
Purpose: Maximizing the response rate to first-line thera-
py in patients with multiple myeloma (MM) is important 
because it leads to improved outcome. Gene-expression 
studies have identified prognostic gene sets in patients re-
ceiving bortezomib-based therapy. Comparison of the lists 
of genes derived from two gene-expression-based models 
(GEP70, GEP80) showed that they overlap in three genes, 
namely PSMD4, BIRC5, and KIAA1754. An unanswered 
question is whether early gene-expression changes can be 
used as predictors of the response to first-line bortezomib. 
In this study we aimed to examine the predictive value of 
gene expression changes for the depth of response after 
bortezomib-based therapy in newly diagnosed MM.

Methods: We prospectively assessed the relation between 
early PSMD4, BIRC5, and KIAA1754 gene expression 
changes (before therapy and one week later) and the re-
sponse rate after bortezomib-based therapy in 25 patients 
with newly diagnosed MM. Gene expression was studied by 
RT-PCR on CD138-selected plasma cells, and changes were 
recorded as upregulation, downregulation, or unchanged. 

Results: Whereas baseline prognostic factors including ge-
netic lesions and stage were not predictive of the response 
rate, we found that early BIRC5 and KIAA1754 gene-ex-
pression changes were significantly associated with the 
depth of response to bortezomib (p=0.001 and p<0.001, 
respectively). PSMD4 was not predictive of the depth of re-
sponse. KIAA1754 upregulation was linked to complete re-
mission (CR) or very good partial remission (VGPR). BIRC5 
upregulation was linked to stable disease (SD) or progres-
sive disease (PD). We also observed that BIRC5 upregula-
tion was associated with worse progression-free survival 
(PFS). 

Conclusions: Our results suggest that BIRC5 and 
KIAA1754 gene-expression changes may predict the re-
sponse to bortezomib-based therapy. These data may have 
relevance for the stratification and early adaptation of 
first-line treatment in patients with newly diagnosed MM.
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The achievement of complete remission or 
very good partial remission after initial treatment 
of patients with newly diagnosed MM is an im-
portant therapeutic goal and prognostic factor for 
overall survival [1]. Therefore, the aim of primary 

therapy is to maximize response rates in all pa-
tients to reach complete remission or very good 
partial remission. The use of bortezomib in first-
line therapy accounts for much of the recent pro-
gress in MM. Bortezomib targets the proteasomal 

JBUON 2015; 20(5): 1314-1321
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE



Gene expression and bortezomib in multiple myeloma 1315

JBUON 2015; 20(5):1315

degradation of ubiquitinated proteins leading to 
cytotoxic injury in myeloma cells, and results in 
high remission rates in patients with newly di-
agnosed MM [2,3]. However, the efficacy of first-
line bortezomib is variable and unpredictable and 
almost one third of the patients respond poorly. 
Much of the clinical research in MM focuses on 
the mechanisms of resistance to bortezomib.

New evidence from genomic studies indicates 
that in vivo tumor-cell gene expression chang-
es following short-term exposure to anticancer 
agents may be related to survival [4-6]. Notably, 
such pharmacogenomic changes seem to be spe-
cific for the class of anticancer agent used. There 
is a basis for the belief that an evaluation of the 
pharmacogenomic changes may help us make in-
formed choices about the management of patients 
with cancer and also lead to improvements in our 
understanding of the molecular mechanisms of 
drug resistance [4-6]. 

