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Abstract: Multiple myeloma is a neoplasm derived from abnormal plasma cells exhibiting excessive proliferation 
either within or outside of the bone marrow. While the majority of myelomas are classified into distinct types based 
on the production of different classes of immunoglobulins, a small percentage of these tumor cells fail to exhibit 
immunoglobulin secretion and are classified as nonsecretory myelomas. The nonsecretory type is further subdi-
vided into the intracytoplasmic immunoglobulin producer and nonproducer types. Notably, recent studies detected 
a novel form of myeloma, oligosecretory myeloma, which comprises a portion of the nonsecretory type. While the 
prevalence of the oligosecretory type increases with disease progression, the mechanism underlying the develop-
ment of these cells remains unclear. Likewise, oligosecretory myeloma cell lines remain rare. Here, we describe the 
development of a new myeloma cell line, designated THK-72, from the pleural effusion of a myeloma patient initially 
diagnosed with IgG kappa type myeloma, which subsequently transformed to oligosecretory myeloma. THK-72 cells 
proliferated in single suspension culture without any feeder layer or IL-6 supplementation, and no immunoglobulin 
secretion was detected in the supernatant of these cells by immunoelectrophoresis analysis. Morphological analy-
ses indicated that THK-72 cells had plasmacytoid appearance, while PCR and flow cytometry analyses demon-
strated that the cells were negative for B-cell marker and EBV-infection, thereby indicating that THK-72 comprises a 
“true” myeloma cell line. Interestingly, contrary to the bortezomib resistance observed during the clinical course, the 
THK-72 cells were sensitive to bortezomib in vitro. As THK-72 arose from a classical myeloma, this oligosecretory 
myeloma cell line will be useful for studies regarding the biological nature of plasma cell neoplasms.
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Introduction

Multiple myeloma is characterized by the 
expansion of malignant plasma cells within the 
bone marrow and/or extramedullary. These 
malignant plasma cells secrete abnormal 
immunoglobulins causing a monoclonal gam-
mopathy that can be identified in the serum 
and/or urine by immunoelectrophoresis. Based 
on their immunoglobulin (Ig) components, clas-
sical myelomas are classified into the IgG, IgA, 
IgE, IgD, IgM, or null (namely, Bence-Jones pro-
tein type) heavy chain type and the kappa or 
lambda light chain type. However, in approxi-
mately three per cent of multiple myeloma 
cases, no immunoglobulins can be detected. 
Such myelomas are classified as the nonsecre-
tory type [1]. Nonsecretory myelomas are fur-

ther subdivided into the intracytoplasmic immu-
noglobulin producer type (also referred to as 
the true nonsecretory type), in which immuno-
globulins are synthesized in plasma cells but 
not excreted into blood, and the nonproducer 
type, in which immunoglobulins are absent 
from plasma cells [2-4]. 

In the early 2000 s, the development of a sensi-
tive assay aimed at evaluating the levels of 
serum free light chain (sFLC) [5] enabled the 
detection of minimal amounts of abnormal 
immunoglobulin secretion in a portion of non-
secretory producer type myelomas. This group 
was subsequently newly categorized as oligose-
cretory myeloma. Recent reports indicate that 
oligosecretory myeloma accounts for approxi-
mately 10% of patients with newly diagnosed 
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myeloma, and that this prevalence increases 
with advanced disease progression [6, 7]. 
Similarly, several recent studies indicated a cel-
lular basis for serological M-protein changes 
during disease relapse [8, 9]. However, the 
molecular mechanisms underlying this phe-
nomenon and the association between disease 
progression and immunoglobulin alteration 
remain to be elucidated. While human myelo-
ma cell lines are useful for studying the biology 
of multiple myeloma, oligo- and nonsecretory 
myeloma cell lines remain rare [10-12]. 

