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Abstract
Background

Breast cancer (BC) patients were threatened by distant metastasis and drug resistance for a long time.
The mechanism was to be explored urgently. Proteasome 26S subunit non-ATPase 8 (PSMD8) was
associated with protein degradation, but little was known about its role in BC.

Methods

The bioinformatics analysis was obtained from public databases. Breast cancer cell lines were knocked
down or overexpressed PSMD8/kinesin family member 10 (KIF10) and detected their ability of
proliferation and invasion. epithelial-to-mesenchymal transition (EMT)-related markers were detected by
the western blot and immunohistochemistry. In vivo models were established to verify the effect of
PSMD8 on tumor growth and distant metastasis. Cells were exposed to paclitaxel (PTX) and examined
their apoptosis by �ow cytometry.

Results

In the present study, we de�ned PSMD8 as a tumor-promoting molecule. PSMD8 was abnormally
upregulated in BC tissues compared with adjacent tissues. High PSMD8 expression was related to poor
prognosis in BC patients. The knockdown of PSMD8 attenuated the biological effect and epithelial-
mesenchymal transition (EMT) progression in vitro and in vivo, and the overexpression of PSMD8
increased tumor progression in vitro. Furthermore, PSMD8 knockdown dramatically augmented the
sensitivity of BC cells to paclitaxel, whereas PSMD8 overexpression showed the opposite effects.
Mechanistic analysis indicated that PSMD8 activated the expression of kinesin family member 10
(KIF10) and its downstream extracellular regulated MAP kinase (ERK) signaling. Similar to PSMD8, we
revealed that the expression of KIF10, which showed a positive correlation with PSMD8, was increased in
BC tissues compared with adjacent tissues and associated with a poor prognosis of BC patients. The
KIF10 knockdown signi�cantly antagonized the facilitating effect of PSMD8 on the EMT program and
chemotherapy tolerance. Finally, knocking down the level of KIF10 or inhibiting the ERK pathway in
PSMD8-overexpressing cell lines partially blocked EMT progression and resistance against paclitaxel
(PTX).

Conclusions

In conclusion, our results demonstrated that the PSMD8/KIF10 axis promoted BC development and PTX
resistance via the ERK pathway. Our �ndings provide a theoretical basis for targeting PSMD8 to BC cells
as a novel target for the treatment of BC.

Background
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Breast cancer (BC) is the most common malignant carcinoma and the leading cause of cancer death
among women1. The increased occurrence rate of metastasis exacerbates the mortality rate in BC. The 5-
year overall survival rate without metastasis is over 80%, while distant metastasis reduces this rate to
25%2,3. Moreover, therapeutic resistance further hinders survival improvement. Hence, searching for new
therapeutic targets is necessary.

The 26S proteasome is an adenosine triphosphate (ATP)-dependent protease associated with protein
degradation and conjugated with multiple ubiquitins4. Proteasome 26S subunit, non-ATPase 8 (PSMD8,
also known as RPN 12), is one of the components of the 19S regulator of the 26S proteasome5. The free
PSMD8 subunit binding to the other eight subunits assembles the lid subcomplex of the 19S regulatory
particle6. The latest research revealed that depletion of PSMD8 promoted epidermal aging7. In addition, a
PSMD8 mutation was found in diffuse large B-cell lymphoma8. More importantly, the dysfunction of
PSMD8 binding protein was related to tumor growth, invasion, and poor prognosis9,10.Our previous study,
revealed the tumor-promoting effect of PSMD12, another member of the proteasome subunit, in
glioma11. Therefore, we inferred that PSMD8 has similar functions in BC.

The kinesin superfamily (KIFs) was characterized by microtubule-based motors. They function as
intracellular transporters along microtubules in an ATP-dependent manner12. Forty-�ve KIFs have been
discovered and illustrated to have different tumor pathobiologies13. KIF10 is localized on unattached
kinetochores during mitosis and slides chromosomes to the spindle equator14. In the latest studies, KIF10
was reported to favor tumor initiation, development, and progression15. KIF10 was found to be
upregulated in BC and hepatocellular carcinoma and was correlated with worse prognosis15,16. In
estrogen receptor (ER)-positive BC, estrogen strongly induces KIF10 expression17.

