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PTPN20 promotes metastasis through D
activating NF-kB signaling in triple-negative
breast cancer
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Abstract

Background Cancer metastasis remains a major challenge in the clinical management of triple-negative breast
cancer (TNBC). The NF-kB signaling pathway has been implicated as a crucial factor in the development of metastases,
but the underlying molecular mechanisms remain largely unclear.

Methods PTPN20 expression was evaluated using data from the Sweden Cancerome Analysis Network-Breast
and The Cancer Genome Atlas database, as well as by western blotting and immunohistochemistry in 88 TNBC
patients. The ability of PTPN20 to activate NF-kB was assessed by luciferase reporter assays. The effects of PTPN20
overexpression and knockdown via short hairpin RNA were examined in TNBC cell lines by wound healing and
transwell matrix penetration assays. Additionally, we analyzed the growth and metastasis abilitiy of 4T1 xenograft
tumors in nude mice.

Results PTPN20 levels were elevated in TNBC cell lines and patient samples compared to controls, and higher
protein levels correlated with metastasis-free survival. Overexpression of PTPN20 enhanced migration and invasion

in vitro, and promoted lung metastasis in vivo. Our finding revealed that PTPN20 activates NF-kB signaling by
dephosphorylating p65 at Ser468, preventing its binding to COMMD?1, thereby protecting p65 from degradation.
Downregulation of PTPN20 effectively inhibit, while p65 S468A mutant restored the migratory and invasive abilities of
TNBC cells.

Conclusions Collectively, our results demonstrate that PTPN20 plays a critical role in TNBC metastasis through

the activation of NF-kB signaling. We propose that PTPN20 may serve as a novel prognostic marker and potential
therapeutic target for the treatment of TNBC.
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The expression of PTPN20 was upregulated specially in triple-negative breast cancer.

PTPN20 induces metastasis by promoting cell migration and invasion.

PTPN20 dephosphorylates p65 and activates NF-kB signaling.

PTPN20 may be a novel prognostic marker and a potential therapeutic target in the treatment of TNBC.
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Background
Breast cancer is the second most commonly diagnosed
malignancy worldwide and the leading cause of can-
cer-related mortality in females [1]. Distant metastasis
is the primary cause of death in breast cancer patients.
Triple-negative breast cancer (TNBC), characterized by
the lack of expression of estrogen receptor (ER), proges-
terone receptor (PR), and human epidermal growth fac-
tor-2 (HER2) as determined by immunohistochemistry,
accounts for 15—-20% of overall breast cancer cases [2—4].
TNBC is considered the most aggressive subtype, with
a five-year overall survival rate of less than 80%, com-
pared to approximately 93% for other subtypes [5-7].
TNBC predominantly affects younger women, is poorly
differentiated, and carries a high risk of visceral metas-
tases, particularly to the lungs, liver, bones, and brain
[7, 8]. Notably, while the local recurrence rates are rela-
tively similar among breast cancer subtypes, the distant
metastatic rate in TNBC is significantly higher compared
to luminal and HER2-positive subtypes. Furthermore,
TNBC is both biologically and clinically heterogeneous,
with chemotherapy remaining the cornerstone of sys-
temic treatment. However, there is a critical unmet need
for more effective disease control strategies [8, 9]. There-
fore, it is imperative to further elucidate the mechanisms
of disease progression and distant metastasis in TNBC,
and explore novel druggable targets for TNBC treatment.
Hyperactivation of nuclear factor kappa B (NF-kB) sig-
naling has been implicated in cancer metastasis through
the upregulation of multiple factors, such as macrophage
colony-stimulating factor (CSF1), granulocyte-mac-
rophage colony-stimulating factor (CSF3), and MMP9
[10-12]. Studies have shown that systemic inhibition of
NF-«B activity significantly reduces breast cancer bone
metastasis in vivo, highlighting the critical role of NF-xB
signaling in cancer progression [12]. The NF-kB tran-
scription factor generally exists as a heterodimer of the
p50 and RelA (p65) polypeptides bound in the cytoplasm
by the inhibitor protein IkB [13-15]. Following cellular
stimulation, IkB is phosphorylated and then degraded
by the proteasome, allowing NF-kB to translocate to the
nucleus and regulate the expression of downstream genes
[16]. Canonical NF-kB activation triggers a signalling cas-
cade that leads to the phosphorylation of IkB, and its sub-
sequent ubiquitination and proteasomal elimination [17].

Several mechanisms mediate further layers of NF-kB reg-
ulation, including the post-translational modification of
the DNA-binding subunits by phosphorylation, acetyla-
tion and ubiquitination. Post-translational modifications,
particularly phosphorylation of the p65, are essential for
cytoplasmic to nuclear localization of NF-kB/p65 and
initiation of transcription of downstream target genes
[18-20]. Phosphorylation of p65 is essential for protein
stability and cytoplasmic to nuclear localization of p65,
thus determining the initiation of transcription of down-
stream target genes. Importantly, phosphorylated p65 at
Ser468 (p-p65 Serd68) has been shown to undergo ubiq-
uitination and degradation by COMM domain-contain-
ing 1 (COMMD1)-complex, thus allowing termination of
the nuclear NF-«kB response [21, 22]. However, the regu-
late mechanism of activating p65/NF-kB remains unclear.