In this paper, we present the case of an oligose-
cretory myeloma patient who was initially diag-
nosed with IgG kappa type myeloma. The 
patient exhibited systemic multiple plasmacy-
tomas, indicating multiple drug resistance, 
including resistance to bortezomib, at recur-
rence. We subsequently developed and charac-
terized a new oligosecretory myeloma cell line, 
designated THK-72, from pleural effusion har-
vested from the patient during the progressive 
stage of the disease. To date, several molecular 
mechanisms for the acquisition of bortezomib 
resistance have been reported, including the 
development of somatic mutations in protea-
some subunit β type-5 (PSMB5) [13], and pro-
tection by particular bone marrow mesenchy-
mal stem cells [14]. Nevertheless, our findings 
intimate that there is another mechanism for 

gaining drug resistance, independent of intrin-
sic mutations or the bone marrow milieu, which 
occurs in vivo.

Materials and methods

Case history

A 68-year-old man admitted to Shizuoka Sai- 
seikai General Hospital in February 2009 with 
lumbocostal pain was diagnosed with IgG 
kappa type myeloma along with sacral plasma-
cytoma. Serum immunoglobulin levels on 
admission were as follows: IgG, 4,625 mg/dL; 
IgA, 25 mg/dL; IgM, 20 mg/dL; IgD, 0.6 mg/dL. 
The presence of monoclonal IgG kappa pro-
teins in the serum were confirmed by electro-
phoretic examination, and Bence-Jones protein 
was detected in the patient’s urine. The serum 
levels of albumin and β2 microglobulin were 
3.8 mg/dL and 3.6 μg/mL, respectively. Flow 
cytometry analysis revealed that 70% of mono-
clonal plasma cells in the patient’s bone mar-
row had kappa light chain restriction. The phe-
notype of these aberrant blasts was CD19-

CD20-CD56-, MPC-1lowCD49e-, which is indica-
tive of immature myeloma cells (Figure 1A). The 
patient was administered a cycle of melphalan 
(L-PAM) and prednisolone. These treatments, 
combined with radiotherapy of the vertebrae 
and administration of bortezomib and thalido-

Figure 1. Clinical analysis of the patient. A. Flow cytometry analysis of the bone marrow specimen harvested at 
the initial diagnosis. B. Gross findings regarding the stomach, as determined by upper gastrointestinal endoscopy. 
Black arrow indicates a plasmacytoma presenting as a submucosal tumor. C. Computed tomographic scanning of 
the patient’s body: white arrows indicate plasmacytomas; white arrow heads indicate pleural effusions or ascites; 
the hollow arrow indicates a hydroureter caused by urinary tract obstruction due to multiple plasmacytomas within 
the abdomen.
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mide, led to partial remission (the serum IgG 
level decreased to 881 mg/dL). Subsequently, 
the patient received high-dose L-PAM chemo-
therapy with autologous peripheral blood stem 
cell transplantation (auto-PBSCT). Eleven 
months after diagnosis he developed a plasma-
cytoma on the right chest wall and pleuritis car-
cinomatosa; however, there was no elevation in 
serum IgG levels, and mature plasma cells were 
absent from the bone marrow. sFLC assay and 
immunofixation analyses could not be per-
formed due to the lack of insurance coverage in 
Japan at the time. A combination of local radio-
therapy, bortezomib, thalidomide, and dexa-
methasone treatment was again administered, 
but progressive disease resulted. A second 
round of high-dose cyclophosphamide chemo-
therapy with auto-PBSCT and combination ther-
apy with bortezomib, lenalidomide, and dexa-
methasone was also ineffective. The patient 
died 16 months after diagnosis and exhibited 
widespread plasmacytomas in the lung, pleura, 
peritoneum, diaphragm, stomach, liver, pancre-
as, intestine, kidney, bladder, bone, and skin, 
including the scalp, as determined by endo-
scopic examination and computed tomography 
analysis (Figure 1B, 1C). A slight elevation in 
serum IgG levels (1,828 mg/dL) was observed 
in extremis. 