In this study, we demonstrated that PSMD8 served as a tumor-promoting factor. First, it was correlated
with poor prognosis in BC. Second, PSMD8 stimulated BC progression and epithelial-to-mesenchymal
transition (EMT) in vitro and in vivo. Moreover, we also provided evidence of the effect on attenuating
paclitaxel sensitivity. Mechanistically, these effects were partially dependent on KIF10. Taken together, we
explored the mechanism of PSMD8 in BC development and chemosensitivity.

Materials And Methods
Data acquisition

The expression of PSMD8 and KIF10 and their relationship with BC prognosis were analyzed by the
UALCAN (http://ualcan.path.uab.edu) and GEPIA (http://gepia.cancer-pku.cn/) databases and Kaplan–
Meier Plotter (https://kmplot.com/). Their mRNA pro�ling data were obtained from The Cancer Genome
Atlas (TCGA) data portal (https://tcga-data.nci.nih.gov/tcga/) and GEO database.

Cell culture and reagents
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Human breast cancer cell lines MDA-MB-231 and MCF7 were obtained from the American Type Culture
Collection. Cells were cultured with the Dulbecco’s modi�ed Eagle’s medium (DMEM, Gibco) containing
10% fetal bovine serum (FBS) and 1% penicillin-streptomycin at 37 °C. The U0126 (HY-12031) was
purchased from MedChemExpress and dissolved in DMSO.

siRNAs and plasmid transfection

PSMD8 siRNA (5’- GCAGGGCACGAGTTATTTAAA), KIF10 siRNA (5’- GCUACUAAAUCAGGAGAAUTT), and
scramble siRNA (5′-UUCUCCGAACGUGUCACGUTT-3′) were purchased from GenPharma. Flag-PSMD8 and
Flag-NC were purchased from GeneChem Co. Lipofectamine 2000 (Invitrogen, USA), and reduced serum
medium (Opti-MEM, Gibco) were used according to the instructions. Human PSMD8 shRNA and control
shRNA lentivirus were obtained from GeneChem Co.

Immunohistochemistry (IHC)

IHC was performed to examine the expression of PSMD8, KIF10, E-cadherin, snail, and Ki67. The scoring
methods were described in a previous study18. All samples were categorized as negative, low expression
or high expression according to the score.

Immuno�uorescence (IF)

Treated cells were �xed with 4% paraformaldehyde at room temperature and perforated with 0.2% Triton-
X 100 for 15 min at 4 °C. BSA (2%) was prepared for blocking for 1 h at room temperature. The primary
antibody was prepared with 1% BSA. Cells were incubated with the corresponding primary antibody
overnight at 4 °C and then 488-conjugated (Invitrogen, A-11034), and 568-conjugated (Invitrogen, A-
11011) antibodies for 30 min at room temperature. All samples were stained with DAPI for 3 min.
Fluorescence images were obtained by �uorescence microscopy.

Western blot (WB)

The procedure of WB was described as previous11. The membrane was blocked in 5% fat-free milk for 2 h
at room temperature and incubated with primary antibody overnight at 4 °C. Finally, the membranes were
incubated with secondary antibodies for 1 h at room temperature. All antibodies are listed in
Supplementary Table 1.

Cell Counting Kit-8 assay (CCK8)

Two thousand treated cells were seeded on the 96-well plate. Ten microliters of CCK8 (CK04, Dojindo,
Japan) solution was added to each well. After 2 h incubation, the absorbance was determined at 450 nm.

Transwell assay

Treated cells were seeded in the upper chambers with Matrigel in serum-free medium, and DMEM with
10% FBS was added to the lower chamber. Cells were cultured for 24 h, �xed, and stained with 0.1%
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crystal violet.

