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Abstract

Background: Both multiple myeloma (MM) and systemic lupus erythematosus (SLE) are associated with abnormal
production of plasma cells, although their pathological mechanism of each disease is different. The main charac-
teristic of both diseases is uncontrolled differentiation of B cells into plasmablast/plasma cells. Despite continuous
research on prognostic factors and the introduction of new agents for MM and SLE, treatments still do not exist for
controlling plasmablast/plasma cells. Thus, it is necessary to identify novel therapeutic targets of plasmablast/plasma
cells. Because of its plasmablast-like characteristics, the mus musculus myeloma SP 2/0 cell line was used in this study
to test the effect of a novel therapeutic agent (BC094916 overexpression) on plasmablast/plasma cells.

Methods: We first determined gene expression profiles of plasma cells using Affymetrix microarrays and RNA-
sequencing. The effect of BC094916 on SP 2/0 cell proliferation, cell cycle, and apoptosis was determined by CCK8 and
fluorescence-activated cell sorting. The SP 2/0 xenograft mouse model was used to assess the impact of BC094916

on tumor progression. The luciferase reporter system was used to evaluate the effect of BC094916 on Creb1 and Bcl2
transcription.

Results: We found that BC094916 mRNA was decreased in plasma cells. The mouse myeloma cell line SP 2/0
expressed low levels of BCO94916 mRNA, whereas BC094916 overexpression suppressed SP 2/0 cell proliferation by
inducing apoptosis. BC094916 overexpression suppressed tumor progression in the SP 2/0 xenograft mouse model.
We also found that BC094916 mediate apoptosis by suppressing transcription of the Creb1 and Bcl2 genes, which
promote the transcription of eukaryotic translation initiation and elongation factor genes.

Conclusions: BC094916 overexpression suppressed Creb1 and Bcl2 transcription to induce cell apoptosis, which
suppressed SP 2/0 proliferation and xenograft tumor progression. Thus, BC094916 overexpression may be a potential
therapeutic agent for treatment of MM and autoimmune diseases such as SLE.
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Background

B cells play an important role in the adaptive immune sys-
tem. Upon migration to secondary lymphoid organs (i.e.,
spleen or lymph nodes), B cells that encounter antigen
either differentiate into short-lived plasma cells or enter
a germinal center (GC) where they further differentiate
into high-affinity antibody-producing plasma cells and
memory B cells [1-3]. DNA-binding transcription factors,
including PAX5, BCL6, Blimpl, and Xbpl, are involved
in B cell differentiation and plasma cell fates [4]. Correct
regulation of B cell activity and function is essential for
humoral immunity. If regulatory mechanisms are dis-
rupted, B cells can contribute to the development of some
autoimmune diseases such as SLE and B cell malignancies.
The mechanisms that control B-cell differentiation are
subject to transcriptional regulation, but, overall, are not
well-defined, which leaves a gap in our understanding of
the development of B-cell-related diseases [5].

The discovery of B-cell involvement in diseases such as
SLE, multiple sclerosis (MS), rheumatoid arthritis (RA),
and type 1 diabetes represents a paradigm shift in our
understanding of the pathogenesis of these diseases, which
still lack mechanistic explanations [6]. Therapies that tar-
get B cellsas appear to be effective for treating autoim-
mune diseases. Rituximab-mediated B-cell depletion has
been used successfully to treat autoimmune diseases, an
outcome that promoted the development of additional B
cell targeting agents [7]. B cell-activating factor (BAFF) is
involved in the development of autoimmune disorders [8].
In 2011, the Food and Drug Administration approved beli-
mumab, an anti-BAFF monoclonal antibody (mAb), for
treatment of SLE. We and other researchers demonstrated
that an additional BAFF inhibitor, atacicept (TACI-IgG),
promotes B-cell depletion [9-11]. BAFF-specific targeted
therapy affects early-stage B cells in the periphery with-
out affecting late-stage compartments, such as memory or
bone marrow plasma cells [12]. Depletion of plasma cells
has potential for treating autoimmune diseases [7].

MM is a neoplastic proliferation of plasma cells char-
acterized by the presence of monoclonal immunoglobu-
lins in blood and/or urine. Despite continuous research on
the development of prognostic factors and new treatment
agents MM remains an incurable and debilitating disease
[13]. Even with recent advances in therapy regimens, MM
patients commonly develop drug resistance and relapse.
Monotherapy with PD-1 inhibitors produced disappointing
results [14]. Due to the heterogeneous genetics of MM, it is
likely that combinatorial treatment strategies will be needed,
such as a combination of monoclonal antibodies, immune
checkpoint inhibitors, vaccines, and chimeric antigen recep-
tor (CAR) T-cell therapy [15]. Development of optimal com-
binatorial therapeutic strategies requires additional research
into the identification of novel therapeutic targets.
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Pathogenic plasma cells play a critical role in some auto-
immune diseases and MM. To explore plasma cells as a
novel therapeutic target, we determined the differences
in gene expression between plasma cells and B cells and
found that BC094916 mRNA was decreased in plasma cells.
The BC094916 gene belongs to the Ifi200 cluster (Ifi202b,
1fi203, 1fi204, 1fi205, Mnda, Mndal, Aim2, Pydc4, Pyhinl,
Pydc3, EG240921, LOC623121, Al607873, and EG666028)
and contains the N-terminal DAPIN/PYRIN motif and/
or a HIN200 domain that are characteristic of the Ifi fam-
ily [16]. Proteins of the mammalian PYHIN family (IFI200/
HIN-200) provide defense against infectious disease agents
by recognizing foreign DNA [17]. BC094916 was shown to
be associated with viral infection [18]. In addition, inhibi-
tors of the renin—angiotensin—aldosterone system reduced
BC094916 expression in dystrophic skeletal muscles [19].
However, the role of BC094916 in the viral infection or dys-
trophic skeletal muscles is unclear.