Global tumor-cell gene expression studies 
in MM have revealed a number of genes whose 
expression changed after brief exposure to borte-
zomib [6]. Based on these findings, changes in 
the expression of PSMD4 (encodes a non-ATPase 
regulatory subunit of the 26S proteasome called 
Psmd4), BIRC5 (encodes an anti-apoptosis protein 
of the IAP family called survivin), and KIAA1754 
(encodes a protein involved in inositol trisphos-
phate [IP3] signaling called inositol 1,4,5-tris-
phosphate receptor interacting protein [ITPRIP] 
or Danger) genes appear to be particularly con-
sistent in predicting overall survival after borte-
zomib-based therapy. However, the value of these 
genes in predicting the depth of response to first-
line bortezomib-based therapy remains unknown. 
We therefore asked whether early changes in 
PSMD4, BIRC5, and KIAA1754 gene expression 
could be used as biomarkers for the response to 
first-line bortezomib-based therapy in patients 
with MM. The three genes were chosen for this 
study because they were the only genes overlap-
ping in two validated gene-expression profiling 
(GEP) models, the 70-gene [GEP70] model and 
the 80-gene [GEP80] model, which are widely 
accepted as valid tools capable of predicting out-
come in MM [6,7]. Notably, the three genes were 
not included among the genes whose expression 
changed after dexamethasone test dose in another 
study [5]. Although other GEP models exist such 
as the EMC-92 gene score based on the HOVON65/
GMMG-HD4 trial [8] and the IFM GEP15 based on 
the IFM-99 trials [9], there is no existing informa-
tion about the variation in gene expression after 

bortezomib-based therapy for these GEP scores.

Methods 

Patients

In this prospective study, we examined the rela-
tionship between early PSMD4, BIRC5, and KIAA1754 
gene expression changes and depth of response after 
bortezomib-based therapy in 25 patients with newly 
diagnosed MM. All patients met the IMWG criteria 
for symptomatic MM [10]. All patients started thera-
py between March 2009 and March 2010. Follow-up 
continued until January 2014 (mean follow-up, 35±14 
months). To be eligible for inclusion, patients had to 
present with bone-marrow plasma cells (BMPC) >20%, 
ensuring sufficient isolation of plasma cells from as-
pirated samples. Patients with plasma-cell leukemia 
were excluded from this study. 

Patients underwent risk status assessment based 
on the mSMART classification which includes detec-
tion of t(4;14), t(11;14), t(14;16), del(13q), and del(17p) 
with interphase fluorescent in situ hybridization (FISH) 
analysis and estimation of the plasma-cell labeling in-
dex (PCLI) [11]. In this study, PCLI (i.e., the percentage 
of plasma cells in the S-phase of the cell cycle) was cal-
culated by means of flow cytometry using propidium 
iodide; a PCLI value of ≥2.5% was considered to indicate 
a high proliferation rate. Other prognostic parameters 
included the International Staging System (ISS) stage 
(stages I/II vs stage III) [12], the BMPC count (<50% vs 
≥50%), the serum lactate dehydrogenase (LDH) concen-
tration (normal vs elevated), and the M-protein quanti-
fications in serum and urine for response assessment. 

All 25 patients received biweekly intravenous 
bortezomib: 19 patients were treated with a combi-
nation of bortezomib and dexamethasone (VD) for 4 
courses, followed by high-dose melphalan and au-
tologous stem-cell transplantation (ASCT), and 6 pa-
tients who were not eligible for transplantation were 
treated with a combination of bortezomib, melphalan, 
and prednisolone (MPV) to a total of 9 cycles [13,14]. 
Response assessment was performed after 4 cycles of 
treatment based on IMWG criteria [10]. For the purpos-
es of our study, a bone-marrow aspiration sample was 
collected before treatment (day 0) and another sample 
was collected one week later (day 7). We selected the 
above-mentioned timepoints in order to ensure pa-
tient adherence and to allow time for gene-expression 
changes to occur after two doses of bortezomib. Ethical 
approval for this study was obtained from the Institu-
tional Review Board of Alexandra Hospital in Athens. 
Written informed consent was obtained from all pa-
tients in accordance to the principles of the Declaration 
of Helsinki.