Cell culture

A month before his death, the patient was  
subjected to pleural effusion aspiration, and 
poorly differentiated myeloma cells were identi-
fied in the resulting fluid via histology and flow 
cytometry analyses. Mononuclear cells were 
isolated using Ficoll-Paque PLUS reagent (GE 
Healthcare, Little Chalfont, UK), resuspended 
in RPMI 1640 medium (Thermo Fisher 
Scientific, Waltham, MA, USA) supplemented 
with 20% fetal bovine serum (FBS), 100 U/mL 
penicillin, 100 μg/mL streptomycin, and 250 
ng/mL amphotericin B (Wako Pure Chemical 
Industries, Ltd., Osaka, Japan), and cultured in 
a humidified incubator at 37°C with 5% CO2. For 
early passages, cells were also cultivated in 
MarrowMax medium (Thermo Fisher Scientific). 
Lastly, RPMI 1640 medium supplemented with 
10-20% FBS was utilized for growth curve and 
growth inhibition assay analyses. 

Morphological studies

Clots of cells from the established cell line were 
subjected to Hematoxylin-Eosin and immuno-

histochemical staining and observed micro-
scopically. For transmission electron microsco-
py analyses, harvested cells were initially fixed 
in suspension with 2.5% glutaraldehyde and 
2% paraformaldehyde for 2 hours at 25°C, and 
were postfixed in 1% OsO4 for 2 hours at 4°C. 
The cells were then dehydrated through a grad-
ed series of ethanol, treated with N-butyl glyc-
idyl ether (QY-1), embedded in Epon 812 resin 
(TAAB Laboratories Equipment, Berks, UK), and 
cut into ultrathin (60-nm) sections using an 
Ultracut-J (Reichert, Vienna, Austria) ultramicro-
tome. Sections were stained with Reynold’s 
lead citrate and uranyl acetate, and examined 
with a JEM-1200EX electron microscope (JEOL, 
Ltd, Tokyo, Japan). 

Immunohistochemical analyses of immuno-
globulins

The subcellular localization of immunoglobulin 
components, i.e. IgG, IgA, and IgM heavy 
chains, and lambda and kappa light chains, in 
cultured cells was determined via immunohis-
tochemical analysis using the labeled streptavi-
din biotin method. For these analyses, cells 
were stained with anti-IgG, anti-IgA, anti-IgM, 
anti-kappa, or anti-lambda rabbit polyclonal 
antibodies and visualized using an I-VIEW DAB 
Universal Kit (Roche, Tokyo, Japan). 

Immunoelectrophoretic analysis

THK-72 cells were cultivated for 2 weeks. The 
culture supernatant was then harvested and 
separated by 1% agarose gel electrophoresis. 
The resulting gel was then treated with anti-
human whole serum, anti-IgG, anti-IgA, anti-
IgM, anti-lambda antibodies, and anti-kappa 
antisera for 13 hours at 19°C, washed with 
buffered saline, and stained with Coomassie 
Blue R-250.

Immunophenotype analysis

Approximately 5.0 × 104 THK-72 cells were  
suspended in PBS with 0.2% bovine serum 
albumin (BSA) and incubated with 5 μg/mL 
anti-human antibody at 4°C for 20 minutes. 
The cells were then washed with PBS and sub-
jected to flow cytometry analysis. Cytoplasmic 
immunoglobulins were stained with fluoresce-
in-conjugated anti-immunoglobulin antisera 
after cell fixation. The stained cells were ana-
lyzed using a FACScan flow cytometer (BD 
Biosciences, San Jose, CA, USA). The following 
cell surface or cytoplasmic markers were 
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detected using the corresponding antibody: 
cluster of differentiation 7 (CD7), using 3A1-
RD1 (Beckman Coulter, Inc., Brea, CA, USA); 
CD19, using CD19-IO-Test-FITC (Beckman 
Coulter); CD20, using B-Ly1-FITC (Dako Den- 
mark A/S, Glostrup, Denmark); CD33, using 
CD33-FITC (Dako Denmark A/S); CD38, using 
CD38-R Phycoerythrin Cyanin 5.1 (CD38- 
PC5; Immunotech, Marseille, France); CD45, 
using CD45-peridinin chlorophyll-alpha protein 
(CD45-Per-CP, BD Biosciences); CD49e, using 
CD49e-PE (BD Biosciences); CD54, using ICAM-
1-FITC (Dako Denmark A/S); CD56, using  
NKH-1-RD1 (Beckman Coulter); CD138, using 
CD138-IO-Test-PE (Immunotech); human leuko-
cyte antigen (HLA)-DR, using Anti-HLA-DR-FITC 
(BD Biosciences); mature plasma cell-1 (MPC-
1), using MPC-1-RPE (Otsuka Pharmaceutical 
Co, Ltd., Tokyo, Japan); and immunoglobulin 
light chains, using kappa-FITC and lambda-RPE 
(Dako Denmark A/S). 

