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ABSTRACT 
 
Aims: To evaluate the effect of Dimethyl sulfoxide (DMSO) on multiple myeloma (MM) cells. 
Study Design: Experimental study. 
Place and Duration of Study: Department of Pathology and Genomic Medicine, the Methodist 
Hospital, Cancer Pathology Lab, the Methodist Hospital Research Institute, between 2011 and 
2013. 
Methodology: We treated RPMI 8226 and Dox-40 MM cells with DMSO. The cell growth, 
proliferation, apoptosis, and colony formation were examined. 
Results: Exposure of RPMI 8226 and Dox-40 myeloma cells to low concentrations of DMSO 
resulted in a marked increase in cell growth as detected by viable cell counts and cell proliferation 
analysis. This DMSO-stimulated cell growth showed a dose-dependent pattern and could reach a 
maximal 3.57 fold-increase in the presence of 0.2% DMSO. In contrast, other common solvents 
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including methanol and ethanol had little or no effect on cell growth. In addition, the in vitro cell 
transformation assay by colony formation in soft agar culture revealed that the presence of low 
concentrations of DMSO significantly enhanced potential of oncogenesis of myeloma cells. 
Conclusion: Taken together, the findings demonstrate that DMSO could stimulate growth and the 
in vitro transformation of myeloma cells. However, further work is needed to understand the effect 
of DMSO on the pathogenesis and progression of MM. 
 

 
Keywords: Cell growth; DMSO; in vitro transformation; multiple myeloma. 
 

1. INTRODUCTION 
 
Multiple myeloma is characterized by a 
clonal/malignant proliferation of plasma cells 
resulting in a serum monoclonal protein and 
multiple osteolytic lesions [1,2]. In 2011, 
approximately 20,500 individuals in the United 
States were newly diagnosed with multiple 
myeloma, and approximately 10,600 people died 
from multiple myeloma and its complications, 
accounting for approximately 20% of deaths from 
hematologic malignancies [3]. The American 
Cancer Society has estimated that 21,700 new 
cancer cases of MM will be diagnosed in the 
United States in 2012, and an estimated 10,710 
deaths from the disease will occur [4]. 
 
The causes of multiple myeloma and the reasons 
for the racial disparity in incidence are unclear. 
Evidence from clinical studies suggests that 
exposures to certain biochemical hazards and 
organic solvents may be associated with 
increased incidence of MM [5-9]. In addition, 
individuals exposed to large amounts of 
radiation, such as survivors of the atomic bomb 
explosions in Japan, have an increased risk for 
myeloma [10]. Moreover,  genetic factors, low 
socioeconomic status (SES), obesity, viruses 
and other infectious agents have been implicated 
[11-13]. Recent studies also suggest that certain 
cytokines and chromosomal abnormalities may 
be involved in the pathogenesis of multiple 
myeloma       [14-18].  
 
DMSO ((CH3)2SO), first identified in the 19th 
century as a byproduct of the paper and wood 
industries, is a polyfunctional molecule and one 
of the most widely used solvents in organic 
chemistry, chemical technology, and cell biology 
[7-9,19-22]. It is also used as cryoprotectant 
reagent in the freezing preservation of cells and 
tissues [23]. In addition, its biological functions 
include producing cell fusion, inducing cell 
differentiation, increasing permeability across cell 
membranes, and functioning as a free radical 
scavenger [24]. Human investigation of DMSO 

was suspended because of appearance of 
changes in the refractive index of the eye in 
experimental animal [25]. Oral LD50 values (ie, 
doses resulting in 50% mortality rates) of 
between 4 and 29 g/kg after acute dosing have 
been reported in a variety of laboratory animals, 
including rodents, dogs, and primates [22]. 
However, with the increasing data about the 
favorable safety profile, the clinical investigation 
of DMSO has not been specifically regulated by 
FDA since 1980 [22]. In medical fields DMSO is 
used for anesthesia [26], anti-inflammation effect, 
antiviral and antibacterial activity and 
radioprotection abilities [27], and to protect 
against drug-induced tissue necrosis after 
paravasation [17,21]. Recent studies of myeloma 
and leukemia cells showed that DMSO can 
potentiate the death receptor ligand-induced 
apoptosis [28]. DMSO can also activate tumor 
necrosis factoralpha-p53 mediated apoptosis and 
down regulates D-fructose-6-phosphate-2-kinase 
and lactate dehydrogenase-5 in Dalton's 
lymphoma in vivo [29]. However, further research 
is needed to evaluate the effect of DMSO on 
myeloma cells.  
 
