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Background: Triple-negative breast cancer (TNBC) is characterized by a more aggressive
biological behavior and unfavorable outcome. Circulating and histological expression of
THBS2 has been demonstrated to be a novel diagnostic and prognostic biomarker in
patients with various types of tumors. However, few studies have evaluated the predictive
and prognostic value of THBS2 in TNBC specifically.

Methods: |n total, 185 triple-negative breast cancer patients (TNBC) with preoperative
neoadjuvant chemotherapy were enrolled in this study. Serum THBS2 (sTHBS2) level was
measured both prior to the start of NAC and at surgery by enzyme-linked immunosorbent
assay (ELISA). Histological THBS2 (hTHBS2) expression in patients with residual tumors
was evaluated by immunohistochemistry (IHC) staining method. Correlations between
variables and treatment response were studied. Kaplan-Meier plots and Cox proportional
hazard regression model were applied for survival analysis. Functional activities of
THBS2 in TNBC cells were determined by CCK-8 assay, colony formation, wound
healing, and transwell assay.

Results: Of the 185 patients, 48 (25.9%) achieved pathological complete response (pCR)
after completion of NAC. Elevated pCR rates were observed in patients with a lower level of
sTHBS?2 at surgery and higher level of sSTHBS2 change (OR =0.88, 95%Cl: 0.79-0.98, p =
0.020 and OR = 1.12, 95%Cl: 1.02-1.23, p = 0.015, respectively). In survival analysis,
hTHBS2 expression in residual tumor was of independent prognostic value for both
disease-free survival (HR = 2.21, 95%CI = 1.24-3.94, p = 0.007) and overall survival (HR =
2.07, 95%Cl = 1.09-3.92, p = 0.026). For functional studies, THBS2 was indicated to
inhibit proliferation, migration, and invasion abilities of TNBC cells in vitro.
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Conclusion: Our findings confirmed the value of serum THBS2 level to predict pCR for
TNBC patients and the prognostic performance of histological THBS2 expression in non-
PCR responders after NAC. THBS2 might serve as a promising functional biomarker for
patients with triple-negative breast cancer.

Keywords: biomarker, pathological response, neoadjuvant chemotherapy, triple-negative breast cancer, THBS2

INTRODUCTION

Triple-negative breast cancer (TNBC) represents one specific
type of breast cancer that lacks the expression of estrogen
receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor-2 (HER2). Although TNBC
only accounts for about 15-20% of all breast cancer patients [1], it
has a more aggressive biological behavior and unfavorable
outcome [2]. The wuse of surgery, chemotherapy, and
radiotherapy is the primary established treatment strategy for
triple-negative breast cancer [3, 4].

Neoadjuvant  chemotherapy (NAC) refers to the
administration of chemotherapy prior to definitive breast
surgery. The goals of NAC include rendering inoperable
tumors resectable, allowing surgical downstaging for breast
conservation, and avoiding complete axillary dissections. In
addition to its impact on surgery, the neoadjuvant setting has
also become a good platform for individual drug response on
TNBC patients and provided new insight into tumor biology.
After completing NAC treatment, patients with TNBC could have
a higher pathological complete response (pCR) rate than those
with other subtypes of breast cancer. Patients who achieved pCR
could have a lower risk of relapse or death compared to those who
have residual disease after NAC [3, 5,6]. Nevertheless, some
TNBC patients might still develop a rapid recurrence that
could lead to poor prognosis after systemic therapy, especially
for those non-pCR responders [7]. Thus, identification of new
clinically applicable biomarkers with predictive and prognostic
value for NAC response might be beneficial in the treatment
of TNBC.

