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Objective: TMED?2 is a member of the transmembrane emp24 domain (Tmed)/p24 protein
family, which is significantly upregulated in breast cancer, ovarian cancer and other tumour
tissues. The purpose of this study was to investigate the expression of TMED2 in MM cell
lines and its effect on the biological behaviour of MM cell lines.

Methods: Real-time quantitative PCR (RT-qPCR) was used to detect the expression of
TMED?2 in MM cell lines, including MM.1S and RPMI 8226 cells, and lentivirus vector-
mediated TMED? gene silencing was used to further study the effect of the downregulation
of TMED2 expression on cell viability, the cell cycle, and apoptosis.

Results: Based on the RT-qPCR results, the expression of the TMED2 mRNA was increased
in the MM cell lines MM.1S and RPMI 8226 compared with endogenous control GAPDH.
The expression of the TMED2 mRNA was substantially reduced after transfection of the
shRNA targeting TMED?2 (shTMED?2) in both MM cell lines. The CCK-8 assay showed
significant decreases in the viability of MM.1S and RPMI 8226 cells, suggesting that the
TMED?2 gene plays an important role in the proliferation of these two cell lines. The cell
cycle of MM.1S and RPMI 8226 cells was substantially altered by shTMED?2, as evidenced
by the increased number of cells in G1 phase and decreased number of cells in S and G2/M
phases. The FACS analysis revealed a significant increase in the apoptosis of MM.1S and
RPMI 8226 cells due to the increased activity of Caspase 3/7, suggesting that the TMED?2
gene is significantly related to the apoptosis of these two cell lines.

Conclusion: Based on these results, TMED2 may play an important role in the pathogenesis
of MM. This novel study may contribute to further investigations of useful biomarkers and
potential therapeutic targets in patients with MM.
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Introduction
Multiple myeloma (MM) is a malignant proliferative disease of bone marrow
plasma cells with a highly heterogeneous pathogenesis, clinical manifestations,
efficacy, and prognosis.' > MM accounts for approximately one-tenth of all hae-
matological malignancies and is mainly diagnosed in older male patients.*> Despite
the development of novel agents such as lenalidomide,® thalidomide’ and
bortezomib,® the five-year overall survival rate is still approximately 50%.° "'
Thus, interest in the development of new and effective therapies, biomarkers and
targets for the prediction and treatment of MM has increased.*'?

TMED?2 is a member of the transmembrane emp24 domain (Tmed)/p24 protein
family'? that is involved in embryonic and placental development. TMED2 expres-

sion is significantly upregulated in breast cancer,'* ovarian cancer'” and other
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tumour tissues.'? The expression of TMED2 in myeloma
cells has not been reported in the literature. The purpose of
this study was to detect the expression of TMED2 in MM
cell lines and its effect on the biological behaviour of MM
cell lines.

In this study, the expression of TMED2 in MM cell
lines, including MM.1S and RPMI 8226 cells, was inves-
tigated using real-time quantitative PCR (RT-qPCR). The
functions of TMED?2 in cell proliferation, cell cycle, apop-
tosis and cell viability were further investigated using
a lentivirus vector-mediated TMED2 gene silencing
technique.

Through this study, we hope to determine whether
TMED?2 potentially represents a new diagnostic marker
for the treatment of multiple myeloma, which will lay
a foundation for further development of TMED2-based
reagents for clinical applications in patients with multiple
myeloma.

Materials and Methods

Cell Lines

The human myeloma cell lines RPMI 8226 and MM.1S
were obtained from ATCC (Rockville, MD). The cells
were incubated in RPMI 1640 medium supplemented
with 10% (v/v) foetal bovine serum (FBS) (Ausbian),
sodium pyruvate and 2.5 mg/mL glucose at 37°C in an
incubator with 5% COs,.