Flow cytometry (FCM)

After a series of treatments, cells were washed with PBS and digested with non-EDTA trypsin enzyme.
Cells were suspended in a culture medium and centrifuged at 1000 rpm for 5 minutes. Discarding the
supernatant and resuspending in PBS, we centrifuged at 1000 rpm for 5 minutes again. Double staining
with Annexin V-FITC and propidium iodide (PI) (Biouniquer, BU-AP0103) was performed and incubated for
15 min. The results were determined by FCMcan �ow cytometry (FASC Calibur, BD, USA).

Animal experiments

MDA-MB-231 cells were infected with LV-shPSMD8 and LV-shCtrl lentiviruses (GeneChem Co., Shanghai,
China). A total of 2.5×106 cells per mouse were inoculated into the right iliac fossa of 4-week-old female
BALB/c nude mice. After 6 weeks of feeding, the mice were sacri�ced, and the xenografts were separated
for further analysis.

Similarly, LV-shPSMD8 and LV-shCtrl cells were also injected into the fourth mammary fat pad (1×106

cells per mouse). When the tumor size reached approximately 300 mm3, tumors were removed, and the mice
were sacri�ced 10 days after the operation. The lung tissues were separated and �xed. Hematoxylin and
eosin (HE) staining was performed to demonstrate lung metastasis.

Statistical analysis

Data were analyzed by one-way ANOVA with SPSS 22.0. The graphs were made by GraphPad Prism 6.
Independent experiments were repeated at least three times. P<0.05 indicated statistically signi�cant.

Results
High PSMD8 expression was correlated with poor survival in BC patients

We analyzed the expression of PSMD8 in nontumor breast tissue and tumor tissue from GEPIA and
UALCAN. The level of PSMD8 expression was signi�cantly upregulated in tumor tissue compared with
normal tissue (Fig. 1A-B). Similarly, IHC staining demonstrated the same result (Fig. 1D). Moreover, the
PSMD8 transcripts were positively correlated with tumor stage and lymphatic metastasis stage (Fig. 1C,
E-F). Kaplan–Meier (K-M) analysis of recurrence-free survival (RFS), and overall survival (OS) showed
that high expression of PSMD8 was associated with poor survival (Fig. 1G-H). In particular, a high level of
PSMD8 implied worse RFS in lymphatic metastatic BC patients (Fig. 1I). Taken together, the
bioinformatics analysis and IHC staining reminded us that PSMD8 was upregulated in tumor tissue and
was associated with poor prognosis in BC.

PSMD8 promoted cell growth and invasion in vitro
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To explore the effect of PSMD8 on the biological behavior of MDA-MB-231 and MCF7 breast cancer cell
lines, we used PSMD8 siRNA and plasmids to downregulate and upregulate the expression level of
PSMD8 in cells, respectively. We �rst displayed the e�ciency of PSMD8 knockdown (KD) and
overexpression (OE) (Fig. 2A and D). A CCK-8 assay was performed to test tumor proliferation after
the corresponding treatments. PSMD8 knockdown attenuated tumor growth, while PSMD8
overexpression enhanced tumor growth (Fig. 2B and E). In addition, cell invasion was also decreased as
PSMD8 was knocked down and increased as PSMD8 was overexpressed (Fig. 2C and F). In brief, PSMD8
promoted proliferation and invasion in BC cells.

PSMD8 triggered EMT program in BC cells

Given the correlation between EMT and tumor development, we further explored the role of PSMD8 in
EMT progression. We knocked down the expression of PSMD8 and detected the protein levels of the EMT-
related proteins E-cadherin (E-cad) and Snail. The WB results showed that the level of E-cad was
upregulated, and snail was downregulated in PSMD8KD cells. The opposite results were observed in
PSMD8OE cells (Fig. 3A-B). In parallel, the picture of IF con�rmed this phenomenon as well. The level of E-
cad was strengthened, and the level of snail was weakened in PSMD8KD cells (Fig. 3C). In addition, IHC
was performed to detect the levels of PSMD8 and E-cad in BC tissues. The tissue with a high expression
level of PSMD8 showed a low expression level of E-cad, and the tissue with low expression of PSMD8
displayed a high expression level of E-cad (Fig. 3D). Furthermore, we overexpressed PSMD8 in PSMD8KD

cells and detected the protein levels of E-cad and snail. The WB results illustrated that PSMD8
overexpression reversed the effect of PSMD8 knockdown (Fig. 3E). In summary, PSMD8 promoted EMT
progression in vitro.

