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Abstract

Background Splicing factor 3b subunit 1 (SF3B1) was frequently reported to be significantly mutated in breast cancer.
However, the status of SF3B1 expression, its function and molecular consequence in breast cancer remained unreported.
Methods Immunohistochemistry was used to assess SF3B lexpression in 110 breast cancer samples. SF3B1 knock-down in
ZR-75-30 and MDA-MB-231 cells was performed by shRNA transfection. The expression of SF3B1 in cells was detected by
quantitative real-time PCR and western blot. Cell proliferation ability was determined by MTT and colony formation assay.
Migration and invasion were determined by transwell assay. Flow cytometry was performed to investigate cell cycle and
apoptosis. RNA-sequencing was performed to examine differentially expressed genes and affected alternative splicing events.
Results SF3BI1 is overexpressed in breast cancer tissues compared with normal tissues. Overexpression of SF3B1 is associ-
ated with lymph node metastasis. SF3B1 knockdown in MDA-MB-231 and ZR-75-30 breast cancer cells significantly induced
the suppression of proliferation, migration, invasion and also enhancement of apoptosis. RNA-sequencing data revealed that
860 genes were significantly up-regulated and 776 genes were significantly down-regulated upon SF3B1 knockdown. Differ-
entially expressed genes enriched in the signaling pathways including Ras signaling pathway; cytokine receptor interaction;
tight junction; MAPK signaling pathway, Glycine, serine and threonine metabolism. Alternative splicing analysis revealed
that exon skipping (SKIP) and cassette exons (MSKIP) were the most common molecular effect upon SF3B1 knockdown.
Conclusions Our study suggests that SF3B1 may be an important molecular target for breast cancer treatment and provides
a new clue for clinical treatment of breast cancer.
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factors in multiple cancers. Among them, the SF3B1 muta-
tions occurred in breast, endometrial cancers, uveal mela-
nomas and several types of hematological malignancies
[3-7]. The independent next-generation sequencing of 892
and 510 breast cancer samples revealed significant and
frequent mutation of SF3B1, especially in patients with
estrogen receptor (ER)-positive subtypes [8, 9]. Of these
mutations, missense mutation is dominated and most of
missense mutations locate in some repetitive sites such
as K700E and Q534P hotspot. SF3B1 gene is located in
chromosome 2q33.1 and encodes the subunit 1 of splic-
ing factor 3b, a core part of the U2 small nuclear ribonu-
cleoprotein complex. SF3B1 is essential for recognizing
and binding the branch point sequences close to 3' splice
sites and plays an important role in the accurate excision
of introns from pre-mRNA to form mature mRNA [10].
SF3B1 mutation may be a driving event in tumorigenesis,
not only causing splicing abnormalities in transcriptional
coupling, but also affecting genomic instability and dif-
ferentiation of stem cells [3, 11, 12].

Breast cancer is known to be a heterogeneous disease
driven by a large repertoire of molecular abnormalities,
which contribute to its diverse clinical behavior. Despite
the success of targeted therapy approaches for breast can-
cer management, drug resistance remains a very serious
problem and the molecular mechanism of breast cancer
still needs to be clarified. Although SF3B1 mutations have
been frequently reported in breast cancer, the status of
SF3B1 expression, its function and molecular consequence
in breast cancer remained unreported. In this study, our
aims were to assess the expression level of SF3B1 in breast
cancer and the relationship with clinical and pathologi-
cal features. Moreover, we explored the biological effects
and downstream molecular events after SF3B1 knockdown
in breast cancer cells. Our results suggest the therapeu-
tic potential of SF3B-targeting compounds against breast
cancer.

Materials and methods
Samples and clinical data

Cancer tissue samples from 110 patients with diagnosed
breast cancer were obtained from the first affiliated hospital
of Shanxi medical university according to the guidelines
of the local ethics committees, forty of which had matched
non-tumor control tissues. The molecular subtypes covered
Luminal A (38), Luminal B (38), HER2-enriched (14) and
Triple-negative/basal-like breast cancer (20). No patients
had received radiotherapy or chemotherapy before the
surgery.