In this work, overexpression of BC094916 in the SP 2/0
xenograft mouse model induced apoptosis, which sup-
pressed tumor progression. Mechanistically, BC094916
could function as a suppressor of transcription to reduce
the expression of proteins such as Bcl2. Thus, overexpres-
sion of BC094916 may be a potential therapy for treating
MM and autoimmune diseases such as SLE.

Materials and methods

Ethics committee approval

Care, use, and treatment of mice in this study were in
strict agreement with international guidelines for the care
and use of laboratory animals. This study was approved
by the Animal Ethics Committee of Beijing Institute of
Basic Medical Sciences.

Mice

Seven-to-nine-week-old female or male C57BL/6 and
Balb/c mice were purchased from the Chinese Acad-
emy of Medical Sciences (Beijing, China). Seven-to-
nine-week-old female lupus-prone MRL/Mp]/lpr/lpr
(MRL/lpr) mice were purchased from Nanjing Biomedi-
cal Research Institute of Nanjing University (Nanjing,
China) and described previously [20]. EAE induction on
C57BL/6 mice was performed, as previously described
[10]. All mice were bred in our animal facilities under
specific pathogen-free conditions.

Treatment of lupus-prone mice with TACI-IgG

Treatment of lupus-prone mice with TACI-IgG was
previously described [10]. Simply, Lupus-prone MRL/
lpr mice were divided into the following two groups: 1,
TACI-IgG treated; 2, control IgG-treated. Six lupus-
prone mice per group were injected i.p. with 5 mg/kg
TACI-IgG and control IgG (Rongchang pharmaceuticals,
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LTD, Shandong province, China) at 1, 2, 3, and 4 week
(twice per week) after the mice reached 6 month of age.

Cell sorting

The splenocytes were separated from three 7-9-week
female C57BL/6 mice per group, stained with anti-mouse
CD5 (clone no. 53-7.3) and B220 (clone no. RA3-6B2, eBi-
oscience, USA) antibodies. CD5" and CD5~ B220™B cells
were sorted by flow cytometry (FACS). All flow cytom-
etry data were acquired with FACSCanto, FACSCantoll,
or FACSAria (BD Biosciences), gated on live lymphocyte-
sized cells on the basis of forward and side scatter, and
analyzed using FlowJo software (Tree Star, Ashland, OR).
CD19" and B220" B cells were separated by CD19 (Cat
No. 130-052-201) and B220 (Cat No. 130-049-501, Milte-
nyi Biotec, Germany) Microbeads, respectively.

Cell culture and transfection

Mouse myeloma cell line SP 2/0 cells and human embryonic
kidney HEK 293T cells were from the American Type Cul-
ture Collection (ATCC; Rockville, MD, usa) and described
previously [21]. All cells were maintained in complete RPMI
1640 medium in a humidified 5% CO, atmosphere at 37 °C.
For cell transfection, BC094916 cDNA (General Biosys-
tems, Anhui, China) was cloned into lentiviral vector LV201
or LV122 (Fugene Corp., Guangzhou, China) to generate
BC094916 and BC094916-EGFP fusion protein, respec-
tively. BC094916-expressing LV201 or LV122 was then
transfected into SP 2/0 cells, and stable transfectants were
identified by drug selection (Puromycin, Sigma, 10 ug/ml).

B cells were stimulated in vitro with LPS

B cells were cultured in RPMI 1640 medium containing
10% FBS, 2 mM glutamine, penicillin (100 IU/ml), strep-
tomycin (100 pg/ml), and 50 mM 2-mercaptoethanol.
Cells were stimulated with 10 pg/ml LPS (Sigma L2630
from Escherichia coli 0111:B4; Sigma, St Louis, MO).

Affymetrix microarrays

Affymetrix microarrays were performed by GMINIX Ltd
(Shanghai, China) and described previously [22]. Total
RNA was extracted from B cells with Trizol and purified
over Qiagen RNeasy columns (Qiagen). Synthesis and
labeling of RNA and hybridization of arrays were con-
ducted. Stained arrays (430 2.0) were scanned on an Agi-
lent Gene Array Scanner (Affymetrix).

RNA sequencing

RNA was isolated from cells with Qiagen RNeasy Micro
or Mini Kits (on the basis of cell number), according to the
manufacturer’s instructions. RNA-seq was done with an
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Mlumina HiSeq2500 instrument at Genewiz corp., Suzhou,
China.

Immunofluorescence and confocal microscopy

Cells were observed under a fluorescence micro-
scope or seeded onto glass coverslips in 24-well plates,
washed with PBS, fixed in 4% formaldehyde solution
and permeabilized with 0.2% Triton X-100/PBS. Cells
were blocked with 2% BSA in PBS for 30 min. Cover-
slips were incubated with DAPI and observed under a
confocal laser scanning microscope.

