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Leukocyte-specific protein 1 inhibits Bortezomib
induced apoptosis in multiple myeloma cells
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Abstract. To investigate the roles of anti-apoptosis by leukocyte-specific protein 1 (LSP1) in
Multiple Myeloma cells (MM ), RT-PCR and immunoblotting were used to assess the gene
expression in MM cell lines, IM9 and KAS6. Plasmids containing either sh"RNA targeting LSP1
or fulllength ¢cDNA coding for human LSP1 were constructed and transfected into IM9 and KAS6
cells, respectively- Cell apoptosis rate induced by Bortezomib was measured by PI/Annexin V
staining and FACS assay- The results shows that LSP1 is highly expressed in IM9 cells but
undetectable in KAS6 cells and that is closely correlated with their abilities of anti Bortezomib-
induced apoptosis- Knockdown LSP1in IM9 cell leads to significant reduction of anti Bortezomib-
induced apoptosis compared with its parent control cells- By contrast. overexpression of LSPL in
KAS6 cells remarkably increases its anti-Bortezomib ability compared with control KAS6 cells-
RT-PCR shows that p53 is suppressed and BclxL is upregulated by LSP1l in MM cells- In
conclusion. LSP1 inhibites Bortezomib-induced apoptosis in multiple myelomas by suppressing
multiple pro-apoptosis genes-
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0 Introduction

Leukocyte Specific Protein 1 (LSPl) is
specifically
endothelial cells- LSP1 has been involved in cell

migration and cytoskeletal re-organization through

expressed in leukocyte cells and

interacting with F-actin- High expression of LSP1
leads to the formation of hairlike structures
enriched in F-actin bundles and inhibits motility
low expression of LSPL positively regulates cell
migrationm- Increased endothelial permeability is
required for the transmigration of leukocytes
through the endothelium and LSP1 may function as
a requlator of endothelial contraction for increased
permeability ”!. Furthermore. expression of LSP1
is uprequlated during granulocytic and monocytic
differentiation of myeloid cells in vitro!'l. LSP1
negatively requlates Mac™l mediated adhesion and
superoxide production in neutrophils® ", providing
additional evidence for LSPl being a critical
requlator in inflammatory response- Recently,
LSP1 was identified as a genetic marker for breast
and lung cancers’”"!,  which implicates the
potential roles of LSP1 in tumorigenesis- Indeed.
constitutive expression of LSP1 was also found in

(). However. its roles are still

multiple myeloma
unknown-
Multiple myeloma ( MM ) is a progressive
neoplastic disease- It is characterized as bone
marrow plasma cells with a integrity monoclone of

immunoglobulin (IgG: IgA: IgD or IgE) or Bence

Joens protein (free of kappa or gamma, light chain)

excessive proliferation- Lack of effective treatment
for MM patients with recurrent disease is the main
cause of deaths- Bortezomib. a new class of
antitumor drug as 26S proteasome inhibitor, has
been shown having good safety and efficacy for
treatment of multiple myeloma, other hematologic
malignancies and aggressive solid tumor™ . As a
26S proteasome inhibitor. Bortezomib selectively
kills tumor cells by inhibition of the NF-kB
pathway »

promotion of ER  stresstinduced

apoptosis, induction of p93-dependent apoptosis
and disruption of the regulation of cell cycle
reqgulating proteins!l. Although Bortezomib has a
good performance in treating multiple myeloma,
still at least 25%6~30% of clinical cases showed
with resistance-

In the present study:, we report that the

expression of LSPL is closely correlated with anti

Bortezomib-induced apoptosis in MM cells-
Genetic alternation of LSPl by knowdown or
overexpression can lead to an increase or reduce of
Bortezomib induced apoptosis in the MM cells,
LSP1

expression of p53 and induces BelxL expression-

respectively. Moreover. suppresses the
These results implicate a novel function of LSP1,
which is to inhibit Bortezomib-induced cell death in
multiple myeloma cells through inducing BCLxL

but suppressing p53 expression-

1 Materials and methods

1.1 Reagents

Bortezomib .was _ produced by Ben  Venue
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Laboratories Inc and distributed by Xian Janssen

Pharmaceutical ~Ltd-  Apoptosis assay kit
AnnexinV /Pl was purchased from Shengw ujinmei
Inc-
1.2 Cell culture and transfection