Isolation of plasma cells, RNA extraction, and PCR analysis

CD138+ plasma cells were selected through the 
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use of immunomagnetic beads coated with an an-
ti-CD138 monoclonal antibody (MACS CD138 microbe-
ads, Miltenyi-Biotec GmbH, Bergisch Gladbach, Ger-
many). Isolated plasma cells were of sufficient quantity 
(≥0.5×106 CD138+ cells per ml) and purity (≥95%), as 
confirmed by two-color (CD45/CD138) flow cytometry 
and cytospin preparations stained with May-Gruen-
wald-Giemsa. Total RNA was recovered from the plas-
ma cell suspensions with the use of TRIzol reagent 
obtained from Invitrogen (California, USA). Gene ex-
pression was assessed with quantitative RT-PCR using 
a customary kit (Pre-validated RT qPCR Primer Assay) 
obtained from Qiagen Ltd., Crawley, UK. All PCR prim-
ers were developed by Qiagen to cover exons which are 
always expressed (catalog number PPH22763A-200 for 
PSMD4, catalog number PPH08788A-200 for KIAA1754, 
and catalog number PPH00271E-200 for BIRC5). The 
cDNA product was amplified with Taq DNA polymer-
ase using standard protocols. The concentrations of 
PSMD4, KIAA1754, and BIRC5 mRNA were normalized 
to those of β-actin mRNA in the corresponding sample.

Gene expression changes between day 0 and day 7

The expression (mRNA) of the three plasma-cell 
genes PSMD4, KIAA1754, and BIRC5 was measured 
before the initiation of bortezomib-based therapy (day 
0) and one week later (day 7). Each sample was meas-
ured in triplicate and gene expression was expressed 
as a mean value. We calculated the change in gene ex-
pression on day 7 in comparison to the patient’s own 
sample on day 0. The change in gene expression was 
expressed as a ratio by dividing day 7 mRNA by the 
mRNA level on day 0, and results were interpreted as 
follows: a ratio of 0.8-1.2 was considered unchanged, 
>1.2 was defined as upregulation, and <0.8 was defined 
as downregulation. 

Statistics

Data were analyzed with the Pearson’s chi-square 
test and Fisher’s exact test. All tests were two-sided. 
A p value of less than 0.05 was considered to indicate 
statistical significance. Survival curves were generated 
according to Kaplan-Meier method and compared with 
the use of log-rank test. PFS was calculated from the 
date of initiation of therapy until the date of relapse or 
death from any cause. The impact of gene expression 
changes in PFS was estimated with the use of Cox re-
gression analysis. 

Results
Clinical characteristics

Our study included 25 patients with newly 
diagnosed symptomatic MM, with a male:female 
ratio of 1.3:1. The median age at time of presenta-
tion was 61 years (range 43-75). Five patients had 
initial diagnosis of MGUS before the development 

of symptomatic MM. Five patients had stage I, 10 
had stage II, and 10 had stage III disease. The me-
dian hemoglobin level was 10.2 g/dl (range 6.0-
14.0). Renal impairment (serum creatinine level 
>2.0 mg/dl) and hypercalcemia were seen in 24% 
of the patients at presentation. Serum LDH con-
centration was elevated in 32% of the patients. 
Demographic and baseline clinical characteristics 
of the patients are shown in Table 1. 

After 4 cycles of bortezomib-based therapy, 
32% of the patients achieved CR or a VGPR, 52% 
achieved PR, and 16% of the patients had SD or 
PD.

Prediction of response to bortezomib-based thera-
py

Our analysis showed that the baseline prog-
nostic factors were not capable of predicting 
the response to bortezomib therapy, including 
BMPC count (p=0.173), ISS stage (p=0.122), PCLI 

Table 1. Demographic and clinical characteristics of 
patients 

Characteristics Patients. N (%)

Gender
Male
Female

14/25 (56)
11/25 (44)

Age (years)
<65 
65-70 
>70

17/25 (68)
3/25 (12)  
5/25 (20)

Multiple myeloma type 
IgG
IgA
Light-chain

12/25 (48) 
7/25 (28) 
6/25 (24)

International Staging System  
Stage I
Stage II
Stage III

5/25 (20)
10/25 (40) 
10/25 (40)

Bone marrow plasma cells (%)
<50 
50-80
>80

8/25 (32)
12/25 (48) 

5/25 (20)

Genetic lesions*
t(11;14)
t(4;14)
t(14;16)
del(13q)
del(17p)

6/25 (24)
5/25 (20)
1/25 (4)
7/25 (28)
3/25 (12)

Genetic risk status†

Standard risk
High risk 

17/25 (68)
8/25 (32)

Plasma cell labeling index (PCLI) 
Low proliferation rate
High proliferation rate

18/25 (72)
7/25 (28)

*Genetic lesions were detected with FISH analysis. Some 
patients had more than one genetic lesion. †Genetic risk status 
was assessed on the basis of the mSMART (Mayo Stratification 
of Myeloma and Risk-Adapted Therapy) classification system
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(p=0.076), serum LDH concentration (p=0.08), and 
genetic risk status (p=0.158). 