Thrombospondin 2 (THBS2, also known as TSP-2) is an
extracellular matrix glycoprotein of the thrombospondin
family which contains five members from THBSI to
THBS5 [8]. It was reported to be involved in multiple
biological functions, such as extracellular matrix assembly,
angiogenesis, and chondrogenic differentiation [9-11].
Evidence has also suggested that THBS2 could play vital roles
in cancer progression and metastasis [12-14]. Circulating and
histological expression of THBS2 has been demonstrated to be a
novel diagnostic and prognostic biomarker for patients with
pancreatic cancer [15-17], distal cholangiocarcinoma [15, 18],
lung cancer [19, 20], and colorectal cancer [21, 22]. However, few
studies have evaluated its predictive and prognostic value in a
neoadjuvant setting or in triple-negative breast cancer
specifically. Our previous proteomic study has indicated that
THBS2 was highly expressed in TNBC tumor tissues [23].
Therefore, this study was conducted to analyze the clinical
utility of THBS2 expression in TNBC patients with
neoadjuvant chemotherapy and establish a new strategy for

identifying subgroup patients of different risk. Furthermore, a
series of in vitro experiments were also performed to confirm the
functional role of THBS2 in TNBC.

MATERIAL AND METHODS
Study Patients

In total, 185 breast cancer patients with preoperative neoadjuvant
chemotherapy (NAC) in Fujian Medical University Union
Hospital between March 2012 to December 2019 were
retrospectively selected in this study. All patients were
histologically confirmed with TNBC and received at least six
cycles of NAC with anthracycline and taxanes-based regimens.
Surgical resection was performed followed by the completion of
neoadjuvant chemotherapy. Patients with residual invasive tumor
after NAC received oral capecitabine for six or eight cycles as
recommended by the treating physician. Radiation therapy was
performed at the discretion of the radiologist. Our study was
approved by the Research Ethics Committee of Fujian Medical
University Union Hospital (2022KY122) and written informed
consent was obtained from each participant before inclusion in
this study.

Pathological and Survival Evaluation

In this study, the cut-off value for ER and PR was less than 1% of
positive tumor cells with nuclear staining. HER2 was considered
as positive when immunohistochemistry (IHC) expression was
3 + or fluorescence in situ hybridization (FISH) was positive.
Only tumors with negative expression of ER, PR, and HER2 were
confirmed with TNBC. Pathological complete response (pCR)
was defined as no residual invasive tumor in breast or lymph
nodes. Patients only with ductal carcinoma in situ (DCIS) were
also considered as pCR responders. Pathological evaluation was
conducted to measure the continuous RCB index (wherein
pathologic complete response has RCB 0; residual disease is
categorized as RCB-I, RCB-II, and RCB-III) by two
independent experienced pathologists [24]. Disease-free
survival (DFS) was defined as the time of diagnosis to the date
of disease relapse (with histopathology confirmation or
radiological evidence of tumor recurrence). Overall survival
(OS) was defined as the time of diagnosis until death from
any cause. The last follow-up date was 1 May 2021.

Enzyme-Linked Immunosorbent Assay and

Immunohistochemistry
Blood samples were obtained prior to the start of NAC (at
baseline) and at surgery. All serum samples were centrifuged
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TABLE 1 | Baseline characteristics and pathological complete response (pCR) rate in patients with neoadjuvant chemotherapy (NAC).

Characteristics Number of patients

No.

Age (years)

<50 112

>50 73
Clinical T stage at baseline

TO/T1 8

T2 114

T3 55

T4 8
Clinical N stage at baseline

NO 34

N1 102

N2 11

N3 38
Histology

Invasive ductal carcinoma 166

Others 19
Grade

I+ 81

Il 104
Ki67 expression at baseline

<50% 65

>50% 120
sTHBS2 at baseline (ng/ml)

<24.34 64

>24.34 64
STHBS2 at surgery (ng/ml)

<17.45 64

>17.45 64
sTHBS2 change (ng/ml)

<5.19 64

>5.19 64

aThe p value was compared among all groups by the Chi-square test.
PThe p value was compared among all groups by multivariate logistic regression analyss.
°sTHBS2 was calculated in the multivariate analysis as linearly variable.

and stored at —80°C until use with no more than two freeze-thaw
cycles allowed. Serum THBS2 (sTHBS2) level was measured by a
commercially available enzyme-linked immunosorbent assay
(ELISA) kit (Cat #DTSP20; R&D). Measurements were
performed by strictly following the manufacturer’s instructions
and repeated three times, with the final result marked as average
level. All non-pCR patients were classified into different TNBC
subtypes (LAR, IM, BLIS, MES, and US) with the surgical
specimens based on the immunohistochemistry (IHC) staining
procedures described previously [25]. Histological THBS2
(hTHBS2) expression for the surgical specimens in non-pCR
patients were also evaluated by the IHC staining method. Slides
were incubated with THBS2 (ab112543, abcam, 1:500) and a
negative control was prepared by the substitution of primary
antibody with phosphate-buffered saline (PBS, 5% BSA). The
IHC staining scores were independently assessed by two
pathologists according to the proportion of stained tumor cells