Immunohistochemistry

Immunohistochemistry of paraffin-embedded formalin-
fixed tissue samples was performed as previously described
[13]. Specimens were sliced into 4 pm-thick sections. The
sections were deparaffinized and rehydrated using gradient
xylene and alcohol. Then the samples were incubated with
3% H,0, for 10-15 min and rinsed with distilled water three
times. After antigen retrieval in sodium citrate buffer (pH
6.0) for 2 min and blocking in goat serum, sections were
incubated with specific anti-SF3B1 antibody (Abcam) at a
1:200 dilution overnight at 4 °C. After washing with PBS,
the sections were incubated with second antibody (Maixin)
at 37 °C for 20 min, followed by detection using the DAB
detection kit (Maixin). The expression levels of SF3B1 were
analyzed using fully automatic digital pathological scanning
apparatus (Aperio, Vista, CA, USA). Histochemistry score
(H-score), also known as immunoreactivescore (IRS), was
automatically generated by Aperio Nuclear v.9 software and
calculated by assessment of both the staining intensity and
the percentage of positive cells.

Cell culture

MDA-MB-231 and ZR-75-30 breast cancer cell lines were
cultured in L-15 and RPMI-1640 medium supplemented
with 10% fetal bovine serum and antibiotics composed of
1% penicillin/streptomycin. The cultures were kept at 37 °C
in a humidified atmosphere of 95% air and 5% CO?2.

SF3B1 knockdown in breast cancer cell lines

For knockdown of endogenous SF3B1, two lentivirus
shRNA sequences were used: 5'-ccggGAGC ACAGAC
CTCCAAAGATTctcgagAATCTTTGGAGGTCTGTG
CTCtttttg-3" (named as SF3B1-shl) and 5'-ccggTGCAAC
TGAACTTGAAGATGACctcgagTCATCTTCAAGTTCA
GTTGCAtttttg-3" (named as SF3B1-sh2). These shRNA
sequences were cloned into GV248 vector (hU6-MCS-
Ubiquitin-EGFP -IRES-puromycin) and co-transfected into
293 T cells along with packaging plasmids by using Lipo-
fectamine 2000 reagent (Invitrogen). To lentivirus transduc-
tion, breast cancer cells were seeded at 30—40% confluence
and infected with appropriate titer of virus and incubated
overnight.

Western Blot
The protein was isolated by sodium dodecyl sulfate poly-

acrylamide gel electrophoresis (SDS-PAGE). The proteins
were transferred to nitrocellulose filter membranes and
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the membranes were incubated with 5% skimmed milk at
room temperature for 1 h. Then the membranes were incu-
bated with primary antibody (Abcam) at 4 °C overnight.
The blot was detected with horseradish peroxidase labeled
secondary antibody (Sigma), and chemiluminescence was
detected with a LAS4000 device (Fuji).

Real-time quantitative PCR (qPCR)

Total RNA was extracted from cell lines with Trizol rea-
gent according to the manufacturer’s instruction. Then
total RNA was reverse transcribed into cDNA by TagMan
RT Kit according to manufacturer’s instruction. cDNA
was amplified by PCR with 20 pl reaction system using
SYBR-Green PCR Master Mix according to manufactur-
er’s instruction. Primers for SF3B1 (F 5'-GAGAAATTC
AAGGCAAG AAGG-3'; R 5'-GACCAAGCAAACTCG
TAGATG-3"); GAPDH (F 5'-TGACTT CA ACAGCG
ACA CCCA-3"; R 5'-CACCCTGTTGCTGTAGCCAAA-
3") were used. All RT-qPCR reactions were completed in
triplicate.

