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Abstract
Background: Cancer-associated adipocytes (CAAs) have been suggested to promote tumor progression.
Yet, the role of CAAs in triple-negative breast cancer (TNBC) is poorly investigated.

Methods: We compared the expression of secretory protein-encoding genes in CAAs and control
adipocytes. The effect of key secretory protein(s) on TNBC cell behaviors was explored.

Results: CAAs expressed and secreted FUCA2 at greater levels than control adipocytes. When FUCA2
activity was blocked with a neutralizing antibody, TNBC cell proliferation and migration induced by CAA
conditioned medium was impaired. In contrast, supplement of exogenous FUCA2 protein reinforced the
proliferation, colony formation, and migration of TNBC cells. In vivo studies con�rmed that FUCA2
exposure enhanced tumorigenesis and metastasis of TNBC cells. Mechanistic investigation revealed that
FUCA2 induced TNBC aggressiveness through TM9SF3-dependent signaling. Depletion of TM9SF3
blocked CAA- and FUCA2-induced TNBC cell proliferation and migration. Compared to adjacent breast
tissues, TNBC tissues had increased expression of TM9SF3. Moreover, high TM9SF3 expression was
associated with advanced TNM stage, lymph node metastasis, and shorter overall survival of TNBC
patients.

Conclusions: Altogether, CAAs secrete FUCA2 to promote TNBC growth and metastasis through
interaction with TM9SF3. Inhibition of TM9SF3 may represent a potential therapeutic strategy in the
treatment of TNBC. 

Introduction
Triple-negative breast cancer (TNBC) lacks expression of estrogen receptor, progesterone receptor, and
human epidermal growth factor receptor 2, and represents the most aggressive subtype of breast cancer
[1, 2]. The tumor microenvironment plays a pivotal role in orchestrating the malignant properties of TNBC
cells [3, 4]. Adipose tissue in the tumor microenvironment is attracting more attention because of its
ability to secrete a lot of bioactive factors [5, 6]. Adipose stem cells can produce leptin to enhance
invasion and metastasis of TNBC cells [7]. Cancer-associated adipocytes (CAAs) accelerate breast cancer
cell invasion by producing IL-6 [8]. Despite these advances, most of the secreted factors from CAAs are
poorly characterized in TNBC progression.

Alpha-L-fucosidase 2 (FUCA2) is a member of the glycosyl hydrolase 29 (GH29) family and has a
fucosidase activity [9]. The enzyme is responsible for the removal of the alpha-1,6-fucose linked to N-
acetylglucosamine residue of glycoproteins. Serum FUCA2 is a potential biomarker used for early
detection of esophageal squamous cell carcinoma (ESCC) and hepatocellular carcinoma (HCC) [10, 11].
FUCA2 can be secreted by Helicobacter pylori (H. pylori)-infected gastric cancer cells and play an
essential role in H. pylori infection [12]. However, the role of FUCA2 in breast cancer remains unclear.
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The transmembrane 9 superfamily (TM9SF) contains at least 4 members, i.e., TM9SF1-4, which are
characterized by a large N-terminal extracellular domain and 9 putative transmembrane domains [13].
Several lines of evidence have established a link between TM9SF proteins and tumor progression [14–
16]. TM9SF4 has been reported to alter cellular pH in colon cancer cells, consequently regulating drug
resistance and invasiveness [14]. In breast cancer, TM9SF4 contributes to chemoresistance [15]. TM9SF3
is involved in the proliferation and invasion of human T-cell leukemia [17]. These studies suggest TM9SF
proteins as a potential target for anticancer therapy.

In the current study, we identify FUCA2 as a secretory protein mediating the crosstalk between CAAs and
TNBC cells. We explored the function of FUCA2 in modulating TNBC cell proliferation, colony formation,
and invasion. Moreover, TM9SF3 was found to be involved in the oncogenic effects of FUCA2 on TNBC
cells.

Materials And Methods
Isolation of adipocytes from breast adipose tissue

Breast adipose tissue specimens were obtained from female subjects undergoing reduction
mammoplasty (5 cases) or tumorectomy (10 cases). An informed consent form was signed by each
participant.

