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Abstract: Objective: To investigate the functional role of kinesin family member 11 (KIF11) in breast cancer cell
migration and invasion, and to explore whether miR-381-3p functions as an upstream regulator of KIF11 expres-
sion. Methods: Gene set enrichment analysis was performed on data from the TCGA-BRCA database to identify
pathways associated with KIF11 expression. KIF11 was stably knocked down in MCF-7 and SK-BR-3 breast cancer
cell lines using lentiviral short hairpin RNA. 3D Matrigel invasion, wound healing, and Transwell assays were used to
assess cell migration and invasion. Expression of epithelial-mesenchymal transition (EMT) markers and Akt pathway
proteins was examined by quantitative polymerase chain reaction (QPCR), western blot, and immunofluorescence.
miR-381-3p expression was measured by qPCR, and miR-381-3p mimics were transfected into the cell lines to over-
express miR-381-3p. Results: KIF11 knockdown in breast cancer cell lines reduced cell migration by approximately
60% (P < 0.001) and invasion by approximately 75% (P < 0.001), decreased vimentin expression (approximately
3-fold), and increased E-cadherin expression (approximately 2.5-fold). KIF11 knockdown also reduced phosphoryla-
tion of Akt (Ser473) and GSK-3[ (Ser9) by approximately 50% and 45%, respectively. miR-381-3p expression was
decreased in both breast cancer tissues and cell lines. Overexpression of miR-381-3p in the cell lines was associ-
ated with reduced KIF11 expression and decreased cell migration and invasion. Conclusions: KIF11 may promote
breast cancer cell migration and invasion, possibly through regulation of EMT and Akt signaling. Downregulation of
miR-381-3p may contribute to KIF11 upregulation in breast cancer. These findings support further investigation of
KIF11/miR-381-3p axis in metastatic breast cancer.
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Introduction

For breast cancer patients, clinical outcomes
are critically determined by metastasis. The
PI3K/Akt pathway regulates tumor cell migra-
tion, invasion, and survival, thereby playing a
central role in metastatic progression [1, 2]. In
breast cancer, key steps of metastatic dissemi-
nation including EMT, cytoskeletal remodeling,
and cell migration are promoted by Akt signal-
ing [2, 3].

Kinesin family member 11 (KIF11), a microtu-
bule-associated motor protein, is essential for
normal cell function [4-6]. Altered KIF11 struc-
ture or expression has been associated with
diverse pathologies, including neurodegenera-
tive disorders and developmental defects [7-9].
Using CRISPR activation in human diploid cells,
researchers found that raising KIF11 above
normal physiologic levels caused centrosome
fragmentation, increased microtubule stability,
chromosome lagging, and mitotic defects [5].
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KIF11 expression is elevated in many human
cancers. For example, KIF11 is elevated in
Wilms tumor, and KIF11 expression is associ-
ated with Wilms tumor clinical outcome [4]. In
non-small cell lung cancer, high KIF11 expres-
sion also predicts poor prognosis [10]. In hepa-
tocellular carcinoma, KIF11 levels correlate
negatively with overall and disease-free surviv-
al but positively with tumor size [11]. High KIF11
levels predict worse outcome in adrenocortical
carcinoma [12]. Because tumor prognosis is
closely linked to the presence of distant metas-
tasis, studies have identified KIF11 as a pro-
moter of tumor invasion and metastasis [13,
14]. In undifferentiated thyroid cancer cells,
reduced KIF11 ubiquitination promotes cell
migration and invasion [15]. KIF11 expression
also independently predicts bone metastasis in
prostate cancer and drives invasion, prolifera-
tion, and self-renewal in these metastases [16,
17].

Several studies have linked KIF11 to the PI3K/
Akt pathway [18]. In gallbladder cancer, KIF11
promotes cell proliferation through the ERBB2/
PI3K/Akt pathway [19]. KIF11 has also been
shown to participate in PI3K/Akt signaling dur-
ing tumor cell invasion and the epithelial-mes-
enchymal transition [19]. Given that KIF11 is a
microtubule motor protein, we propose that it
may facilitate the intracellular trafficking of Akt
or its upstream activators to the plasma mem-
brane, where Akt undergoes activating phos-
phorylation. Although our previous work show-
ed that KIF11 is elevated in breast cancer and
promotes cell proliferation, its specific role
in breast cancer metastasis remains unclear
[20]. KIF11 is a potential drug target. Thus, its
role in breast cancer metastasis remains to be
clarified.