Inhibition of PSMD8 suppressed tumor growth and lung metastasis in vivo

We established xenograft models to verify the effect of PSMD8 in vivo. First, LV-shPSMD8 was applied to
MDA-MB-231 cells to establish stably silenced cells (Fig. 4A-B). A photograph of xenografts is displayed
(Fig. 4C), and their weights were compared. The mean weight of the shPSMD8 group was signi�cantly
less than that of its counterpart (Fig. 4D).

Additionally, we infected mice with the treated cells in situ and detected lung metastasis. The separated
lung tissue showed that the number of lung metastatic nodules was lower in the shPSMD8 group (Fig.
4E). HE staining demonstrated the same trend (Fig. 4F). In addition, we detected the levels of Ki67 and E-
cad in tumors removed from xenograft models. IHC staining showed that E-cad expression increased,
while the expression of Ki67 decreased after PSMD8 was silenced (Fig. 4G). In summary, this
phenomenon suggested that silencing PSMD8 impaired the growth of breast tumors and decreased lung
metastasis.

PSMD8 mediated the expression of KIF10
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According to the TCGA and GSE1456 databases, the expression of PSMD8 was positively correlated with
the expression of KIF10 (Fig. 5A-B). Furthermore, the WB results showed that the protein level of KIF10
was decreased after PSMD8 knockdown and increased after PSMD8 overexpression (Fig. 5C). Parallel
effects were observed in BC patient tissues by IHC staining (Fig. 5D). Additionally, the protein levels of
PSMD8 and KIF10 in xenografts were detected by IHC, which illustrated that the level of KIF10 declined in
the shPSMD8 group compared with the shCtrl group (Fig. 5E). More important, K-M analysis showed that
the prognosis of BC patients with high levels of PSMD8 and KIF10 was worse than the prognosis of BC
patients with low levels of both PSMD8 and KIF10 in GES1456 database (Fig. 5F). Overall, the expression
of KIF10 was regulated by PSMD8 and was positively correlated.

High KIF10 expression was correlated with poor survival in BC patients

Analysis from GEPIA, UALCAN and IHC staining demonstrated that the expression of KIF10 was higher in
tumor tissue than in normal tissue (Fig. 6A-B and D), regardless of the subtype of BC (Fig. 6C). Moreover,
the levels of KIF10 transcripts were positively associated with the BC stage and lymphatic metastasis
stage (Fig. 6E-F). The K-M analysis of OS and RFS in all patients showed that the higher the expression of
KIF10, the worse the prognosis was, particularly the RFS in lymphatic metastatic patients (Fig. 6G-I). In
short, tumor tissue had higher KIF10 expression than normal tissue and was correlated with a poor
prognosis.

KIF10 knockdown decreased cell growth and invasion in vitro

We will explore the exact effect of KIF10 on the biological functions of BC cells. The knockdown
e�ciency of KIF10 in BC cells is shown in Fig. 7A. CCK-8 and Transwell assays were performed to detect
the proliferation and invasion abilities of BC cell lines. The results demonstrated that cell proliferation
ability and the ratio of cell invasion were decreased after KIF10 knockdown (Fig. 7B-C). In addition,
similar to PSMD8, the WB results showed that the expression level of E-cad was increased and the level
of Snail was decreased in KIF10-knockdown cells (Fig. 7D). Furthermore, the expression of PSMD8 was
positively correlated with the expression of KIF10 (Fig. 7E). These results suggested that KIF10 was
capable of impairing tumor progression.