In contrast, we found that early changes in the 
level of BIRC5 (p=0.001) and KIAA1754 (p<0.001) 
expression were strongly associated with the depth 
of response to first-line bortezomib. KIAA1754 up-
regulation correlated with achievement of CR or 
VGPR, whereas BIRC5 upregulation was predic-
tive of poor response (SD or PD). In cases with 
BIRC5 upregulation, the mean (±SD) BIRC5 mRNA 
ratio was 3.81±2.84 (median 3.96; range 1.28-
9.91). In cases with BIRC5 downregulation, the 
corresponding value was 0.41±0.20 (median 0.28; 
range 0.19-0.75). With regard to KIAA1754 mRNA, 
the mean (±SD) mRNA ratio was 3.98±2.11 and 
the median ratio was 4.18 (range 1.27-7.15) in pa-
tients with upregulated gene expression. In cases 
characterized by KIAA1754 downregulation, the 
mean (±SD) KIAA1754 mRNA ratio was 0.49±0.21 
and the median mRNA ratio was 0.47 (range 0.27-
0.72).

Unlike BIRC5 and KIAA1754 expression, our 
analysis showed that early changes in PSMD4 ex-
pression were not significantly associated with 
the depth of response to first-line bortezomib 
therapy (p=0.132). Figure 1 shows the relation-
ship between early gene expression changes 
and response to treatment with bortezomib. In 
comparing the data between the two bortezomib 
groups (patients receiving VD vs patients receiv-
ing MPV), we found no significant between-group 
differences in BIRC5, KIAA1754, and PSMD4 
gene-expression changes.  

Also, we noticed that the combination of BIRC5 
and KIAA1754 gene expression was highly predic-
tive of the efficacy of first-line treatment. Patients 
who achieved maximum response (CR or VGPR) 
after 4 cycles of bortezomib-based therapy had a 
BIRC5/KIAA1754 combination of either downreg-
ulation/upregulation or unchanged/upregulation, 
respectively. Conversely, patients who had a poor 
response (SD or PD) to bortezomib-based initial 
therapy presented with a combination of BIRC5 
and KIAA1754 gene expression corresponding to 
upregulation/downregulation, upregulation/un-
changed, or unchanged/downregulation, respec-
tively. The achievement of PR was usually asso-
ciated with parallel changes (i.e., upregulation/
upregulation, downregulation/downregulation, or 
unchanged/unchanged) of BIRC5 and KIAA1754 
gene expression. Figure 2 illustrates the combi-
nation of BIRC5 and KIAA1754 gene expression in 
association with the response to first-line borte-
zomib-based therapy. 

Next, we investigated the relationship be-
tween PSMD4, BIRC5, and KIAA1754 gene expres-
sion changes and baseline prognostic factors in-
cluding ISS stage, genetic risk group, PCLI, and 
BMPC count. Within the limits of this study, we 
found no correlation for each of the three genes 
(PSMD4, BIRC5, and KIAA1754) with the disease 
stage, BMPC count, PCLI, genetic risk status, or 
specific cytogenetic abnormalities.

Gene expression changes and PFS
Although the prediction of response to first-

line bortezomib was the aim of this study, we 
also examined whether early changes in the ex-
pression of PSMD4, BIRC5, and KIAA1754 might 
be related to PFS. Our analysis showed that the 
upregulation of BIRC5 gene was associated with 
a shorter PFS, including patients who underwent 
ASCT, although the effect did not attain statisti-
cal significance (hazard ratio, 1.85; 95% confi-
dence interval [CI], 0.94-3.68; p=0.06) (Figure 3). 