MicroRNAs (miRNAs) are small non-coding
RNAs that regulate gene expression [21]. miR-
381-3p levels are lower in both breast cancer
tissues and cell lines [22]. This miRNA sup-
presses breast cancer cell proliferation and
invasion by targeting multiple genes [23, 24].
Whether miR-381-3p regulates KIF11 expres-
sion in breast cancer has not been reported.

In this study, we generated KIF11-knockdown
cell lines and evaluated the impact of KIF11 on
breast cancer cell migration and invasion. In
breast cancer cells, KIF11 knockdown reduc-
es both cell motility and the ability to invade.
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Additionally, miR-381-3p expression decreases
in breast cancer cells and correlates nega-
tively with KIF11 expression. TargetScan analy-
sis identified two conserved binding sites for
miR-381-3p in the KIF11 3’-UTR, suggesting
that KIF11 may be a direct target of this miRNA.
Overexpression of miR-381-3p reduces KIF11
levels and suppresses cell migration and in-
vasion.

Materials and methods
Cell culture

Normal breast epithelial cells (NBEC1 and
NBEC2) were isolated from mammoplasty tis-
sues of healthy donors at the Department of
Plastic Surgery, Shenzhen Longgang Maternal
and Child Health Hospital, as previously
described [20, 25]. The use of human mammo-
plasty tissues for isolating NBEC1 and NBEC2
was approved by the Ethics Committee of
the Maternity & Child Healthcare Hospital of
Longgang District, Shenzhen City (approval
number: LGFYKYXLL-2024-25). Written inform-
ed consent was obtained from all donors prior
to tissue collection. NBEC1 and NBEC2 were
cultured in serum-free keratinocyte medium
(Invitrogen) containing 10 ng/mL epithelial
growth factor, 50 pg/mL bovine pituitary ex-
tract, and 1% penicillin-streptomycin (Gibco).
The breast cancer cell lines T47D, MDA-
MB-453, MCF-7, MDA-MB-415, BT-549, ZR-75-
30, SK-BR-3, and MDA-MB-231 were obtained
from the American Type Culture Collection
(ATCC, Manassas). These cells were maintained
in DMEM (Thermo Fisher Scientific) supple-
mented with 10% fetal bovine serum (HyClone)
at 37°C in a 5% CO, incubator. All cell lines
were authenticated within six months of use by
short tandem repeat profiling (IDEXX RADIL)
and tested negative for mycoplasma using the
MycoAlert assay (Lonza). For functional experi-
ments, MCF-7 and SK-BR-3 were selected
because they represent the luminal and HER2-
positive subtypes, respectively.

Generation of stable KIF11-knockdown cells

Two short hairpin RNA (shRNA) oligonucleotides
targeting KIF11 were inserted into pSUPER-ret-
ro-puro retroviral vectors as previously des-
cribed [20]. Retroviral particles were produced
and used to transduce the breast cancer cells,
followed by selection with 2 pug/mL puromycin
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(Sigma) for 72 h. We confirmed knockdown
efficiency using qPCR and western blot (see

below). Supplementary Table 1 contains the
shRNA target sequences.

miR-381-3p overexpression

Cells were transfected with 50 nM miR-381-3p
mimics or the corresponding negative control
(RiboBio; sequences provided in Supplement-
ary Table 2) using Lipofectamine 3000 (Ther-
mo Fisher). We evaluated transfection efficien-
cy using qPCR at 48 h after transfection.

gPCR

We isolated total RNA using TRIzol (Invitrogen).
Reverse transcription was carried out with
PrimeScript RT Master Mix (Takara). For qPCR,
we used SYBR Green (Roche) on a QuantStu-
dio 6 platform (Applied Biosystems). The cycling
parameters were: 95°C for 10 min; 40 cycles of
95°C for 15 s; 60°C for 1 min. Relative expres-
sion was calculated using the 222t method. We
used GAPDH as an internal control for mRNA
and U6 for miRNA. Supplementary Table 3 pro-
vides the primer sequences.