PSMD8/KIF10 axis promoted tumor development in vitro

Given that both PSMD8 and KIF10 promoted tumor development and that these two had a positive
correlation, we further veri�ed their link and effect. FCM were performed to detect apoptosis in PSMD8KD

cells and KIF10KD cells under paclitaxel (PTX) conditions. Knockdown of either PSMD8 or KIF10
signi�cantly enhanced PTX-induced the rate of cell apoptosis (Fig 8A-B), while the two
proteins overexpression signi�cantly antagonized PTX-induced apoptosis in BC cells (Fig 8C-
D). Furthermore, knocking down the expression of KIF10 in PSMD8OE cells partially reversed the
protective effect of PSMD8 against PTX (Fig 8C-D). Similarly, cell proliferation and invasion also
decreased (Fig 8E-F). EMT-related markers were detected by the WB. Rescue experiments illustrated that
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the expression of E-cad increased and snail decreased (Fig 8G). In summary, the PSMD8-KIF10 axis could
decrease chemosensitivity to PTX and enhance EMT progression.

Extracellular signal-regulated kinase 1/2 (ERK) signaling is essential for EMT and chemosensitivity
mediated by the PSMD8/KIF10 axis in BC

To further explore the involved signaling pathways, the protein levels of p-ERK and ERK were detected.
The ratio of p-ERK/ERK signi�cantly decreased in both PSMD8KD and KIF10KD cells (Fig. 9A), while
PSMD8 overexpression signi�cantly enhanced the activation of ERK pathway (Fig. 9B). In addition, the
ratio of p-ERK/ERK returned after the knockdown of KIF10 in PSMD8OE cells (Fig. 9B). Furthermore, the
inhibitor of ERK signaling, U0126, was used to treat PSMD8OE cells. FMC demonstrated that
overexpression of PSMD8 signi�cantly protected tumor cells from PTX, but U0126 partially blocked this
effect (Fig. 9C-D). Meanwhile, it also attenuated the cell proliferation and invasion effects of PSMD8 (Fig.
9E-F). Furthermore, the protein level of E-cad was increased, and the level of snail was decreased after
U0126 treatment in PSMD8OE cells (Fig. 9G). In short, the ERK signaling pathway was involved in tumor
proliferation and invasion regulated by the PSMD8/KIF10 axis. Inhibition of the ERK pathway could retard
PSMD8/KIF10-induced EMT and enhance sensitivity to PTX.

Discussion
Due to aggressive BC threats, searching for new therapeutic targets is urgent. In this study, we found that
PSMD8 was highly expressed in tumor tissue and was negatively associated with the survival of BC
patients. Experiments performed in vitro veri�ed that PSMD8 could promote tumor growth and invasion,
which was also con�rmed in vivo. Mechanistically, KIF10 could modulate EMT progression in response to
the expression of PSMD8. The application of an ERK inhibitor impaired tumor growth and invasion
induced by the PSMD8/KIF10 axis and attenuated the protective effect of PSMD8 from PTX.

The 26S proteasome is the endpoint for the ubiquitin-proteasome system, whose function ranges from
protein homeostasis to cellular processes such as signal transduction and stress responses19. PSMD8
was reported to be overexpressed in breast cancer tissues20, consistent with our results. However, almost
no study has demonstrated the effect and mechanism of PSMD8 in tumor development. As a structural
component of the proteasome, PSMD8 should have a similar function to other subunits. PSMD14
promotes tumor growth and metastasis in gliomas21, hepatocellular carcinoma,22 and esophageal
squamous cell carcinoma23. Its contributions to tumorigenesis and chemoresistance were also observed
in colorectal cancers24. Obviously, cell growth and invasion were enhanced after PSMD8 overexpression,
as well in our report. The results of FCM veri�ed the increased sensitivity to PTX after knocking down the
expression of PSMD8. In addition, mass spectrometry to examine the interaction between snail and
deubiquitinases illustrated that PSMD14 targeted snail for deubiquitination and stabilization, thus
mediating snail-induced EMT23. In this study, we detected the expression of snails after PSMD8
interference and overexpression. PSMD8 favored the expression of snail and EMT progression.
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The kinesin family is essential for mitosis and chromosome alignment14. It was likely that KIF10 was
related to cell proliferation. Thus, we provided evidence that KIF10 was involved in cell growth in vitro and
in vivo. KIF10 was overexpressed in BC and hepatocellular carcinoma and was associated with worse OS,
RFS, and distant metastasis-free survival15,16. However, only bioinformatics analysis was provided to
support their perspectives. The results of our study further veri�ed their hypothesis. IHC staining and WB
illustrated that KIF10 was highly expressed in tumor tissues and was regulated by PSMD8. Moreover,
knocking down KIF10 can signi�cantly reduce the proliferation rate, invasion ability, and EMT process of
BC cells. Furthermore, PSMD8 promoted snail-induced EMT through KIF10 activation. The application of
an ERK inhibitor suggested that KIF10 modulated EMT progression via the ERK pathway. A study
revealed that KIF10 was stimulated by ER, which gave rise to tumor growth. Moreover, KIF10, but of the
same family, was illustrated to be crucial for the survival of tamoxifen-sensitive and tamoxifen-resistant
BC cells17. It was also supported our study that KIF10 contributed to PTX resistance.