Number of pCR P? P®
No. %
0.505 NS
31 27.7
17 23.3
<0.001 0.035
6 75.0
35 30.7
6 10.9
1 12,5
0.005 NS
15 441
24 235
5 455
4 10.5
0.106 NS
46 27.7
2 10.5
0.175 NS
17 21.0
31 20.8
<0.001 0.002
2 3.1
46 38.3
0.330 NS°
16 25.0
21 32.8
<0.001 0.020°
27 422
10 15.6
<0.001 0.015°
10 15.6
27 422

and intensity of cellular staining. The proportion of stained tumor
cells was scored from 1 to 4: 1, 0%-25%; 2, 26%-50%; 3, 51%-75%
and 4, 75%-100%. The intensity of cellular staining was scored
from 0 to 3: 0, no staining; 1, weak staining; 2, moderate staining;
and 3, strong staining. The percentage of positive tumor cells and
the staining intensity were multiplied to produce a weighted score
for each patient. A score of 8-12 was defined as high expression
level and a score of 0-7 was defined as low expression.

Cell Culture and Transfection

Human TNBC MDA-MB-231 and BT-549 cells were obtained from
the Cell Bank of Type Culture Collection of The Chinese Academy of
Sciences. TNBC cells were cultured in DMEM (HyClone; Cytiva)
supplemented with 10% FBS (Gibco) and 1% penicillin and
streptomycin  solution. Cell culture was maintained in a 37°C
incubator with 5% CO,. Short hairpin RNA (shRNA) targeting
THBS2 and its negative control were subcloned into
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FIGURE 1 | Associations between serum THBS2 (sTHBS2) level and neoadjuvant chemotherapy response. (A,C) Lower level of serum THBS2 at surgery was
correlated with a better treatment response; (B,D) Higher change level of serum THBS2 during neoadjuvant chemotherapy was correlated with a better treatment
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GV493 lentiviral vector (GeneChem) and named sh-THBS2 and sh-
Ctrl. Cells were transfected with lentivirus vectors for 48 h and further
selected with 2 pug/ml puromycin. The efficiency of THBS2 knockdown
was validated by quantitative real-time PCR (qRT-PCR) and western
blot. The target sequences of sShRNA were as follows:

shTHBS2-1: 5'-CTGCGACCTCATAGACAGCTT-3'
shTHBS2-2: 5'-CCGCTTCGTGCGCTTTGACTA-3'
shTHBS2-3: 5'-TTGCTTCAGAACGTCCACCTA-3'
shNC: 5'-TTCTCCGAACGTGTCACGT-3’

Western Blotting

Total protein was extracted by RIPA lysis buffer (Beyotime Bio,
Inc.). The protein concentrations were determined with BCA
Protein Assay Kits (Beyotime Bio, Inc.). A total of 10 pg of protein
was loaded and respectively added to gel for electrophoresis and
then transferred to a polyvinylidene difluoride (PVDF)
membrane. After blocking with 5% non-fat milk at room
temperature for 1 h, primary antibodies were bound overnight

at 4°C. The next day, the PVDF membrane was incubated with
corresponding secondary antibodies at room temperature for 2 h.
Chemiluminescence signals were visualized by the enhanced
chemiluminescence (ECL) method with ECL kit (Thermo
Fisher Scientific, Inc.) and detected by the ChemiDoc Touch
System (Bio-Rad Laboratories Inc.). The primary and
secondary antibodies used in this study were listed as
follows: anti-THBS2 (ab112543, abcam, 1:100), anti-B-actin
(sc-69879, Santa Cruz, 1:5000), Rabbit IgG (#7074, CST, 1:
10000), and Mouse IgG (#7076, CST, 1:10000).

