data set of normal B-cells suggested 60 candidates as

CLL-associated proteins. This table shows these proteins.
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Supplementary Table 3: Reported role of the suggested CLL-associated proteins in cancer

UniProt Protein name
Reported role in cancer
identifier (gene name)
Q8N4P2 Tetratricopeptide repeat Promotes survival of acute myeloid leukemia (AML) 6!
protein 30B (TTC30B)
Q9HCE9 Anoctamin-8 (ANOS) Enhances the growth and metastasis of gastrointestinal
tumor and head/neck squamous cell carcinoma [,
Q7LFL8 CXXC-type zinc finger Promotes survival of AML cells and associates with poor
protein 5 (CXXC5), also prognosis of the disease ©.
known as RINF In comparison with normal tissues, breast cancer
and melanoma cells exhibit significantly increased
expression of CF5 1,
Associates with poor prognosis of breast cancer ..
P49619 Diacylglycerol kinase Promotes survival, migration and invasion of breast
gamma (DGKG) cancer cells and colon cancer cells [0 ™,
Q6DKI2 Galectin-9C (LGALSIC) Associates with lymphoma, leukemia and colon cancer
cells as compared with normal tissue 2 31,
Q9HOG5 Nuclear speckle splic- Associates with acute lymphoblastic leukemia (ALL)
ing regulatory protein 1 and considered a good diagnostic marker of the disease
(NSRP1), also known as (4,
NSRP70 Associates with poor prognosis of ALL and AML "4,
Q7L513 Fc receptor-like A Associates with the risk of developing CLL "9,
(FCRLA)
Q17R89 Rho GTPase activating Associates with the risk of developing CLL ',
protein 44 (ARHGAP44)
Q8NE62 | Choline dehydrogenase Associates with the risk of developing CLL 31,
(CHDH)
Q9P0S9 Transmembrane protein Over-expressed in ovarian cancer compared with
14C (TMEM14C) normal tissue and required for tumor growth and
invasion of the malignant cells ¢,
Suppresses the pro-apoptotic protein BAX and pro-
tects glioblastoma tumor cells from apoptosis ['71.
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kinase (DCLK2)

Q9NR96 | Toll-like receptor 9 (TLR9) Highly expressed on CLL compared with normal B-
cells and associates with high-risk CLL [18, 19].
P09936 Ubiquitin carboxyl-termi- Promotes proliferation, migration and metastasis of
nal hydrolase isozyme colorectal cancer cells [20].
L1 (UCHLT) Induces metastasis of prostate cancer cells [21].
Promotes the development of B cell ymphoma [22].
Q7Z6A9 B- and T-lymphocyte at- Preferentially expressed in gastric carcinoma com-
tenuator (BTLA) pared with the normal tissue and associates with
high-risk of the disease [23].
Strongly associates with CLL cells compared with
normal B-cells [24].
Q8NCM8 Cytoplasmic dynein 2 Associates with glioblastoma as compared with the
heavy chain 1 (DYNC2H1) normal tissue [25].
Q96LAG Fc receptor-like 1 Contributes to the progression of melanoma [26].
(FCRL1)
Q96P31 Fc receptor-like 3 Associates with poor prognosis of T cell lymphoma
(FCRL3) [27].
075525 RNA-binding protein Contributes to the development of medulloblastoma
T-Star (KHDRBS3), [28].
also known as SLM-2
Q86XK3 Swi5-dependent Promotes the progression of breast cancer [29].
recombination DNA
repair protein 1 homolog
(SFRY)
Q8N568 Serine/threonine-protein Associates with poor prognosis of CLL [30].

The integration of the omics data sets of CLL cells, normal B-cells and normal PBMCs

suggested 60 candidates as associated proteins. This table shows what is known in the literature

about the relativeness of these proteins to malignant diseases.

Integration of Proteomics and Transcriptomics Data SetsIdentifies Prognostic Markers in Chronic Lymphocytic Leukemia




Majmaah Journal of Health Sciences ,Vol. 7, Issue 1, January 2019, Jumadi Ul Awwal - 1440

References of the Supplementary
Tables 1 and 3

1. Barnidge DR, Tschumper RC, Jelinek DF,

Muddiman DC and Kay NE. Protein ex-
pression profiling of CLL B cells using
replicate off-line strong cation exchange
chromatography and LC-MS/MS. Jour-
nal of Chromatography B 2005;819:33-
39.