To investigate the role of DMSO in myeloma, we 
utilized human myeloma cell lines RPMI 8226 
and its variant Dox40 for this study. Myeloma 
cells were exposed to low concentrations of 
DMSO, and resultant changes in cell growth, 
proliferation, and apoptosis were examined. In 
addition, the effect of DMSO on in vitro 
transformation and on cogenesis of myeloma 
cells was investigated using a soft agar colony 
formation assay.  
 

2. MATERIALS AND METHODS 
 
2.1 Cell Lines and Culture Reagents 
 
Multiple myeloma cell lines: The human myeloma 
cell lines RPMI 8226and its doxorubicin-resistant 
variant Dox-40 cells were provided kindly by Dr. 
William Dalton [30-32]. The cells were routinely 
maintained in RPMI 1640 medium containing 5% 
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fetal calf serum (FCS). Reagents: RPMI 1640 
medium, FCS, and molecular biology grade 
DMSO, ethanol, methanol and other cell culture 
reagents are purchased from Sigma Aldrich (St. 
Louis, MO). 
 

2.2 Cellular Functional Assays 
 
For cell growth assay, RPMI 8226and Dox-40 
myeloma cells (5x 10

4
cells/ml) were cultured in 

RPMI 1640 medium with 2% FCS. Cells were 
treated with or without DMSO, methanol, or 
ethanol as indicated for each experiment in 12-
well culture plates. After treatment as specified, 
cells were harvested and stained with 0.1% 
trypan blue for 15 minutes at room temperature. 
Dead cells were stained and viable cells with 
intact cell membrane were transparent under 
light microscope. To evaluate cell growth the 
viable cells were counted using a hemocytometer 
with light microscopy. The number from three 
separate wells was counted. To study the dose 
effect of DMSO the cultured myeloma cells were 
exposed to different concentration of DMSO, 
methanol, and ethanol, from 0 to 1.6% of final 
concentration as indicated in each experiment. In 
addition, to know serum effect on DMSO 
induced-cellular functions the cells were cultured 
in RPMI 1640 with 1 to 10% of FCS and treated 
with 0.2% DMSO.  
 

2.3 MTT Cell Proliferation Assay 
 
RPMI 8226 myeloma cells (5x10

4
 cells/ml) were 

cultured in RPMI1640 with 2% FCS and treated 
with different concentration of DMSO as 
indicated for 24 hours. The cultured cells (100 
µl/sample) were transferred to a 96-wells plate 
and incubated with 10 µl of AB solution of MTT 
assay (Chemicon International, Temecula, CA) at 
37ºC for 4 hours. Cells were then lysed by 
addition of 100 µl Detergent Reagent. 
Supernatants of cell lysates were analyzed by 
BioRad (Hercules, CA) microplate reader and 
changes of absorbance at 570 nm were recorded 
with a reference wavelength of 630 nm. Final 
results are a mean number from 3 
samples/experiment and each experiments were 
repeated ≥ 3 times with similar results, as 
previously reported [32]. 
 

2.4 Cell Apoptosis Assay 
 
RPMI 8226 myeloma cells (1x10

5
 cells/ml) were 

cultured in RPMI 1640 with 2% FCS and treated 
with or without different concentration of DMSO 

as indicated for 24 hours. The treated cells were 
harvested, fixed in 100 µl of binding buffer, and 
stained with 5 µl of FITC-conjugated Annexin V 
and 5 µl of propidium iodide (PI) (BD 
Biosciences, San Jose, CA) for 15 min at room 
temperature in dark. After addition of 400 µl of 
binding buffer, the apoptotic cells were detected 
with a four-color flow cytometry and analyzed by 
FACSDiva software (BD Biosciences), as 
previously reported [32,33]. Early apoptotic cells 
staining with Annexin V-FITC, but not PI, appear 
in the lower right (LR) quadrant of data plots. 
Late apoptotic cells appear in the upper right 
(UR) quadrant, staining with both PI and annexin 
V-FITC. Both early apoptotic (Annexin V-positive, 
PI-negative) and late (Annexin V-positive and PI-
positive) apoptotic cells were included in cell 
death determinations [34]. 
 