Quantitative Real-Time PCR

MM.1S and RPMI 8226 cells grown in 6-well plates were
collected and centrifuged at 2000 rpm for 5 min. The cell
pellet was mixed with TRIzol reagent to obtain the total
RNA according to the manufacturer’s instructions
(Shanghai Pufei, Co. Ltd., Shanghai, China). The RNA
was reverse transcribed to cDNAs using the M-MLV kit
from Promega (Madison, WI) according to the manufac-
turer’s instructions. The qPCR assays were performed
using the MX3000p Real-Time PCR system (Agilent,
Santa Clara, CA) in a 20 pL reaction system containing
10 pL of SYBR premix ex Taq (Takara, Kusatsu, Shiga,
Japan), 0.5 pL of each forward and reverse primer, 1.0 pL
of the cDNA templates and 8 pL. of RNase-free H20. RT-
PCR was conducted at 95°C for 30 s, followed by 45
cycles of 95°C for 5 s and 60°C for 30 s, and a final step
at 95°C for 15 s, 55°C for 30 s, and 95°C for 15 s. The
forward and reverse primers for GAPDH were 5'-
TGACTTCAACAGCGACACCCA and 5-CACCCTGT

TGCTGTAGCCAAA, respectively. The forward and
reverse primers for TMED2 were GGTGACGCT
TGCTGAACTGC 5-AGATGAGGCCCATCTT
GGTG, respectively. The mRNA levels of specific genes

and

were normalized to the level of the glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) mRNA using the ACt
method described in a previous study.'® The ACt value is
the difference between the Ct values of TMED2 and
GAPDH.

Construction of the Lentivirus Vector

Containing the shRNA Targeting TMED2

The shRNA targeting TMED?2 was designed by Shanghai
Genechem Co., Ltd. (Shanghai, China) using the TMED?2
gene sequence from GenBank (Access number:
NM_006815) as the template. After the evaluation and
determination, several 19-21 nt sequences were designed,
among which, the 5-ATGGATGGAACATACAAAT-3'
sequence flanked with CCGG at the 5’-end and TTTTTG
at the 3’-end as the terminal signal was selected and sent to
Jierui Co., Ltd. (Shanghai, China) to synthesize double-
stranded DNA. A lentivirus vector (GV115) containing
a U6 promoter and a CMV-driven GFP reporter was used
to express the shRNA targeting TMED?2. The forward (5'-
CCGGTTCTCCGAACGTGTCACGTTTCAAGAGAAC-
GTGACACGTTCGGAGAATTTTTG-3') and reverse (5'-
AATTCAAAAATTCTCCGAACGTGTCACGTTCTCTT

GAAACGTGACACGTTCGGAGAA-3') primers
used to incorporate the shRNA oligomer into the vector

were

predigested with the restriction enzymes EcoRI and Agel.
The oligomer 5-TTCTCCGAACGTGTCACGT-3' was
used to construct a negative control vector. The ligated
vector was transformed into commercial competent
TOP10 E. coli cells purchased from TIANGEN
BIOTECH (Beijing) Co., Ltd., according to the manufac-
turer’s instructions. The shRNA sequence was amplified
by PCR using a 20 puL reaction system with the following
primers: F-CCTATTTCCCATGATTCCTTCAT  and
R-GTAATACGGTTATCCACGCG. The PCR was
initiated with a step at 94°C for 3 min, followed by 22
cycles of 94°C for 3 s, 55°C for 30 s and 72°C for 30 s,
and a final step of 72°C for 5 min. The PCR product was
verified by 1% agarose gel electrophoresis. The vector was
extracted using the EndoFree Maxi Plasmid Kit (Qiagen,
Shanghai, China) according to the manufacturer’s instruc-
tions, and stored at —20°C until further analysis.
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Knockdown of TMED2

MM.1S and RPMI 8226 cells (2 x 10° cell/mL) grown in
RPMI 1640 medium supplemented with 10% (v/v) foetal
bovine serum (FBS) (Ausbian), sodium pyruvate and
2.5 mg/mL glucose were plated in 12-well plates. The
cells were transfected with lentivirus vectors expressing
siRNA targeting TEMD?2 and a negative control sequence.
The plates were placed in an incubator with 5% CO, at
37°C, and the transfection rate was determined by mon-
itoring the fluorescence of GFP. Using the quantitative
real-time PCR method described in the previous section,
the levels of the TMED2 mRNA were normalized to the
level of the glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) mRNA using the 272" method described in
a previous study.'® The ACt value is the difference
between the Ct values of TMED2 and GAPDH.