The protein tyrosine phosphatase (PTP) families plays
an integral role in many aspects of cellular signalling and
controls diverse fundamental cellular responses, includ-
ing growth, proliferation, differentiation, migration and
immune response [23-26]. PTPN20 is a classical mem-
ber of PTP families and has been reported that associ-
ated with PTPN20 include esophageal carcinoma, gastric
cancer and congenital hydrocephalus [27-29]. PTPN20
is a good candidate for prognosing Helicobacter pylori
(Hp) -related gastric cancer patients and PTPN20 was
found to be tightly related to the function of many innate
immune cells [28]. However, the role of PTPN20 in the
metastasis of TNBC requires further investigation.

In this study, we investigated the role of PTPN20, a
member of the protein tyrosine phosphatase (PTP) fami-
lies, in the metastasis of TNBC. Our study demonstrated
that overexpressing of PTPN20 contributed to TNBC
metastasis by activating NF-kB signaling. Specifically, we
revealed that PTPN20 dephosphorylates p65 at Ser468,
preventing its binding to COMMDYI, thus protecting p65
from degradation. These findings highlight the pivotal
role of PTPN20 in TNBC metastasis and suggest that it
may serve as a promissing therapeutic target for TNBC
treatment.

Materials and methods

Tissues and cells

A total of 88 paraffin-embedded breast cancer speci-
mens were collected for this study, which had been his-
topathologically diagnosed at the Sun Yat-sen University



Zuo et al. Breast Cancer Research (2024) 26:155

Cancer Center. The fresh breast cancer tissues, including
non-TNBCs and TNBCs, and matched adjacent non-
tumor breast tissues from the same patient were frozen
and stored in liquid nitrogen until required. The approval
from the Institutional Research Ethics Committee and
donators’ consents were obtained.

Breast cancer cell lines MDA-MB-415, MDA-MB-453,
MDA-MB-231 MDA-MB-468 and normal breast epithe-
lial cell line MCF10A were cultured in Leibovitz’s L-15
Medium with 10% foetal bovine serum (FBS); MCE-7
was cultured in Eagle’s Minimum Essential Medium
with 10% FBS; ZR-75-1, BT-549, and HCC1937 were cul-
tured in RPMI 1640 with 10% FBS. The above cell lines
were purchased from American Type Culture Collection
(ATCC, Manassas, VA, USA). SUM159PT was purchased
from Aster and Bioscience (Royston, UK) and cultured in
Ham’s F-12 with 5% FBS, 1 pg/ml hydrocortisone, 5 pg/
mL insulin and 10 mM HEPES. All cell lines were incu-
bated at 37 °C in 5% CO,. All cell lines were authenti-
cated using short tandem repeat (STR) profiling.

Immunohistochemistry

Immunohistochemistry (IHC) analysis was performed
on the 88 paraffin-embedded breast cancer tissue sec-
tions and 14 non-tumor breast tissues using Histos-
tain-PlusKits (Invitrogen, Carlsbad, CA) following the
manufacturer’s protocols. An anti-PTPN20 rabbit poly-
clonal antibody (1:500 dilution, Cat#HPA069148, Sigma-
Aldrich) were used for IHC staining. The degree of
immunostaining was evaluated and scored by two inde-
pendent pathologists blinded to the clinical outcome,
based on both the proportion of positively stained tumor
cells and the intensity of staining. Scores representing
positive tumor cell proportions were determined as 0,
no positive cells; 1,<10% positive cells; 2, 10-35% posi-
tive cells; 3, 35-75% positive cells; 4, >75% positive cells.
Staining intensity was graded as following: 0, no staining;
1, weak staining; 2, moderate staining; 3, strong stain-
ing. The staining index (SI) was calculated based on both
the staining intensity score and the proportion of posi-
tive cells, resulting in possible scores of 0, 1, 2, 3, 4, 6, 8,
9 and 12. The SI 4 was defined as the optimal cutoff, and
tumors with SI>4 were defined as high expression, the
others were considered as PTPN20-low.

Plasmids and oligonucleotides

The open reading frame (ORF) sequences of PTPN20
were cloned into the pMSCV-puro-retro vector (Clon-
tech, Beijing, China). The short hairpin RNA (shRNA)
oligonucleotides targeting PTPN20-3'UTR in pLKO.1-
puro vector were purchased (Transheep Bio, Shang-
hai, China). Luciferase ¢cDNA was PCR-amplified and
cloned into the pMSCV-neo-retro vector (Clontech,
Beijing, China). Cells (1x10°) were seeded and infected
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by retrovirus geneated by pMSCV-puro-cDNAs or lenti-
virus by pLKO.1-puro shRNAs for 3 days. All cells were
further infected with pMSCV-neo-luciferase retrovirus.
The stable cell lines were selected with 0.5 ug/mL puro-
mycin and 250 pg/mL G418 for 7 days.

The shRNA sequences targeting PTPN20-3’'UTR was
as following: PTPN20-shRNA#1: CCACCCTAACAC
TTAACATAT. Retroviral production was performed
in 293T cells. Stable cell lines expressing PTPN20 ORF
and/or PTPN20 shRNA were selected for 10 days with
0.5 pg/mL puromycin 48 h after infection. After 10-day
selections, the cell lysates prepared from the pooled
population of cells in sample buffer were fractionated on
SDS-PAGE for the detection of PTPN20 protein level.