Chromosomal analysis

Chromosomal analysis using a G-banding 
approach was performed on cells at the 12th 
passage. Briefly, THK-72 cells were treated with 
0.05 μg/mL colcemid for 8 hours, washed with 
PBS, and suspended in a hypotonic solution 
(0.075 M potassium chloride). Cells were then 
fixed by dilution in Carnoy’s fixative glacial ace-
tic acidimethanol (1:3) and incubation for 30 
min. The cells were aliquoted onto glass slides 
in air-dried preparations, stained with Giemsa 
solution, mounted, and photographed for 
counting. Ten cells in metaphase were analyzed 
per slide. The cytogenetic nomenclature used 
to describe the results followed the recommen-
dations of the International System for Human 
Cytogenetic Nomenclature (ISCN 2009). 

EBV detection

DNA was extracted from harvested cells using 
a QIAamp DNA Blood Mini kit (Qiagen, Venlo, 
Netherlands). EBV infection was determined by 
PCR analysis using an EBV-specific primer set, 
as previously described [15].

Quantification of IL-6

The level of IL-6 in the supernatants of cultured 
cells was measured via a chemiluminescent 
enzyme immunoassay (CLEIA) technique [16] 
using a two-step sandwich method with a car-
tridge for IL-6 measurement (a Human IL-6 
CLEIA Fujirebio, Fujirebio, Tokyo, Japan). Briefly, 
the IL-6 binds to both the ferrite-labeled anti-

body and alkaline phosphatase-conjugated 
antibody and forms an immune complex after 
incubation for 10 minutes at 37°C. After  
magnetic separation of the particles, an 
enhanced luminol/peroxide substrate solution 
containing 3-(2’-spiroadamantane)-4-methoxy-
4-(3’-phosphoryloxy)-phenyl-1, 2-dioxetane dis- 
odium salt was added and further incubated for 
5 min at 37°C. Then, the chemiluminescence 
was measured using a Lumipluse 1200 photon 
counter (Fujirebio). The lower detection limit for 
serum IL-6 was 0.1 pg/mL.

Growth curve and growth inhibition assay

Approximately 5.0 × 104 THK-72 cells/well were 
aliquoted into 6-well plates. The number of 
cells in each well was counted sequentially via 
the trypan blue dye exclusion method, and dou-
bling times were determined by generating a 
growth curve. The inhibitory effect of bortezo-
mib (Janssen Pharmaceutica, Beerse, Belgium), 
doxorubicin (Novartis, Basel, Switzerland), and 
vincristine (Nippon Kayaku, Tokyo, Japan) on 
the growth of THK-72 cells was then assessed. 
For the sensitivity of THK-72 cells to bortezo-
mib, the median inhibitory concentration (IC50) 
was computed using the XLfit 4.2 add-in soft-
ware for Excel. Experiments were performed in 
triplicate. 

Statistical analyses

Mann-Whitney U test was used to evaluate dif-
ferences between two groups in the growth 
curve and inhibition analyses. P values < 0.05 
were considered statistically significant. 

Results

Establishment of the THK-72 cell line

A few days after establishing the primary cul-
ture, round cells were observed to proliferate in 
single suspension without forming cell clumps. 
This cell line grew continuously and has been 
maintained for over 18 months. Furthermore, 
the cells, which have been designated THK-72, 
were successfully revived after storage in liquid 
nitrogen.