Measure of cell proliferation with cell counting kit-8 (CCK8)
assay

Measure of cell proliferation with cell counting kit-8
(CCK8) assay was described previously [23]. CCK8 kit
was purchased from Dojindo Molecular Technologies,
Inc. Rockcille, MD, USA. Briefly, 100 pl of cell suspen-
sion (5000 cells/well) in a 96-well plate were cultured
for an appropriate length of time (e.g., 0, 1 or 2 days) in
a humidified incubator (e.g., at 37 °C, 5% CO,). 10 ul of
CCK-8 solution was added to each well of the plate and
the plate was incubated for 1-4 h in the incubator. Meas-
ure the absorbance at 450 nm using a microplate reader.

Quantitative PCR analysis

Quantitative PCR analysis has been described in our pre-
vious studies [22, 24]. Briefly, total RNA was extracted
from B cells with Trizol (Invitrogen Life Technologies).
The final RNA pellets were dissolved in 0.1 mM EDTA
(2 pl/mg original wet weight). Reverse transcription reac-
tions were carried out on 22 pl of sample using super-
script II RNAse H-Reverse Transcriptase (Invitrogen Life
Technologies) in a reaction volume of 40 pl. All samples
were diluted in 160 pl nuclease-free water. qPCR was
employed to quantify mouse gene expression from the
cDNA samples. Mouse gene expression was normalized
to the levels of the B-actin gene.

Immunoblot analysis

Whole-cell lysates were prepared for Western blotting.
Twenty-five micrograms of cell protein were electro-
phoretically separated on a 10% SDS-polyacrylamide
gel and transferred to a PVDF membrane, which was
then blocked by incubation for 1 h at room temperature
in 5% fat-free dry milk in Tris-buffered saline contain-
ing 0.1% Tween-20 (TBS-T). The blots were then incu-
bated overnight at 4 °C with rabbit antibodies against
anti-mouse  GAPDH (KM9002, SunGene Biotech),
Xbp-1 (ab37152, Abcam), blimp1 (sc-25380, Santa Cruz
Biotech), Bcl2 (ab59348, Abcam), Bcl6 (sc-858, Santa
Cruz Biotech), Aid (sc-25620, Santa Cruz Biotech), Myc
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(66004-1-1g, Proteintech), p53 (#2524, Cell Signaling
Tech), Mcll (ab32087, Abcam), EGFP (ab290, Abcam)
antibodies diluted 1:1000 in TBS-T containing 5%
bovine serum albumin, washed for 25 min with TBS-T,
and incubated for 1 h at room temperature with horse-
radish peroxidase-conjugated secondary F(ab’)2 (Zymed
Laboratories, San Francisco, CA) (1:20 000 in TBS-T
containing 5% bovine serum albumin), then bound anti-
body was visualized using the ECL detection system
(Amersham, Arlington Heights, IL).

Propidium iodide (PI)/FACS (cell cycle) analysis

Cell cycle analysis was described previously [22]. Cells
were collected and washed 1 time with 5-10 ml of 1x
PBS. Cells were suspended in 500 pl 1x PBS containing
+0.1% Glucose (at 4 °C) and 5 ml of cold 70% EtOH (kept
at —20 °C) was immediately added, mixed, and kept at 4 °C
for 1 h. Cell were then spun down and washed once with
1 x PBS (10 ml). Without adding more PBS, cells were then
spun again for 2 min so that the residual PBS could be
removed and cells were then suspended in 300 pl 69 uM
propidium iodide (Cat# 537059, Calbiochem, San Diego,
CA) solution with 38 mM Na Citrate (Cat# C7254 Sigma,
St. Louis, MO) and 20 pl of 10 mg/ml RNase (Cat# R4875,
Calbiochem, San Diego, CA). Cells were mixed, incubated
at 37 °C for 30—45 min and analyzed by FACS.

Annexin V/PI staining

Apoptosis detection kit was purchased from Sungenebio-
tech, Tianjing, China. Cells were centrifuged at 335xg for
10 min and resuspended in 2 ml 1x phosphate buffered
saline (PBS) (no calcium, no magnesium). Cells were cen-
trifuged at 335xg for 10 min and resuspended in 1 ml 1X
Annexin V binding buffer. A total of 5 ul APC-conjugated
Annexin V (Cat No. AO2001-02, Sungenebiotech, Tian-
jing, China) was added and the tubes incubated in the
dark for 15 min at room temperature. A total of 100 pul of
1x Annexin V binding buffer was added to each reaction
tube (final volume: ~200 pl). PI (4 pl, Cat No. AO2002-
H, Sungenebiotech, Tianjing, China) was diluted 1:10 in
1x Annexin V binding buffer and a final PI concentration
of 2 ug/ml was added in each sample. Tubes were incu-
bated in the dark for 15 min at room temperature. 1x
Annexin V binding buffer (500 u) was added to wash the
cells. Then the samples were ready to be analyzed by flow
cytometry (FACS).