Quantitative Real-Time PCR

Total RNA in MDA-MB-231 and BT-549 cells was extracted
with TRIzol reagent following the manufacturer’s instructions
(Invitrogen). Complementary DNA was synthesized using
PrimeScript RT Master Mix (Takara Bio, Inc.) and qRT-
PCR was subsequently performed on a model 7500 Real-
Time PCR System (Applied Biosystems) with SYBR Green
kit (Takara Bio, Inc.). P-actin gene was detected for
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FIGURE 2 | Immunohistochemistry staining of THBS2 in TNBC samples with non-pCR patients after neoadjuvant chemotherapy. (A) Immunohistochemistry
scores for THBS2 in patients with different RCB grade; (B) Representative IHC images of strong and weak THBS2 staining in cytoplasms. (x200); Scale bar: 50 pym.
Kaplan-Meier curves of disease-free survival (C) and overall survival (D) for non-pCR patients according to histological THBS2 expression in non-pCR patients. hTHBS2,
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normalization of data. The respective forward and reverse
primers were listed in Supplementary Table S1. Fold
changes of gene expression were calculated by the 2—-AAct
method; three independent replicates of all biological samples
were assessed.

CCK-8 and Colony Formation Assay

Cell proliferation was detected by cell count kit-8 (CCK8) assay
and colony formation assay. For the CCK8 assay, 2000 cells were
seeded per well in quadruplicate for 96 well plates. 10ul CCK-8
reagent (DOJINDO) was added to each well and the plates were
maintained in a 37°C incubator for 2 h. The absorbance at 450 nm
was measured by a microplate reader at indicated time points. For
the colony formation assay, cells were plated into 6-well plates at a
density of 500 cells per dish and cultured for 2 weeks. Colonies
were fixed in methanol for 30 min at room temperature and
stained with 1000 ul of crystal violet solution (Sangon Bio, Inc.).
A colony was defined as >50 cells and the colony formation rate
was assessed by colony number/seeding number.

Wound Healing Assay
MDA-MB-231 and BT-549 cells were spread at the bottom of
96-well plates and cultured overnight. A line wound was made

by scraping 10 ul tips across the confluent cell layer. The
floating cells were washed three times with PBS and the
serum-free medium was used to maintain the cells. The
images were captured at 0 and 24 h with an inverted light
microscope.

Transwell Assay

Transwell assay was performed to assess the invasion. Matrigel
(Corning, Inc.) was mixed with serum-free medium and added
onto the upper surface of the chambers (Corning, Inc.; 8.0-um
filter), while the lower chambers were filled with medium with
30% FBS. After incubation at 37°C for 24 h, the tumor cells
attached on the upper surface were removed with cotton
swabs. The cells on the lower surface of the membrane were
stained with Giemsa (Sigma-Aldrich) after fixation with
methanol. The images of invasive cells were collected with a
light microscope (magnification, x100).

Statistical Analysis

Correlations among sTHBS2 expression, clinicopathological
characteristics, and NAC treatment response were compared
by student’s ¢-test (for continuous variables) and chi-squared
(x2) test (for categorical variables). Survival analyses were

Pathology & Oncology Research 5

August 2022 | Volume 28 | Article 1610559



Lin et al.

THBS2 for Breast Cancer

TABLE 2 | Univariate Cox proportional hazard model for disease-free survival (DFS) and overall survival (OS) in non-pCR patients.

Variables DFS

HR (95% CI)

Age (years)
<50 References
>50 0.78 (0.45-1.34)

Clinical stage at baseline

Stage |l References

Stage Il 2.51 (1.43-4.40)
Residual tumor size

ypTO/ypTH References

ypT2 1.96 (1.10-3.52)

ypT3 4.79 (2.31-9.96)

Residual lymph nodes

ypNO/ypN1 References

ypN2 4.63 (2.41-8.91)

ypN3 4.62 (2.48-8.62)
Histology

Invasive ductal carcinoma References

Others 1.00 (0.46-2.22)

Ki67 expression at surgery

<50% References

>50% 1.44 (0.85-2.45)
hTHBS2 expression in residual tumor

Low References

High 2.73 (1.60-4.71)

os
P? HR (95% CI) P?
0.369 0.278
References
0.72 (0.40-1.30)
0.001 0.003
References
2.50 (1.35-4.60)
<0.001 <0.001
References
2.08 (1.09-3.97)
7.22 (3.33-15.64)
<0.001 <0.001
References
3.85 (1.93-7.68)
3.36 (1.71-6.62)
0.992 0.473
References
1.45 (0.52-4.05)
0.180 0.128
References
1.56 (0.88-2.76)
<0.001 0.001
References

2.59 (1.44-4.64)

Abbreviation: HR, hazard ratio; Cl, confidence interval; DFS, disease free survival; OS, overall survival.