Western blotting

Cells were harvested in cell lysis buffer (Cell Signal-
ing Technology, Cat#9803) and heated for 5 min at
100 °C. Equal quantities of denatured protein samples
were resolved on 10% SDS-polyacrylamide gels, and
then transferred onto polyvinylidene difluoride mem-
branes (Roche). Protein concentration was determined
with the bicinchoninic acid (BCA) assay (Pierce, Rock-
ford, USA) according to the manufacturer’s instructions.
After blocking with 5% non-fat dry milk in Tris-buffered
saline/0.05% Tween 20 (TBST), the membrane was incu-
bated with a specific primary antibody, followed by the
horseradixh peroxidase-conjugated secondary antibody.
Proteins were visualized using ECL reagents (Pierce). The
anti-PTPN20 (1:1000 dilution, Cat#LS-C406705, LS Bio),
anti-p65 (1:1000 dilution, Cat#ab32536, Abcam), anti-
p65-Ser468 (1:1000 dilution, Cat#ab264271, Abcam),
anti-p65-Ser536 (1:1000 dilution, Cat#ab76302, Abcam),
anti-IKKp (1:1000 dilution, Cat#ab264239, Abcam), anti-
p-IKKa/B (p-Serl76/180 of IKKa and pSer177/181 of
IKKB, 1:500 dilution, Cat#2697, CST), anti-IKKa (1:1000
dilution, Cat#ab109749, Abcam), anti-HA (1:1000 dilu-
tion, Cat#ab137838, Abcam), anti-Flag (1:1000 dilu-
tion, Cat#ab1162, Abcam), anti-IkBa (1:1000 dilution,
Cat#ab32518, Abcam), anti-p-IkBa (1:1000 dilution,
Cat#9246, CST), anti-H3 (1:1000 dilution, Cat#ab1791,
Abcam), anti-GAPDH (1:2000 dilution, Cat#10494-1-AP,
Proteintech).

Real-time PCR

Total RNA was extracted from the indicated cells using
the Trizol (Life Technologies, Carlsbad, CA, USA) reagent
according to the manufacturer’s instruction. Quantitative
Real-time reverse transcription-polymerase chain reac-
tion (PCR) primers and probes were designed with the
assistance of the Primer Express v 2.0 software (Applied
BioSystems, Foster City, CA, USA). Expression data were
normalized to the geometric mean of housekeeping gene
GAPDH to control the variability in expression levels and
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calculated as 2[(Ct of gene) - (Ct of GAPDH)] " \where Ct repre-

sents the cycle threshold for each transcript.

The primers used are as following: PTPN20-up, GAA
GAGACAGGTGGAGCAGTGA; PTPN20-dn, GCCG
AATCTGAGCCAACTGATC; TWIST-up, GCCAGGT
ACATCGACTTCCTCT; TWIST-dn, TCCATCCTCC
AGACCGAGAAGG; CSFl-up, TGAGACACCTCTCC
AGTTGCTG; CSF1-dn, GCAATCAGGCTTGGTCAC
CACA; CSF3-up, GCAATCAGGCTTGGTCACCACA;
CSF3-dn, CGCTATGGAGTTGGCTCAAGCA; CXCL1-
up, AGCTTGCCTCAATCCTGCATCC; CXCL1-dn, T
CCTTCAGGAACAGCCACCAGT; IL11-up, GGACCA
CAACCTGGATTCCCTG; IL11-dn, AGTAGGTCCGC
TCGCAGCCTT; MMP9-up, GCCACTACTGTGCCT
TTGAGTC; MMP9-dn, CCCTCAGAGAATCGCCAG
TACT; GAPDH-up, AAGGTGAAGGTCGGAGTCAA;
GAPDH-dn, AATGAAGGGGTCATTGATGG.

Wound healing assay

Cells were seeded on six-well plates with medium con-
taining 10% fetal bovine serum (FBS) and grown to con-
fluence. The cells were scratched with a sterile 200-AL
pipette tip to create artificial wounds. At 0 and 24 h after
wounding, phase-contrast images of the wound healing
process were photographed with a 10x objective lens.
Eight images per treatment were analyzed to determine
averaging position of the migrating cells at the wound
edges.

Transwell matrix penetration assay

Cells (1x10% to be tested were plated on the top side
of polycarbonate transwell filter (with Matrigel) in the
upper chamber of the BioCoatTM Invasion Cham-
bers (BD, Bedford, MA) and incubated at 37°C for 24 h.
Invaded cells on the lower membrane surface were fixed
in 1% paraformaldehyde, stained with crystal violet, and
counted (Ten random 100xfields per well). Three inde-
pendent experiments were performed and the data are
presented as mean=standard deviation (SD).

Luciferase assays

Cells (1x10% were seeded in triplicate in 48-well plates
and allowed to settle for 24 h. One hundred nanograms
of luciferase reporter plasmids or the control-luciferase
plasmid, plus 5 ng of pRL-TK renilla plasmid (Promega,
Madison, WI), were transfected into indicated cells using
the Lipofectamine 3000 reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s recommen-
dation. Luciferase and renilla signals were measured at
48 h after transfection using the Dual Luciferase Reporter
Assay Kit (Promega, Madison, W1I) according to a proto-
col provided by the manufacturer.