Multiple myeloma cell line KAS6 was obtained
from ATCC USA ),
maintained in complement RPM 1640 supplimented
with 1 Aug/L human recombinant IL-6 (hrIL-6)
(R&D System, Boston, USA) and 10% new-born

bovine serum-

( Manassas, Virginias

IM9 was also purchased from
ATCC and maintained in the same medium as for
KAS6 except without hrIL-6. For drug treatment
the cells were cultured with 6 well plates for 24 h
before 10 Mmol/L Bortezomib was added and
continuously
period. Transfection of IM9 and KAS6 cells was
USA )

. ’ . .
according to manufacturer s instruction and the

cultured for the indicated time

performed using Transfast ( Promega,
stably transfected cell lines were obtained by
culturing transfected cells in the presence of
800 mg/L of G418 ( Invitrogen. CA ) for
3~4 weeks-
1.3 Plasmids

The plasmids, pU6-shScramble and pUS6-
shLSP1, containing either a scramble or a siRNA
sequence specific targeting LSP1 coding region,
were generated by inserting the corresponding
sequence into pU6 + 27 vector on Sall/Xbal
enzyme sites- The LSP1- shRNA sequence is: 5'-
TCG ACT ACA CCC AGG CCA TCG AGA TTC
AAG AGA TCT CGA TGG CCT GGG TGT ATT
TTT T -3'. which was composed of 19 bases of
specifically targeted sequence (underlined bases ),
9 bases of interval stem loop (italics). 19 reverse

repeat sequence (underlined bases) and termination
signal TTTTT. RT-PCR was used to obtain
human LSP-1 full-length cDNA with the primer set

of LSPL Fw. 5'- CGG_GAT CC |A TG| G CGG

AGG CTT CGA GTG AC- 3" and LSP1-Re. 5'-GC
A CCG GTT CAG AAG CGA GAT GGG ACG CC

T AG|-3". where underlining indicates enzyme

sites, frame tagging indicates either LSP1 start
coding ATG or stop coding TAG- The cDNA was
cloned into pcDNA3. 1 vector and the resulting
plasmid was designed as pc"LSP1. All the plasmids
were confirmed by DNA sequencing-
1.4 RT-PCR

Total RNA was extracted from the cells using
the TRIZOL agent according to manufacturer s
USA ). cDNA was
synthesized from 2 g of total RNA in a buffer

instruction  ( Invitrogin,
supplied with the reverse transcriptase ( RT )
( Invitrogin ) containing 900 Umol/L.  dNTP
(Sanggong). 00 ng random primers (Sanggong)
and 4 “L 0.1 mol/L DTT in a final volume of 20
"L. PCR was performed using 2 "L of cDNA with
the EasyTaq polymerase (Transgenbiotech)- PCR
product was run on a L. 5% agarose gel with a 100
bp marker (Invitrogen) and stained with ethidium
bromide- The primers used for the detection of
gene expression are as follows: LSP1. Sense: 5'-
AGG AGC ACC AGA AAT GTC AGC-3', Anti-
sense: 9 -GAG CGG TTT AGG GAC TCG G3';
p53. Sense: 5 -GCT GCT CAG ATA GCG ATG
GTC -3'. Antisense: 5-CAT GTA GTT GTA
GTG GAT GGT GGT AC-3": Belxl: Sense: 5 -
CGG GCA TTC AGT GAC CTG AC-3'. Anti-
sense: 5 -TCA GGA ACC AGC GGT TGA AG-
3':185 rRNA: Sense: 5 -TGA GAA ACG GCT
ACC ACA TCC-3', Antisense: 5-GCA CCA
GAC TTG CCC TCC-3'.
1.5 Immunoblot analyses

The cells were harvested, washed with PBS,
and lysed using lysis buffer |:50><1(T3 mol/L Tris-
HCl (pH 7.4). 150 X 10* mol/L NaCl. 1%
NP40, 5X10* mol/L. EDTA, 5 X 10 * mol/L
NaF. 2 X 10 mol/L NasVO:, 1X 10 ° mol/L
PMSF . and 5 mg/L
aprotinin]. For the detection of LSP1, GAPDH.
and p53, cell lysates were subjected to SDS-
PAGE. transferred to PVDF membrane (Bio-Rad

Laboratories, Hercules, CA), and immunoblotted

o mg/L leupeptine,

with indicated specific antibodies, including anti-

LSP1 ( cell signaling, rabbit  IgG ), and. anti-
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GAPDH (santa cruz: mouse IgG), and anti-po3
(santa cruz, mouse IgG)- Horseradish peroxidase
( HRP )-conjugated

enhanced

secondary antibodies and

chemiluminescence detection ( Pierce
Chemical Co-s Rockford, IL) were used to detect
the specific immuno-reactive proteins-
1.6  Apoptsis assay

