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Extramedullary relapse of multiple myeloma defined as the highest risk group
based on deregulated gene expression data

Sabina Sevcikova®®, Helena Paszekova¢, Lenka Besse*?, Lenka Sedlarikova®®, Veronika Kubaczkova?, Martina Almasi?*®,
Ludek Pour?, Roman Hajek*

Background. Multiple myeloma (MM) is characterized by malignant proliferation of plasma cells (PC) which accumulate
in the bone marrow (BM). The advent of new drugs has changed the course of the disease from incurable to treatable,
but most patients eventually relapse. One group of MM patients (10-15%) is considered high-risk because they relapse
within 24 months. Recently, extramedullary relapse of MM (EM) has been observed more frequently. Due to its aggres-
sivity and shorter survival, EM is also considered high-risk.

Aims. The goal of this study was to determine if the so-called high-risk genes published by the University of Arkansas
group (UAMS) are even more deregulated in EM patients than in high-risk MM patients and if these patients may be
considered high-risk.

Methods. Nine samples of bone marrow plasma cells from MM patients as well as 9 tumors and 9 bone marrow plasma
cells from EM patients were used. Quantitative real-time PCR was used for evaluation of expression of 15 genes con-
nected to the high-risk signature of MM patients.

Results. Comparison of high-risk plasma cells vs extramedullary plasma cells revealed 4 significantly deregulated genes
(CKS1B, CTBS, NADK, YWHAZ); moreover, comparison of extramedullary plasma cells vs extramedullary tumors revealed
significant differences in 9 out of 15 genes. Of these, 6 showed significant changes as described by the UAMS group
(ASPM, SLC19A1, NADK, TBRG4, TMPO and LARS2).

Conclusions. Our data suggest that increasing genetic abnormalities as described by the gene expression data are
associated with increased risk for EM relapse.
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INTRODUCTION missions are of short duration and the disease eventually
becomes refractory. Several attempts to identify these

Multiple myeloma (MM) is the second most common  patients have been made, from FISH analyses to gene
hematological malignancy in the world. It is characterized  expression profiling (GEP). So far, several GEP profiles
by malignant proliferation of a clone of plasma cells (PC)  of high-risk MM have been published**. The GEP profile
that produce a specific type of monoclonal immunoglobu-  originating in the University of Arkansas (UAMS) was the
lin. Unfortunately, the cause of this disease is still un-  first published validated model’. This model was based
known!. Clinical presentation and the development of the  on the hypothesis that a group of genes are connected to
disease are very heterogeneous, from aggressive cases with ~ shorter patient survival and can be used as an indepen-
multiple fractures of vertebrae and long bones, significant  dent prognostic marker. The UAMS described a panel of
cytopenia and kidney damage to asymptomatic MM char- 70 genes with either increased or decreased expression in
acterized by the presence of monoclonal immunoglobulin  the high-risk group of patients. An interesting observation
and increased amounts of PC in the bone marrow (BM)  was the position of many genes connected to high-risk
(ref.?). Even though many advances in therapy have been  signature on chromosome 1 (almost 50% of the 19 genes
made, MM is still considered an incurable disease since ~ with decreased expression and 30% of 51 genes with de-
most patients eventually relapse’. creased expression). As previously published, cytogenetic
Based on the newest guidelines of the International  abnormalities, especially amplification of the long arm of
Myeloma Working Group (IMWG) published in 2014, chromosome 1, are connected to poor outcome for these
high-risk MM is defined by ISS stage II or III, the pres- patients. Several studies suggested that the percentage of
ence of either t(4,14) or dell7p13 and comprises about cells with amplification of the 1q21 region is connected
20% of patients®. These patients relapse early, their re- to disease progression’. Next to this, high-risk patients
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show high levels of beta-2 microglobulin and creatinine,
deletion of chromosome 13 and other abnormalities with
negative influence on patient survival. This GEP mod-
el was later simplified to 17 gene expression out of the
original 70 that still predict high-risk disease with 97.7%
sensitivity®.

Extramedullary relapse of MM (EM) is defined by
tumor cells found outside of the BM (ref.?). It is proposed
that EM is caused by secondary mutations in PC sub-
clones that cause unresponsiveness of these cells to the
microenvironment of BM, and these PC then leave the
BM (ref.!?). The above mentioned adverse factors lead
to resistance to treatment'"'2. Clinically, three types of
extramedullary lesions can be described: a) tumor mass
adjacent to the bone and extending into soft tissues, b)
soft tissue or visceral tumor that is not connected to the
bone or ¢) diffuse infiltration of organs by PC without any
obvious focal lesion®. Pour et al noted a marked decrease
in survival for EM patients in comparison to MM patients
(109 vs 38 months). Moreover, in EM patients, there was
a difference between survival of patients with EM lesions
infiltrating into soft organs in comparison to bone-related
EM (30 vs 45 months). EM can be present either at the
time of initial MM diagnosis (primary EM) or at the time
of MM relapse (secondary EM) (ref.?).