Western Blot Analysis

The cells (2 x 10° cell/mL) were lysed in pre-cooled
protein extraction buffer (1 M Tris-HCI (pH 6.8), 2%
mercaptoethanol, 20% glycerin, and 4% SDS) for 30
min, followed by centrifugation at 12,000 g for 30 min
to remove the nuclei and other components. The protein
concentrations were measured using the BCA Protein
Assay Kit (Beyotime Biotechnology Co. Ltd., Shanghai,
China) and the absorbance was measured at 562 nm. The
supernatant was subjected to electrophoresis on a 12%
SDS-polyacrylamide gel and then transferred to polyviny-
lidene difluoride (PVDF) membranes, which were blocked
with 5% low-fat milk for 60 min. Primary antibodies
against TMED2 (Anti-TMED2 (1:500), Abcam,
Cambridge, MA) and GAPDH (Anti-GAPDH (1:2000),
Santa-Cruz Biotechnology) were added to the membranes
and incubated overnight at 4°C. The secondary antibodies
(anti-mouse IgG (1:2000), Abcam, Cambridge, MA and
anti-rabbit IgG (1:2000), Santa-Cruz Biotechnology) were
added and incubated for 2 h at room temperature after the
membrane was washed three times with 0.1% TBS. The
bands were visualized with a Pierce ECL Western Blotting
Substrate kit (Thermo Scientific, Waltham, MA) according
to the manufacturer’s instructions.

Analysis of Cell Viability Using the CCK-8

Assay

MM.1S and RPMI 8226 cells in the logarithmic phase
were digested with 0.25% trypsin before being resus-
pended in DMEM containing 10% foetal bovine serum

(Ausbian). The cells were plated in 96-well plates after
being adjusted to a density of 4.0 x 10° cells/mL and
infected with lentivirus containing the shRNA targeting
TMED2 (shTMED?2). After an incubation for 9 d, the
cells were treated with reagents in the Cell Counting Kit
(CCK-8) (Sigma, Shanghai, China) to determine the pro-
liferation rate. After 3 h, the absorbance at 450 nm was
measured using an Infinite200 PRO microplate reader
(Ménnedorf, Switzerland). For the control group, the len-
tivirus with the negative control sequence (shCtrl) was
transfected into cells instead.

Analysis of the Cell Cycle Distribution
Using Fluorescence-Activated Cell
Sorting (FACS)

Cells in the logarithmic phase were collected and digested
with 0.25% trypsin before being resuspended in pre-cooled
D-Hanks balanced salt solution (pH 7.2—7.4), which were
then centrifuged at 1300 rpm for 5 min and fixed with pre-
cooled 70% ethanol. The cells were infected with the
lentivirus containing the shRNA targeting TMED?2
(shTMED?2), and the control group was infected with the
lentivirus containing the negative control sequence
(shCtrl). The cell pellet was washed before being stained
with D-Hanks solution containing 50 pg/mL PI and 100
pg/mL RNase at 37°C for 30 min. The cell cycle was
analysed using a Guava easyCyte HT Flow Cytometer

(LUMINEX, Shanghai, China).

Cell Apoptosis

Cell apoptosis was analysed using the eBioscience™
Annexin V Apoptosis Detection Kit (Thermo Fisher
Scientific, Waltham, MA) according to the manufacturer’s
instructions. Briefly, the cells in the logarithmic phase were
collected and digested with 0.25% trypsin before being
resuspended in pre-cooled Binding Buffer at a density of
5x10° cells/mL. The cells were infected with the lentivirus
containing the shRNA targeting TMED2 (shTMED?2), and
cells in the control group were infected with the lentivirus
containing the negative control sequence (shCtrl). Ten
microliters of fluorochrome-conjugated Annexin V was
added to 200 pL of the cell suspension, which was incubated
for 15 min at 25°C. The cells were resuspended in 200 pL of
1X Binding Buffer, stained with the Propidium Iodide
Staining Solution (10 pL) and analysed using a Guava
easyCyte HT flow cytometer (LUMINEX, Shanghai,
China). Caspase 3/7 activity was measured using the
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Caspase-Glo 3/7 Assay kit (Promega, Madison, WI) accord-
ing to the manufacturer’s instructions.

Statistical Analyses

All statistical analyses were performed using SPSS 16.0
software (Armonk, New York). Each experiment was per-
formed in triplicate. The data are presented as the means +
standard deviations (SD). An unpaired #-test was used to
compare two mean values. Significance was defined as
**P<0.01 and *P<0.05.