Western blot

Proteins were separated and transfer were per-
formed according to standard protocols. Prim-
aryantibodies against KIF11 (1:800, #14404),
E-cadherin (1:800, #3195), vimentin (1:1000,
#5741), and o-tubulin (1:5000, #3873) were
purchased from Cell Signaling and incubated
overnight at 4°C. Secondary antibodies (anti-
rabbit [#7074] and anti-mouse [#7076], both
1:5000) were also purchased from Cell Sig-
naling. For total proteins, band intensity was
normalized to a-tubulin and expressed relative
to the control group. For phosphorylated pro-
teins, the ratio of phosphorylated protein to
total protein was calculated after each was
independently normalized to a-tubulin.

The cancer genome atlas (TCGA) data analysis

TCGA-BRCA (breast invasive carcinoma) RNA
sequencing (RNA-seq) data (RSEM-normalized,
log -transformed) and miRNA-seq data (reads
per million-normalized) were downloaded from
the National Cancer Institute Genomic Data
Commons. We ran GSEA (version 4.1.0) on the
Hallmark gene sets from MSigDB, applying
1,000 phenotype permutations. A false discov-
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ery rate (FDR) below 0.05 was used as the
threshold for significance.

Immunofluorescence (IF)

Cells fixed with 4% paraformaldehyde were per-
meabilized with 0.1% Triton X-100 and blocked
with 5% bovine serum albumin. They were then
incubated with anti-vimentin (1:500, ab92547,
Abcam) or anti-E-cadherin (1:500, ab40772,
Abcam) overnight at 4°C. Cells were then incu-
bated for 1 h at room temperature with Alexa
Fluor 488- or Alexa Fluor 594-linked secondary
antibody staining (1:1000, Invitrogen). Nuclear
counterstaining was performed using DAPI (4,
6-diamidino-2-phenylindole) (1:800, D9542,
Sigma). A Zeiss Axioskop 2 Plus microscope
was used for image capture, and ZEN software
was used for analysis.

3D invasion

We mixed 1 x 10* cells with 50 yL of DMEM
containing 1 mg/mL Matrigel (Corning) and
seeded the mix into a 24-well plate. After the
gel set at 37°C (about 30 min), we added com-
plete DMEM (10% FBS) and changed it every
two days. Invasive protrusion length was mea-
sured using Imagel. Images were captured
every 2 days over 14 days.

Wound healing

We cultured cells in 6-well plates with complete
DMEM until they reached confluence. The
medium was then replaced with low-serum
DMEM (2% FBS) for 2 h. We made a scratch in
the monolayer a 200-pL pipette tip. The cells
were then washed and maintained in low-
serum medium. Images were taken at 48 h.
The wound area was measured using ImageJ.
The percentage of wound closure was deter-
mined as follows: (initial area-area at 48 h)/ini-
tial area x 100%.

Transwell invasion

We prepared Matrigel (Corning) at 1.0 mg/mL
in serum-free DMEM. Each Transwell insert
(8-um pores size, Corning) received 50 uL of
this diluted Matrigel on the upper chamber,
which was then left to gel at 37°C for 30 min-
utes. Cells (1 x 10%) were resuspended in 200
uL of serum-free DMEM and placed into the
upper chamber. The lower chamber was filled
with 600 uL of complete DMEM to serve as a
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Figure 1. KIF11 overexpression is associated with
metastatic gene signatures in breast cancer. Gene
set enrichment analysis (GSEA) of data from the
TCGA-BRCA dataset showing enrichment of metas-
tasis-related gene sets in KIF11-high breast tumors
(false discovery rate [FDR] < 0.05). NES, normalized
enrichment score.

chemoattractant. After 24 h, we removed non-
invading cells from the upper membrane sur-
face. Invading cells on the lower surface were
then fixed (4% paraformaldehyde), stained
(0.1% crystal violet), and counted across five
random fields per insert.

Statistical analysis

GraphPad Prism 9.0 (GraphPad Software, San
Diego, CA) was used for statistics. Data repre-
sent mean = SD from >3 independent experi-
ments. Two-tailed Student’s t-test was applied
for two-group comparisons (paired for matched
tumor-normal samples, unpaired for all other
comparisons), and one-way ANOVA with Tukey’s
post hoc test was used for multiple-group com-
parisons. Significance was set at p-value <
0.05. No correction for multiple testing was
made.

