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Genomics in Multiple Myeloma Research
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Summary
Multiple myeloma (MM) is the second most common hematological cancer. It is a very hetero-
geneous disease characterized by large genomic complexity, recurrent amplifications and/or 
deletions in the genome leading to different clinical manifestations and survival of patients. 
Thus, genomics plays an important role in identifying agents responsible for pathogenesis, 
prognosis and disease stratification of MM.
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Souhrn
Mnohočetný myelom je druhé nejčastější hematoonkologické onemocnění. Je to velmi hete-
rogenní onemocnění charakterizované komplexitou genomu, opakujícími se amplifikacemi  
a/nebo delecemi, které vedou k rozdílnému klinickému projevu nemoci, ale i přežití u pacientů. 
Zejména nové metody genomiky hrají klíčovou roli v pochopení příčin patogeneze, progrese 
nemoci, ale i klasifikace MM. 
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Introduction
New advances in genomics have made 
a  great difference in understanding of 
various diseases, including multiple mye-
loma (MM). High-throughput genomic 
methods can help elucidate the entire 
transcription process – from aCGH ana-
lysis of the entire genome, to GEP array 
analysis of RNA transcripts, exon arrays 
of RNA splicing, miRNA arrays of miRNA, 
all the way to proteomics and post-trans-
lational modifications of proteins [1]. 
These methods are a  valuable tool for 
prediction of outcome of MM patients.

In the field of MM, several studies have 
been published concentrating on chan-
ges at transcriptional level using gene 
expression profiling (GEP). One of the 
first ones was a study comparing MGUS 
and MM patients that suggested mole-
cular basis for transformation from nor-
mal to malignant plasma cells [2]. Ano-
ther study identified 4 subgroups of MM 
based on their similarity to MM cell lines 
[3]. Later, another study divided MM 
into 8 different subgroups and identi-
fied dysregulation of cyclin D expression 
as the main event of MM pathogene-
sis [4]. This classification was redefined 
in 2006 identifying 7 subclasses of MM 
[5]. Although this classification has not 
been widely accepted just yet, it is obvi-
ous that there are subgroups in MM that 
might perhaps lead to better characteri-
zation of the disease and different treat-
ments for each group.

A major effort at the University of Ar-
kansas has identified a  signature of 
70   genes capable of predicting high- 
-risk MM. The team further showed that 
a simplified list of 17 genes is capable of 
providing the same prognostic discri-
mination [6]. This model discriminates 
with unprecedented ability ‘high-risk’ di-
sease. This high-risk profile was indeed 
enriched for genes located in chromo-
some 1. The IFM also demonstrated in an 
independent series of 250 patients that 
a set of 15 genes was able to identify the 
patients with the poorest prognosis. It is 
possible that RT-PCR or immunohisto-
chemistry-based strategies can be used 
to derive clinically applicable prognos-
tic models for the disease. Other mar-
kers could include proliferation index by 
GEP, centrosome index by GEP and can-

cer testis antigens [4,7,8]. It is important 
to note that there is a minimal overlap 
between these different proposed sig-
natures. The ability of each one of these 
signatures to be used in different con-
text of treatment and stage of MM is still 
being validated. Furthermore, it is con-
ceivable that novel GEP derived signatu-
res could be developed in the future and 
will better predict patient outcome. This 
will also be important and relevant for 
new MM therapies.

In our laboratory, there are currently 
several genomic techniques performed. 
Real-time PCR and GEP (gene expression 
profiling) are discussed in the following 
section of this Supplementum. Array- 
-CGH (whole-genome hybridisation) 
and SNP analysis will be discussed in  
separate chapters of this Supplementum.

Real-time PCR in Multiple 
Myeloma Research
PCR (polymerase chain reaction) is a me-
thod amplifying a  fragment of DNA of 
known sequence by three basic steps: 
denaturation, annealing and elongation 
using a  heat-stable DNA polymerase. 
This method allows for duplication of 
the target sequence in each step. There 
is another modification of this method 
that allows for RNA to be used as the pri-
mary material using reverse transcrip-
tase to transcribe RNA into cDNA and 
then to follow the regular protocol [9].