Results
Expression of the TMED2 mRNA in MM

Cell Lines

The expression of the TMED2 mRNA in MM.1S and
RPMI 8226 cell lines was investigated using RT-qPCR,
and the TMED2 mRNA was expressed at a relatively high
level in both MM cell lines compared with the endogenous
control GAPDH (Figure 1). Cells with a higher ACt value
express a lower level of the target gene. The ACt value
<12 for the TMED2 mRNA in both cell lines indicates that
TMED? was expressed at high levels.'’

Effects of the shRNA on TMED2

Expression

The shRNA-containing lentivirus was sequenced, and the
shRNA sequence was successfully incorporated into the
lentivirus (Figure 2A). The fluorescence images shown in
Figure 2B revealed GFP expression in both MM.1S and
RPMI 8226 cells, indicating that the cells were transfected
with the lentivirus 72 h after infection with an infection
efficiency of >70%.

7.0

ACt (TMED2 - GAPDH)
N w A o o
o o o o o

-
o

0.0

RPMI 8226

MM.1S

Figure | The level of the TMED2 mRNA in RPMI 8226 and MM.IS cell lines. The
expression of TMED2 mRNA was measured using RT-qPCR, with the constitutively
expressed GAPDH mRNA serving as an internal control.

Based on the results of quantitative PCR (Figure 3), the
expression of the TMED2 mRNA was significantly inhib-
ited in cells infected with the lentivirus containing the
shRNA (p<0.01), and the knockdown efficiency was
more than 94.5% and 84.9% for MM.1S and RPMI 8226
cells, respectively.

Western Blot Analysis

Western blot analyses showed a substantial decrease in the
level of the TMED?2 protein in the cells transfected with
the shRNA targeting TMED?2 (Figure 4), suggesting that
the shRNA successfully targeted TMED?2. In contrast, the
lentivirus expressing the negative control sequence did not
exert obvious effects on the expression of TMED2.

Analysis of Cell Viability Using the CCK-8
Assay

After infection with the shRNA-containing lentivirus,
MM.1S and RPMI 8266 cells were cultured for 9 and 5
d, respectively, and treated with CCK-8 reagents for 3
h. The absorbance at 450 nm was substantially reduced
for the cells in the shTMED2 group compared with the
control group (shCtrl) in both cell lines (Figure 5), indicat-
ing that cell viability was significantly reduced due to the
inhibition of TMED?2 by the shRNA.

Cell Cycle Distribution

The transfection of the shRNA-containing lentivirus
exerted a substantial effect on the cell cycle distribution
of MM.1S and RPMI 8226 cells by increasing the percen-
tage of MM.1S and RPMI 8226 cells in G1 phase, while
significantly decreasing the percentage of cells in S and
G2 phases compared with the negative control (Figure 6).

Apoptosis of MM.IS and RPMI Cells
Transfected with the shRNA Targeting

TMED2

The apoptosis status of MM.1S and RPMI cells was
investigated five days after infection with the lentivirus
containing the shRNA. The apoptosis rate increased by
more than 3-fold compared with the control group
(shCtrl) (Figure 7).

Caspase 3/7 Activity Was Increased by
shTMED?2

The activity of Caspases 3/7 was investigated. The activity
of Caspase 3/7 increased by more than 2- and 1.7-fold in

submit your manuscript

12898

Dove

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Ge et al

shCtrl

shTMED?2

A TTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTC
GATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGACATGGATGGAAC
ATACAAATCTCGAGATTTGTATGTTCCATCCATGTTTTTTGAATTCTCGACCTCGAGAC
AAATGGCAGTATTCATCCACGAATTCGGATCCATTAGGCGGCCGCGTGGATAACCGT
ATTACCGCCATGCATTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGC
CCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAAT
AGGGACTTTCCATTGACGTCAATGGGTGGAGTATTT

MDMIL.1S

Phase Contrast 100x

GFP 100x

RPMI 8226

W

Phase Contras

t 100x GFP 100x

Figure 2 Establishment of stable TMED2-silenced MM.IS and RPMI 8226 cell lines. (A) The designed shRNA sequence was successfully incorporated into the lentivirus. (B)
GFP expression in MM.IS and RPMI 8226 cells was detected using a fluorescence microscope (x100).
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Figure 3 The knockdown efficiency of the TMED2 mRNA by the shRNA was detected using quantitative PCR. The expression of the specific ShRNA significantly inhibited
TMED?2 expression in MM.IS (A) and RPMI 8226 cells (B). **p<0.01.