Results

KIF11 overexpression is associated with meta-
static gene signatures in breast cancer

As shown in Supplementary Figure 1 and re-
ported previously, KIF11 mRNA levels are high-

er in breast cancer tissues than in adjacent
normal tissues across all subtypes [20]. We
used GSEA on the TCGA-BRCA dataset to
see whether KIF11 expression relates to meta-
static potential. Stratifying tumors by KIF11
expression level revealed that KIF11-high
tumors were significantly enriched for metasta-
sis-associated gene signatures (FDR < 0.05,
Figure 1). Similar associations between KIF11
overexpression and poor prognosis have been
reported in other cancers, which led us to
investigate its function further.
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KIF11 depletion suppresses breast cancer cell
invasion and migration

To test whether KIF11 contributes to metasta-
sis, we knocked it down stably in MCF-7 and
SK-BR-3 cells using lentiviral shRNA. Two inde-
pendent shRNAs reduced KIF11l mRNA and
protein by more than 70% (Figure 2A, 2B). In
3D Matrigel, KIF11-silenced cells formed short-
er invasive protrusions than controls, with app-
roximately 50% reduction in protrusion length
(P < 0.001, Figure 2C). Wound healing assays
also showed less migration (approximately 60%
decrease, P < 0.001; Figure 2D), and Transwell
invasion assays gave similar results (approxi-
mately 75% decrease, P < 0.001; Figure 2E).

KIF11 knockdown alters EMT marker expres-
sion

Because migration and invasion were impair-
ed, we asked whether KIF11 affects vimentin
and E-cadherin, two EMT-related markers. In
MCF-7 and SK-BR-3 cells, KIF11 knockdown
lowered vimentin mRNA by about 3-fold and
raised E-cadherin mRNA by about 2.5-fold
(Figure 3A). These changes were confirmed at
the protein level by western blot (Figure 3B).
Immunofluorescence showed that KIF11-de-
pleted cells had more E-cadherin at the mem-
brane and less vimentin in the cytoplasm, con-
sistent with a less mesenchymal state (Figure
30).

KIF11 knockdown reduces Akt phosphoryla-
tion

PI3K/Akt signaling was enriched in KIF11-high
tumors based on our GSEA (Figure 4A). We
therefore asked whether KIF11 affects Akt
and its downstream target GSK-3p. In KIF11-
knockdown cells, phosphorylated Akt (Serd73)
and phosphorylated GSK-3B (Ser9) were both
lower than in controls, whereas total Akt and
total GSK-3pB remained unchanged (Figure 4B).
The p-Akt/t-Akt ratio dropped by about 50%,
and the p-GSK-3B/t-GSK-33 ratio dropped
by about 45% (Figure 4B). Thus, lower KIF11
expression correlates with lower Akt pathway
activity in breast cancer cells.

miR-381-3p is associated with KIF11 expres-
sion and suppresses cell migration and inva-
sion

To identify upstream regulators that may con-
tribute to KIF11 overexpression in breast can-
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Figure 2. KIF11 depletion suppresses breast cancer cell invasion and migration. Validation of KIF11 knockdown
in MCF-7 and SK-BR-3 cells by qPCR (A) and western blot (B). GAPDH and a-tubulin served as loading controls for
gPCR and western blot, respectively. (C) 3D Matrigel invasion assay (scale bar: 50 um). Quantification of the invasive
protrusion length is shown in the right panel. Data represent mean protrusion length £ SD of three independent
experiments, measured using Imagel. (D) Wound healing assay (scale bar: 50 uym; 48 h). Relative migration rate
was calculated as (wound area at O h-wound area at 48 h)/wound area at O h x 100%. Data are presented as mean
+ SD from three independent experiments. *P < 0.05 vs. shControl. (E) Transwell invasion assay (scale bar: 50 um;
24 h). Data are presented as mean + standard deviation (SD) from three independent experiments. *P < 0.05 vs.
shControl (two-tailed Student’s t-test).

cer, we used TargetScan to screen for miRNAs served miR-381-3p binding sites on KIF11
predicted to target the KIF11 3’-untranslat- (Supplementary Figure 2). Analysis of TCGA
ed region. Our analysis identified two con- miRNA-seq data revealed that miR-381-3p was
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Figure 4. KIF11 knockdown is associated with reduced Akt phosphorylation. A. GSEA of TCGA data showing enrich-
ment of PI3K/Akt signaling genes in KIF11-high tumors (FDR < 0.01). B. Western blot analysis of phosphorylated
Akt (Ser473), total Akt, phosphorylated GSK-3 (Ser9), and total GSK-3p in KIF11-knockdown MCF-7 and SK-BR-3
cells. Quantification of band intensities normalized to a-tubulin is shown in the right panel. Data are presented as
mean + SD from three independent experiments. *P < 0.05 vs. shControl (two-tailed Student’s t-test).