MTT assay

Cells were seeded into a 96-well plate at a density of 4 x 10
cells/well and incubated in normal conditions. At the speci-
fied time, 20 pl MTT solution (5 mg/ml) was added to each
well and cells were incubated for 4 h until crystals were
formed. The medium was then removed and replaced with
200 pl DMSO. After shaking for fifteen minutes until crys-
tals were dissolved, the optical density was determined by
Microplate Reader (Bio-Rad) at 490 nm.

Colony formation, migration and invasion assay

500-800 cells were seeded per well in 6-well plates contain-
ing complete medium and cultured in normal conditions.
On day 14, cells were fixed with 4% polyformaldehyde for
15 min and stained with 1% crystal violet for twenty min-
utes. Then the samples were slowly washed with running
water. Transwell assay was used to evaluate the migration
and invasion ability of breast cancer. The bottom membrane
of transwell chambers with or without Matrigel Basement
Membrane Matrix (BD) was used for invasion and migration
detection. 2-3 x 10* cells in serum-free medium were seeded
into the upper chambers and the lower chambers were added
with serum-containing medium. After 48 h of culture, the
cells through the membrane were fixed with 4% methanal
for 20 min and stained with 1% crystal violet for 20 min and
counted under a microscope.
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Apoptosis and cell cycle assay

Collected cell precipitation in 6-well plates was washed
using 4 °C pre-cooled D-Hanks and 1 X binding buffer.
Cell pellet was re-suspended in 200 pl of 1 X binding buffer
and stained using 10 pl of Annexin V-APC in the dark for
10—15 min at room temperature and detected by flow cytom-
etry. The cells in 6 cm dish were collected and were cen-
trifuged. The supernatant was discarded, followed by the
addition of 4 °C pre-cooled D-Hanks. After centrifugation,
precooled 70% ethanol was used to fix cells overnight at
4 °C. After being washed, RNase-containing PI solution was
added and incubated for 30 min in the dark. The analysis
was performed with a flow cytometer (BD Biosciences, San
Diego, CA, USA).

RNA sequencing

RNA sequencing was performed in Shanghai Genechem
Co., LTD. After the total RNA was qualified, the mRNA
was enriched using magnetic beads with Oligo (dT). The
extracted mRNA was randomly fragmented and used as a
template to synthesize cDNA with random primers, followed
by double-stranded cDNA synthesis with buffer, dNTPs,
RNaseH and DNA polymerase. The products were purified
by AMPure XP beads. Then, the T4 DNA polymerase and
Klenow DNA polymerase were used to repair the cohesive
end of DNA to blunt end, followed by adding base A and
adaptor to 3" end. Finally, PCR amplification was performed
to obtain a final sequencing library. After the library was
qualified, Illumina Hiseq4000 was used to sequence and
the sequencing read length was double-ended 2 X 150 bp
(PE150).

Statistical analysis

Rank sum and Chi square (y2) tests were carried out to
compare differences of SF3B1 expression with clinicopatho-
logical parameters. Measurement data were expressed as
mean+SD. Analyses were performed using SPSS.20 statis-
tical software. Student’s t-test was used to compare differ-
ences between two groups. One- or two-way ANOVA was
used to compare differences among three or more groups. A
p value less than 0.05 was considered statistically significant.