MM.1S and RPMI 8226 cells, respectively, compared with
the control group (shCtrl), indicating that apoptosis was

induced by the inhibition of TMED2 (Figure 8).

Discussion

Although multiple myeloma is still an incurable disease,'

8

the progression-free survival and overall survival of
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Figure 4 Western blot analyses of the levels of the TMED2 protein in MM.IS (A) and RPMI 8226 (B) cells. GAPDH served as a loading control.
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Figure 5 Cell viability was affected by the inhibition of TMED2 in MM.IS (A, B) and RPMI 8266 cells (C, D).

patients with multiple myeloma have steadily increased
due to the introduction of novel medications in recent
years.'”?° Novel therapies for MM have steadily been

developed over the years, from early medicines, such as
alkylators and corticosteroids, to the more recent drugs
panobinostat, pomalidomide, and carfilzomib. However,
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Figure 6 Cell cycle distribution of MM.IS and RPMI 8226 cells transfected with shTMED. The transfection of the lentivirus containing the shRNA substantially increased the
percentages of MM.IS (A) and RPMI 8226 (B) cells in G| phase, while the percentages of cells in S and G2 phases were significantly decreased compared with the negative

control. ¥p<0.01, *p<0.05.

A
*%

14 - I 1
12 1
10 1
8 -
6 -
4 -
2
0 -

Percentage (%)

shCtrl shTMED2

*%

- A A
o N B O
1 1 1 )

8 -
6 -
4 -
2 -
0 -

Percentage (%)

shCitrl

shTMED2

Figure 7 Apoptosis of MM.1S (A) and RPMI 8226 cells (B) transfected with the shRNA targeting TMED2. *¥p<0.01.

many patients have developed resistance to some of these
treatments, and thus the development of new medicines
and novel targets is urgently needed and necessary. Our
work presented in this study is designed to contribute to
this field by investigating whether TMED2 represents
a diagnostic marker and therapeutic strategy for multiple
myeloma. TMED2 was expressed at high levels in both
MM cell lines, and knockdown of the TMED?2 gene by an

shRNA inhibited cell proliferation and promoted the apop-
tosis of MM cell lines.

TMED?2 is located in many organelles, such as the
Golgi, ER, and endosomes, and plays an important role
in regulating the transport of cargo proteins, such as
Anterior gradient 2 (AGR2),”' glucagon receptor
(GCGR),”> and Gaslp.”> Abnormal expression of
TMED2 may lead to uncontrolled protein transport,
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Figure 8 Caspase 3/7 activity in MM.IS (A) and RPMI 8226 cells (B) transfected with the shRNA targeting TMED2. *¥p<0.01.

leading to diseases such as cancer. Aberrant expression of
TMED:s is linked to a number of diseases, such as colon
cancer,24 non-alcoholic fatty liver disease,14 hepatocellular
carcinoma progression,”> breast cancer,”® and prostate
cancer.”’ The regulatory mechanism of TMED2 in cancer
remains unclear. According to one study, TMED2 pro-
motes epithelial ovarian cancer growth by modulating the
IGF2/IGF1R/PI3K/AKT pathway.'* However, the function
of TMED2 in MM is unclear. TMED2 belongs to the
transmembrane emp24 domain (Tmed)/p24 protein family.
In addition to TMED2, other members in this family may
also play a similar role, which should be investigated in
further studies. For example, TMED3 has been revealed to
be a tumour suppressor in prostate cancer, colon cancer,
and other tumours®*?” by increasing endogenous WNT-
TCF activity. Knockdown or loss of function of TMED
proteins may activate the unfolded protein response during
ER stress. For example, a loss of TMED promotes the
splicing of the XBPI pre-mRNA, which in turn leads to
unfolded protein response.

In summary, the TMED2 mRNA is expressed at high
levels in MM cell lines, and interference with the target
TMED?2 mRNA inhibits cell proliferation and promotes
the apoptosis of MM cell lines by regulating the activity
of Caspase 3/7. Based on the results of our study, TMED2
may play an important role in the pathogenesis of multiple
myeloma, and thus further studies should be conducted to
develop new and useful biomarkers and potential thera-
peutic targets for MM.
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