Adipocyte isolation was performed as described previously [8,18]. In brief, adipose tissue samples were
minced and digested in DMEM/F12 medium containing collagenase type I (Sigma-Aldrich, St. Louis, MA,
USA) at 37 °C for 2 h. Mature adipocytes were harvested by centrifugation at 200 g. Adipocytes were
maintained in DMEM/F12 medium supplemented with 10% fetal bovine serum (FBS; Life Technologies,
Carlsbad, CA, USA). Adipocytes isolated from breast tissues adjacent to tumors were de�ned as CAAs,
while those from the subjects without cancers were used as control adipocytes. 

Preparation of adipocyte-conditioned medium

Adipocytes were cultured in DMEM/F12 medium without serum for 48 h. The conditioned medium was
centrifuged at 3000 g for 10 min to remove cell debris. Adipocyte-conditioned medium were diluted at a
1:1 ratio with DMEM/F12 medium and supplemented with 10% FBS before use. In some experiments,
anti-FUCA2 neutralizing antibody or IgG isotype control (0.1 μg/mL; Abcam, Cambridge, MA, USA) was
added to adipocyte-conditioned medium. 

Brest cancer cell culture and treatment

TNBC cell lines MDA-MB-231 and MDA-MB-468 were obtained from the Type Culture Collection of
Chinese Academy of Science (Shanghai, China) and cultured in Dulbecco’s modi�ed Eagle’s medium
(DMEM) supplemented with 10% FBS. For FUCA2 treatment, breast cancer cells were exposed to 100 and
200 ng/mL recombinant human FUCA2 protein or PBS (as vehicle control) and tested for proliferation,
colony formation, and migration.
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Quantitative PCR array assay

We utilized a quantitative PCR array that can simultaneously pro�le 84 secretory protein-encoding genes.
This assay was performed as described in previous studies [19]. Brie�y, CAAs and control adipocytes
were lysed in TRIzol reagent (Life Technologies) and extracted for total RNA, as per the manufacturer's
instructions. cDNA synthesis was completed using the RevertAid First Strand cDNA Synthesis Kit
(Thermo Scienti�c, Waltham, MA, USA). The quantitative real-time PCR array was performed using SYBR
Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA). Relative gene expression levels were
calculated using the 2-ΔΔCt method.

Quantitative PCR analysis

RNA extraction and reverse transcription were conducted as described above. Quantitative real-time PCR
analysis was performed with the following PCR primers: FUCA2 sense: 5′-GGCATTATGGTAGAACTGCCA-
3′, FUCA2 antisense: 5′-GGGAAAGGGCTGAACTGCCAA-3′; GRN sense: 5′-TCTGTAGTCTGAGCGCTACCC-3′,
GRN antisense: 5′-GTTAAGGCCACCCAGCTCAC-3′; CTGF sense: 5′-CTCCTGCAGGCTAGAGAAGC-3′, CTGF
antisense: 5′-GATGCACTTTTTGCCCTTCTT-3′; GPX3 sense: 5′-GAGCTTGCACCATTCGGTCT-3′, GPX3
antisense: 5′-GGGTAGGAAGGATCTCTGAGTTC-3′; TM9SF3 sense: 5′-GCAGTAGGCATTACTACAGTAC-3′,
TM9SF3 antisense: 5′-CACTAAGTGCCAGGAAGATTCC-3′; GAPDH sense: 5′-TCTCCTGCGACTTCAACAGC-
3′, GAPDH antisense: 5′-AGTTGGGATAGGGCCTCTCTT-3′. The relative gene expression was determined
after normalization toward GAPDH. 

Western blot analysis

Cells extracts were prepared in ice-cold RIPA lysis buffer containing a protease and phosphatase inhibitor
mixture. The lysates were centrifuged at 14,000 g for 30 min at 4 °C. Protein samples were resolved by
SDS-polyacrylamide gel electrophoresis. Proteins were transferred to nitrocellulose membranes and
incubated with the primary antibody recognizing FUCA2 (1:500 dilution; Abcam) or GAPDH (1:2000
dilution). IRDye 800CW-conjugated goat anti-rabbit IgG was used as secondary antibody. Band signals
were detected using an Odyssey infrared scanner (LI-COR Biosciences, Lincoln, NE, USA). 

Quanti�cation of FUCA2 levels in conditioned media

Adipocyte conditioned media were collected as described above. The concentrations of FUCA2 in the
conditioned media were assayed using a commercially available ELISA kit. Optical density was recorded
at 450 nm.