Primary EM is diagnosed in 4-16% of patients at
the time of MM diagnosis. Long-term survival of these
patients is significantly decreased when treated by stan-
dard therapy'*!. EM relapse was detected in 10-15% of
patients when high-dose chemotherapy and transplant
were used. Total survival was significantly shorter than
for other forms of MM relapse’. The era of new drugs,
such as immunomodulatory drugs and proteasome inhibi-
tors, has increased survival of MM patients but reports
of increased incidence of EM are being published>'¢. As
of now, it is still unclear if the reported incidence is true
or if it is connected to better imaging methods, such as
PET/CT (ref.').

In this study, we used expression of genes described in
the UAMS GEP model to compare high-risk MM patients
to EM patients. The aim was to test if these gene expres-
sion changes are more profound in EM patients, and are
perhaps connected to the aggressiveness of EM relapse
and the ability of EM PC to travel outside the BM.

MATERIAL AND METHODS

Patients and sample preparation

Retrospective samples from 9 high-risk MM patients
at the time of diagnosis and 9 EM patients at the time
of EM diagnosis from the Faculty Hospital Brno, Czech
Republic, were included in this study. These high-risk
MM patients relapsed within 2 years from diagnosis and
thus were clinically defined as high-risk patients. All EM
patients were diagnosed with EM relapse at the time of
relapse of MM. For EM patients, BM and tumor samples
were obtained. For MM patients, only BM samples were
used. All patients signed the informed consent form ap-
proved by the Ethics committee of the hospital before
entering the study. Clinical characteristics of the patients
are described in Table 1.

Plasma cell separation

BM PC in the mononuclear cell fraction were enriched
by anti-CD 138+ immunomagnetic beads and sorted using
AutoMACS (Miltenyi Biotec) as previously described".
Samples with > 80% purity of PC and frozen tissues at
-80 °C were used for RNA extraction.

RNA extraction

Total RNA was isolated from frozen PC using
RNeasy® Mini Kit (Qiagen). RNA with purity ratio
260/280 > 1.80 (measured by Nanodrop ND-1000 spec-
trophotometer, Fisher Thermo Scientific, USA) was used
for further analyses. High Pure RNA Tissue Kit (Roche,
Basel, Switzerland) was used for the isolation of RNA
from EM tissue. Samples weighing between 10 to 25 mg
were homogenized, and isolation of RNA was performed
according to the manufacturers ~ protocol.

Quantitative real-time PCR (qRT-PCR)

Input of 100 ng of total RN A was reverse transcribed
using High Capacity cDNA Reverse Transcription Kit
(Life Technologies, CA, USA). The obtained cDNA was
preamplified with TagMan® PreAmp Master Mix (Life
Technologies, CA, USA) based on manufacturer instruc-
tions. qRT-PCR was performed using 7500 Real Time
PCR System (Life Technologies, CA, USA) and TagMan®
Gene Expression Master Mix (Life Technologies, CA,
USA). Experiments were performed in duplicates, and

Table 1. Patients’ characteristics.

HR EM
Number of patients 9 9
Gender: males/females 5/4 7/2
Age at diagnosis (range) [years] 58 (47-81) 65 (52-79)
ISS stage: I-II-IT [%] 55.6-22.2-22.2 22.2-33.3-444
Durie-Salmon stadium: I-II-I1T [%] 0-0-100 0-11-89
Ig isotype: IgG-IgA-IgD-light chains only-non-secretory [%] 50-25-0-12.5-12.5 57-0-14-28-0
M-Ig (range) [g/L] 24.4 (0-76.7) 20.9 (0-49.2)
Plasma cell infiltration in bone marrow (range) [%] 38.2 (0-97) 33.5 (0-65)

HR- high-risk MM patients; EM- extramedullary relapse of MM
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commercially available human BM total RNA (cat no
636591, Clontech) was used as the calibrator for 244
relative quantification approach.

The following genes were tested: YWHAZ, KIF20B,
NADK, LARS?2, TBRG4, CKS1B, AIM2, ASPM, AHCYL ],
CTBS, CLCCI, LTBPI1, TMPO, SLCI1941, CCNA2, CCNBI,
KIF14. Expression of each gene was normalized to expres-
sion of endogenous housekeeping control gene, GAPDH
(probe catalogue numbers are all located in Table 2).