SP 2/0 xenograft mouse model

To evaluate tumor growth in mouse models, 200 pl of
cell suspension from 5x 10° SP 2/0 expressing GFP
(vector) or SP 2/0 cells expressing GFP and BC094916
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(BC094916) were subcutaneously injected into the left
and right sides of the back of each Balb/c mouse. Mice
were sacrificed on day 8 after the injection. Tumor vol-
umes were determined by measuring the major (L) and
minor (W) diameters with an electronic caliper. The
tumor volume was calculated according to the following
formula: tumor volume =m/6 x L x W2,

Creb1 and Bcl2 promoter reporting gene analysis
Promoter reporting gene analysis has been described in
our previous studies [25]. The firefly luciferase reporter
plasmid pEZX-PG04.1 (Fugene Corp., Guangzhou, China)
with the 5'-flanking region from start codon upstream
—1510~+4173 of mouse Crebl gene or —1323~4160
of mouse Bcl2 gene. 0.5 pg Lv201/BC094916, 0.5 pg fire-
fly luciferase reporter plasmids pEZX-PG04.1/Crebl
promoter or Bcl2 promoter (General Biosystems, Anhui,
China), and 0.05 ug Renilla luciferase reporter vector pRL-
SV-40 vector (cat# E2231, Promega Corp.) were co-trans-
duced into 4 x 10° SP 2/0 or 293T cells in 12-well plate by
using 6 pL Lipofectamine®2000 Reagent (Cat# 11668-019,
Invitrogen Corp.). On day 3, sequential measurement of
firefly luciferase (Reporter #1) followed by Renilla lucif-
erase activity (Reporter #2) was assessed on 1420 Mul-
tilabel Counter (1420 Victor 3, PerkinElmer Corp.), and
analyzed. The results were shown as the ratio of firefly to
Renilla luciferase activity.

Statistics

Statistics were analyzed by using GraphPad Prism (ver-
sion 5.0, GraphPad Software Inc., USA). The data were
shown as mean=standard error of the mean (SEM).
Student’s t test was employed to determine significance
between two groups (paired or unpaired) and Two-Way
ANOVA analysis was used to determine significance
among several groups. Differences were considered sta-
tistically significant when p <0.05.

Results

Decreased expression of BC094916 in plasma cells and SP
2/0 cells

Previous studies demonstrated that B-cell-depletion
therapy does not affect B cells in the late-stages of dif-
ferentiation (e.g., plasma cells) [10, 12]. To identify novel
therapeutic targets of plasma cells, gene expression pro-
filing experiments were performed with Affymetrix
microarrays. In B220" cells derived from atacicept (TACI-
IgG)-treated lupus-prone MRL/lpr mice, expression of
plasma cell-associated transcription factors including
Prdm1 and Xbp1 was increased, whereas expression of GC
B cell-associated transcription factor Bcl6 and the mature
B cell-associated transcription factor Pax5 was decreased
(Table 1). Additionally, expression levels of a novel gene
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BC094916 were reduced in a similar ratio to that of Bcl6
and Pax5 (Table 1). These results suggest that BC094916
expression may be decreased in plasma cells. To inves-
tigate this possibility, B cells were treated with LPS to
stimulate plasmablasts/plasma cell maturation [26] And
gene expression patterns of plasma cells were determined
using Affymetrix microarrays. In plasma cells, expres-
sion of Prdml and Xbpl were increased, whereas Bcl6
and Pax5 expression was decreased (Table 2). Addition-
ally, expression of BC094916 was reduced similarly to Bcl6
and Pax5 (Table 2). These results suggest that expression of
BC094916 was decreased in LPS-stimulated plasmablasts.
To evaluate BC094916 expression in lymphoblasts, the
lymphoblast-like mouse myeloma cell line SP 2/0 was used
in gene expression studies. SP 2/0 cells expressed high lev-
els of Prdml and Xbpl and low levels of Bcl6 and Pax5
(Table 3). SP 2/0 cells expressed low levels of BC094916
mRNA (Table 3). These results suggest that MM cells
including SP 2/0 cells, do not express BC094916. Next,
BC094916 expression patterns were evaluated in naive B

Table 1 BC094916 mRNA expression decreased in TACI-
IgG-regulated plasma cells

Gene symbol Gene description Fold change Regulation

Prdm1 PR domain containing 1, 15.73 Up
with ZNF domain

Xbp1 X-box binding protein 1 4.88 Up

Pax5 paired box gene 5 0.19 Down

Bclé B cell leukemia/lymphoma  0.20 Down
6

BC094916 cDNA sequence BC094916 0.14 Down

Three lupus-prone mice per group were injected i.p. with 5 mg/kg TACI-lgG

or control IgG at 1, 2, 3, and 4 weeks (two times per week) after mice reached

6 months of age. On day 4 after therapy, mice were euthanized and B cells were
separated from the spleen by B220 microbeads. The transcripts in B cells were
determined by Affymetrix Microarrays. The fold change of the transcripts in TACI-
1gG treatment to those in IgG group is shown

Table 2 BC094916 mRNA expression decreased in LPS-
induced plasma cells

Gene symbol Fold change Regulation
Experiment 1 Experiment 2

Prdm1 34.05 27.52 Up

Xbp1 1017 8.79 Up

Pax5 0.09 0.29 Down

Bcle 0.16 017 Down

BC094916 0.04 0.11 Down

The splenocytes were separated from three C57BL/6 mice per group. B cells
were sorted by B220 microbeads, and stimulated for 3 days in vitro by 10 ug/
ml LPS. The transcripts in LPS-stimulated B cells were determined by Affymetrix
Microarrays. The fold change of the transcripts in LPS-stimulated group to
unstimulated group is shown from 2 separate experiments
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Table 3 BC094916 mRNA did not express in SP 2/0 cells

Gene symbol Total exon fragments FPKM
Prdm1 172099 27.05
Xbp1 4553.99 159.74
Pax5 35 0.31
Bcle 116.99 2.36
BC094916 0 0