Page 4 of 16

Immunoprecipitation (IP) assay

Cells grown in 100-mm culture dishes were lysed using
500 pL of lysis buffer (25 mM HEPES, 150 mM NaCl, 1%
NP-40, 1 mM EDTA, 2% glycerol, 1 mM phenylmeth-
ylsulfonyl fluoride). After being maintained on ice for
30 min, the lysates were clarified by microcentrifugation
at 12,000 rpm for 10 min. To preclear the supernatants,
the lysates were incubated with 20 pL of agarose beads
(Calbiochem, Cambridge, MA) for 1 h with rotation at
4 °C. After centrifugation at 2,000 rpm for 1 min, the
supernatants were incubated with 20 pL of antibody-
cross-linked protein G-agarose beads overnight at 4 °C.
The agarose beads were then washed six times with wash
buffer (25 mM HEPES, 150 mM NaCl, 0.5% NP-40, 1
mM EDTA, 2% glycerol, 1 mM PMSE). After removing
all the liquid, the pelleted beads were resuspended in 30
uL of 1 M glycin, after which 10 pL of 4 x sample buffer
was added, the samples were denatured, and the sample
components were electrophoretically separated on SDS-
polyacrylamide gels for western blotting analysis.

In vitro phosphatase assays

Each anti-FLAG bead-bound protein was mixed in 20
puL PTP reaction buffer (100 mM Tris-HCl (pH 7.5), 40
mM NaCl, and 1 mM DTT) and reaction mixtures were
incubated at 30 °C for 30 min. CIP was used to prove the
bands detected by each antibody, which recognizes spe-
cific phosphorylation sites, are phosphospecific bands.
Phosphatase reaction was stopped by adding 5x sample
buffer. The beads were then resolved on SDS-PAGE and
analyzed by immunoblotting using specific antibodies.

Xenograft models

All experimental procedures were approved by the Insti-
tutional Animal Care and Use Committee of Sun Yat-
sen University, and complied with the Guidelines for the
Welfare and Use of Animals. Female BALB/c-nude mice
(5 weeks old, 18-20 g) were purchased from the Slac-
Jingda Animal Laboratory (Hunan, China), and housed
in barrier facilities on a 12 h light/dark cycle. The mice
were randomly divided into groups (n=6/group). To test
the tumorigenicity, mice were inoculated subcutaneously
with 5x10° cells in the mammary fat pad. Seven days
later, kinetics of tumor formation was estimated by mea-
suring tumor volume every 3 days. Tumor volume was
calculated using the equation (LxW?)/2. Six weeks later,
tumors were detected by an IVIS imagining system (Cali-
per), and tumors were excised and weighed. In the lung
colonization model, mice were intravenously injected
with control or indicated cells. Lung metastases were
determined 5 weeks post injection of 1x10° cells. The
number of lung tumor nests in each group was counted
under five random low power field and presented as the
meanzstandard deviation (SD).
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Statistical analysis

Statistical analysis was performed using the GraphPad
Prism 8 and SPSS 21.0 statistical software. Student’s
t-test, Kruskal-Wallis test and Mann-whitney U test were
used for the compare of continuous data. Survival curves
were plotted with the Kaplan-Meier method and com-
pared by the log-rank test. P-values of 0.05 or less were
considered statistically significant. All data were pre-
sented as the meantstandard deviation (SD). Represen-
tation of the P-value was *P<0.05, **P<0.01, ***P<0.001.

Results

PTPN20 is upregulated especially in TNBC

To investigate the role of PTPN20 in TNBC, we ana-
lyzed its expression using data from the Sweden Cancer-
ome Analysis Network-Breast (SCAN-B) dataset, which
includes GSE96058 and GSE81538, as well as The Can-
cer Genome Atlas (TCGA) database [30, 31]. PTPN20
was found to be overexpressed in both basal-like and
TNBC patients, according to Parker’s intrinsic molecu-
lar subtypes and immunohistochemical analysis of ER,
HER?2, and PR in the SCAN-B dataset (Fig. 1A). Similarly,
TCGA data analysis revealed elevated PTPN20 expres-
sion in TNBC patients based on immunohistochemistry
(Fig. 1B). Additionally, PTPN20 expression was signifi-
cantly higher in the TNBC-M (Mesenchymal like) sub-
type compared to other groups based on a unique gene
expression signature (Fig. 1C), suggesting that patients
with high PTPN20 expression may have a greater pro-
pensity for metastasis [32, 33]. Furthermore, we exam-
ined the mRNA and protein expression of PTPN20 in 10
breast cell lines, including 1 normal breast epithelial cell,
4 non-TNBC cell lines and 5 TNBC cell lines, by Real-
time PCR and western blotting respectively. We found
that PTPN20 was overexpressed particularly in TNBC
cell lines (including MDA-MB-468, SUM159PT, BT549,
HCC1937 and MDA-MB-231) (Fig. 1D). Moreover,
PTPN20 expression at both the mRNA and protein lev-
els was upregulated in TNBC tissues compared to non-
TNBC tissues (Fig. 1E). Dramatically, the expression of
PTPN20 was upregulated in breast cancer tissues, and
further elevated in those with 5-year metastasis (Fig. 1F).
Correlation analysis revealed that high expression of
PTPN20 positively and significantly correlated with met-
astatic relapse in patients (Fig. 1G). Taken together, these
findings indicated that overexpression of PTPN20 might
contribute to TNBC metastasis.