Morphological appearance of THK-72 cells

Analysis of the myeloma cells from the patient’s 
bone marrow specimen (Figure 2A) and the 
pleural effusion specimen (Figure 2B), harvest-
ed at the initial diagnosis and at recurrence, 
respectively, detected plasmablasts with typi-
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cal myeloma cell morphologies, including baso-
philic cytoplasm, eccentric perinuclear halos, 
and eccentric nuclei. Furthermore, polylobulat-
ed nuclear and multinuclear cells were often 
observed in the pleural effusion sample. 
Similarly, THK-72 cells exhibited a deeply baso-
philic cytoplasm, high nuclear-to-cytoplasmic 
ratios, and eccentric nuclei containing promi-
nent nucleoli and mitoses (Figure 2C). In addi-
tion, electron microscopy analyses demon-
strated that the cells exhibited a typical plas-
macytoid appearance, and that the cytoplasm 
contained numerous mitochondria and a well-
developed rough endoplasmic reticulum in par-
alleled stacks (Figure 2D, 2E). 

Expression and secretion of immunoglobulins 
by THK-72

THK-72 cells exhibited light chain restriction; 
they were positive for kappa cytoplasmic stain-
ing (Figure 3A), and negative for lambda stain-
ing (Figure 3B). Among the immunoglobulin 
heavy chains, THK-72 were positive for IgG 

(Figure 3C), but negative for IgA (Figure 3D) and 
IgM (Figure 3E). Meanwhile, as shown in Figure 
3F, immunoelectrophoretic analysis using anti-
human whole serum antibody failed to detect 
any immunoglobulins, including IgG and κ 
chain, in the culture supernatant of THK-72 
cells. The sensitivity of this method is > 5 mg/
dL [17]. As such, these results indicate that lit-
tle, if any immunoglobulins were secreted from 
THK-72 cells.

Immunophenotype analysis

Similar to the cells harvested from the patient’s 
bone marrow upon initial diagnosis (Figure 1A), 
both the cells collected directly from the pleural 
carcinomatosa and the THK-72 cell line were 
positive for CD54 (84.8%), CD138 (79.6%), 
kappa immunoglobulin (97.3%), and HLA-DR 
(90.5%); slightly positive for CD45 (63.6%); and 
negative for CD7, CD19, CD20, CD33, CD49e, 
CD56, and MPC-1. This CD19-CD20-CD56- and 
MPC-1-CD49e-CD45+/- phenotype combined 
with negative indications for B- and T-cell mark-

Figure 2. Cytologic appearance of the original blasts and the THK-72 cells. (A) Microscopic images of myeloma cells 
in the bone marrow aspirate and the (B) pleural effusion obtained from the patient after Wright-Giemsa staining 
(magnification, 400×). (C) Microscopic image of the block of THK-72 cells after Hematoxylin-Eosin staining (mag-
nification, 100×). (D, E) Electron microscopic images of THK-72 cells after uranyl acetate and lead citrate staining 
[magnification, 3,000× (D) and 6,000× (E)].  
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ers indicated that the THK-72 cell line was com-
prised of immature myeloma cells [18, 19].

Chromosomal analysis

Chromosomal analysis of THK-72 cells revealed 
a hyperdiploid karyotype with a unimodal chro-

mosome number of 50 (Figure 4). Furthermore, 
the following structural and numerical karyo-
type abnormalities were identified in nine of the 
ten cells examined: derivative chromosomes, 
der(Y)t(Y;1)(q12;q21), der(6)t(1;6)(q12;q13)x2, 
and der(7)t(7;12)(p22;q22); a chromosomal 
translocation, t(7;12); an interstitial deletion 