“The p value was adjusted by the univariate Cox proportional hazard regression model.

conducted to explore the relationship between
hTHBS2 expression, clinicopathological factors, and survival
of non-pCR responders. Logistic regression analysis was also
applied to identify independent predictors of treatment
response. Survival curves were calculated by the Kaplan-

Meier method and analyzed by log-rank test. Cox
proportional hazard regression model was used for
univariate and multivariate survival analysis. Each

experiment was repeated 3 times and presented as mean *
standard deviation (SD). Student’s t-test and one-way analysis
of variance were conducted for comparisons among the
groups. Statistical analyses were performed with Statistical
Package for the Social Sciences (SPSS, version 24.0) for
Windows (Chicago, United States), with a two-sided p value
of less than 0.05 considered statistically significant.

RESULTS

Patient Characteristics

Of the 185 patients, 48 (25.9%) achieved pathological complete
response  (pCR). The  detailed clinicopathological
characteristics are shown in Table 1. The included patients
had a median age of 49 years (range, 24-72 years). All patients
were diagnosed with stage II and stage III disease, among
whom 63 (34.1%) were T3/T4 and 151 (81.6%) had lymph

node involvement. Most patients (89.7%) were pathologically
diagnosed with invasive ductal carcinoma and 104 (56.2%) had
a higher histology grade (Grade III). The Ki67 expression of
the biopsy specimen was also evaluated, with 120 patients
(64.9%) having Ki67 more than 50%.

sTHBS2 and NAC Treatment Response

Serum THBS2 (sTHBS2) was measured by ELISA both prior to
the start of NAC (at baseline) and at surgery. Of the patients, 128
(37 pCR and 89 non-pCR) were eligible for serum samples
collected at two time points. The median level of sTHBS2 at
baseline and surgery was 24.34 ng/ml (range: 8.65 to 47.34 ng/ml)
and 17.45 ng/ml (range: 7.49 to 48.13 ng/ml), respectively. The
change of sTHBS2 level was also calculated, with the median
reduction at 5.19 ng/ml (range: —13.68 to 25.47 ng/ml). The cut-
off values of sTHBS2 at baseline, surgery, or change were all
categorized by its median level. In chi-squared test, it was
demonstrated that lower clinical T stage, lower clinical N
stage, higher expression of Ki67, sTHBS2 at surgery, and
sTHBS2 change were correlated with higher possibility of
achieving pCR. In multivariate logistic regression analysis,
sTHBS2 at surgery and the change in sTHBS2 were indicated
as independent predictors of pCR as continuous variables (OR =
0.88, 95%CI: 0.79-0.98, p = 0.020 and OR = 1.12, 95%CIL:
1.02-1.23, p = 0.015, respectively). Clinical T sage and
Ki67 expression at baseline were also identified to be
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TABLE 3 | Multivariate Cox proportional hazard model for disease-free survival
(DFS) and overall survival (OS) in non-pCR patients.

Variables DFS os
HR (95% CI) P? HR (95% CI) P?
Clinical stage at baseline
Stage Il References 0.055 References 0.056
Stage Il 1.81 (0.99-3.39) 1.91 (0.98-3.72)
Residual tumor size
ypTO/ypT1 References 0.189 References 0.004
ypT2 1.44 (0.78-2.67) 1.66 (0.84-3.28)
ypT3 2.10 (0.93-4.75) 4.47 (1.84-10.84)
Residual lymph nodes
ypNO/ypN1 References <0.001 References 0.022
ypN2 4.59 (2.36-8.93) 3.58 (1.76-7.25)
ypN3 2.58 (1.27-5.23) 1.37 (0.61-3.07)
hTHBS2 expression in residual tumor
Low References 0.007 References 0.026
High 2.21 (1.24-3.94) 2.07 (1.09-3.92)