2.5 Soft Agar Cell Colony Formation 
Assay 

 
The in vitro cell colony formation assay is a 
measure of anchorage independent growth in 
soft agar, and is considered the most stringent in 
vitro assay for detecting potential of cell 
malignant transformation [35,36]. It is a 
quantitative test and also allows screening of 
potential substances that regulate cell malignant 
transformation. To make soft agar cultures 4x10

3
 

RPMI 8226 myeloma cells were suspended in 
0.5 ml of 0.4% soft agar (DIFCO Bactoagar, 
Detroit, MI) in RPMI 1640 medium with 2% FCS 
at 37ºC. After gently mixing the cell/soft agar 
suspension were overlaid onto the previously 
prepared bottom agar layer in a single well of a 
12-wells tissue culture plate. The bottom agar 
layer was prepared 1 day prior to being used and 
contained 1.5 ml of 0.8% agar/well in RPMI 1640 
medium with 2% FCS. After incubation for 24 
hours at 37°C in a 5% CO2 incubator the top 
cell/soft agar layer was formed and 0.5 ml of 
fresh RPMI 1640 medium containing 2% FCS 
with or without DMSO was then added to surface 
of the soft agar layer. The culture medium was 
replaced every 3 days and cell colony formation 
was monitored by microscopic examination once 
a day for 12 days. To count the formed cell 
colonies cells in soft agar were stained with 0.5 
ml of cell staining solution overnight (Chemicon 
International). The stained cell colonies were 
photographed using a digital camera. The formed 
cell colonies in individual wells were counted and 
the experiment was repeated at least three 
times. Final results were reported as the average 
number of cell colonies per well from three wells 
for each condition. 
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2.6 Flow Cytometric Evaluation of the 
Activation of ERK ½ 

 
Cultured RPMI 8226myeloma cells were 
exposed to DMSO at different concentration from 
0.1 to 1.0% as described above for 30 minutes. 
The cells were fixed, permeabilized, and the 
activated cellular ERK1/2 was probed by a PE-
conjugated monoclonal antibody (BD 
Biosciences) specific for the phosphorylated form 
of the kinase. The phosphorylated/activated form 
of cellular ERK1/2 was detected by flow 
cytometry analysis, as previously reported [32]. 
 

2.7 Statistical Analysis 
 
The data represent the mean ± SD of 3 
independent experiments. Statistical differences 
between experimental groups were analyzed 
with the software SPSS version 11.5, using t test 
or multiple comparison test after ANOVA 
(*, P<0.05; **, P<0.01). 
 

3. RESULTS  
 
3.1 The Presence of Low Concentrations 

of DMSO Enhanced Cell Growth of 
Cultured Human Multiple Myeloma 
Cells 

 
To study the cellular effect of DMSO theRPMI 
8226 myeloma cells were cultured in RPMI 1640 
medium supplemented with 2% FCS and 
exposed to low level of DMSO ranging from 
0.05% to 1.6% final concentration as indicated in 
Fig. 1A. After culture for 5 days the cells were 
stained by 0.1% trypan blue and viable cells 
were counted under light microscope using a 
hemocytometer. The relative cell growth rate is 
shown in comparison to control cultures (without 
DMSO exposure). The presence of DMSO 
enhanced RPMI 8226 myeloma cell growth and 
this effect appears to be dose-dependent. The 
enhanced growth was noted at the lowest 
concentration tested (0.05% DMSO) and 
reached a maximum of 3.57 fold-increase in the 
presence of 0.2% DMSO. The improved growth 
rate disappeared when DMSO concentrations 
were higher than 0.8% (Fig. 1A). To confirm this 
observation, Dox-40 myeloma cells (a 
Doxorubicin-resistant variant of RPMI 8226 
myeloma cell line) were also used and treated 
with DMSO. As shown in Fig. 1B, the presence 
of a low level of DMSO enhanced Dox-40 
myeloma cell growth in a similar dose-dependent 
and bell-shaped fashion, but to a lesser extent. A 

maximum of 2.14 fold-increase was observed 
when 0.2% DMSO was included. These findings 
demonstrate that the presence of low levels of 
DMSO could stimulate cell growth of human 
multiple myeloma cells. 
 