Figure 3. Immunogloblin expression and secretion in THK-72 cells. (A-E) THK-72 cells were subjected to the avidin-
biotin/immunoperoxidase staining technique using the following antibodies: anti-kappa (A), anti-lambda (B), anti-
IgG (C), anti-IgA (D), and anti-IgM (E). (F) Immunoelectrophoresis assay analysis of culture supernatant harvested 
from THK-72 cells. Normal human serum was used as a positive control. 
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progressive course. During the terminal stage, 
bone marrow examination failed to detect 
myeloma cells, whereas systemic extramedul-
lary plasmacytomas developed extensively. 
The observed decrease in CD56, CD49e, and 
CD45 expression may have been associated 
with the widespread extramedullary expansion 
and disease acceleration in this patient [20]. 
Chromosomal aberrations also relate prognos-
tic importance. Indeed, the chromosome 1q21 
amplification and monosomy 13 encoded by 
the THK-72 cells are the most important chro-
mosomal aberrations associated with poor out-
comes [21, 22]. Lastly, karyotypic instability is 
often observed in progressive myeloma [23], 
which is consistent with the clinical course of 
the patient described here.

The patient demonstrated a prominent decre- 
ase in immunoglobulin production at relapse. In 
view of current knowledge, although sFLC assay 
and immunofixation analyses could not be per-
formed, it was reasonable to consider the 
patient’s pathological condition a transforma-
tion to oligosecretory myeloma rather than to 
nonsecretory myeloma. Alterations in immuno-
globulin levels accompanying disease progres-
sion have been reported in several publica-
tions, and oligosecretory myeloma is more fre-
quently observed with advanced disease pro-

within chromosome 20, 20(q11.2q13.3); and 
additional chromosomes, 1q21, 8p11.2, and 
14q32; trisomy, 5, 6, and 15; monosomy, 13. 
Lastly, an interstitial deletion of chromosome 
1p was observed in only one of the ten cells 
examined, which intimated that the abnormali-
ty was derived from the stem cell line or was an 
artifact.

EBV detection

EBV DNA was not detected in THK-72 cells by 
PCR analysis (data not shown).

Secreted IL-6 in culture supernatant

No IL-6 was detected in the culture supernatant 
of THK-72 cells (data not shown).

Growth curve analysis and growth inhibition 
using anticancer drugs

THK-72 cells exhibited constant proliferation in 
RPMI 1640 supplemented with 10-20% FBS, 
with a doubling time of approximately 40-80 
hours. However, various anticancer drugs effec-
tively inhibited the growth of these cells in vitro. 
Specifically, while treatment with 10 ng/mL 
bortezomib, vincristine, or doxorubicin resulted 
in a significant reduction in the growth of THK-
72 cells (Figure 5A), bortezomib had the most 

dramatic cytotoxic effect on 
THK-72 cells. To investigate 
the sensitivity of our myeloma 
cell line to bortezomib, THK-
72 cells were treated with a 
range of concentrations of  
the agent. As shown in Figure 
5B, at concentrations greater 
than 1 ng/mL, bortezomib ex- 
hibited time-dependent cyto-
toxity. The IC50 value of bort-
ezomib for THK-72 cells was 
calculated as 3.31 ng/mL 
(Figure 5C). 

Discussion

According to the international 
staging system (ISS) for mul-
tiple myeloma, the patient 
described in this study pre-
sented with stage II myeloma 
at the initial diagnosis; how-
ever, he then followed a rapid 

Figure 4. Giemsa-banded karyotype of THK-72. The following major cyto-
genetic abnormalities were identified: 50, X, der(Y)t(Y;1)(q12;q21), add(1)
(q21), +5, +6, der(6)t(1;6)(q12;q13)x2, +der(7)t(7;12)(p22;q22), t(7;12), 
+add(8)(p11.2), -13, add(14)(q32), +15, del(20)(q11.2q13.3).
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instead comprises a “true” human myeloma 
cell line [27]. Similar to the original myeloma 
cells harvested from the patient at relapse, 
THK-72 cells secreted little monoclonal IgG 

gression [7]. Similarly, other studies detected a 
conversion in serological M-protein levels at 
disease relapse, which defined the emergence 
of a de-differentiated clone of light or heavy 