ERK is localized in the cytoplasm of resting cells, an evolutionarily conserved signaling pathway that
transmits information from the cell surface to promote cell proliferation and survival. Dysregulation of
the ERK pathway is involved in the induction of primary cancer25. Hyperexpression of ERK activated the
antiapoptotic molecule BCL2 in BC, resulting in drug resistance26, consistent with our research showing
that inhibition of the ERK pathway led to increased apoptosis in PSMD8OE cells treated with PTX. In
addition, ERK signaling was reported to control the G1/S phase of the cell cycle in proliferating cells27.
The activation of ERK induced the response to mitogens28, which suggested its link with KIF10 and
proliferative effect.

Conclusions
In conclusion, we identi�ed PSMD8 as a tumor promoter and initially explored its mechanism. The
PSMD8/KIF10 axis mediated the activation of the ERK pathway, consequently favoring tumor
progression and chemotherapy resistance. The results of this research clarify that the PSMD8/KIF10 axis
plays a vital role in the progression of BC and provide novel potential therapeutic targets for the precise
treatment of BC.
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Figure 1

Elevated PSMD8 expression indicated poor survival in BC patients. (A-B) PSMD8 expression in BC tissues
and adjacent tissues from GEPIA and UALCAN. (C) KIF10 expression in different types of BC from
UALCAN. (D) IHC staining for PSMD8 in BC tissues and adjacent tissues. (E) PSMD8 expression in
different stages of BC from UALCAN. (F) PSMD8 expression in different lymphatic metastasis stages of
BC from UALCAN. (G) OS of BC patients from GEPIA and K-M Plotter. (H) RFS of BC patients from GEPIA
and K-M Plotter. (I) RFS of lymphatic metastatic BC patients from K-M Plotter. *p < 0.05 and ***p < 0.001
compared with the control group.
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Figure 2

PSMD8 promoted cell proliferation and a prometastatic phenotype in BC cells. (A, D) Knockdown and
overexpression e�ciency of PSMD8 in MDA-MB-231 and MCF7 cell lines. (B, E) CCK-8 assay performed
in knockdown and overexpressed cell lines. (C, F) Transwell assays performed in knockdown and
overexpressed cell lines (magni�cation 200×). The values are presented as the means ± SD from three
independent experiments. *p<0.05, **p<0.01, and ***p<0.001 compared with the control group.
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Figure 3

PSMD8 promoted the EMT progress. (A-B) EMT-related protein levels in PSMD8-knockdown and PSMD8-
overexpression cell lines. (C) IF images of PSMD8 and EMT-related markers (E-cad and snail) in BC cell
lines (magni�cation 630×). (D) IHC staining images of PSMD8 and E-cad in BC samples (magni�cation
200×). (E) PSMD8 was overexpressed in PSMD8KD cells. The WB analysis detected E-cad and Snail. The
values are presented as the means ± SD from three independent experiments. #p<0.05, ##p<0.01,
*p<0.05, **p<0.01, and ***p<0.001 compared with the control group.