Cell proliferation assay

MDA-MB-231 and MDA-MB-468 cells were plated at a density of 1 × 104 cells per well and cultured in
indicated conditions for 3 days. The number of viable cells was determined every day. Cell proliferation
curves were then plotted. 
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Colony formation assay

TNBC cells were plated at a low density of 600 cell per well and cultured with adipocyte conditioned
media for 14 days. The colonies were stained and manually  counted. 

Cell migration assay

TNBC cells were plated onto 12-well plates and grew to con�uence. The cell monolayer was scratched
with a pipette tip. The cells were cultured in indicated conditions for 24 h. Cell proliferation was inhibited
by mitomycin C (1 μg/mL; Sigma-Aldrich). Cells were photographed, and the percentage of wound closure
was calculated from three independent experiments.

Animal studies

For tumorigenetic studies, MDA-MB-231 and MDA-MB-468 cells were treated with recombinant FUCA2
protein (200 ng/mL) or PBS for 1 week and then subcutaneously injected into nude mice. Tumor volume
was measured at indicated timepoints. Tumor growth curves were plotted. Mice were sacri�ced 22 days
after cell injection, and tumors were collected and weighed. Luciferase-labeled MDA-MB-231 cells were
used to establish a lung metastasis model. In detail, cells were treated with FUCA2 or PBS for 1 week and
injected through the tail vein. Six weeks post injection, D-luciferin was intraperitoneally injected and
subjected to bioluminescence imaging. 

siRNA screening

Screening was performed using a custom siRNA library that targets 370 genes encoding plasma
membrane proteins. Each gene was silenced with a pool of 3 independent siRNAs. In brief, transfection
reagents were added to form a complex with siRNA duplexes that were pre-dispensed in plate wells. MDA-
MB-231 and MDA-MB-468 cells were then added to the wells (2,000 cells per well). Twenty-four hours
later, transfected cells were incubated with FUCA2 (200 ng/mL) or PBS for 3 additional days. Cell viability
was measured using the CellTiter-Glo Luminescent Cell Viability Assay (Promega, Madison, WI, USA).
Raw data were normalized using the standard z-score method [20]. Hits were designated as having z-
scores of < -2.0.

For knockdown experiments, 2 independent siRNAs targeting FUCA2 were individually transfected to
TNBC cells using Lipofectamine 3000 transfection reagent (Thermo Fisher Scienti�c, Rockford, IL, USA).
The transfected cells were then subjected to cell proliferation, colony formation, and migration assays. 

Tissue specimens

For analysis of TM9SF3 expression and clinical signi�cance, we collected 67 paired tumor and adjacent
noncancerous tissues from TNBC patients undergoing tumor resection. None of the patients received any
anticancer therapy prior to surgery. 

Immunohistochemistry
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Formalin-�xed and para�n-embedded tissues were sectioned and depara�nized using xylene. Antigen
retrieval was performed using citrate buffer (pH 6.0). Sections were incubated with anti-TM9SF3 antibody
(Abcam; 1:100 dilution) at 4°C overnight. The sections were stained with a streptavidin-peroxidase
staining kit (Zhongshan Jinqiao Company, Beijing, China). Immunoreaction was revealed by 3,3′-
diaminobenzidine solution. The staining results were assessed in a blind manner by 2 experienced
pathologists. The staining intensity was scored as 0 (no staining), 1 (weak staining), 2 (moderate
staining), and 3 (strong staining). The area of positive staining was graded as 0 (<10%), 1 (10-25%), 2
(26-50%) and 3 (>50%). The �nal immunohistochemistry score was determined by multiplying staining
intensity by percentages of positive cells. The expression of TM9SF3 were categorized as low expression
(immunohistochemistry score 0-3) and high expression (immunohistochemistry score 4-9).

Statistical analysis

The results are expressed as mean ± standard deviation of at least three independent experiments.
Statistical differences were analyzed using the Student’s t-test or ANOVA with the Bonferroni post hoc
test. The relationship between TM9SF3 expression and clinicopathological characteristics was analyzed
using the chi-square test. Survival analysis was performed using a Kaplan-Meier plot and Log-rank test. P
values below 0.05 were considered statistically signi�cant.