To further explore this phenomenon, RPMI 8226 
myeloma cells were cultured with medium 
containing different concentration of FCS ranging 
from 1.25% to 10% as shown in Figure 2. The 
cells (5x10

4
/ml) were exposed to 0.2% DMSO for 

3 days and changes in cell growth was evaluated 
by counting viable cells using trypan blue 
staining. The relative cell growth rate was 
compared to control cultures without DMSO 
treatment. In Fig. 2, open bars represent cell 
numbers from cultures without DMSO and solid 
bars represent cell numbers from culture with 
0.2% DMSO. The DMSO-enhanced cell growth 
was most evident in culture containing 1.25% 
FCS with a 1.9-fold increase. While a 1.1-fold 
increase was seen in culture containing 2.5% 
FCS, 0.59-fold in 5% FCS, and a 0.53-fold 
increase in 10% FCS, suggesting DMSO has an 
improved ability to stimulate myeloma cell growth 
under low serum conditions. 
 
In addition to DMSO, two other common organic 
solvents, ethanol and methanol, were tested. 
RPMI 8226 myeloma cells were exposed for 3 
days to methanol or ethanol at a final 
concentration ranging from 0.05 to 0.8% and 
viable cell number was counted as described 
above. As shown in Fig. 3, in contrast to DMSO 
the presence of methanol and ethanol in the 
cultures had little to no effect (the largest 
difference seen was a 0.16-fold increase with 
0.2% ethanol) on RPMI 8226 myeloma growth.  
 
To validate the observed DMSO effect on 
myeloma cell proliferation the cultured RPMI 
8226 myeloma cells were exposed to DMSO, 
methanol, or ethanol at final concentration of 
0.05 to 0.8% as indicated for 24 hour and MTT 
cell proliferation assay was performed as 
described under “Material and Methods” [32]. 
Fig. 4 indicates that with the MTT assay the 
presence of DMSO stimulates proliferation of 
RPMI 8226 myeloma cells in a manner similar to 
that detected by viable cell number in Fig. 3. 
Exposure of RPMI 8226 myeloma cells to 
ethanol or methanol did not stimulate cell 
proliferation by MTT assay.  
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Fig. 1. Low concentrations of DMSO enhance growth of RPMI 8226 and Dox-40 myeloma cells 

in a dose-dependent fashion 
A, RPMI 8226 myeloma cells were cultured in the presence of different concentrations of DMSO as indicated with 2% FCS. After 5 days 
the cells were stained by trypan blue and the number of viable cells counted under light microscope with hemocytometer. The relative 

cell growth rate was determined by dividing the cell number by the number of cells counted for the control (cells cultured without 
DMSO). B, Dox-40 myeloma cells (doxorubicin-resistant variants of RPMI 8226 myeloma cells) were treated with different 

concentrations of DMSO for 5 days as indicated with 2% FCS and relative cell growth rate was evaluated. The relative cell growth rate 
was determined by dividing the cell number by the number of cells counted for the control (cells cultured without DMSO). The data 

represent the mean ± SD of 3 independent experiments. *, P < 0.05; **, P < 0.01 compared with control (cells cultured without DMSO). 
Statistical significance was determined by multiple comparison test after ANOVA. 

 
 

 
 

Fig. 2. Enhanced DMSO effects on cell growth 
when cultured in low FCS concentrations 

RPMI 8226 myeloma cells were cultured in different 
concentrations of FCS as indicated and treated with 0.2% 

DMSO for 3 days. The cells were stained by trypan blue and 
number of viable cells was counted under microscope using a 

hemocytometer. Open bars represent cell numbers from 
cultures without DMSO. Solid bars represent the cell 

numbers from cultures with 0.2% DMSO. The data represent 
the mean ± SD of 3 independent experiments. *, P < 0.05; 
**, P < 0.01 compared with control (cells cultured without 
DMSO). Statistical significance was determined by t test 

 
 
Fig. 3. Methanol and ethanol had little effect 

on RPMI 8226 myeloma cell growth 
RPMI 8226 cells were cultured in 2% FCS and exposed to 
methanol, ethanol, and DMSO at a final concentration of 