Results

Relationships between SF3B1 expression
and clinicopathological characteristics

First, SF3B1 protein levels were measured in 110 breast can-
cer tissues. The results of immunohistochemistry showed
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that SF3B1 was expressed in the nucleus of breast cancer
cells (Fig. 1a). The H-Score of SF3B1 protein ranged from
1.38278 to 196.3014 in breast cancer tissues, and the median
was 162.7205. The SF3B1 protein expression in cancer tis-
sues showed significantly higher than that of non-tumor tis-
sues (p <0.01) (Fig. la—b). Moreover, according to the ROC
curve analysis (Fig. 1¢), the optimal cut-off value of 71.2758
of SF3B1 expression level was selected with higher sensi-
tivity and specificity to divide all breast cancer cases into
two groups: SF3B1-low (H-score <71.2758) and SF3B1-
high (H-score >71.2758). Our analysis showed that SF3B1
expression level was associated with lymph node metastasis
(p <0.05) and no obvious correlations were seen in patients
of different age, clinical stage, tumor size, status of estrogen,
progesterone, HER-2, Ki-67 (Table 1). In addition, TCGA
data analysis showed that expression level of SF3B1 in lumi-
nal subtype which represents ER-positive breast cancer is
significantly higher than that of HER2-positive breast cancer
(p<0.01) (Fig. 1d).

Table 1 Correlation between SF3B1 expression and clinicopathologi-
cal parameters in 110 breast cancer cases

Clinicopathological =~ Number SF3B1 expression  p value
characteristics (n=110) ———
Low High

Age
<45 39 12 27 0.537
>45 71 26 45

Menopause status
Negative 51 17 34 0.804
Positive 59 21 38

ER status
Negative 37 10 27 0.238
Positive 73 28 45

PR status
Negative 38 13 25 0.957
Positive 72 25 47

HER2
Negative 82 28 54 0.880
Positive 28 10 18

Ki-67
Negative 62 21 41 0.866
Positive 48 17 31

Lymph node metastasis
Negative 66 26 40 0.048
Positive 44 10 34

Tumor size (T)
1,2 98 32 66 0.716
3,4 21 6 15

TNM
0,111 73 29 44 0.108
11 IV 37 9 28

The bold represents a statistically significant p value
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Effects of SF3B1 knockdown on the cell proliferation
and colony formation

To further define the biological function of SF3B1 on breast
cancer, we measured expression level of SF3B1 in six breast
cancer cell lines by RT-qPCR and found different expression
level in different cell lines (Fig. 2a). In order to see if there
was difference in the role of SF3B1 in estrogen-positive and
estrogen-negative breast cancer cells, MDA-MB-231 and
ZR-75-30 cell lines with high expression of endogenous
SF3B1 were used for knockdown experiment.

As showed in Fig. 2b, c, the knockdown efficiency was
confirmed by RT-qPCR and western blot in ZR-75-30 and
MDA-MB-231 cell lines. Then, MTT assay was used to
illustrate the relationship between knockdown of SF3B1 and
cell proliferation. Absorbance value was measured at 24,
48, 72, 96 and 120 hr. The absorbance value of SF3B1-shl
and sh2 in ZR-75-30 and MDA-MB-231 cells significantly
decreased compared with corresponding negative control
group at 72, 96 and 120 hr (p <0.05) (Fig. 2d). In addi-
tion, colony formation efficiency was also decreased in both
shRNA-treated ZR-75-30 and MDA-MB-231 cell lines as
shown by the colony formation assay (p <0.01) (Fig. 2e).

Effects of SF3B1 knockdown on the cell cycle
and apoptosis

Flow cytometry was used to investigate the effect of SF3B1
knockdown on cell cycle distribution in ZR-75-30 and
MDA-MB-231 cells. The affected cell cycle progression
is different in these two cells. For ZR-75-30 cell line, no
significant difference was seen between negative control
group and SF3B1 knockdown group (Fig. 3a). For MDA-
MB-231 cell line, DNA ploidy detection indicated that the
rates of G1 and S phase cells were significantly decreased
in the SF3B1 knockdown group compared with the negative
control group (p <0.05) (Fig. 3a). However, G2/M phase
rates were significantly increased in the SF3B1 knockdown
group compared with the negative control group (p <0.01)
(Fig. 3a). The results indicated that SF3B1 knockdown
inhibited DNA replication and played an important role in
G2/M block. The different results of cell cycle progression
upon SF3B1 knockdown in ZR-75-30 and MDA-MB-231
cells may be attributed to the genetic background, of which
ZR-75-30 represents luminal B breast cancer cell line and
MDA-MB-231 represents basal-like breast cancer cell line.