PTPN20 enhances the metastatic ability of TNBC cells

To evaluate the effect of PTPN20 on the metastatic
potential of TNBC cells, we established cell lines stably
expressing PTPN20 shRNA, with or without the open
reading frame (ORF) of PTPN20, and confirmed PTPN20
expression (Fig. 2A). We then performed wound-healing
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and transwell invasion assays in TNBC cells. Silenc-
ing PTPN20 significantly reduced the migratory and
invasive capabilities of TNBC cells, while reintroducing
PTPN20 restored these abilities in the PTPN20-silenced
cells (Fig. 2B-C). Additionally, overespression of PTPN20
enhanced the migration and invasive ability (Fig. 2D-F).

Next, we investigated whether PTPN20 promotes
TNBC aggressiveness in vivo. Knockdown of PTPN20
markedly inhibited tumor growth rate and tumor weight
compared to the control group, whereas overexpression
of PTPN20 accelerated tumor growth (Fig. 2G-I). Fur-
thermore, we assessed the effects of PTPN20 on breast
cancer metastasis using a lung colonization model.
PTPN20-overexpressing cells were injected into BALB/c
nude mice via the lateral tail vein and metastatic activity
was examined by bioluminescence imaging (BLI) of lucif-
erase-transduced cells. Knockdown of PTPN20 signifi-
cantly reduced lung metastasis, whereas overexpression
of PTPN20 increased the metastatic burden (Fig. 2J-
K). Importantly, knockdown of PTPN20 decreased the
metastatic index, while its overexpression conversely
increased the metastatic index (Fig. 2L). These findings
suggested that PTPN20 enhances the metastatic ability of
TNBC.

PTPN20 activates p65/NF-kB signaling pathway in TNBC
cells

To further elucidate the mechanism underlying PTPN20-
mediated metastasis, we performed a Cignal Finder
45-pathway reporter array in vector- and PTPN20-
transduced MDA-MB-231 cells. Notably, the NF-«xB
transcriptional activity was most significantly induced in
PTPN20-overexpressing cells compared to vector cells
(Fig. 3A-B), suggesting that PTPN20 may be involved in
the modulation of the NF-kB pathway. Consistent with
this hypothesis, overexpression of PTPN20 markedly
increased NF-kB luciferase activity (Fig. 3C). Further-
more, restoring PTPN20 expression enhanced NF-«xB
luciferase activity in PTPN20-silenced cells (Fig. 3D). In
agreement with these results, overexpression of PTPN20
upregulated, whereas knockdown of PTPN20 inhibited
NF-«B response gene expression (Fig. 3E-G). These find-
ings suggested that PTPN20 overexpression activates the
NEF-kB pathway in TNBC cells.