Page 16/22

Figure 4

Inhibition of PSMD8 suppressed tumor growth and metastasis in vivo. (A) Infection e�ciency of stable
PSMD8 knockdown in MDA-MB-231 cells by �uorescence microscopy. (B) Infection e�ciency of PSMD8
knockdown in MDA-MB-231 cells by WB. (C) Tumors dissected from various groups of mice. (D) Tumor
weight from various groups of mice. (E) Bright �eld images of lung metastasis in the control group and
knockdown group. (F) HE staining of metastatic lung tumors. (G) IHC staining of PSMD8, Ki67 and E-cad
in xenografts from various groups. The values are presented as the means ± SD from three independent
experiments. **p<0.01, and ***p<0.001 compared with the control group.
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Figure 5

PSMD8 positively regulated the expression of KIF10. (A) The correlation between PSMD8 and KIF10 from
GEPIA. (B) The correlation between PSMD8 and KIF10 from GES1456 database. (C) The expression of
KIF10 was measured by WB in PSMD8-knockdown and PSMD8-overexpression cells. (D) IHC staining
images of PSMD8 and KIF10 in BC samples (magni�cation 200×). (E) IHC staining of PSMD8 and KIF10
in xenografts. The values are presented as the means ± SD from three independent experiments.
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Figure 6

Elevated KIF10 expression indicated poor survival in BC patients. (A-B) KIF10 expression in BC tissues
and adjacent tissues from GEPIA and UALCAN. (C) KIF10 expression in different types of BC from
UALCAN. (D) IHC staining for KIF10 in BC tissues and adjacent tissues. (E) KIF10 expression in different
stages of BC from UALCAN. (F) PSMD8 expression in different lymphatic metastasis stages of BC from
UALCAN. (G) OS of BC patients from K-M Plotter. (H) RFS of BC patients from and K-M Plotter. (I) RFS of
lymphatic metastatic BC patients from the K-M Plotter. The values are presented as the means ± SD from
three independent experiments. *p<0.05 and ***p<0.001 compared with the corresponding group.
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Figure 7

Knockdown of KIF10 attenuated cell proliferation and the prometastasis phenotype in BC cells. (A)
Knockdown e�ciency of KIF10 in MDA-MB-231 and MCF7 cell lines. (B) CCK-8 assay performed in KIF10
knockdown cell lines. (C) Transwell assay performed in KIF10 knockdown cell lines. (magni�cation
200×). D) IHC staining images of PSMD8 and E-cad in BC samples (magni�cation 200×). (E) EMT-related
protein levels in KIF10-knockdown cell lines. The values are presented as the means ± SD from three
independent experiments. **p<0.01 and ***p<0.001 compared with the corresponding group.
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Figure 8

PSMD8/KIF10 axis promoted BC progression in vitro. (A-B) FCM in PSMD8KD and KIF10KD cells treated
with 200 nM PTX for 24 h. (C-D) FCM in PSMD8OE+KIF10KD cells treated with 200 nM PTX for 24 h. (E)
CCK8 assay performed in PSMD8OE+KIF10KD cells. (F) Transwell assay performed in
PSMD8OE+KIF10KD cells. (magni�cation 200×). (G) EMT-related protein levels in PSMD8OE+KIF10KD
cells. The values are presented as the means ± SD from three independent experiments. *p<0.05,
**p<0.01, and ***p<0.001 compared with the corresponding group.
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Figure 9

The PSMD8/KIF10 axis regulated BC progression, EMT and chemosensitivity via the ERK pathway. (A) p-
ERK and ERK levels measured by WB in PSMD8KD and KIF10KD cells, respectively. (B) p-ERK and ERK
levels measured by WB in PSMD8OE+KIF10KD cells. (C-D) PSMD8OE cells were treated with 20 µM
U0126 for 24 h. Then, 200 nM PTX was added for 24 h of treatment. FCM were subsequently performed
to detect cell apoptosis. (E) CCK-8 assay performed in PSMD8OE cells treated with 20 µM U0126 for 24 h.
(F) Transwell assay performed in PSMD8OE cells treated with 20 µM U0126 for 24 h. (magni�cation
200×). (G) Cells were treated as above. WB was performed to detect the protein levels of E-cad and snail.
The values are presented as the means ± SD from three independent experiments. *p<0.05, **p<0.01, and
***p<0.001 compared with the corresponding group.
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