2. Alsagaby SA, Khanna S, Hart KW, Pratt G,

Fegan C,Pepper C, et al. Proteomics-based
strategies to identify proteins relevant to
chronic lymphocytic leukemia. Journal of
proteome research 2014;13:5051-5062.

3. Eagle GL, Zhuang J, Jenkins RE, Till KJ,

Jithesh PV, Lin K, et al. Total proteome
analysis identifies migration defects as
a major pathogenetic factor in immu-
noglobulin heavy chain variable region
(ighv)-unmutated chronic lymphocytic
leukemia. Molecular & Cellular Pro-
teomics 2015;14:933-945.

4. Hoek KL, Samir P, Howard LM, Niu X,

Prasad N, Galassie A, et al. A cell-based
systems biology assessment of human
blood to monitor immune responses

after influenza vaccination. PloS one
2015;10:e0118528.

5.Bileck A, Kreutz D, Mugaku B, Slany A and

Gerner C. Comprehensive assessment of
proteins regulated by dexamethasone re-
veals novel effects in primary human pe-
ripheral blood mononuclear cells. Journal
of proteome research 2014;13:5989-6000.

6. Lynch JT, Somerville TDD, Spencer GJ,

Huang X and Somervaille TCP. TTCS
is required to prevent apoptosis of acute
myeloid leukemia stem cells. Cell death
& disease 2013;4:e573.

7. Wanitchakool P, Wolf L, Koehl GE, Sirian-

ant L, Schreiber R, Kulkarni S, et al. Role
of anoctamins in cancer and apoptosis.
Phil. Trans.R.Soc.B 2014;369:20130096.
http://dx.doi.org/10.1098/rstb.2013.0096.

8. Astori A, Fredly H, Aloysius TA, Bullinger

L, Mansat-De Mas V, de la Grange P, et
al. CXXC5 (retinoid-inducible nuclear
factor, RINF) is a potential therapeutic

target in high-risk human acute myeloid
leukemia. Oncotarget 2013;4:1438-1448.

9. Knappskog S, Myklebust LM, Busch C,

10.

I1.

12

Aloysius T, Varhaug JE, Lgnning PE, et
al. RINF (CXXC5) is overexpressed in
solid tumors and is an unfavorable prog-
nostic factor in breast cancer. Annals of
oncology 2011;2208-2215.

Torres-Ayuso P, Daza-Martin M, Martin-
Pérez J, Avila-Flores A and Mérida I. Dia-
cylglycerol kinase o promotes 3D cancer
cell growth and limits drug sensitivity
through functional interaction with Src.
Oncotarget 2014;5:9710-9726.

Cai K, Mulatz K, Ard R, Nguyen T and
Gee SH. Increased diacylglycerol kinase
€ expression in human metastatic colon
cancer cells augments Rho GTPase activ-
ity and contributes to enhanced invasion.
BMC cancer 2014;14:208-218.

. Heusschen R, Griffioen AW and Thijssen

VL. Galectin-9 in tumor biology: a jack

Integration of Proteomics and Transcriptomics Data Setsldentifies Prognostic Markers in Chronic Lymphocytic Leukemia



Majmaah Journal of Health Sciences ,Vol. 7, Issue 1, January 2019, Jumadi Ul Awwal - 1440

13.

14.

of multiple trades. Biochimica et Bio-
physica Acta (BBA)-Reviews on Cancer
2013;1836:177-185.

Pena C, Mirandola L, Figueroa JA, Ho-
siriluck N, Suvorava N, Trotter K, et al.
Galectins as therapeutic targets for hema-
tological malignancies: a hopeful sweet-
ness. Annals of translational medicine
2014;2:87-94.

Choi D-B, Park M-R, Kim H-R, Jun
C-D, Kim H-J, Shim H, et al. Aberrant
proteomic expression of NSRP70 and its
clinical implications and connection to
the transcriptional level in adult acute leu-
kemia. Leukemia research 2014;38:1252-
1259.

15. Chadeau-Hyam M, Vermeulen RCH, Heb-

16.

17.

18.

els D, Castagné R, Campanella G, Porten-
gen L, et al. Prediagnostic transcriptomic
markers of Chronic lymphocytic leukemia
reveal perturbations 10 years before diag-
nosis. Annals of Oncology 2014;25:1065-
1072.