significantly downregulated in breast tumors (n samples showed the same pattern (n = 101;
=1,077) compared to normal tissues (n = 103; Figure 5B). Reduced miR-381-3p expression
P < 0.001, Figure 5A). Paired tumor-normal was also seen across several breast cancer cell
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Figure 5. miR-381-3p is associated with KIF11 expression and suppresses breast cancer cell migration and inva-
sion. A. miR-381-3p expression levels in TCGA breast tumors (n = 1,077) compared with normal breast tissues (n
= 103). B. Paired analysis of miR-381-3p expression in breast tumors versus adjacent normal tissues (n = 101). C.
gPCR analysis of miR-381-3p expression in breast cancer cell lines relative to normal breast epithelial cells (NBEC1
and NBEC2). D. qPCR confirmation of miR-381-3p overexpression following transfection of miR-381-3p mimics into
MCF-7 and SK-BR-3 cells. E. KIF11 mRNA expression in miR-381-3p-overexpressing cells. F. Western blot analysis
of KIF11 protein expression following miR-381-3p overexpression (left panels) and quantification (right panels). G.
Wound healing assay showing migration of miR-381-3p-overexpressing cells (scale bar: 50 ym). H. Transwell inva-
sion assay showing invasive capacity of miR-381-3p-overexpressing cells (scale bar: 50 ym). Data are presented
as mean = SD from three independent experiments. *P < 0.05 vs. NC mimic (two-tailed Student’s t-test). ns, not
significant.

lines compared to normal breast epithelial cells were also reduced (Figure 5G and 5H), similar
(Figure 5C). to what we saw with direct KIF11 knockdown.
Thus, miR-381-3p appears to negatively regu-
late KIF11 and to suppress migratory and inva-
sive behavior in breast cancer cells.

We then asked whether raising miR-381-3p
levels affects KIF11 and cell behavior.
Transfecting MCF-7 and SK-BR-3 cells with

miR-381-3p mimics led to strong overexpres- Discussion

sion of the miRNA (Figure 5D). Under these

conditions, KIF11 mRNA dropped about 2-fold This study asked whether KIF11 contributes to
(Figure 5E) and KIF11 protein dropped about breast cancer metastasis and how it might be
60% (Figure 5F). Cell migration and invasion regulated. We found that KIF11l knockdown
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reduced cell invasion and migration, along with
changes in EMT markers and lower Akt phos-
phorylation. We also found that miR-381-3p,
which is downregulated in breast tumors, nega-
tively regulates KIF11: raising miR-381-3p low-
ered KIF11 and suppressed migration and inva-
sion. Together, these data point to a possible
link between miR-381-3p loss and KIF11 gain
in breast cancer.

Elevated KIF11 has been linked to aggressive
features in several cancers. Our previous work
established KIF11's role in breast cancer prolif-
eration and stemness [20, 25]. The current
study extends these findings by demonstrating
that KIF11 also contributes to cellular invasion
and migration, two key components of the met-
astatic cascade. Our observation that KIF11
depletion leads to E-cadherin upregulation and
vimentin downregulation suggests that KIF11
helps sustain a mesenchymal-like, invasion-
competent state. This finding is consistent with
reports in other cancer types linking KIF11 to
migratory phenotypes.

Regarding the underlying mechanism, our
GSEA and western blot data indicated a poten-
tial association between KIF11 expression and
Akt pathway activity. KIF11 is a microtubule
motor protein that transports cargo along mi-
crotubule tracks. Therefore, it is plausible that
KIF11 facilitates the intracellular trafficking of
Akt or its upstream activators to the plasma
membrane, where Akt undergoes activating
phosphorylation. This theory represents a test-
able hypothesis for future mechanistic studies.

Finding that miR-381-3p negatively regulates
KIF11 helps explain why KIF11 is often overex-
pressed in breast cancer. Low miR-381-3p lev-
els are common in breast tumors, and restoring
its expression reduces invasion and migration,
as we showed. Similar tumor-suppressive func-
tions of miR-381-3p have been reported in
colorectal and gastric cancers. Together, these
observations raise the possibility that loss of
miR-381-3p contributes to KIF11 dysregulation
in breast cancer.