0.05-0.8% as indicated. After culture for 3 days the cells were 
stained by trypan blue and number of viable cells was 

counted under microscope with hemocytometer. Relative cell 
growth rates were obtained by dividing cell numbers with 

exposure by cell numbers obtained in control cultures without 
treatment. The data represent the mean ± SD of 3 

independent experiments. *, P < 0.05; **, P < 0.01 compared 
with control (cells cultured without treatment). Statistical 
significance was determined by multiple comparison test  

after ANOVA 
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Fig. 4. DMSO enhanced RPMI 8226 myeloma 
cell proliferation, but not methanol  

and ethanol 
RPMI 8226 myeloma cells were cultured in 2% FCS and 

exposed to DMSO, methanol, and ethanol for 24 hours at a 
final concentration of 0.05-0.8% as indicated. The cultured 
cells were harvested and their relative proliferation/growth 

rate was detected by a MTT assay as described under 
“Material and Methods”. The relative proliferation rate of 

myeloma cells was showed by absorbance at OD570. The 
data represent the mean ± SD of 3 independent experiments. 
*, P < 0.05; **, P < 0.01 compared with control (cells cultured 
without treatment). Statistical significance was determined by 

multiple comparison test after ANOVA 
 

3.2 DMSO Enhanced Potential of In vitro 
Transformation of RPMI 8226 
Myeloma Cells 

 
To investigate effects of DMSO on potential of 
myeloma cell transformation the cultured RPMI 
8226 myeloma cells (8x103 cells/ml) were 
seeded into soft agar medium as described 
under “Material and Methods”. The cells within 
soft agar were exposed to low concentrations of 
DMSO ranging from 0.1 to 0.8% for 12 days. The 
formed cell colonies within soft agar culture wells 
were stained as shown in Figs. 5A and 5B. The 
total number of the formed cell colonies per well 
were counted under microscope. The DMSO 
effect on in vitro transformation of RPMI 8226 
myeloma cells was determined by cell colony 
formation index (colony number with DMSO 
treatment/colony number in DMSO (-) control). 
As shown in Fig. 5C the presence of a low level 
of DMSO enhanced the in vitro 
transformation/colony formation of RPMI 8226 
myeloma cells in a dose-dependent fashion. A 
maximal increase of 2.63-fold was observed with 
exposure to 0.4% DMSO. It is different from its 
effect on cell growth, in which maximal effect is 
seen in 0.2% DMSO. This difference in effect 

between cell growth (0.2% DMSO) and in vitro 
colony formation (0.4% DMSO) may be due to 
the ability of DMSO to be dispersed within soft 
agar resulting in lower local concentration levels. 

 

 
 

Fig. 5. DMSO enhanced the in vitro colony 
formation of RPMI 8226 myeloma cells in a 

soft agar culture 
To examine the potential of in vitro transformation of 

myeloma cells, soft agar cell colony formation assays were 
performed. RPMI 8226 myeloma cells were seeded into soft 
agar medium and cultured with 2% FCS for 12 days in the 
presence of DMSO at a final concentration of 0.1-0.8% as 

described under “Material and Methods”. The soft agar 
cultures were stained with cell staining solution over night 

and photographed: A, cell colony formation in control culture 
without DMSO and B, cell colony formation in culture with 

0.4% DMSO. The number of the formed cell colonies 
following exposure to different concentration of DMSO was 
counted using a light microscope. The relative in vitro cell 
colony formation is graphed in C. The data represent the 

mean ± SD of 3 independent experiments.  
*, P < 0.05; **, P < 0.01 compared with control (cells cultured 
without DMSO). Statistical significance was determined by 

multiple comparison test after ANOVA. 
 

3.3 Low Concentrations of DMSO had a 
Minimal Effect on Cell Apoptosis of 
RPMI 8226 Myeloma Cells 

 
To test whether low levels of DMSO had any 
effect on cell apoptosis RPMI 8226 myeloma 
cells were cultured in 2% FCS and exposed to 
DMSO at different concentration (0.1-0.4%) for 2 
days. Cells were then stained with FITC-
conjugated Annexin V and PI as described under 
“Material and Methods”. The apoptotic cells rate 
(%) was determined by flow cytometry analysis 
of Annexin V and PI. As shown in Fig. 6, the 
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presence of low concentration of DMSO resulted 
in a slight increase in apoptosis of RPMI 8226 
myeloma cells. The control cultures (without 
DMSO) yielded an apoptotic rate of 9.43%, 
compared to a 10.57% apoptotic rate in cultures 
with 0.1% DMSO, a 12.14% apoptotic rate with 
0.2% DMSO, and a 13.3% apoptotic rate in 
cultures with 0.4% DMSO. There was no 
statistically significant difference between the low 
concentration of DMSO treatment and control 
(without DMSO). 
 