To investigate the mechanism underlying PTPN20-
mediated NF-«B activation, we examined the effect of
PTPN20 in NF-kB-related factors. Notably, PTPN20
specifically decreased phosphorylation of p65 at the
Serd68 site while increasing total p65 levels, with-
out affecting most other factors, including p-IKKa/p,
p-IkBa or p-p65 (Ser536) (Fig. 3H). It is kown that
phosphorylation of p65 at Ser468 leads to ubiquitin/
proteasome-dependent removal of chromatin-bound
p65, thus contributing to the selective termination of
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Fig. 1 PTPN20 is upregulated especially in TNBC. (A) PTPN20 mRNA expression levels from the Sweden Cancerome Analysis Network-Breast dataset
(SCAN-B, including GSE96058 and GSE81538). The basal-like status was identified based on Parker’s instrinisic molecular subtypes, and the TNBC status
was identified based on means of ER, HER2, and PR expression by IHC. (B) PTPN20 mRNA expression levels in The Cancer Genome Atlas (TCGA) breast
cancer dataset including 114 normal, 566 Luminel, 37 HER2 positive and 116 Triple negative samples. The subtypes were classfied based on means of
ER, HER2, and PR expression by IHC. (C) PTPN20 mRNA expression levels in tumor samples with informed molecular subtypes from TCGA breast cancer
dataset. Statistic analysis was normalized to the expression levels in Normal subgroup. BL1, Basal like 1; BL2, Basal like 2; IM, Immunomodulatory; LAR,
luminal androgen receptor; MSL, mesenchymal stem-like; M, Mesenchymal. The six TNBC subtypes were categorized by gene expression profiling. (D)
Real-time PCR (up) and western blotting (down) analysis of PTPN20 expression in cells including 1 normal breast epithelial cell, 4 non-TNBC cell lines
(MDA-MB-415, MCF-7, MDA-MB-453 and ZR-75-1) and 5 TNBC cell lines (MDA-MB-468, SUM159PT, BT549, HCC1937 and MDA-MB-231). (E) Real-time PCR
(up) and western blotting (down) analysis of PTPN20 expression in normal breast tissues and human breast cancer tissues. GAPDH was used as a loading
control. (F) Representative photomicrographs (left) and the staining index (right) of PTPN20 in normal (n=14) and tumor specimens with (n=43) or with-
out metastatic relapse (n=45) in 5 years. (G) Correlation between 5-year metastatic relapse and PTPN20 expression in patients. Log-rank test was used. In
(D) and (E), error bars represent the mean + SD of three independent experiments. In (A), (B) and (C), Welch-test was used. In (D) and (E), Mann-Whitney U
test was used. In (F), Kruskal-Wallis test was used. ***P<0.001, **P<0.01, *P<0.05
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Fig. 2 PTPN20 enhances the metastatic ability of TNBC cells. (A) Western blotting demonstrated knockdown of PTPN20 expression following incuba-
tion with shRNA targeting PTPN20-3'UTR or PTPN20 plasmids in the MDA-MB-231 and SUM159PT cell lines. GAPDH was used as a loading control. (B)
Representative micrographs and the percentage of wound closure of the indicated cells by wound healing assay. (C) Representative micrographs and
quantification of the invasiveness of the indicated cells in the transwell matrix penetration assays. (D) Western blotting demonstrated overexpression
of PTPN20 following incubation with PTPN20 plasmids in the BT549 and MDA-MB-468 cell lines. GAPDH was used as a loading control. (E) Representa-
tive micrographs and the percentage of wound closure of indicated cells with overexpression of PTPN20 by wound healing assay. (F) Representative
micrographs and quantification of the invasiveness of indicated cells with overexpression of PTPN20 in the transwell matrix penetration assays. (G)
Representative micrographs of tumors in the indicated groups. n=6 for each group. (H) Tumor volumes were measured on the indicated days in the
indicated groups. n=6 for each group. (I) Average weight of excised tumors from the indicated mice. =6 for each group. (J) Lung metastasis burden
of xenografted animals was monitored weekly using bioluminescent imaging (BLI). Shown are BLI images of representative mice on day 40 after injec-
tion. The color scale depicts the photon flux (photons per second) emitted from the metastasis cells. (K) Representative images and H&E staining of
lung tissues. Black irregular circles marking the metastatic nodules. Scale bar, 50 um. (L) The metastasis index was calculated (the ratio of lung metastatic
nodules number/tumor weight) in the indicated mice. n=6 for each group. In (B), (C), (E) and (F), error bars represent the mean £ SD of three independent
experiments. In (B) and (C), Kruskal-Wallis test was used. In (E), (F), (1) and (L), Mann-Whitney U test was used. In (H), One-way repeated-measures ANOVA

test was used. ***P<0.001, **P<0.01, *P< 0.05

NF-kB-dependent gene expression. Moreover, PTPN20
rreduced the level of p-p65 Ser468 in a dose-dependent
manner (Fig. 3I). We observed that both nuclear and
total p65 level was significantly rreduced in PTPN20
knockdown groups compared with controls, while
overexpression of PTPN20 enhanced nuclear and total
expression of p65 (Fig. 3]). The reciprocal immunopre-
cipitation assays revealed PTPN20 interacted with p65
(Fig. 3K). Phosphorylation of p65 at Ser468 facilitates
its binding to COMMD]1, a component of a multimeric
ubiquitin ligase complex that mediates p65 ubiquitina-
tion and degradation. We found that PTPN20 reduced
p65 ubiquitination and inhibited the interaction
between p65 and COMMDI1 (Fig. 3L-M). Collectively,
these data demonstrated a key regulatory mechanisms
whereby PTPN20 removes phosphorylation of p65 at
Ser468 and disrupts the binding of the COMMD1-con-
taining complex to p65, thereby inhibiting p65 ubiquiti-
nation and degradation (Fig. 3N).

Downregulation of PTPN20 suppresses the metastasis of
TNBC via blocking the p65/NF-kB signaling

Building on previous findings that PTPN20 promote
TNBC cell invasion and migration, we hypothesized that
knockdown of PTPN20 inhibits metastatic potential by
blocking the p65/NF-kB pathway. Indeed, reactivation of
p65/NF-«B signaling through p65-S468A mutant trans-
fection markedly increased migratory and invasive capa-
bilities compared to both the PTPN20-shRNA group and
the PTPN20-shRNA plus wild-type p65 group (Fig. 4A-
D). Additionally, knockdown of PTPN20 reduced the
expression levels of TWIST, CSF1, CSF3, CXCL1, IL11
and MMP9, whereas transfection p65-S468A mutant
upregulated the expression of NF-kB target genes
(Fig. 4E). Moreover, p65-S468A mutant transfection sig-
nificantly increased tumor growth rate, tumor weight
and lung metastasis burdan in PTPN20-silenced tumors
(Fig. 4F-K). These results suggested that inhibition of
PTPN20 reduces metastasic burdan by blocking NF-kB
signaling pathway.

Clinical correlation of PTPN20 with p65 in human TNBC
tissues

To further explore the clinical significance of PTPN20
and its subsequent activation of NF-«B signaling in
TNBC tissues, PTPN20 expression and the nuclear p65
levels were examined. PTPN20 and nuclear p65 expres-
sion was elevated in metastatic TNBC tissues (T6-
10) compared to non-metastatic TNBC tissues (T1-5)
(Fig. 5A). Taken together, our results indicated that
overexpression of PTPN20 activates NF-kB signaling by
inhibiting p65 phosphorylatio at Ser468, thereby promot-
ing TNBC metastasis (Fig. 5B).