Results

FUCA2 expression is enhanced in CAAs from TNBC
Given that adipocytes can produce a large number of secretory proteins [21], here we performed
quantitative PCR array assays between control adipocytes and CAAs to identify differentially expressed
genes that encode secretory proteins. Among the 84 genes analyzed, GRN, CTGF, and FUCA2 were
upregulated and GPX3 was downregulated in CAAs (Figs. 1A and 1B). FUCA2 was selected for further
studies because it shows the highest fold-induction and also, is less characterized in cancer progression.
Western blot analysis con�rmed the upregulation of FUCA2 at the protein level in CAAs (Fig. 1C). Most
interestingly, ELISA demonstrated that the concentration of FUCA2 was signi�cantly greater in
conditioned media from CAAs than from control adipocytes (Fig. 1D). These results indicate that CAAs
from TNBC are able to release abundant FUCA2 to the extracellular environment.

Blocking Fuca2 Attenuates Caa-induced Aggressiveness In
Tnbc Cells
Next, we tested whether FUCA2 can mediate CAA-induced TNBC aggressive phenotype. When MDA-MB-
231 and MDA-MB-468 TNBC cells were exposed to CAA conditioned media, cell proliferation and colony
formation were enhanced relative to exposure to control media (Figs. 2A & 2B). Moreover, the migratory
capacity of MDA-MB-231 and MDA-MB-468 cells was elevated upon stimulation with CAA conditioned
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media (Fig. 2C). Strikingly, the effects of CAA conditioned medium on TNBC cells were attenuated when
an FUCA2 neutralizing antibody was added (Fig. 2). These results suggest that FUCA2 plays an essential
role in mediating the tumor-promoting activity of CAAs in TNBC.

Exogenous Fuca2 Drives Tnbc Cell Growth And Migration
Next, we interrogated the effect of exogenous FUCA2 on the aggressive phenotype of TNBC cells. Our
data demonstrated that the addition of recombinant FUCA2 protein to culture media led to a signi�cant
increase in the proliferation, colony formation, and migration of TNBC cells (Fig. 3). Moreover, such effect
showed concentration dependence. These �ndings con�rm the oncogenic role for FUCA2 in TNBC.

FUCA2 exposure promotes tumorigenesis and metastasis of TNBC cells in vivo

Next, we investigated the effect of FUCA2 exposure on TNBC tumorigenesis and metastasis in vivo. TNBC
cells were exposed to recombinant FUCA2 protein for 1 week and then injected subcutaneously into nude
mice. FUCA2-exposed TNBC cells yielded signi�cantly larger tumors than control cells (Figs. 4A-4C). For
establishment of experimental lung metastasis, luciferase-labeled MDA-MB-231 (MDA-MB-231-luc) cells
were injected through the tail vein before treatment with FUCA2 protein. We found that the FUCA2-
exposed group showed higher bioluminescence levels in the lung than the control group (Figs. 4D and 4E)
.

Fuca2-mediated Tnbc Aggressiveness Depends On Tm9sf3
Expression
To determine the genes that are indispensable for FUCA2-elicited aggressive phenotype, we performed
high-throughput siRNA screen in both MDA-MB-231 and MDA-MB-468 cells to target 370 genes encoding
plasma membrane proteins. The screen led to an identi�cation of 26 genes in MDA-MB-231 and 18 genes
in MDA-MB-468 whose knockdown restrained FUCA2-induced cell proliferation (Fig. 5A). There were 3
common targets seen in both the TNBC cells, i.e., TM9SF3, MEGF11, and GABRP. It has already been
reported that MEGF11 and GABRP are required for TNBC cell proliferation [22, 23]. Thus, we focused on
TM9SF3 and conducted a validation experiment using individual siRNAs against TM9SF3. We found that
knockdown of TM9SF3 prevented the proliferation of MDA-MB-231 and MDA-MB-468 cells induced by
FUCA2 (Figs. 5B and 5C). Furthermore, depletion of TM9SF3 diminished FUCA2-induced colony
formation (Fig. 5D) and migration (Fig. 5E) in TNBC cells. Therefore, FUCA2-meidated TNBC cell
aggressiveness shows a dependence on TM9SF3.

Silencing of TM9SF3 impairs CAA-induced TNBC cell growth and invasion

Next, we validated whether TM9SF3 is required for CAA-induced aggressive phenotype. To address this,
we exposed TM9SF3-depleted TNBC cells to CAA conditioned media. Compared to control cells, TM9SF3-
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de�cient MDA-MB-231 and MDA-MB-468 cells showed less profound growth (Fig. 6A), colony formation
(Fig. 6B), and migration (Fig. 6C) upon stimulation with CAA conditioned media. These data suggest the
importance of TM9SF3 in the crosstalk between CAA and TNBC progression.