The transcripts in SP 2/0 cells were determined by RNA-sequencing. Total exon
fragments and FPKM (FPKM =total exon fragments/mapped reads (millions)/
exon length (KB), Fragments per Kilo bases per Million reads) values of selected
genes encoding Prdm1, Xbp1, Pax5, Bcl6 and BC094916 are shown

cells. We found that BC094916 mRNA in naive B cells was
at an intermediate level, between CD19 and Pax5 (high-
est expression level) and Bcl6, Prdm1, and Xbpl (lowest
expression level) (Table 4). To evaluate BC094916 expres-
sion in activated B cells, activated B cells were sorted from
CD5" B cells (CD5 is a B cell activation antigen [27, 28])
and EAE mice (a model of multiple sclerosis (MS) mouse
model in which B cells are activated with myelin compo-
nents emulsified in appropriate adjuvants [29]). BC094916
expression was slightly increased in activated B cells from
CD5" B cells or EAE mice (Table 5). Collectively, these

Table4 B cells expressed the high level of BC094916
mRNA

Gene symbol Total exon fragments FPKM
cb19 20,349 4415
Pax5 30,458 255
Bcl6 1865 2773
Prdm1 244 29
Xbp1 2008 54.8
BC094916 798 19.65

The splenocytes from three 7-9-week female C57BL/6 mice per group were
sorted by CD19 microbeads. The transcripts in B cells were determined by RNA-
sequencing. Total exon fragments and FPKM (FPKM = total exon fragments/
mapped reads (millions)/exon length (KB), Fragments per Kilo bases per Million
reads) values of selected genes encoding CD19, Pax5, Bcl6, Prdm1, Xbp1, and
BC094916 are shown

Table 5 BC094916 mRNA expression slightly increased
in activated B cells

Gene symbol Fold change Regulation
CD5*B/CD5™B EAE/control
BC094916 221 149 Up

The splenocytes were separated from three 7-9-week female C57BL/6 mice per
group and CD57B cells were sorted by FACS (the second column). B cells were
sorted by CD19 microbeads from the splenocytes of three 11-week female EAE
and control mice (the third column). The transcripts in B cells were determined
by Affymetrix Microarrays. The fold change of the transcripts in CD5'B cells to
CD57B cells or CD19*B cells from EAE mice to those from control mice is shown
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data demonstrated that BC094916 expression was slightly
increased when B cells were activated. Once B cells differ-
entiated into plasma cells, BC094916 was not expressed.

BC094916 overexpression induced apoptosis of SP 2/0 cells
To explore the therapeutic potential of BC094916 in
plasma cell-associated diseases such as MM, BC094916
overexpressed in SP 2/0 cells. An LV201 construct
expressing BC094916 and EGFP and a construct
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expressing only EGFP were transfected into SP 2/0 cells.
Stable transfectants expressing BC094916 and EGFP, or
EGEFP alone were selected by puromycin (Fig. 1a). RNA-
sequencing was used to determine expression profiles
in SP 2/0 cells overexpressing BC094916. Relative to
SP 2/0 cells expressing only EGFP, SP 2/0 cells express-
ing both BC094916 and EGEFP overexpressed BC094916
mRNA (Table 6). This result confirmed that BC094916
was overexpressed in stably transfected SP 2/0 cells.
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C  Vector BC094916

96KD
79KD <BC094916-EGFP

55KD
43KD
34KD

26KD ®

17KD

*kk%x

,—I

<EGFP

Vector BC094916

Fig. 1 BC094916 overexpression in SP 2/0 cells. a Stable expression of BC094916 in SP 2/0 cells. BC094916- and EGFP-expressing lentiviral
vector LV201 (BC094916) and only EGFP-expressing LV201 (vector) were transduced into SP 2/0 cells. Puromycin was used to select stable
BC094916- and EGFP-expressing SP 2/0 cells. EGFP expression was shown. b BC094916 mRNA expression significantly increased in stable
BC094916- and EGFP-expressing SP 2/0 cells. BC094916 mRNA expression was determined in the stable BC094916- and EGFP-expressing SP 2/0
cells (BC094916) and only EGFP-expressing SP 2/0 cells (vector) after cells were cultured for 48 h. € BC094916 protein expression significantly
increased in BC094916-EGFP (fusion form of BC094916 carbon terminal and EGFP)-expressing SP 2/0 cells. BC094916-EGFP (BC094916)- or only
EGFP (vector)-expressing lentiviral vector LV122 were transduced into SP 2/0 cells. At 72 h after transduction, cells were collected and anti-EGFP
antibodies were used to probe EGFP or BC094916-EGFP fusion protein expression by western blot assay. a—c Data are representative of three
independent experiments. b Two-tailed student’s t test. Error bars, SEM. ****p < 0.0001

Table 6 BC094916 overexpression suppress the expression of anti-apoptosis, eukaryotic translation initiation factor (Eif)
and eukaryotic translation elongation factor (Eef) gene in SP 2/0 cells

Gene symbol Total exon fragments FPKM
Vector BC094916 Fold change Vector BC094916 Fold change

BC094916 1.00 93.00 93.00 0.03 297 99.00
prdm? 1738.00 1280.00 0.74 19.86 16.59 0.84
Xbp1 6951.81 6944.75 1.00 173.37 197.54 1.14
Bcl6 223.71 125.99 0.56 337 2.16 0.64
Trp53 5333.00 4871.00 091 156.64 163.57 1.04
Bcl2 44,00 27.06 0.61 0.34 0.23 0.68
Bcl2i 1499.00 954.00 0.64 37.95 29.11 0.77
Mch 35841.98 19278.00 0.54 850.34 493.80 0.58
Eif4a2 10798.10 7854.01 073 344.03 281.28 0.82
Eif5b 241.50 77.26 032 2218 8.10 0.37
Eif4e2 989.06 507.78 0.51 4248 24.37 0.57
Eif253x 307.22 0.00 0.00 14.79 0.00 0.00
Eef1b2 14673.00 9209.01 0.63 654.39 457.86 0.70
Eefld 1175.02 582.81 0.50 90.55 51.18 0.57
Creb1 233.00 55.00 0.24 4.78 0.82 0.17