Our findings should be viewed with several
caveats. First, the functional experiments used
MCF-7 and SK-BR-3 cells, which are not highly
metastatic models. It is essential to validate
our proposed mechanism in highly invasive cell
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lines, particularly triple-negative breast cancer-
derived lines such as MDA-MB-231. Second,
we did not examine other EMT-related tran-
scription factors (Snail, Slug, or ZEB1) or addi-
tional epithelial markers (ZO-1 or claudin).
Third, our conclusions regarding the KIF11-Akt
and miR-381-3p-KIF11 relationships are based
on correlative evidence. Definitive causal links
can be established with pharmacological res-
cue experiments (e.g., Akt inhibition in KIF11-
overexpressing cells) and dual-luciferase re-
porter assays to confirm direct miR-381-3p tar-
geting of KIF11. Fourth, all experiments were
conducted in vitro. In vivo metastasis models
are critical to validate the therapeutic relevance
of targeting the KIF11-miR-381-3p axis. Our
current data establish a strong foundation for
these future investigations, but cannot be inter-
preted as confirmation of the complete pro-
posed mechanism.

In conclusion, our study identified a functional
association linking KIF11 overexpression to
enhanced invasion and migration in breast can-
cer cells. Additionally, we found that miR-381-
3p downregulation drives KIF11 overexpres-
sion. Our results implicate Akt pathway activity
as a downstream mediator of cell invasion and
migration. Thus, the KIF11/miR-381-3p axis
merits further study in metastatic breast
cancetr.
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Supplementary Table 1. shRNA target sequences used for KIF11 knockdown

shRNA name Target sequence (5'—3’) Species
KIF11-RNAi1 UAUGGUGUUUGGAGCAUCUACUAAA Human
KIF11-RNAi2 CAGUACACAACAAGGAUGAAGUCUA Human
KIF11-RNAi-Vec (scramble) UAAAGCUACUAUGGUGUUUGGAGCA Human

Supplementary Table 2. Sequences of miR-381-3p mimic and negative control

Name Target sequence (5'—3) Type
hsa-miR-381-3p mimic UAUACAAGGGCAAGCUCUCUGU Mature miRNA sequence
Negative control (NC) CAGUACUUUUGUGUAGUACAA Scramble control

Supplementary Table 3. Primer sequences for quantitative PCR (qPCR)

Gene Forward primer (5'—3’) Reverse primer (5'—3’) Amplicon (bp)
KIF11 TCTAGTCGTCCCACTCAGTTT GAGGTGTTCTTTCTACAAGGGCAGT ~200
Vimentin (VIM) TCCAGCAGCTTCCTGTAGGT CCCTCACCTGTGAAGTGGAT ~150
E-cadherin (CDH1) GCTGAGCTGGACAGGGAGGA ATGGGGGCGTTGTCATTCAC ~120-180
GAPDH CACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA ~250

U6 CTCGCTTCGGCAGCACATATACT ACGCTTCACGAATTTGCGTGTC ~90

Note: For miR-381-3p detection, stem-loop RT-gPCR was performed as described previously.
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Supplementary Figure 1. KIF11 mRNA is upregulated in breast cancer tissues and across all molecular subtypes.
A. KIF11 mRNA expression levels in 1,092 breast cancer tissues (Tumor) compared to 111 adjacent normal breast
tissue samples (Normal) from the TCGA-BRCA dataset. B. KIF11 mRNA expression levels were upregulated in every
molecular subtype of breast cancer (Luminal A, Luminal B, HER2-enriched, Basal-like, and Normal-like). Data are

presented as mean = SD. *P < 0.05. This figure is adapted from our previous publication (J Breast Cancer. 2019
Dec;22(4):522-532).

KIF11-3' UTR 5'..AAAAGUAUUUULUCUUG UAUA..3'
(Position 569-576) NEREEEN

miR-381-3p 3' UGUCUCUCGAACGGGAACAUAUYS

KIF11-3' UTR 5'...GUUGCUUGU--UUGUAUAU.3
(Position 1197-1203)

Supplementary Figure 2. Putative miR-381-3p binding sites in the KIF11 3’-untranslated region (UTR). Schematic
representation of the human KIF11 3’-UTR showing two conserved binding sites for miR-381-3p. The binding sites
were predicted using TargetScan (targetscan.org).