Tm9sf3 Overexpression Is A Poor Prognostic Factor For
Tnbc
Given the in vitro results indicating the involvement of TM9SF3 in TNBC aggressiveness, we then
evaluated the clinical signi�cance of TM9SF3 in this malignancy. Compared to adjacent nontumorous
breast tissues, TNBC tissues had increased expression of TM9SF3, as determined by
immunohistochemistry (Figs. 7A and 7B). Moreover, high TM9SF3 level was signi�cantly associated with
TNM stage and lymph node metastasis (Table 1). In addition, analysis of breast cancer RNA-seq data
using Kaplan-Meier Plotter revealed that patients with high expression of TM9SF3 in breast cancer had
signi�cantly shorter overall survival than those with low expression of TM9SF3 (P = 0.023; Fig. 7C).

Table 1
Correlation of TM9SF3 expression with clinicopathologic characteristics of

TNBC patients (n = 67)
Variable n TM9SF3 expression P

Low (n = 26) High (n = 41)

Age (years)       0.8071

< 60 27 10 17  

≥ 60 40 16 24  

TNM stage       0.0003

I-II 33 20 13  

III-IV 34 6 28  

Lymph node metastasis       0.0024

Negative 26 16 10  

Positive 41 10 31  

Discussion
Our data show that FUCA2 expression is signi�cantly elevated in CAAs relative to control adipocytes.
Moreover, CAAs abundantly secrete FUCA2 protein to the extracellular environment, which raises the
possibility that FUCA2 may mediate the crosstalk between CAAs and cancer cells. To test this hypothesis,
we blocked FUCA2 activity using the neutralizing antibody. We found that blockade of FUCA2 activity
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dramatically suppresses the proliferation, colony formation, and migration of TNBC cells upon
stimulation with CAA conditioned media. In contrast, exposure to recombinant FUCA2 protein augments
the proliferative and migratory capacities of TNBC cells, supporting the hypothesis that FUCA2 plays an
essential role in mediating CAA-induced aggressive phenotype of TNBC cells.

Multiple cell types in the tumor microenvironment are involved in tumor progression [24, 25]. For instance,
cancer-associated �broblasts recruit monocytes to enhance TNBC aggressiveness [25]. Takehara et al
[26] reported that CAAs can produce SAA1 to enhance the migration/invasion capability and
chemoresistance of pancreatic cancer cells. CAAs also confer more aggressive behaviors to breast
cancer cells [8]. A previous study has suggested that CAAs can secret G-CSF to promote breast cancer
malignant progression [27]. In the current study, we identify a novel secretory protein involved in CAA-
induced aggressiveness of TNBC. Although FUCA2 has shown the diagnostic potential in ESCC and HCC
[10, 11], its biological role in tumor progression, especially in TNBC is largely unknown. We provide direct
evidence for the oncogenic activity of FUCA2 in TNBC. We demonstrated that TNBC cells exposed to
FUCA2 exhibit increased growth and migratory abilities. In vivo studies con�rmed that FUCA2 exposure
reinforces tumorigenesis and lung metastasis of TNBC cells. Taken together, our results point toward the
importance of FUCA2 in driving TNBC growth and metastasis.

Mechanistic investigation reveals that TM9SF3 is indispensable for FUCA2-elicited aggressive phenotype
in TNBC. When TM9SF3 was silenced in TNBC cells, FUCA2-induced proliferation, colony formation, and
migration were markedly impaired. Consistently, CAA-induced aggressive phenotype was also reversed by
TM9SF3 knockdown. These results establish a requirement for TM9SF3 in the crosstalk between CAAs
and TNBC cells. Although several other TM9SF family members such as TM9SF2 and TM9SF4 have
been extensively studied in tumor progression [15, 16, 28], the function of TM9SF3 is poorly determined.
Our data show that TM9SF3 is signi�cantly upregulated in TNBC tissues relative to adjacent breast
tissues. Moreover, increased expression of TM9SF3 is associated with TNM stage, lymph node
metastasis, and reduced overall survival. These results suggest that TM9SF3 plays an important role in
TNBC. In agreement with this speculation, depletion of TM9SF3 counteracts CAA- and FUCA2-induced
proliferation and migration of TNBC cells. However, knockdown of TM9SF3 has a little direct impact on
the aggressive behaviors of TNBC cells. Therefore, TM9SF3 plays an essential role in the response of
TNBC cells to tumor microenvironment.