RNA-seq was done with an lllumina HiSeq 2500 instrument at GENEWIZ, Suzhou, China. Total exon fragments and FPKM (FPKM = total exon fragments/mapped reads
(millions)/exon length (KB), Fragments per Kilo bases per Million reads) values of selected genes encoding prdm1, Xbp1, Pax5, Bcl6, Trp53, Bcl211, Bcl211, Mcl1, Eif4a2,
Eif5b, Eif4e2, Eif2s3x, Eef1b2, Eef1d, and Creb1, and the fold change of gene expression in BC094916-overexpressed SP 2/0 cells to control SP 2/0 cells are shown
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To further confirm this, qPCR was used to analyze
BC094916 mRNA expression. BC094916 mRNA was
significantly increased in stably transfected SP 2/0 cells
(Fig. 1b). To evaluate the BC094916 protein expression,
a BC094916-EGFP fusion construct was generated in
which EGFP was fused to the C-trminus of BC094916.
Western blot analysis showed an approximate 80 kDa
band corresponding to the BC094916-EGFP fusion
protein (Fig. 1c). Collectively, these data demonstrated
BC094916 overexpression in SP 2/0 cells.

To explore the impact of BC094916 overexpression in
SP 2/0 cells, the CCK8 assay was used to determine the
role of BC094916 overexpression in cell proliferation.
BC094916 overexpression significantly reduced SP 2/0
cell proliferation (Fig. 2a). To explore the mechanism by
which BC094916 suppressed cell proliferation, cell cycle
analysis was performed, which showed that BC094916
overexpression did not affect the cell cycle but induced
cell apoptosis (Fig. 2b, c). To further evaluate the impact
of BC094916 overexpression on apoptosis, Annexin V
and PI staining and FACS were used to analyze apopto-
sis. The results suggest that BC094916 overexpression
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significantly promoted SP 2/0 apoptosis (Fig. 2d, e). Col-
lectively, these data suggest that BC094916 overexpres-
sion significantly reduced SP 2/0 cell proliferation by
inducing cell apoptosis.

BC094916 overexpression suppressed tumor progression
in the SP 2/0 xenograft mouse model

To further determine the effect of BC094916 overexpres-
sion on in vivo tumor progression, the SP 2/0 xenograft
mouse model was developed in Balb/c mice [21]. Sta-
ble SP 2/0 transfectants expressing both BC094916 and
EGEFP, or only EGFP were subcutaneously injected into
Balb/C mice (5x 10° cells per mouse; 4 mice/group).
Tumor volumes from each group were measured each
day. BC094916 overexpression suppressed in vivo tumor
growth and progression in Balb/c mice in a time-depend-
ent fashion (Fig. 3a). Based on tumor size imaging,
BC094916 overexpression reduced the size of SP 2/0 xen-
ograft tumors in Balb/c mice (Fig. 3b). Tumor volumes
and average tumor weights from each group were meas-
ured. The results showed that BC094916 overexpres-
sion reduced tumor volumes and weights in Balb/c mice
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Fig. 2 BC094916 overexpression reduced cell proliferation and promoted cell apoptosis. a BC094916 overexpression suppressed the proliferation
of SP 2/0 cells. The stable BC094916- and EGFP-expressing SP 2/0 cells (BC094916) and only EGFP-expressing SP 2/0 cells (vector) were cultured
in vitro for 0, 1, 2 days. CCK8 assay was used to determine the cell proliferation. b, ¢ BC094916 overexpression did not affect the cell cycle of SP 2/0
cells. The stable BC094916- and EGFP-expressing SP 2/0 cells (BC094916) and only EGFP-expressing SP 2/0 cells (vector) were cultured in vitro for 1
and 2 days. Cells were collected, stained with propidium solution (Pl) and analyzed by flow cytometry (FACS). FACS profile on day 1 and 2 (b) and
the statistical analysis on day 3 (c) of cell cycle were shown. d, e BC0O94916 overexpression up-regulated the apoptosis in SP 2/0 cells. The stable
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(Fig. 3c, d). These data suggest that BC094916 overex-
pression suppressed SP 2/0 xenograft tumor progression.