Analysis of the output data was performed using 7500
SDS software (version 1.41, Life Technologies, CA, USA)
using relative quantification approach.

Statistical analysis

Statistical significance of differences in continuous
variables among groups of patients was analyzed using
nonparametric Kruskal-Wallis or Mann-Whitney U test.
Data were statistically analyzed with IBM SPSS Statistics,
v.21. Differences with P-values < 0.05 were considered
statistically significant.

RESULTS

Comparison of normalized expression of selected genes
in high-risk patients

Statistically significant differences were established
among three groups of patients - high-risk MM (HR PC)
versus EM (EM PC) (Table 3a), HR PC versus EM tumor
(EM T) (Table 3b) and EM PC versus EM T (Table 3c).

In the first comparison of gene expression in the HR
PC versus EM PC groups, significant difference was deter-
mined only in 4 genes (CKSIB, CTBS, NADK, YWHAZ).
Only CTBS showed expression change in the expected
direction - decrease in median from 2.09 in HR PC to
0.475 in EM PC (P =0.009).

In the second comparison, we determined 4 genes
with significant expression differences between HR PC
and EM T groups. More specifically, ASPM and SLCI1941
showed expression change in the expected direction - in-
crease in median from 0.99 in HR MM to 6.9 in EM T
for ASPM (P = 0.008) and from 1.67 in HR MM to 7.55
in EM T for SLC1941 (P = 0.005).

The third comparison of gene expression between EM
PC and EM T groups revealed the greatest proportion of
statistically significant differences in 9 out of 15 genes.
Out of these 9 genes, 6 showed expression change in the
expected direction - expression of ASPM (increase from
0.82in EM PCt0 6.9in EM T; P=0.006) and SLCI941
(increase from 2.095 in EM PC to 7.55 in EM T; P =
0.006), then NADK, TBRG4, TMPO and LARS?2 were ob-
served. The expression of NADK gene increased from 1.34
in EM PC to 10.07 in EM T (P = 0.011), expression of
TBRG4 increased from 2.22 in EM PC to 5.39 in EM T
(P =0.045). Expression of TMPO increased from 0.335
in EM PC to 1.18 in EM T (P = 0.045). Further, LARS2
expression was increased in EM T (from 1.2 in EM PC
to 5.2in EM T; P=0.028).
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DISCUSSION

We used the expression of individual genes published
in the UAMS GEP profile to check if their expression is
even more deregulated in EM patients than in high-risk
patients and if EM disease may be considered ultra high-
risk disease.

We found several genes that significantly differ among
compared groups. The CTBS gene is located on locus
1p22 and encodes lysosomal glycosidase involved in the
degradation of oligosaccharides in glycoproteins'®. We
found no source that would link this gene or protein with
MM or any another cancer. However, change in energy
metabolism regulation appears to be one of the hallmarks
of cancer®. Thus, it is possible that this gene is involved
in MM pathogenesis in a general way.

The ASPM gene (locus 1q31) was previously described
as one of the genes that encode proteins involved in the
cell cycle and mitosis; its expression is increased in the
population of cells that are considered initial tumor cells
in MM (ref.?°). This paper showed that bortezomib treat-
ment can reduce MM tumorigenicity by reduction of
target gene expression, including ASPM, in this cell popu-
lation. The increased expression that we found may play
a role in tumor progression and be considered a marker
of negative prognosis.

The SLCI9A1 gene is located on chromosome 21
(Iocus 21g22.3), and its product is a membrane protein
involved in the transport of folate and regulation of intra-
cellular folate concentrations. Changes in folate metabo-
lism caused by polymorphism in the SLCI94 1 gene tends

Table 2. List of probes (Applied Biosystems) used in the

experiments.
Gene Probe number
YWHAZ Hs00237047_m1
KIF20B Hs01027505_m1
NADK Hs00224899_m1
LARS? Hs01118920_m1
TBRG4 Hs00229429_m1
CKSIB Hs02518862_gl
AIM?2 Hs00175457_m1
ASPM Hs00996458_m1
AHCYLI Hs00198312_m1
CTBS Hs00189273_m1
CLCCI Hs00209426_m1
LTBPI Hs00386448_m1
TMPO Hs00162842_m1
SLCI1941 Hs00953344_m1
CCNA2 Hs00153138_m1
CCNBI Hs00259126_m1
KIF14 Hs00978235_m1
GAPDH 4333764F
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Table 3a. Comparison of gene expression between HR PC and EM PC groups.