Next, the effect of SF3B1 knockdown on cell apopto-
sis was investigated. The Annexin V-APC assay showed
that apoptosis rate of SF3B1 knockdown group in ZR-75-
30 cells (9.75% +0.27% or 9.95% + 0.47%) significantly
increased compared with those of the negative control
groups (4.30% +0.22%) (p <0.01) (Fig. 3b). The pro-
apoptotic effect upon SF3B1 knockdown is more obvious
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«Fig.2 Knockdown of SF3BI1 inhibits breast cancer cell prolifera-
tion and colony formation in vitro. a The mRNA expression pattern
of SF3BI1 in 6 of breast cancer cell lines detected by RT-PCR. b
Knockdown efficiency of SF3B1 were tested by qPCR. ¢ Knockdown
efficiency of SF3B1 were tested by western blot. d SF3B1 knock-
down inhibited the proliferation of ZR-75-30 and MDA-MB-231
cells (p<0.01). e The number of colony formation was decreased in
SF3B1 knockdown group compared to the control (p <0.01)

in MDA-MB-231 cells, in which knockdown group showed
significantly increased apoptosis rate compared to nega-
tive control groups (22.90+0.79% or 24.90 +0.89% vs
1.43+£0.21%) (p <0.001) (Fig. 3b).

Effects of SF3B1 knockdown on the cell migration
and invasion

Next, we detected the influence of SF3B1 knockdown on
cell invasion in breast cancer using transwell chamber coated
with matrigel. As showed in Fig. 4a, cell motility potential in
SF3B1 knockdown group cells was significantly decreased
compared with negative control group. For ZR-75-30 cells,
the relative invasion rate of SF3B1 knockdown group cells
was 48.00+4.91 or 40.1+3.92 as compared to 155.10+2.31
of negative control cells (p <0.01). For MDA-MB-231 cells,
the relative invasion rate was more significantly reduced
in SF3B1 knockdown cells as compared to negative con-
trol group (23.21+0.17 or 32.00 +1.15 vs. 170+12.45,
p<0.01) (Fig. 4a).

Transwell chamber assay was also used to detect migra-
tion ability. In both cell lines, the number of cell permeat-
ing in SF3B1 knockdown group cells dropped significantly
from control group cells (107.00+0.85 or 99.10 +2.88 vs.
153.00+6.37 in ZR-75-30 cells; 3.01 +0.26 or 2.13+0.16
vs. 110.00 + 1.44 in MDA-MB-231 cells) (Fig. 4b).

Downstream pathway and affected alternative
splicing events observed following SF3B1
knockdown

In order to examine the effects of SF3B1 knockdown on
the whole transcriptome in breast cancer, we extracted the
RNA of SF3B1 knockdown and negative control MDA-
MB-231 cells and conducted RNA sequencing. Three inde-
pendent biological replicates were conducted. An average
of 52 million paired-end 150-bp sequencing reads per sam-
ple were acquired. Differential expression analysis using a
significant difference threshold of twofold change revealed
that 860 genes were significantly up-regulated and 776
genes were significantly down-regulated in SF3B1 knock-
down group compared with negative control (Fig. 5a). The
heatmap shows the top 100 differentially expressed genes
and clustering of the three replicates according to expres-
sion change (Fig. 5b). The pathway enrichment analysis
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demonstrated that the differentially expressed genes were
enriched in the signaling pathways including Ras signal-
ing pathway; cytokine-cytokine receptor interaction; tight
junction; MAPK signaling pathway, Glycine, serine and
threonine metabolism and so on, indicating that SF3B1 may
contribute to breast cancer tumorigenesis via these pathways
(»<0.05) (Fig. 5c). Gene ontology analysis revealed that
the differentially expressed genes (p <0.05) were enriched
in biologic processes including regulation of transcription,
DNA template or from RNA polymerase II promotor; trans-
port; apoptotic process; cell cycle; cell differentiation and
so on (Fig. 5d).