chain-only producing cells, 
and is referred to as immuno-
globulin “escape” [8, 9, 24]. 
Currently, sFLC assay or ser- 
um immunoglobulin measure-
ments are used to monitor 
treatment response and dis-
ease progression in myeloma 
patients. In addition, we emp- 
hasize the importance of mon-
itoring immunoglobulin esca- 
pe and to assess patient sta-
tus via multimodal inspec-
tions. While the molecular 
mechanisms underlying th- 
ese immunoglobulin altera-
tions are poorly understood, 
studies of nonsecretory mye- 
loma may help to shed light on 
these processes. Analysis of a 
nonsecretory myeloma clini-
cal sample detected the pro-
duction of abnormal light 
chains, which resulted from 
the acquisition of a frameshift 
mutation within the sequence 
encoding the constant region 
of the molecule [3]. In addi-
tion, exon skipping of muta-
tions in the altered variable 
region has been shown to 
lead to production of abnor-
mal immunoglobulin chains 
[25]. These abnormalities can 
induce misfolding of the 
encoded light chain protein, 
resulting in targeting for prote-
asome-mediated degradation 
[26].

In this study, we established 
the THK-72 cell line from the 
pleural effusion harvested 
from a patient presenting with 
terminal oligosecretory myelo-
ma. Negative indications of 
B-cell markers and EBV infec-
tion indicate that THK-72 cell 
line is not a transformed 
B-lymphoblastoid cell line, but 

Figure 5. Effect of anticancer agents on THK-72 cells. A. Graphic depiction of 
the growth rate of THK-72 cells incubated with bortezomib (10 ng/mL), vin-
cristine (10 ng/mL), or doxorubicin (10 ng/mL). B. Graphic depiction of the 
growth rate of THK-72 cells treated with 0.1, 1, and 10 ng/mL bortezomib. C. 
Graphic depiction of the number of viable THK-72 cells after treatment with a 
range of concentrations (0.1-10 μg/mL) of bortezomib for 48 hours. The me-
dian inhibitory concentration (IC50) value of bortezomib for THK-72 cells was 
3.31 ng/mL. Relative cell number values were calculated as the proportion 
of cell counts to the initial value. Asterisks indicate a statistically significant 
difference from the control cells; *P < 0.05, ***P < 0.001.
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kappa protein into the culture supernatant. 
Considering the rarity of nonsecretory myeloma 
cell lines [10-12], additional analyses of the 
THK-72 cell line should provide further informa-
tion regarding oligo- or nonsecretory myelomas 
that are derived from the classical type. 

Five bortezomib-resistant myeloma cell lines 
have been previously established in vivo or in 
vitro [28-31]. While the IC50 values of bortezo-
mib for sensitive myeloma cell lines are approx-
imately 1-15 ng/mL, those for bortezomib-
resistant cell lines are greater than 20 ng/mL. 
In a previous study, Ri et al. (2010) reported a 
bortezomib-resistant myeloma cell line that 
encodes an amino acid substitution (G322A) 
within the PSMB5 that inhibits bortezomib from 
binding to the proteasome [13]. Meanwhile, 
other studies have demonstrated that particu-
lar bone marrow mesenchymal stem cells or 
stromal cells protect myeloma cells from  
bortezomib-induced apoptosis through the 
β-catenin signaling pathway or the NF-κB path-
way [14, 32]. Notably, contrary to the patient’s 
clinical course, the THK-72 cell line exhibited 
sensitivity to bortezomib. We cannot exclude 
the possibility of expansion only from bortezo-
mib-sensitive clones; however, THK-72 cells 
were established without bortezomib selection. 
Given that myeloma cells were absent from the 
bone marrow aspirate and abundant in the 
extramedullary of this patient during the termi-
nal stage, the bone marrow microenvironment 
likely played little role in the acquisition of drug 
resistance by the myeloma cells in his body. 
These facts suggest that, in addition to the 
development of mutations within the protea-
some and alterations in the bone marrow 
milieu, there is another, as yet undescribed, 
mechanism for acquiring bortezomib-resis-
tance. As such, further exploration of drug-
resistance in myeloma is needed to character-
ize this process.
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