4. CONCLUSION AND DISCUSSION 
 
Exposure of U937 and HL-60 leukemia cells to 
DMSO alone had little or a minimal effect on cell 
apoptosis [28,37-39]. Moreover, DMSO did not 
affect expression of proteins in death signal 
transduction, such as Bcl-2 family proteins, 
FADD, caspase-3 and -8, the inhibitor of 
apoptosis proteins (IAPs) or cFLIPL [28]. Our 
study also indicates that with RPMI 
8226myeloma cells and its variant Dox-40 
myeloma cells a low level of DMSO results in a 
small effect in cell apoptosis (no statistically 
significant difference). In contrast, some studies 
demonstrate that DMSO can cause the 
cytotoxicity [20,40]. However, the concentration 
of DMSO they used is 2% or 5% which is much 
higher than the highest concentration (0.8%) 

used in our study. Thus, we believe that the 
concentration of DMSO is critical to determine its 
function. 

 
Interestingly, in the meantime of the low level of 
DMSO-induced apoptosis, we observed the 
DMSO-enhanced cell proliferation as measured 
by MTT assay and DMSO-improved cell growth 
as measured by viable cell counting with trypan 
blue staining. In recent study, it was shown that 
tumor cells that were induced to die by 
radiotherapy stimulate tumor regrowth [41]. 
Dying tumor cells were able to secrete signaling 
molecules for tumor cells proliferation. Caspase-
3 which was activated during apoptosis was 
required to mediate this stimulation through 
cleavage and activation of cytosolic calcium-
independent phospholipase A2 (iPLA2) that 
ultimately produces prostaglandin E2 [41,42]. 
Therefore, radio-and chemotherapy-induced 
apoptotic tumor cells can induce proliferation of 
surviving tumor cells, which may dampen the 
therapy effect [43]. In addition, we found that the 
presence of DMSO augmented in vitro 
transformation/colony formation of RPMI 8226 
myeloma cells. Taken together, our findings 
demonstrate that low levels of DMSO have an 
overall stimulating effect on in vitro cell growth 
and potential of transformation of RPMI 
8226myeloma cells. 

 

 
Fig. 6. Low levels of DMSO had a minimal effect on apoptosis of RPMI 8226 myeloma cells 

The cells were cultured in 2% FCS and exposed to DMSO for 24 hours at a final concentration of 0% (A), 0.1% (B), 
0.2% (C),and 0.4% (D). The cultured cells were then stained with FITC-conjugated Annexin V and PI and apoptotic cells 

were detected by flow cytometry analysis as described under “Material and Methods”. The percentage of apoptosis is 
graphed in E. The data represent the mean ± SD of 3 independent experiments. No significant difference between 
experimental groups and control (cells cultured without DMSO). Statistical significance was determined by multiple 

comparison test after ANOVA 
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The activation of cellular ERK1/2 has been 
reported to play a critical role in myeloma cell 
growth and proliferation [44,45]. To study 
molecular mechanism of the DMSO stimulating-
effect on myeloma cells we have investigated 
kinase activity of cellular ERK1/2. In RPMI 8226 
myeloma cells ERK1/2 show basal activity and 
exposure of cells to DMSO did not alter the basal 
kinase activity (data not shown), indicating that 
ERK signaling pathway is not involved in the 
DMSO-induced proliferation of myeloma cells. 
Further studies will be needed to tease out the 
molecular mechanism (i.e., antioxidant activity) 
that is involved in the low-level DMSO increase 
in cell growth. 
 
It has been reported that exposure to biohazards, 
radiation, and virus may be part of pathogenesis 
of plasma cell neoplasm [5,46]. Our studies 
indicate that DMSO shows more potential to 
enhance myeloma cell growth than either 
methanol or ethanol (Figs. 3 and 4).  Findings 
from this in vitro study raise the question of 
whether low levels of DMSO could be an 
environmental cause factor for myeloma 
development. Our plan for the future is to 
examine the effect of DMSO in MM tumor-
bearing mice model and this will help to 
strengthen our current findings and determine 
the potential role of DMSO in MM. 
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