On the basis of our results, we propose a model where CAAs release FUCA2 to enhance TNBC cell
proliferation, colony formation, and migration through TM9SF3-dependent signaling (Fig. 7D). However, it
remains to be determined how FUCA2 interacts with TM9SF3 in TNBC cells. In addition, the key signaling
cascades downstream the interaction between FUCA2 and TM9SF3 need to be further clari�ed.

Conclusions
In conclusion, we identify FUCA2 as a CAA secretory protein, which can accelerate TNBC growth and
metastasis through TM9SF3-dependent signaling. Clinically, TM9SF3 upregulation is associated with
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more aggressive behaviors of TNBC. Thus, TM9SF3 may serve as a promising target for blocking the
crosstalk between TNBC cells and CAAs.
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Figure 1
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Increased production of FUCA2 by CAAs isolated from TNBC patients. (A) Flow chart of detection of
differentially expressed genes in CAAs and control adipocytes. (B) Quanti�cation of GRN, CTGF, FUCA2,
and GPX3 mRNA levels in CAAs and control adipocytes. (C) Western blot analysis of FUCA2 protein in
CAAs and control adipocytes. (D) ELISA analysis of FUCA2 concentrations in conditioned media of CAAs
and control adipocytes. *P < 0.05.

Figure 2
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Blocking FUCA2 attenuates CAA-induced aggressiveness in TNBC cells. (A) CAA conditioned media
promoted the proliferation of TNBC cells, and blocking FUCA2 attenuated CAA-induced proliferation. (B)
Colony formation assay performed in TNBC cells treated as in (A). Bottom, quantitative results from three
independent experiments. (C) Cell migration was determined by in vitro wound-healing assay. Bottom,
quantitative results from three independent experiments. *P < 0.05.

Figure 3

Exogenous FUCA2 drives TNBC cell growth and migration. (A) FUCA2 treatment promoted the
proliferation of TNBC cells. (B) FUCA2 treatment enhanced the colony formation ability of TNBC cells. (C)
The invasive ability of TNBC cells were increased in the presence of FUCA2. *P < 0.05 vs. vehicle. FUCA2
(100): 100 ng/mL FUCA2; FUCA2 (200): 200 ng/mL FUCA2.
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Figure 4

FUCA2 exposure promotes tumorigenesis and metastasis of TNBC cells in vivo. (A-C) Tumorigenic
studies. TNBC cells were exposed to 200 ng/mL FUCA2 protein for 1 week and injected subcutaneously
into nude mice. Tumor growth curves were plotted in (A) and (B); n = 4. Inserts are representative tumors
from 2 mice of each group. (C) Measurement of the weight of xenograft tumors (n = 4). (D,E) Assessment



Page 17/19

of tumor metastasis. (D) Two representative mice from each group. (E) Measurement of bioluminescence
levels in the lung (n = 4). *P < 0.05.

Figure 5

FUCA2-mediated TNBC aggressiveness depends on TM9SF3 expression. (A) High-throughput siRNA
screening studies. Venn diagram showing the identi�cation of 3 common genes whose knockdown
blocked FUCA2-induced TNBC cell proliferation. (B) Transfection of TM9SF3-targeting siRNAs
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(siTM9SF3#1,2) led to downregulation of TM9SF3 relative to control siRNA (siCtrl). *P < 0.05 vs. siCtrl.
(C) Measurement of proliferation in cells transfected with indicated siRNAs and treated with or without
FUCA2. (D) Colony formation assay in the cells with indicated treatments. (E) Migration assay in the cells
with indicated treatments. *P < 0.05.

Figure 6



Page 19/19

Silencing of TM9SF3 impairs CAA-induced TNBC cell growth and invasion. TNBC cells were transfected
with siTM9SF3 or siCtrl and then exposed to CAA conditioned media or PBS (vehicle). Measurement of
(A) cell proliferation, (B) colony formation, and (C) migration. *P < 0.05.

Figure 7

TM9SF3 overexpression is a poor prognostic factor for TNBC. (A,B) Immunohistochemical analysis of
TM9SF3 in TNBC and adjacent nontumorous breast tissues. Scale bar = 100 μm. (B)
Immunohistochemical scores were determined (n = 67). (C) Survival curves were plotted for breast cancer
patients with different expression levels of TM9SF3. Data was analyzed using Kaplan-Meier Plotter. (D)
Schematic model showing that CAAs secretes FUCA2 to enhance TNBC growth and metastasis through
interaction with TM9SF3.