BC094916 is a transcriptional suppressor

The experiments described above suggest that BC094916
overexpression suppressed cell proliferation and SP
2/0 xenograft tumor progression by inducing cell apop-
tosis. To further explore the mechanisms underlying
BC094916-induced apoptosis, western blot assays were
performed to determine protein levels of the transcrip-
tion factors Blimpl, Xbp-1, Myc, Aid, and Bcl6 during-
differentiation of B cells into plasma cells, anti-apoptosis
proteins Bcl2 and Mcll, and apoptosis-induced p53 pro-
tein. BC094916 overexpression in SP 2/0 cells reduced
levels of the anti-apoptosis proteins Bcl2 and Mcll,
plasma cell-related proteins Blimpl and Xbp-1, and up-
regulated the apoptosis protein p53 (Fig. 4). These results
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suggest that changes in expression of these proteins may
be involved in cell apoptosis. RNA-sequencing was used
to determine the effect of BC094916 overexpression on
gene expression. mRNA levels of Blimpl, Xbp-1, and
Trp53 were not changed (Table 6). BC094916 overex-
pression reduced expression of anti-apoptosis factors
(Bcl2, BcllLl, Mcll), eukaryotic translation initiation
factors (Eif5b, Eif4e2, Eif2s3x), eukaryotic translation
elongation factors (Eeflb2, Eefld), and the transcription
factor Crebl in SP 2/0 cells (Table 6). These results sug-
gest that BC094916 affected the transcription of some
genes. To explore the mechanism by which BC094916
regulates transcription, we first determined the cellular
location of BC094916. 293T cells were transfected with
LV122 vectors expressing BC094916-EGFP (BC094916),
BC094916-C (corresponding to C-terminal amino
acids 262-393)-EGFP (BC094916-C), or only EGEFP.
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Fig. 3 BC094916 overexpression suppressed tumor progression in the SP 2/0 xenograft mouse model. The stable BC094916- and EGFP-expressing
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mice/group) on day 8 after SP 2/0 xenograft. a, ¢, d Data are shown as mean £ SEM (n=12) from three independent experiments. Two tailed
Student’s t-test, **P <0.01, ****p < 0.0001
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Confocal images showed that EGFP and the C-termi-
nus of BC094916 were distributed throughout the cells,
whereas BC094916 localized to the nucleus (Fig. 5a).
These results suggest that BC094916 may be a tran-
scription factor. To further prove the possibility that
BC094916 is a transcription factor, the role of BC094916
in the regulation of the Bcl2 and Crebl promoters was
evaluated. Activity of the Crebl and Bcl2 promoters was
analyzed using the luciferase reporter system in 293T
and SP 2/0 cells (Fig. 5b). The results demonstrated that
BC094916 could suppress activation of the Crebl pro-
moter in 293T and SP 2/0 cells (Fig. 5b, left and middle
panels) and the Bcl2 promoter in SP 2/0 cells (Fig. 5b,
right panels). These results indicate that BC094916 is
capable of suppressing the Creb and Bcl2 promoters.

Discussion

B cells expressed high levels of BC094916 mRNA
(Table 4). When activated, B cells slightly up-regulated
BC094916 expression (Table 5). When B cells differentia-
tion into plasma cells/plastblasts, BC094916 expression
was decreased (Tables 1, 2). These results are consist-
ent with a previous study suggesting that follicle B cells
expressed high levels of BC094916, whereas plastblasts
expressed low levels of BC094916 [26]. Our results fur-
ther indicated that SP 2/0 cells expressed low levels
of BC094916 (Table 3). Futher studies should explore
whether BC094916 expression is changed in autoimmune
diseases and MM.

Targeted therapies, such as treatment with the BRAF
inhibitor vemurafenib in BRAF-mutated MM patients
or BCL-2 inhibition with venetoclax for MM with t [4,
14] are currently being used for treatment of relapsed
and refractory MM (RRMM) [15]. Even with recent
advances in therapy regimen, MM patients commonly
develop drug resistance and relapse [30, 31]. To explore
novel therapies that target plasma cells to treat autoim-
mune diseases and MM, BC094916 was overexpressed
in SP 2/0 cells (Fig. 1). We found that BC094916 overex-
pression significantly suppressed SP 2/0 cell proliferation
(Fig. 2) and SP 2/0 xenograft tumor progression (Fig. 3)
by inducing cell apoptosis (Fig. 2). Three independent
experiments (n=4 mice/group/time, total n=12 mice/
group) of SP 2/0 xenograft tumor were performed. Col-
lectively, we calculated and demonstrated an average
from all three experiments (n=12 mice/group) (Fig. 3a,
¢, d). Consistent with total results, BC094916 overex-
pression significantly suppressed tumor growth, tumor
weights and tumor volume in each experiment (n=4
mice/group) (data not shown). These results suggest
that BC094916 overexpression may be an effective way
to accomplish a gene-therapy treatment for MM. Gene
therapy administered by transcatheter or percutaneous
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intratumoral injection is an emerging area of interest in
tumor research. Some studies have entered the animal
testing stage, including intratumoral gene therapy injec-
tions with a multipronged and multi-side hole needle for
rectal carcinoma [32]. It is needed to explore and vali-
dated gene transfer systems to guide gene therapy and to
evaluate the efficacy of promising therapies [15].

The human PYHIN proteins (AIM2, IFI16, IFIX, and
MNDA) are critical regulators of immune responses,
transcription, apoptosis, and the cell cycle [33]. Human
IFI16, an ortholog of the mouse BC094916 gene, was
shown to localize to the nucleus of 293T cells, lymphoma
line Daudi cells, and IFNy-treated cells of the leukemia
line HL-60 [34]. In this work, BC094916 localized to the
nucleus of 293T cells (Fig. 5a). Subcellular localization
of IFI16 to the nucleus versus the cytoplasm (or both)
depends on cell type. IFI16 protein can sense cytosolic as
well as nuclear dsDNA and can initiate different innate
immune responses (production of IFN-f versus proin-
flammatory cytokines) [34]. In this work, BC094916 was
expressed in B cells (Table 4). In addition, BC094916
reduced Blimp1, Bcl6, Xbp1, Aid, Bcl2 and Mcl2 protein
expression in SP 2/0 cells (Fig. 4). Thus, BC094916 may