Although basic principles of PCR were 
published in 1971 by Kleppe et al [10], it 
was not until 1985 when Saiki et al [11] 
published a report about amplification 
of beta-globulin in sickle cell anemia 
that this method gained more publi-
city. Kary B. Mullis, who was awarded the 
Nobel Prize for chemistry in 1993, took 
it further and used thermostable DNA 
poly merase thus making PCR a  more  
accessible method [12]. Although end- 
-point PCR was a great advancement at 
the time, currently it is thought to be 
a  method with low dynamic range as 
well as low sensitivity and specificity.

Higuchi [13] first used amplification 
and detection of DNA sequences in real- 
-time by adding ethidium-bromide 
(EtBr) to the reaction to visualize PCR 
product. As EtBr binds to DNA and flu-
oresces when UV light is used, positive 

amplification is marked by increased flu-
orescence. The following year, this group 
introduced the ‘real-time PCR’ method 
[14] where continuous measurements 
of increasing EtBr intensity were done. 
Real-time PCR is based on monitoring 
fluorescent signal from individual cycles 
all the way to the end of the reaction; 
the amount of product can be used to 
determine the amount of starting mate-
rial. Unfortunately, EtBr binds non-speci-
fically to DNA duplexes and other struc-
tures, so other probes had to be used [9].

At this time, there are basically three 
possibilities of running real-time PCR: 
fluorescent probes, molecular beacons 
and Syber Green method. For our purpo-
ses, fluorescent probes seem to be ideal.

Pitfalls of Multiple Myeloma 
Research
Multiple myeloma is characterized by 
presence of aberrant plasma cells in the 
bone marrow. These cells express CD138 
marker on their surface; this marker is 
used for separation of these cells. Pro-
cedures for cell separation are described 
elsewhere in this Supplementum and 
will not be discussed here.

For molecular analyses, the purity of 
the sorted cell population is important 
and usually needs to be over 90%  [6]. 
Our institute is located in close proxi-
mity to the hospital, so in our conditi-
ons, we receive the samples very soon 
after sorting of MM cells. Even so, ques-
tions remain if the separated population 
of cells is sufficiently close to the origi-
nal conditions in vivo as we hope them 
to be [15]. Recently, several reports and 
presentations at conferences dealt with 
this issue suggesting that manipulation 
of these cells changed gene expression 
of various genes [16; our own unpublish-
 ed data].

We have tried several methods of iso-
lating RNA from MM CD138+ cells. As 
they are metabolically not very active, 
getting mRNA of sufficient yield and 
quality is problematic. In our hands, we 
have decided to start isolating RNA from 
fresh, unfrozen cells directly after they 
are separated. We have optimized the 
isolation protocol and tested different 
isolation kits, but in the end we decided 
to use RNEasy mini kit (Qiagen, USA). At 
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lity minimization was performed at both 
RT and PCR (technical) steps, assuming 
consistent variability in patients cohort 
compared to healthy controls.

As it may be quite difficult to get heal-
thy bone marrow, we decided to use 
commercially available RNA isolated 
from healthy bone marrow (Clontech) to 
set baseline of gene expression in heal-
thy tissue. This bone marrow was ob-
tained from 3 healthy individuals and 
mixed. Purity and integrity of this ma-
terial is sufficient for our purposes with 
both absorbance ratios A260/A280 and 
A260/230 ≥ 2.0 ± 0.1 and RIN > 7.

For analysis, we use relative quantifi-
cation in comparison with the healthy 
bone marrow – ΔΔCt calculation. This 
analysis has been described in great de-
tail elsewhere [18]. This approach ex-

tely distorted. We run 14 cycles of pre-
amplification to obtain enough material 
to run at least two real-time PCR plates.

We run real-time PCR using gene ex-
pression assays from Applied Biosy-
stems (TaqMan Gene Expression Assays). 
These assays are ready-to-use and vali-
dated either in silico or in vitro, have high 
specificity and sensitivity and in PCR re-
actions have very similar effectivity. Re-
porter dye for our chosen genes is FAM. 
All our reactions are run as duplexes 
with GAPDH (with VIC as reporter dye) 
as the endogenous control.

The new MIQE guidelines [17] recom-
mend running experiments in biologi-
cal multiplicates rather than commonly 
used technical triplicates. However, due 
to the fact that the amount of material 
was and still is very limited, the variabi-

this point, we get about 3.5 μg of RNA per 
600,000 cells. We measure absorbance at 
260, 280 and 230 nm. The values of ra-
tios 260/280 nm and 260/230 nm have 
to be over 1.5 for RNA to be used for fur-
ther analyses.