Figure 1. Early tumor-cell gene expression changes 
are related to the response rate to first-line borte-
zomib-based therapy in newly diagnosed multiple 
myeloma. A: Relationship between early PSMD4, 
KIAA1754 BIRC5 gene-expression changes and re-
sponse to initial bortezomib-based therapy. KIAA1754 
upregulation correlates with CR/VGPR (p<0.001), 
whereas BIRC5 upregulation correlates with SD/PD 
(p=0.001). PSMD4 expression was not a predictor of 
treatment response (p=0.132). B: BIRC5 and KIAA1754 
gene expression in CR, PR, and SD/PD patients. For 
abbreviations see text.
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This finding suggests that the overexpression 
of survivin in tumor tissue might be associated 
with more aggressive forms of myeloma charac-
terized by low response rate to bortezomib, early 
relapse after ASCT, and adverse outcome. Further 
analysis showed that changes in the expression 
of PSMD4 (hazard ratio, 1.108; 95% CI, 0.42-2.92; 
p=0.837) and KIAA1754 (hazard ratio, 1.502; 95% 
CI, 0.553-4.08; p=0.125) genes were not associated 
with PFS. The fact that more than one third of the 
patients in this study did not undergo ASCT after 
initial therapy might account for the lack of cor-
relation of KIAA1754 expression with PFS, since 
consolidation of the initial response by means of 
ASCT significantly prolongs PFS, especially in pa-
tients with high-risk cytogenetics.

Discussion

A predictive technique in the management 
of patients with newly diagnosed MM could im-

prove the therapeutic index by allowing better in-
dividualization of treatment. In the present study, 
we were able to confirm that the baseline risk fac-
tors currently used such as ISS status and genetic 
lesions, cannot adequately predict the depth of re-
sponse to primary bortezomib-based therapy. One 
possible explanation for this may be the fact that 
bortezomib can overcome the negative impact 
of several high-risk factors - including the pres-
ence of a t(4;14), t(14;16) translocation or a 17p 
deletion - leading to a higher response rate in the 
first-line treatment [14-16]. Instead, we found that 
early changes (between day 0 and day 7) in the 
mRNA level of BIRC5 and KIAA1754 genes may 
serve as useful predictors of the depth of response 
to first-line bortezomib-based therapy. Our find-
ings extend the observations of previous studies 
[6,7], and indicate that early BIRC5 and KIAA1754 
gene-expression changes may represent potential 
biomarkers for the susceptibility of the neoplastic 
plasma cells to bortezomib that is worthy of fur-

Figure 2. Combination of KIAA1754 and BIRC5 gene-expression changes. A combination of KIAA1754 upregula-
tion and BIRC5 downregulation was associated with major response (CR/VGPR) after first-line bortezomib-based 
therapy. For abbreviations see text 
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ther investigation. 
The context in which these genes are upreg-

ulated and downregulated provides insights into 
the signaling pathways that are activated follow-
ing proteasome inhibition by bortezomib. There is 
a growing suspicion that the nature of bortezomib 
resistance is more multifaceted and complex than 
previously thought [17,18]. At a mechanistic level, 
the results of this study indicate potential molec-
ular mechanisms for primary or early resistance 
to bortezomib. Our observations about the clinical 
significance of early BIRC5 and KIAA1754 expres-
sion changes argue that survivin and the aggre-
some-autophagosome pathway may be involved 
in early bortezomib resistance, and invite spec-
ulation that these pathways might be clinically 
more relevant than the effect of increased synthe-
sis of proteasome subunits such as Psmd4 in the 
development of early resistance. 