Moreover, we applied ASprofile software to RNA-
sequencing data to investigate the global effect of SF3B1
knockdown on splicing. We classified the alternative splic-
ing events into seven categories and analyzed the frequency
of the splicing pattern changes upon SF3B1 knockdown
(Fig. 6a). Alternative splicing events in SF3B1 knockdown
group more or less frequently than control group were taken
as the changed splicing pattern. The analysis revealed that
exon skipping (SKIP) and cassette exons (MSKIP) were the
most common molecular effect (p <0.05) (Fig. 6b). In addi-
tion, SF3B1 knockdown barely affected other alternative
splicing patterns, including retention of single (IR), mul-
tiple (MIR) introns, alternative exon ends (AE), alternative
transcription start site (TSS) and alternative transcription
termination site (TTS).

Discussion

SF3B1 mutations have been demonstrated to be driver events
in breast cancer and SF3B1 levels significantly increased
in ER-positive cells with endocrine resistance [14]. Over-
expression of SF3B1 was also confirmed in prostate, hepa-
tocellular and endometrial carcinoma [5, 15, 16]. Incon-
sistently, SF3B1 has been recently reported to harbor copy
number (CN) loss in 71% chromophobe renal cell carcinoma
and its CN loss was correlated with lower expression of
SF3B1 [17]. In this study, SF3B1 is overexpressed in breast
cancer samples and associated with lymph node metasta-
sis. The discrepancy of SF3B1 expression in different can-
cers is probably attributed to the tissue type and different
microenvironment.

We knocked down SF3B1 in ZR-75-30 cells which are
ER-positive and MDA-MB-231 cells which represent triple
negative breast cancer (TNBC), to observe the biological
effect. The results showed that SF3B1 knockdown inhibited
proliferation, invasion, migration and promoted apoptosis in
both cell lines. Although SF3B1 mutation is more frequent in
ER-positive breast cancer than TNBC, our study showed that
the cancer-promoting effect of SF3B1 was more pronounced
in TNBC than ER-positive breast cancer. Neelamraju’s study
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Fig.3 SF3BI1 knockdown
affects cell cycle and enhances
cell apoptosis in breast cancer. a
The cell cycle was investigated
by flow cytometry in ZR-75-
30 (top) and MDA-MB-231
cells (bottom). b Cell apop-
tosis of ZR-75-30 (top) and
MDA-MB-231 (bottom) were
suggested by flow cytometry
(»<0.01)
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Fig.4 SF3B1 knockdown inhibits migration and invasion of breast
cancer cells. a SF3B1 knockdown markedly inhibited ZR-75-30 (top)
and MDA-MB-231 (bottom) cell invasion (p <0.01). b The migration

indicated that depletion of SF3B1 resulted in reduction of
stem cell features in ER-positive breast cancer, but not in
TNBC [18]. Neelamraju’s conclusions cannot provide a rea-
sonable explanation for our results. In breast cancer, SF3B1
was reported to induce sensitivity to lack of serine, which
was caused by the missplicing-associated downregulation of
the phosphoglycerate dehydrogenase (PHGDH) involved in
the early steps of L-serine synthesis [19]. It is worth noting
that TNBC depends heavily on the serine synthesis signaling
and some TNBC cases harbor amplification of PHGDH [20,
21]. Whether that means rare occurrence of SF3B1 muta-
tions in TNBC is associated with suppressed serine synthesis
pathway is unclear. It is interesting that our RNA sequencing
in TNBC also identified serine metabolism pathway as a dif-
ferentially expressed genes-enriched pathways upon SF3B1
knockdown. So, the intricate relationship between SF3B1
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ability was inhibited by SF3B1 knockdown in ZR-75-30 (top) and
MDA-MB-231 (bottom) cells (p <0.01)

mutation, dysregulation of expression, serine synthesis and
breast cancer subtype requires further research in the future.