HR PC (median - range) EM PC (median - range) P
AIM?2 29.22 (3.44-231.58) 24.44 (8.34-85.66) 0.697
AMCYLI 0.95 (0.49-7.84) 0.875 (0.50-1.31) 0.259
ASPM 0.99 (0.23-8.19) 0.82 (0.55-1.56) 0.815
CLCCI 3.94 (1.31-16.12) 4.145 (2.94-7.87) 0.755
CKSIB 46.61 (5.5-75706.7) 2.04 (0.71-6.29) 0.001
CTBS 2.09 (0.52-11.56) 0.475 (0.26-1.08) 0.009
KIFI4 1.19 (0.3-19.8) 0.93 (0.0-7.4) 0.640
NADK 8.85(2.39-71.3) 1.34 (0.64-4.69) 0.001
LTBPI 0.9 (0.09-2.29) 0.345 (0.13-16.6) 0.586
TBRG4 2.82 (1.24-16.44) 2.22 (1.28-3.94) 0.276
TMPO 1.15 (0.16-7.64) 0.335 (0.24-1.56) 0.102
SLCI9A41 1.67 (0.16-10.9) 2.095 (1.18-2.32) 0.938
KIF20B 0.98 (0.43-6.64) 0.42 (0.17-1.37) 0.052
LARS? 5.21 (0.42-12.34) 1.2 (0.4-3.58) 0.094
YWHAZ 4.16 (1.81-13.19) 2.245 (1.65-4.75) 0.043
HR PC- high-risk MM- plasma cells; EM PC- extramedullary relapse- plasma cells
Table 3b. Comparison of gene expression between HR PC and EM T groups.
HR PC (median - range) EM T (median - range) P
AIM?2 29.22 (3.44-231.58) 21.82 (10.07-31.81) 0.513
AMCYLI 0.95 (0.49-7.84) 2.24 (0.83-6.52) 0.176
ASPM 0.99 (0.23-8.19) 6.9 (1.93-9.05) 0.008
CLCCI 3.94 (1.31-16.12) 3.2 (2.55.15) 0.570
CKSIB 46.61 (5.5-75706.7) 7.86 (0.76-14.74) 0.010
CTBS 2.09 (0.52-11.56) 1.71 (0.86-3.22) 0.965
KIFI4 1.19 (0.3-19.8) 0.13 (0.0-110.1) 0.407
NADK 8.85(2.39-71.3) 10.07 (2.56-11.22) 0.896
LTBPI 0.9 (0.09-2.29) 0.9 (0.14-1.91) 0.930
TBRG4 2.82 (1.24-16.44) 5.39 (2.22-8.96) 0.359
TMPO 1.15 (0.16-7.64) 1.18 (0.59-4.25) 0.727
SLCI1941 1.67 (0.16-10.9) 7.55 (5.55-16.82) 0.005
KIF20B 0.98 (0.43-6.64) 0.93 (0.3-1.88) 0.541
LARS? 5.21 (0.42-12.34) 5.2 (1.33-10.99) 0.150
YWHAZ 4.16 (1.81-13.19) 1.16 (0.42-1.50) 0.001
HR PC- high-risk MM- plasma cells; EM T- extramedullary relapse - tumor tissue
Table 3c. Comparison of gene expression between EM PC and EM T groups.
EM PC (median - range) EM T (median - range) P
AIM?2 24.44 (8.34-85.66) 21.82 (10.07-31.81) 0.855
AMCYLI 0.875 (0.50-1.31) 2.24 (0.83-6.52) 0.028
ASPM 0.82 (0.55-1.56) 6.9 (1.93-9.05) 0.006
CLCCI 4.145 (2.94-7.87) 3.2 (2.5-5.15) 0.465
CKSIB 2.04 (0.71-6.29) 7.86 (0.76-14.74) 0.144
CTBS 0.475 (0.26-1.08) 1.71 (0.86-3.22) 0.011
KIF14 0.93 (0.0-7.4) 0.13 (0.0-110.1) 1.000
NADK 1.34 (0.64-4.69) 10.07 (2.56-11.22) 0.011
LTBPI 0.345 (0.13-16.6) 0.9 (0.14-1.91) 0.584
TBRG4 2.22 (1.28-3.94) 5.39 (2.22-8.96) 0.045
TMPO 0.335 (0.24-1.56) 1.18 (0.59-4.25) 0.045
SLCI941 2.095 (1.18-2.32) 7.55 (5.55-16.82) 0.006
KIF20B 0.42 (0.17-1.37) 0.93 (0.3-1.88) 0.201
LARS? 1.2 (0.4-3.58) 5.2 (1.33-10.99) 0.028
YWHAZ 2.245 (1.65-4.75) 1.16 (0.42-1.50) 0.006