For frozen samples, we had great dif-
ficulties obtaining RNA of sufficient 
purity; especially ratios 260/230 were 
below the requested range. Although 
we followed the protocol religiously, 
we were not able to obtain good re-
sults. Based on recommendations of  
Qiagen technical support, we alte-
red our protocol – immediately after 
thawing the cell pellet, we add RLT 
buffer with β-mercaptoethanol at sug-
gested concentration and leave it for  
1 hr at room temperature with occasio-
nal vortexing. This has made a tremen-
dous difference, the ratio has increa-
sed and we have not had any problems 
with RNA purity since.

As RNA is a very precious commodity 
for us, and we need to share it among re-
search teams, we use only 100 ng for re-
verse transcription. At this point in time, 
we use High Capacity Reverse Transcrip-
tion Kit for reverse transcription (Applied 
Biosystems). To ensure that there is no 
contamination by genomic DNA, we run 
‘NRTC’ (no RT controls – same amount of 
RNA into reaction but no reverse trans-
criptase) as well as ‘NTC’ (no template 
controls – water is added instead of the 
samples).

We use real-time PCR to analyse 17 ge-
nes suggested for high-risk disease [6]. 
As we need to run these reactions and 
do not have enough RNA for all of them, 
we started using preamplification re-
action to increase our starting material 
(TaqMan PreAmp, Applied Biosystems) 
based on manufacturer’s instructions. 
Although this kit is supposed to pre-
amplify without bias, we performed the 
initial optimization (based on manu-
facturer’s instructions) of preamplified 
and non-preamplified gene expressi-
ons. We were able to prove that, at least 
in our hands, our panel of genes can be 
preamplified in the same reaction. Al-
though it does not happen often, it is 
possible that genes are not preamplified 
in the reaction to the same extend, and 
thus results may be biased or comple-

Fig.�1.�WT�Assay�workflow.�This figure is adopted from Affymetrix® White Paper: Technical 
Performance of the Ambion WT Expression Kit.



Klin Onkol 2011; 24(Suppl): S34– S38

GENOMICS IN MULTIPLE MyELOMA RESEARCH

Klin Onkol 2011; 24(Suppl): S34– S38 S37

solution, we elute cRNA into 25 μl of elu-
tion buffer (instead of recommended 
40ul). Total of 10 μg of cRNA (in total vo-
lume of 22 μl) is required for 2nd-cycle 
cDNA synthesis. Sense-strand cDNA is 
synthesized by reverse transcription of 
cRNA using random primers. The sen-
se-strand cDNA contains dUTP at a fixed 
ratio relative to dTTP. RNA template is 
degraded using RNase H leaving intact 
single-stranded cDNA. Second-strand 
cDNA is purified to remove enzymes, 
salts and unincorporated dNTPs. Puri-
fying 2nd-cycle cDNA seems to be the 
bottleneck of the Ambion protocol. Al-
though we have changed the protocol 
by reducing volume of elution buffer 
from 30 μl to 22 μl, we still observe in-
sufficient yields of cDNA in 1/3 of cases 
(this issue is now being discussed with 
Ambion support.).

Total of 5.5 μg of single stranded cDNA 
is fragmented and labeled using The Af-
fymetrix GeneChip® WT Terminal Labe-
ling Kit. We follow the manufacturer’s 
protocol for all further steps. The Human 
Gene 1.0 ST Array is then washed and 
stained by Affymetrix fluidics station 
and scanned by Affymetrix Scanner.

Differential Gene Expression Analysis
In our pilot study, we try to analyse dif-
ferentially expressed genes among two 
different groups of MM patients. We 
used Agilent GeneSpring GX 11.5 soft-
ware for expression analysis. Inten-
sity values (CEL files) were summarised 
using gene level ExonRMA16 algorithm 
with quantile normalization and base-
line transformation to median of all 
samples. For quality control of scanned 
arrays, we used Principal component 
analysis, array intensity comparisons as 
well as checking intensities/presence 
of array controls, hybridization control 
probes and Poly-A controls on arrays 
visualised by Genespring and/or Affy-
metrix Expression Console. Differences 
among groups were compared using 
T-test with Benjamini-Hochberg multi-
ple testing correction. Fold change and 
p-value for all genes were calculated 
and visualised on Volcano plot. Selected 
genes were clustered using hierarchical 
clustering algorithm with Euclidean si-
milarity measure.