SF3B1 mutation could lead to cryptic 3'splice site selec-
tion by alternative branch point sequence [22, 23]. The
abnormal splice junctions probably result in nonsense-
mediated decay (NMD) and mRNA down-regulation of
affected genes. In this study, we identified a group of dif-
ferentially expressed genes and aberrant spliced genes.
However, whether these changes are related to mutation
needs further research. Also in this study, our global RNA-
sequencing analysis found that exon skipping is the primary
consequence of SF3B1 knockdown. Our conclusion is sup-
ported by Wu’s results that exon skipping was also the major
event in HelLa, HCT-116 and Rh18 cancer cells which were
treated with SF3B1 inhibitor [24]. In contrast, Yoshimoto
reported that intron retention was the main aberrant splicing
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«Fig.5 Differentially expressed gene, key cancer pathway and bio-
logical process components altered in SF3B1 knockdown cells com-
pared to corresponding control cells analyzed via RNA-sequencing
approach. a Volcano plot displaying differentially expressed genes.
Significant differences are defined as p value <0.05 and log2 fold
change> 1. Red represents upregulation and blue represents down-
regulation. b Heatmap of top 100 differentially expressed genes. Each
row is a gene and each column is a replicate. ¢ The pathway-enrich-
ment analysis of differentially expressed genes. Gene number and
p-value are shown on the right d GO analysis of annotation entries of
significantly differentially expressed genes. Gene Ontology includes
three ontologies: the biological process (blue), cellular component
(green), and molecular function (orange)

event in HeLa cells treated with spliceostatin A, another
SF3B1 inhibitor [25]. Interestingly, exon skipping was more
prevalent than intron retention when Yoshimoto analyzed
the data published by another group [25]. It is inferred that

intron retention may be more prominent when normalized
by the total number of the splicing events in cancer cells.
Therefore, it is believable that in regard to differential splic-
ing events following SF3B1 inhibition or knockdown, exon
skipping is the most frequent.

The findings in this study may provide a rationale for
the development of SF3B1 modulators for breast cancer
therapy. In fact, SF3B1 modulators have progressed to pre-
clinical and clinical trials in cancer therapy. E7107, a SF3B1
modulator that demonstrated remarkable antitumor efficacy
in vivo, significantly improving the survival rates in diffuse
malignant peritonealmesothelioma, lung cancer and colon
carcinomas [26, 27]. Although visual impairment hindered
further clinical development, the administration of E7107 in
a Phase I trial stabilized the disease and resulted in partial
response in cancer patients such as metastatic pancreatic
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cancer [28]. H3B-8800, an orally available SF3B inhibitor,
preferentially induced death of spliceosome-mutant hema-
tologic tumor cells at tolerated doses and currently entered
a phase I clinical trial [29]. However, in breast cancer, there
is no relevant report on the in vitro/vivo and clinical trials
of SF3B1 modulator. Our study first confirmed the onco-
gene-like effect of SF3B1 in breast cancer and suggested the
therapeutic potential of SF3B-targeting compounds against
breast cancer. Further investigation is needed in the follow-
ing plan to assess the potential antitumor effects of reducing
SF3B1 activity by its modulator in breast cancer.

In conclusion, our findings demonstrate that SF3B1
expression is dramatically upregulated in the breast cancer
and correlated with lymph node metastasis. SF3B1 knock-
down in breast cancer can induce apoptosis and cell cycle
arrest. SF3B1 knockdown can reduce the ability of cell pro-
liferation, colony formation, invasion and migration. The
exon skipping was the most common splicing event upon
SF3B1 knockdown. Our study suggests that SF3B1 may be
an important molecular target for cancer treatment of breast
cancer.
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