Survivin encoded by the BIRC5 gene, is a 
key bifunctional regulator of cell death and cell 
proliferation expressed in many cancers such as 
non-Hodgkin lymphoma, myeloma, colorectal 
cancer, and neuroblastoma [19,20]. Stimulation 
of survivin expression results in inhibition of ap-
optosis due to the inactivation of caspase 3 and 
9, enhanced mitotic-spindle assembly, and p53 

downregulation [20,21]. Gene products con-
trolling apoptosis can modulate cancer’s varia-
ble course. Therefore, the inhibition of caspases 
by survivin may suggest an important mecha-
nism by which early bortezomib resistance de-
velops. In agreement with our findings, survivin 
overexpression has been linked to bortezomib 
resistance among patients with mantle cell 
lymphoma [22]. 

Proteasome inhibition by bortezomib caus-
es endoplasmic reticulum (ER) stress due to the 
accumulation of unfolded or misfolded proteins 
[6,18]. In response to ER stress, a protective path-
way is upregulated in tumor cells in which un-
folded proteins are aggregated into aggresomes. 
However, an excess of aggresomes may also trig-
ger oxidative damage and apoptotic death so that 
aggresome removal by autophagy is essential for 
tumor-cell survival [23]. Molecular evidence sug-
gests that the calcium-calmomodulin–dependent 
serine-threonine kinase DAPK-1 plays a major role 
in the initiation of autophagy [24,25]. The ITPRIP/
Danger protein encoded by the KIAA1754 gene di-
rectly binds and inhibits the catalytic activity of 
DAPK-1 and thus inhibits autophagy [26,27]. Thus, 
we may speculate that tumors that downregulate 
KIAA1754 gene during bortezomib-induced met-
abolic stress may possess a greater ability for in-
itiation of autophagy and bortezomib resistance. 
What has clinical implications is that these find-
ings provide supportive evidence that survivin 
and the aggresome-autophagy pathway may con-
tribute to early bortezomib resistance and could 
be useful therapeutic targets. ΥΜ155, an inves-
tigational small molecule that targets survivin, 
and several autophagy inhibitors are currently 
undergoing development for use in many cancers 
including MM [28-30].

Several lines of evidence suggest that sur-
vivin expression is a negative prognostic factor 
in MM associated with a more aggressive dis-
ease and a poor outcome [31-33]. These findings 
are consistent with our observation that BIRC5 
gene upregulation correlated with worse PFS in 
patients treated with first-line bortezomib-based 
therapy. 

Although our study has recruited a relatively 
small number of patients, the findings about the 
changes in the expression of BIRC5 and KIAA1754 
genes are indicative of potential clinical useful-
ness as markers of early response. However, our 
results should be viewed with caution. Additional 
studies with larger numbers of patients are re-
quired to determine the accuracy of a PCR-based 
strategy for the prediction of response to borte-

Figure 3. Progression-free survival and BIRC5 expres-
sion. In the present study, we found an association of 
PFS with BIRC5 gene-expression changes (hazard ra-
tio, 1.85; 95% confidence interval, 0.94 to 3.68; p=0.06).
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zomib-based initial therapy in patients with newly 
diagnosed MM. Whether intensification of treat-
ment or switch to an alternative regimen, based 
for example on immunomodulatory drugs, should 
be pursued when <VGPR is expected should also 
be evaluated. Of additional interest is to evaluate 
second-generation proteasome inhibitors such as 
carfilzomib and ixazomib as to their effects in the ex-
pression of BIRC5 and KIAA1754 levels and whether 
these changes are a class effect or bortezomib-spe-
cific, given the differences in the pharmacodynam-
ics of the various proteasome inhibitors [34].

In conclusion, our preliminary findings sug-
gest that early changes in BIRC5 and KIAA1754 
gene expression detected by RT-PCR could be use-
ful predictive markers for the depth of response to 
bortezomib. RT-PCR is widely available and less 
expensive than gene-expression profiling (GEP) 
by DNA-array techniques. In a context in which 

the focus of clinical care is moving towards per-
sonalized medicine to improve drug safety and ef-
ficacy [35,36], the data from this study may have 
relevance for the early stratification and adap-
tation of primary treatment in newly diagnosed 
MM. Of perhaps greater interest is that this study 
supports the idea that pharmacogenomic changes 
of gene expression may have the ability to predict 
treatment response after chemotherapy and warrant 
further exploration for use in patients with MM. 
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