Zhang Q, Chen X, Zhang X, Zhan J and
Chen J. Knockdown of TMEMI14A ex-
pression by RNAI inhibits the prolifera-
tion and invasion of human ovarian cancer
cells. Bioscience reports 2016;36:¢00298.
Jin H, Kang ES, Kim HJ, Lee JH, Chang
KC, Park J-Y, et al. TMEMI14A inhibits
N-(4-hydroxyphenyl) retinamide-induced
apoptosis through the stabilization of mi-
tochondrial membrane potential. Cancer
letters 2011;309:190-198.

Grandjenette C, Kennel A, Faure GC,
Béné MC and Feugier P. Expression of

19.

20.

21.

22.

23.

24

functional toll-like receptors by B-chronic
lymphocytic leukemia cells. Haematolog-
ica 2007;92:1279-1281.

Barcellini W, Imperiali FG, Zaninoni A,
Reda G, Consonni D, Fattizzo B, et al.
Toll-like receptor 4 and 9 expression in
B-chronic lymphocytic leukemia: rela-
tionship with infections, autoimmunity
and disease progression. Leukemia &
lymphoma 2014;55:1768-1773.

Zhong J, Zhao M, Ma Y, Luo Q, Liu J,
Wang J, et al. UCHLI acts as a colorec-
tal cancer oncogene via activation of the
[-catenin/TCF pathway through its deu-
biquitinating activity. International jour-
nal of molecular medicine 2012;30:430-
436.

Jang MJ, Baek SH and Kim JH. UCH-L1
promotes cancer metastasis in prostate
cancer cells through EMT induction. Can-
cer letters 2011;302:128-135.

Bheda A, Yue W, Gullapalli A, Shackel-
ford J and Pagano JS. PU. 1-dependent
regulation of UCH L1 expression in B-
lymphoma cells. Leukemia & lymphoma
2011;52:1336-1347.

Feng X-Y, Wen X-Z, Tan X-J, Hou J-H,
Ding Y, Wang KEF, et al. Ectopic expres-
sion of B and T lymphocyte attenuator in
gastric cancer: A potential independent
prognostic factor in patients with gas-
tric cancer. Molecular medicine reports
2015;11:658-664.

. M’Hidi H, Thibult M-L, Chetaille B, Rey

F, Bouadallah R, Nicollas R, et al. High ex-

Integration of Proteomics and Transcriptomics Data SetsIdentifies Prognostic Markers in Chronic Lymphocytic Leukemia



Majmaah Journal of Health Sciences ,Vol. 7, Issue 1, January 2019, Jumadi Ul Awwal - 1440

25

26.

27

pression of the inhibitory receptor BTLA
in T-follicular helper cells and in B-cell
small lymphocytic lymphoma/chronic
lymphocytic leukemia. American journal

of clinical pathology 2009;132:589-596.

. Yokota T, Kouno J, Adachi K, Takahashi

H, Teramoto A, Matsumoto K, et al. Iden-
tification of histological markers for ma-
lignant glioma by genome-wide expres-
sion analysis: dynein, o-PIX and sorcin.
Acta neuropathologica 2006;111:29-38.
Koh SS, Wei J-PJ, Li X, Huang RR, Doan
NB, Scolyer RA, et al. Differential gene
expression profiling of primary cutaneous
melanoma and sentinel lymph node me-
tastases. Modern Pathology 2012;25:828-
837.

. Wysocka M, Kossenkov AV, Benoit BM,

Troxel AB, Singer E, Schaffer A, et al.
CD164 and FCRL3 Are Highly Expressed
on CD4&plus; CD26— T Cells in Sézary
Syndrome Patients. Journal of Investiga-
tive Dermatology 2014;134:229-236.

28.

29.

30.

Lu Y, Ryan SL, Elliott DJ, Bignell GR,
Futreal PA, Ellison DW, et al. Amplifica-
tion and overexpression of Hsa-miR-30b,
Hsa-miR-30d and KHDRBS3 at 8q24.
22-q24. 23 in medulloblastoma. PloS one
2009;4:€6159.

Feng Y, Singleton D, Guo C, Gardner A,
Pakala S, Kumar R, et al. DNA homolo-
gous recombination factor SFR1 physical-
ly and functionally interacts with estrogen
receptor alpha. PloS one 2013;8:¢68075.
Trojani A, Di Camillo B, Tedeschi A,
Milena L, Montesano S, Ricci F, et al. Mi-
croarray Gene Expression Signature In-
dicates ARSD As a New Marker Associ-
ated with Igvh Mutational Status, ZAP-70
and Disease Progression in CLL. Blood
2011;118:3447.

Integration of Proteomics and Transcriptomics Data Setsldentifies Prognostic Markers in Chronic Lymphocytic Leukemia