tion as maximum) can be used as star-
ting material for processing with Am-
bion WT assay. In our lab, we start with 
250 ng of total RNA whenever possi-
ble. Total RNA is isolated from CD138+ 
cells sorted by magnetic activated cell 
sorter (MACS) utilizing QIAGEN RNeasy 
Mini Kit according to manufacturer’s 
protocol with slight changes. We opti-
mised QIAGEN protocol for isolation of 
total RNA from 0.65 × 106 CD138+ cells 
sorted by MACS. We usually obtain total 
RNA with sufficient quantity & quality 
when only 350 μl of appropriate buffer 
(RLT, RW1 and RPE) is used. Similarly, we 
only use 350 μl of 70% EtOH for RNA 
precipitation. The yield of total RNA is 
usually about 4 μg which is enough 
for further microarray and PCR proces-
sing. To avoid RNA degradation and 
changes of expression though the pro-
cess, it is strongly recommended to iso-
late total RNA immediately after MACS 
sorting. Samples with CD138+ purity  
> 85% (measured by flow-cyto metry) 
are suitable for expression analyses. 
RNA concentration is measured by 
NanoDrop Spectrophotometer, and 
RNA integrity number (RIN) is calcula-
ted using the Agilent 2100 Bioanaly-
zer (RNA 6000 Nano Kit). Total RNA with 
absorbance ratio A260/A280 higher 
than 1.7 and with RIN higher than 7.5 is  
acceptable for further processing by 
Ambion WT Expression Kit.

Ambion WT assay workflow encom-
passes the following: Total RNA acts as 
a template for synthesis of single-stran-
ded cDNA. Single-stranded cDNA is then 
converted to double-stranded cDNA. 
Antisense cRNA is synthesized and am-
plified by in vitro transcription (IVT) of 
the second-strand cDNA. cRNA is puri-
fied using magnetic beads, so enzymes, 
salts, inorganic phosphates and unincor-
porated nucleotides are removed from 
cRNA solution. We made slight chan-
ges in the step of purification of cRNA. 
To achieve sufficient quantity of cRNA, 
it is necessary to use fresh isopropanol; 
it is also strongly recommended to use 
abundant volume of isopropanol for 
DNA precipitation. We recommend 100 
ul instead of 60 ul. At these conditions 
cRNA yield usually reaches about 20 μg. 
To avoid low concentrations of cRNA in 

pects equivalent efficacies of both refe-
rence and target genes (Eref = Etarget = 2). 
The efficacies for individual genes were 
assessed previously with E value ap-
proaching 2. Normalization to GAPDH 
was employed to minimize variability 
among experiments. GAPDH was selec-
ted on basis of previous experiments. 
Ratios of normalized relative expression 
were calculated as R = 2–ΔΔCt, where ΔCt 
means Cttarget-Ctref calculated for both 
control (calibrator) and analysed sample. 
For statistical evaluation, data were log 
transformed, means and SEM were cal-
culated and back-transformed to visua-
lization in plots. Statistical significance 
was calculated on log-transformed data 
using parametrical tests. We compare 
gene expression of our patients’ samples 
to healthy bone marrow as well as seve-
ral MM cell lines.

Gene Expression Profiling (GEP)
Methodology
Gene expression microarrays have now 
been used for over a  decade to mea-
sure the gene-wise amount of RNA tran-
scribed in a cell [19]. The standard type 
of chip in such an analysis is the so-cal-
led 3’ microarray that measures gene ex-
pression. This type of array was used in 
pilot studies in MM. In contrast, the Ge-
neChip® Human Gene 1.0 ST Array is the 
latest product in the family of Affymet-
rix exon expression arrays offering who-
le-transcriptom coverage, providing 
a  more complete and more accurate 
picture of gene expression than 3’ based 
expression array designs. The Human 
Gene 1.0 ST Array is part of a complete 
solution for gene expression analysis 
that includes Ambion/Affymetrix Whole 
Transcript (WT) Sense Target Labeling 
and Control Reagents, fluidics and scan-
ning instrumentation and basic analysis 
software. Figure 1 shows the workflow 
for the new WT assay.

Our Experience with GeneChip® 
Human Gene 1.0 ST
Sample Preparation and Total RNA 
Processing
The advantage of WT assay in MM lies 
in the ability to use smaller amounts 
of total RNA as input material. Samples 
with 50 ng total RNA (3ul aqueous solu-
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