Discussion

In summary, these studies suggest that PTPN20 func-
tions as an oncogene to promote TNBC metastasis.
We demonstrated that PTPN20 overexpression is asso-
ciated with the activation NF-«xB signaling pathway.
Specifically, PTPN20 inhibits the phosphorylation of
p65 and protects it from ubiquitin-mediated degrada-
tion via the COMMD1 complex, thereby leading to the
activation of NF-«kB signaling pathway. These findings
not only enhance our understanding of the molecular
mechanisms driving NF-«kB signaling pathway activa-
tion and metastasis in breast cancer but also highlight
PTPN20 as a potential therapeutic target for TNBC
treatment.

Over the past two decades, extensive research on tri-
ple-negative breast cancer (TNBC) has led to the devel-
opment of novel therapeutic options, including immune
checkpoint inhibitors, PARP inhibitors, antibody-drug
conjugates (ADCs), and other promising agents and com-
binations [34—36]. Unfortunately, the extent of response
duration of these novel options was limited and the
improvement of survival was barely satisfied, and chemo-
therapy remains the mainstay treatment option of TNBC.
Disease progression and distant metastasis post-sys-
temic treatment remain the unsolved challenge and life
threatening issues in TNBC patients. Understanding the
mechanisms underlying distant metastasis is crucial for
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developing strategies to reduce metastasis and improve
overall survival. Our study identified the phosphatase
PTPN20 as an oncogenic factor that promotes metasta-
sis in TNBC by activating the NF-kB signaling pathway,
suggesting that PTPN20 may be a promising therapeutic
target for TNBC treatment.

Hyperactivation of NF-kB signal pathway plays a
pivotal role in tumor progression and distant metas-
tasis in breast cancer [37]. Therefore, understanding
the stimuli of NF-kB activation as well as the regula-
tory mechanisms helps to identify potential targets to
block the aberrant NF-kB pathway and retard tumor
progression. While many post-translational modifica-
tions (PTMs) were found to regulation the IKK com-
plex and IkB proteins, there existed other important
PTMs in the NF-kB subunits [20]. p65 forms the most
abundant form of activated NF-«kB. Several sites of
phosphorylation have been identified, which induces
a conformational change, and subsequently impacts
p65 activation, stability, and protein interaction. Taken
together, our results uncover a plausible mechanism
underlying the intrinsic metastatic property of TNBC
and might represent an attractive therapeutic target in
the treatment of TNBC.

An increasing number of p65 phosphorylation
sites have been identified such as Ser468, Ser529 and
Ser536 [38—41]. The phosphorylation of p65 at differ-
ent sites may lead to different consequences. As previ-
ous report, the expression of p-p65 Ser529 increased
rapidly following stimulation and that nuclear localiza-
tion of p-p65 Ser529 followed the nuclear localization
pattern of total p65 [39]. Besides, p-Ser536 also pro-
motes nuclear treanslocation of p65 [42]. Moreover,
basal Ser468 phosphorylation, which is contained in a
carboxy-terminal transactivation domain, is regulated
by glycogen synthase kinase 3 [43], whereas stimulus-
induced modification is mediated by IkB kinase (IKK)-f
and IKKe [44]. Importantly, p-p65 Ser468 was found
to be ubiquitinated and degraded in the nucleus, thus
allowing termination of the nuclear NF-kB response
[21, 22]. Phosphorylation at S468 in the transactivation
domain 2 (TAD2) of p65 was found to terminate acti-
vated p65 which interact with chromatin in the nucleus,
by recruiting an E3 ligase COMMD], cullin2, leading
to the ubiquitination and subsequent proteasomal deg-
radation of p65 [21, 45]. The dynamic regulation of p65
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dephosphorylation and phosphorylation modulates
NF-«kB signaling under diverse conditions, influencing
cancer metastasis, immune responses, and other out-
comes. Although the kinases involved in NF-«xB phos-
phorylation are well-characterized, the phosphatases
responsible for its dephosphorylation remain largely
unexplored. Our study showed that PTPN20 acted
as a bona-fide phosphatase targeting Ser468 of p65.
By binding to and dephosphorylating p65 at Ser468,
PTPN20 decreased p65 degradation and enhanced the
expression of downstream genes of NF-kB. Overex-
pressing of PTPN20 promoted tumor progression and
distant metastasis in breast cancer, while knockdown
of PTPN20 dramatically eliminated NF-«kB signaling in
breast cancer and inhibited tumor growth and metas-
tasis. Of note, PTPN20 was not found to dephosphory-
late Ser536 in the transactivation domain (TAD) of p65,
which is critical for its transcriptional activity, suggest-
ing that PTPN20 selectively dephosphorylates p65 to
enhance NF-«B activity.