EM PC- extramedullary plasma cells; EM T- extramedullary tumor tissue

The lines represent individual gene expression and columns patient groups (HR PC - high-risk, EM PC- EM plasma cells and EM T - EM tumor
groups). The values in the first two columns show median of gene expression and range (minimum-maximum). When the difference was statisti-

cally significant (< 0.05), the value is in bold.
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to slow down MM progression because tumor cells make
great demands on folate supply in order to maintain DNA
synthesis at high levels?. For this reason, we can expect
that increased SLC19A 1 expression will accelerate disease
progression, reflecting its inclusion in the high-risk gene
panel. These findings correspond to our assumption that
EM T represents a more aggressive type of MM with a
greater rate of genomic abnormalities.

The NADK gene (locus 1p36.21) encodes NAD kinase
that catalyzes the transfer of a phosphate group from ATP
to NAD to generate NADP+, which is an electron donor
for all biosynthetic reactions?®2. Inhibition of NAD kinase
enhances the degradation of the dihydrofolate reductase
(DHFR), which plays a key role in DNA synthesis and
for many diseases, including cancer; it represents a thera-
peutic target?. Degradation of DHFR is then associated
with inhibition of tumor cell growth. For this reason, in-
hibition of NAD kinase is considered a promising target
for cancer treatment. Increased expression of the NADK
gene found in this study may constitute one of the steps
in MM progression.

The TBRG4 gene is located on 7p14-p13 and encodes
a regulator of TGF-f (Transforming Growth Factor-f3),
which is of particular importance for MM in regulating
hematopoiesis®. Increased levels of TGF-$ in the BM mi-
croenvironment is caused by its simultaneous production
by both MM and stromal cells and it induces an increase
of IL-6 and VEGF secretion, major cytokines involved in
tumor cell proliferation and angiogenesis. On the other
hand, TGF-B inhibits proliferation and immunoglobulin
secretion of normal B-cells. Therefore, it is clear that regu-
lation of TGF-§ plays an important role in MM develop-
ment and progression?.

The TMPO gene is located on locus 12q22. Agnelli et
al uncovered critical genes associated with poor prognosis
by compilation of gene regulatory networks from expres-
sion data of 1883 MM patients, and one of them was
TMPO (ref.2%). This gene is involved in the organization
of the nuclear envelope structure and is deregulated in
different types of hematological malignancies. Finding
the same gene in another prognostic model reflects its
importance; its increasing expression in EM T patients is
consistent with our assumption.

LARS? encodes mitochondrial leucyl-tRNA synthe-
tase 2, an enzyme important in translation. The only
malignant disease with known connection to this gene
is nasopharyngeal carcinoma; howeyver, in this case, it is
associated with decreased expression due to frequent de-
letion of locus 3p21.3, and even the authors of this study
found no other source of evidence of its role in tumori-
genesis in the literature?’.

Based on our data, it seems that there are different
clones of PC in the BM of EM patients when compared to
the tumors. The tumors are more aggressive because the
development outside of BM requires further accumulation
of genetic changes. This fact is confirmed by observed
expression increase of six genes; out of which four (4SPM,
SLCI941, TBRG4 and TMPO) have a direct connection to
MM as proven by other studies?26-2829,
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Differences in gene expression between high-risk pa-
tient groups and associated MM heterogeneity, e.g. in
the clinical manifestation of the disease, survival and re-
sponse to chosen therapy, are one of the major complica-
tions in creating predictive models based on GEP alone.
Moreover, EM represents an aggressive and advanced
state of malignant transformation; loss of BM microen-
vironment dependence in EM tumors indicates further
genomic disruption. Comparison of the high-risk UAMS
gene set with our high-risk patients showed that these
four genes are significantly upregulated, which confirms
the results obtained by UAMS. Moreover, these genes are
even more upregulated in EM relapse of MM.

The highest risk group determined by the highest gene
expression was EM tumors. This observation corresponds
with the assumption that this type of MM representing
a “clone” located outside the BM microenvironment had
to accumulate more genomic abnormalities and thus its
expression must be different from others. Based purely on
expression of the chosen genes, our data suggest increas-
ing risk of MM is associated with the accumulation of
genetic abnormalities in the direction of HR PC < EM PC
<EMT. To confirm this conclusion, it would be necessary
to perform whole-genome profiling for statistically signifi-
cant differences between genes with confirmed links to
MM or EM and their progression.
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