Vector BC094916

P53 s

v S

Mcl1

GAPDH

Fig. 4 BC094916 overexpression suppressed anti-apoptosis proteins
Bcl2 and Mcl1, plasma cells-related proteins Blimp1, Myc, Aid, Bclé,
and Xbp-1, and up-regulated apoptosis protein p53in SP 2/0 cells.
The stable BC094916- and EGFP-expressing SP 2/0 cells (BC094916)
and only EGFP-expressing SP 2/0 cells (vector) were cultured

for 2 days, collected and subject to immunoblot analysis with
monoclonal anti-mouse Mcl1, p53, Blimp1, Myc, Aid, Bcl2, Bcl6, Xbp1
and GAPDH. Results represent three independent experiments
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suppress differentiation of B cells into plasma cells. Thus,
it is necessary to explore the role of IFI16 in differentia-
tion of human B cells into plasma cells.

We found that BC094916 overexpression significantly
reduced the transcription factor Crebl in SP 2/0 cells
(Table 6). In addition, BC094916 suppressed activa-
tion of the Creb gene promoter (Fig. 5b). A ChIP-qPCR
assay demonstrated the presence of CREB binding sites
in the EIF4A1 gene promoter, four binding sites in the
promoter of EIF4E2, one CREB binding sites in the pro-
moter of EEF1B2, and seven CREB binding site in the
promoter of EEF1D (see http://saweb2.sabiosciences.
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com/chipqgpcrsearch.php?facto). The Bcl-2 promoter
region contains a CREB-binding site in its upstream
promoter region [35, 36] and activation of CREB
induces Bcl2 expression [37]. BC094916 overexpression
suppressed expression of anti-apoptosis proteins (Bcl2,
BcllL1, Mcll), eukaryotic translation initiation factor
(Eif5b, Eif4e2, Eif2s3x), eukaryotic translation elonga-
tion factors (Eef1b2, Eefld) in SP 2/0 cells (Table 6). In
addition, BC094916 also suppressed the activation of
the Creb promoter (Fig. 5b). An ortholog of BC094916,
human IFI16, inhibits HCMV replication by blocking
the activity of Sp1-like transcription factors at the viral

EGFP

Vector

BC094916

BC094916-C

293T cells

DAPI

EGFP + DAPI

SP 2/0 cells

Creb promoter

20+ *%k

1
15+

10+

5

Ratio of firefly to renilla
luciferase activity ( X 10%)

0-

Ratio of firefly to renilla
luciferase activity ( X 10%)

Vector BC094916

Student’s t-test, *P < 0.05, **P < 0.01

Creb promoter

-
(&)}

-
o

0+

Vector BC094916
Fig. 5 Transcription factor BC094916 suppressed the activation of Creb and Bcl2 promoter. a BC094916 located in the nuclear. 293T cells were
transfected with BC094916-EGFP (BC094916)-, BC094916-C (the C-terminal of BC094916)-EGFP (BC094916-C) or only EGFP (vector)-expressing
V122, and cultured for 2 days. C ells were imaged and analyzed on a GE IN Cell Analyzer 2000. Representative images showed nuclear location

of BC094916. b BC094916 suppressed the activation of Creb and Bcl2 promoter. BC094916 -expressing LV201 (BC094916) or empty vector LV 201
(Vector) and luciferase reporter vector pEZX-PG04.1/Creb1 promoter (— 1510 ~+ 173 bp) or pEZX-PG04.1/Bcl2 promoter (— 1323 ~+ 160 bp) were
co-transduced into 293T (left panel) or SP 2/0 (middle and right panels) cells. Dual luciferase reporter gene expression was analyzed, and the results
are shown as the ratio of firefly to Renilla luciferase activity. The data represent at least four independent experiments. Error bars, SEM. Two tailed

Bcl2 promoter

*%
—

N
o

*
—

w
o

10+

Ratio of firefly to renilla
luciferase activity ( X 10%)
N
o

0
Vector BC094916



http://saweb2.sabiosciences.com/chipqpcrsearch.php?facto
http://saweb2.sabiosciences.com/chipqpcrsearch.php?facto

Xu et al. Cancer Cell Int (2018) 18:138

UL54 promoter [38, 39]. Collectively, these data dem-
onstrated that BC094916 is a repressor of transcription.

Along with reduced expression of eukaryotic trans-
lation initiation and elongation factors by BC094916-
mediated suppression of the Crebl promoter, it is
expected that Blimpl, Bcl6, Xbpl, Aid, Bcl2 and
Mcl2 protein expression should also be reduced in
BC094916-overexpressed SP 2/0 cells (Fig. 4). In addi-
tion, Bcl2 mRNA and protein levels were suppressed
by BC094916. Several studies proposed that low lev-
els of pro-apoptotic proteins determine apoptosis [40,
41]. Collectively, our data suggest that BC094916, a
repressor of transcription, mediates cell apoptosis by
suppressing transcription of Bcl2 and Crebl-regulated
eukaryotic translation initiation and elongation factors.

Conclusions

BC094916 mRNA was decreased in plasma cells and SP
2/0 cells, whereas BC094916 overexpression suppressed
SP 2/0 cell proliferation and SP 2/0 xenograft tumor
progression by inducing cell apoptosis. Mechanistically,
BC094916 induced apoptosis by suppressing transcrip-
tion of Bcl2, Crebl-associated eukaryotic translation
initiation and elongation factors gene expression. Thus,
BC094916 overexpression represents a novel therapy
for MM and autoimmune diseases such as SLE.
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