The Protein Tyrosine Phosphatases (PTP) superfam-
ily contains more than 100 members, and much less
is known about the role of PTPN20 in tumor proges-
sion. To date, a study has identified that PTPN20 lev-
els is associated with immune cell infiltration and
tumor mutation burden in gastric cancer patients [28].
Besides, a variant of human PTPN20, PTPN20A, is
expressed in a wide range of both normal and trans-
formed cell lines and associated with a dynamic sub-
cellular distribution that is targeted to sites of actin
polymerization [46]. But whether these effects are
based on phosphatase activity of PTPN20 and the cor-
responding mechanism remain unclear. In the present
study, we found a direct association between PTPN20
and p65. Inhibition of PTPN20 by siRNA technique
significantly increased p65 phosphorylation and pro-
tect p65 from ubiquitin-mediated degradation. Further
more, whether PTPN20 could be involved in NF-«xB
pathway due to nuclear translocation of PTPN20
remains further studied. Given the pro-metastatic
potential of PTPN20, further investigation into its
expression and role in other cancers will offer valu-
able insights into the mechanisms driving metastasis.
Additionally, these studies may pave the way for the
development of novel therapeutic strategies for the
treatment of human cancers.
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Fig. 3 PTPN20 activates p65/NF-kB signaling pathway in TNBC cells. (A-B) Cignal finder signal transduction 45-pathway reporter array showing that
PTPN20 overexpression significantly activated NF-kB signaling in MDA-MB-231 cells. (C-D) Relative NF-kB-driven luciferase activity was analyzed in the
indicated cells. (E-F) Real-time PCR analysis of downstream NF-kB pathway target genes mRNA levels in the indicated cells. (G) Western blotting analysis
of downstream NF-kB pathway target genes protein levels in the indicated cells. GAPDH was used as a loading control. (H) Western blotting analysis of
levels of p-IKKa/B, IKKa, IKKB, p-IkBa, IkBa, p-p65 (Ser468), p-p65 (Ser536) and total p65 in the indicated cells. GAPDH was used as a loading control. (1)
Western blotting analysis of level of p-p65 (Ser468) in the cells treansfected with PTPN20 plasmid (0 pg, 0.5 g, 1 ug and 2 pg). GAPDH was used as a load-
ing control. (J) Western blotting analysis of level of nuclear p65 and total p65 in the indicated cells. H3, Histone 3. GAPDH was used as a loading control.
(K) Total cell lysates from MDA-MB-231 cells and SUM159PT cells were immunoprecipitated with anti-Flag antibody in the indicated cells. The immuno-
precipitates were subjected to immunoblotting analysis with anti-p65 or anti-PTPN20 to detect interaction. (L) Total cell lysates were immunoprecipitated
with anti-HA antibody in the indicated cells. The immunoprecipitates were subjected to immunoblotting analysis with anti-Ub, anti-Flag and anti-HA. (M)
Total cell lysates from MDA-MB-231 cells were immunoprecipitated with anti-HA antibody. The immunoprecipitates were subjected to immunoblotting
analysis with indicated antibodies to detect interaction between COMMD1 and p65. (N) Hypothetical model illustrating that PTPN20 dephosphorylates
and stablizes p65 by inhibiting the combination between p65 and COMMDI1, leading to NF-kB activation (Created in BioRender.com). In (C), (D), (E) and
(F), error bars represent the mean + SD of three independent experiments. In (C), (E) and (F), Mann-Whitney U test was used. In (D), Kruskal-Wallis test was
used. ***P<0.001, **P<0.01, *P<0.05
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Fig. 4 Downregulation of PTPN20 suppresses the metastasis of TNBC via blocking the p65/NF-kB signaling. (A-B) Representative micrographs and the
percentage of wound closure of indicated cells by wound healing assay. (C-D) Representative micrographs and quantification of the invasiveness of indi-
cated cells in the transwell matrix penetration assays. (E) Real-time PCR analysis of downstream NF-kB pathway target genes mRNA levels in the indicated
cells. (F) Representative micrographs of tumors in the indicated groups. n=6 for each group. (G) Tumor volumes were measured on the indicated days in
the indicated groups. n=6 for each group. (H) Average weight of excised tumors from the indicated mice. n=6 for each group. (I) Lung metastasis burden
of xenografted animals was monitored weekly using bioluminescent imaging (BLI). Shown are BLI images of representative mice on day 40 after injection.
(J) Representative images and H&E staining of lung tissues. Black irregular circles marking the metastatic nodules. Scale bar, 50 um. Quantification of lung
metastatic nodules numbers was shown (right). (K) The metastasis index was calculated (the ratio of lung metastatic nodules number/tumor weight) in
the indicated mice. n=6 for each group. In (B), (D) and (E), error bars represent the mean + SD of three independent experiments. In (B), (D), (E), (H), (J) and
(K), Kruskal-Wallis test was used. In (G), One-way repeated-measures ANOVA test was used. ***P<0.001, **P<0.01, *P<0.05
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Conclusions

Extensive research on TNBC has led to novel thera-
pies, yet limited response duration and modest sur-
vival improvements keep chemotherapy as the main
treatment. Our study identifies PTPN20 as an onco-
genic phosphatase that promotes metastasis by selec-
tively dephosphorylating Ser468 of p65, enhancing
NE-«B signaling. Overexpression of PTPN20 facilitates
tumor growth and metastasis, while its knockdown
inhibits these processes. Given its pro-metastatic role,
further exploration of PTPN20 in other cancers may
reveal new therapeutic strategies to combat cancer
progression.
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