The cells were were seeded into 6-well plates
at a density of 6 X 10° cells/well- In order to
observe a putative potentiation of apoptosis with
Bortezomib, cells were pretreated with or without
(control) 10 nmol/L Bortezomib for 24 h. At the
end of the treatment cells were rapidly centrifuged
and apoptosis was assessed using AnnexinV-FITC
Detection Kit Il “ AnnexinV-PI”
described by the

were

Apoptosis
( Jingmei shengwu ) as

manufacturer-  Samples analysed on

FACSCalibur ( American Becton Dickinson). The
data represented three independent experiments

and triplicate samples in each experiment -

2  Results and discussion

2.1 The expression level of LSP1 is correlated with
the apoptosis rate induced by the Bortezomib
in multiple myeloma cells

Human MM cell lines, IM9 and KAS6, were
screened for their expression level of LSP1 by RT-

PCR (Fig-1(a)) and Western Blot (Fig-1(b))-

The LSP1 is highly expressed in IM9. but not in

KAS6 (Fig-1(a) and (b))- To investigate the

effect of Bortezomib-induced apoptosis on these cell

lines, both IM9 and KAS6 were cultured for 24 h

10 "mol/L Bortezomib

before being harvested for apoptosis assay (Fig- 1

either with or without

(¢))- The results indicated that KAS6 expressing
a low level of LSP1 shows a strong induction of
apoptosis compared with IMY cell that expresses a
high level of LSPl (Fig-1 (c)), indicating a
potential relationship between LSPl expression
level and chemotherapy resistance in MM cells.-

2.2 LSPl-knockdown potentiates the sensitivity to

Bortezomib in multiple myeloma cells

To- further . inyestigate the  relationship

KAS6 M9

{a) LSP1 mRNA is differentially cxpressed
in KASH and IM9 cells

LSP1
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{b) LSP1 protein is differentially expressed
in KAS6 and IM9 cells
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{¢) Bortezomib imduces appoptosis
in KAS6 and TM9 cells

Fig-1 High expression of LSP1 increased Bortezomib

resistance in multiple myeloma

between expression level of LSPl and its drug-
resistance abilities in multiple myeloma cells; the
stable cell lines, IM9/sh-LSP1 and IM9/sh-
Scramble that transfected with either pU6-siLSP1
or pU6-Scramble constructed, respectively, were
established. The expression levels of LSPl in
IM9/sh-Scramble and IM9/sh-LSP1 cells were
confirmed in both mRNA and protein levels by
RT-PCR (Fig-2(a)) and Western Blot (Fig- 2(b))
respectively. After culturing the cells for 24 h
either with or without 10 mol/L Bortezomib
harvested and

treatment, the cells were

subjected for assay- As shown in

Fig-2(c), IM9/sh-LSPL cell

significantly increased apoptosis rate induced by

apoptosis

demonstrates a

Bortezomib when compared with IM9/sh-Scramble
cell. while the show no
differences between IM9/sh-Scramble and IM9/sh-
LSP1.

untreated cells
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sh-Scramble  sh-LSP1

(a) LSP1 mRNA is knocked down in TM9/sh-1.5P 1 cell
M9/

sh-LSP1

[ — 5P

sh-Scramble

S —  (APDH

{b) LSP1 protein is knocked down in IM9/sh-LSP1 cell

100~
O untreated

75 B treated

percentage ol cell death / %%

IM9/sh-Scramble IM9/sh-LSP1
(¢} Bortezomib induces more apoplosis
in the TM9/sh-I1.SP1 than in the IM9/Scramble cells

Fig-2 LSP1 knockdown potentiates sensitivity
to Bortezomib in IM9

2.3 LSPI inhibited Bortezomib-induced apoptosis
in multiple myeloma cells

To further confirm the Bortezomib resistance
role of LSPl in multiple myeloma cells. either
control vector pcDNA3. 1 or LSP1 expression was
constructed- pc'DNA and pcDNA-LSPL, were
transiently transfected into KAS6 cells indicated as
KAS6/pcDNA and KASG/pc‘LSPL respectively -
Western blot and RT-PCR were applied to monitor
the expression of LSP1 in these cells (Fig- 3(a)
and (b)). The cells were either treated or
untreated with 10 #mol/L Bortezomib for 24 h
before being harvested for
(Fig-3(c))- The showed that
expression of LSP1 in KAS‘6/pc‘LSP1 cells leads

to a

apoptosis assay

results over-

significantly ~ enhanced resistance to

Bortezomibinduced apoptosis compared with

KAS6/pcDNA cells, but no differences between

these, . cells ., without, Bortezomib treatment

KAS6
pe-LSPI

pcDNA

LSPI

IBSIRNA

(2) LSP1 mRNA is expressed in KASO/pe-1.5P1 cells
KAS6
pcDNA  pe-LSP1

LSPl

- —
S | A PDH

{b) LSP1 proiein is expressed in KASH/pe-LSP1 cells
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3
3 5ot
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b
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() Over-expression of 1LSP1 lead to resistance
10 Borieromib-induced apoplosis in KAS6 cells

Fig-3 Overexpression of LSP1 enhances the inhibitory
activity of Bortezomib-induced apoptosis in KAS6 cells

(Fig- 3(c))-

Taking together, the data above strongly
suggest that the expression level of LSP1 is closely
correlated with Bortezomib resistance in MM cells,
of LSPLl in

Bortezomib-induced apoptosis in MM cells-

indicating a critical role anti-
2.4 LSPI suppresses p53 expression and induces

Bcel-xl expression in MM cells

To investigate the mechanisms of LSPl in
anti-Bortezomib-induced apoptosis in MM cells,
the expression levels of p93 and BelxL were
detected by RT-PCR (Fig-4(a))- As shown in
Fig-4 (a), the of p53

transcription were significantly increased in IM9

expression levels
cells with LSPl-knockdown when compared with
the control line IM9/sh-Scramble. Conversely:
p53 transcription was decreased in KAS6/pc‘LSP1
when compared with the control KASG/pcDNA

cells- In contrast with the changes of po3. Bel-xL
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that has been defined as an important anti-
apoptosis gene was reduced in LSPl-knockdown
IM9 cells, but elevated in LSPl-overexpression

KAS6  cells

corresponding control cells-

when  compared with their
In addition. the
protein level of p53 was also assessed by Western
blot with IM9/sh-Scramble and IM9/sh-LSP1 cells
either treated or untreated with 10 mol/L
Bortezomib for 24 h (Fig-4(b)). while consistent
results were obtained in the KASG/pc‘LSP1 and
KAS6/pcDNA cells (data not shown). These
results demonstrated that knockdown of LSP1
induced the elevation of p93 proteins, and more
pronuced accumulation of pd3 by Bortezomib was
observed when treating the cells with Bortezomib
(Fig- 4(b))- On the other hand: consistent results
on the po3 expression were obtained in the KAS6/
pc’LSPL and KAS6/pcDNA cells ( data not
shown). The above results indicate that LSP1 may
act as a mediator in response to Bortezomib-
induced cell apoptosis through suppressing po3 and
inducing BelxL-
M9/ KAS6/
sh-Scramble sh-L.SP1 pcDNA pc-LSPL

P53

Bel-xL
LSP]1 [
18S rRNA

(a) 1.SP1 induces Bcel-xL. and suppresses p33
expressions in multiple myeloma cells

IM9/sh-Scramble IM9/sh-LSP1
bortezomib - + = +

p53 e M i —

LSP1 MW=52 KD

GAPDH o — —— .

(b) LSP1 involves in Bortezomib-induced p53
expression in IM9 cells

Fig-4 LSP1 suppresses pS3 but induces
Bel-xL expression in IM9 cells
3 Conclusion

Bortezomib is a specific inhibitor of the

chymotryptic activity .of, proteasome- It. has shown

threapeutic efficacy in patients with multiple
myeloma and malignant lymphoma™ ™!, It has
been illustrated to inhibit NF-kB, which acts as a
transcription factor for antiapoptotic proteins such
as ¢cIAPZ and survivin, and is also known to
stabilize po3 and cell cycle proteins, such as p2l
and p27[17 ¥l

The present study demonstrated for first time
that LSP1 inhibits Bortezomib induced apoptosis in
multiple myeloma cells through suppressing po3
and inducing BelxL expressions, which are
important reqgulators of apoptosis, suggesting that
LSP1 may play an important role in Bortezomib-
resistence in multiple myeloma cells- However,
further needed for this

study is putative

mechanism -
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