Abbreviation: HR, hazard ratio; Cl, confidence interval; DFS, disease free survival; OS,
overall survival.
aThe p value was adjusted by the multivariate Cox proportional hazard regression model.

independent predictors for achieving pCR (p = 0.035 and p =
0.002, respectively). The correlations among sTHBS2 at surgery,
sTHBS2 change, and tumor response (according to the RCB
system) are shown in Figure 1. Lower levels of sSTHBS2 at surgery
and higher levels of sTHBS2 change were significantly correlated
with a better treatment response to NAC. The mean level of
sTHBS2 at surgery and absolute sSTHBS2 change for patients with
RCB-I, RCB-II, and RCB-III was 16.38, 19.53, 22.95 ng/ml and
8.71, 5.15, and 3.87 ng/ml, respectively.

hTHBS2 and Survival in Non-pCR Patients
Of the 185 patients, 48 achieved pCR and 137 were non-pCR
responders. Only two patients with pCR were found to have
tumor relapse, while 56 (40.9%) cases of non-pCR developed
disease recurrence or metastasis. Therefore, survival analyses were
conducted to explore the relationship between hTHBS2 expression,
clinicopathological factors, and survival of these 137 non-pCR
responders. The distributions of hTHBS2 expression in each RCB
grade (RCBO, RCB-I, RCB-II, and RCB-III) were displayed in
Figure 2A. No statistically significant difference for hTHBS2 was
observed within each group. Representative IHC images of strong
and weak THBS?2 staining in cytoplasms were shown in Figure 2B.
In univariate analysis (Table 2), clinical stage at baseline (p =
0.001; p = 0.003), residual tumor size (p < 0.001; p < 0.001),
residual lymph nodes (p < 0.001; p < 0.001), and
hTHBS2 expression (p < 0.001; p = 0.001) were identified to
be significant predictors of both disease-free survival and overall
survival, respectively. Kaplan-Meier curves of the DFS and OS for
the low hTHBS2 and high hTHBS2 groups are presented in
Figures 2C,D. Better survival was more frequently observed in
patients with a lower expression of hTHBS2 in residual tumor. A
multivariate analysis with the cox proportional hazards model
was then performed and the relevant results are shown in Table 3.
Residual lymph nodes involvement (p < 0.001) and

THBS2 for Breast Cancer

hTHBS2 expression in residual tumor (HR = 2.21, 95%CI =
1.24-3.94, p = 0.007) were of independent prognostic value for
disease-free survival. As for overall survival, residual tumor size
(p = 0.004), residual lymph nodes involvement (p = 0.022), and
hTHBS2 expression in residual tumor (HR = 2.07, 95%CI =
1.09-3.92, p = 0.026) were identified as independent prognostic
factors for patients’ outcome.

THBS2 Promoted Proliferation, Migration,

and Invasion of TNBC Cells

To investigate the function role of THBS2 in TNBC cells, we
selected MDA-MB-231 and BT-549 cell lines for further studies.
Three specific ShRNA (shTHBS2) were designed and synthesized
to knock down THBS2 in both cell lines. After stable expression,
the shRNA (shTHBS2-1) which exhibited the highest interference
efficiency was selected for the following experiments (Figure 3A).
Western blot was further conducted to validate the interference
efficiency (Figure 3B). The expression of THBS2 in both cells was
confirmed to be suppressed compared with the shCtrl
group. CCK-8 and colony formation assays revealed that
knockdown of THBS2 significantly inhibited the proliferation
and colony formation ability for both cells (Figures 3C,D). For
wound healing and transwell assays, we also observed a notable
decrease migration and invasion potential for THBS2 knockdown
cells (Figures 4A,B). Together, these results suggest that
THBS2 could act as a tumor activator for the growth and
metastasis of TNBC cells.

DISCUSSION

Triple-negative breast cancer is a heterogeneous disease with high
invasiveness. The lack of ER, PR, and HER2 expression renders
TNBC unresponsive to endocrine or anti-HER2 target therapy.
The basis of TNBC treatment up to now has been a combination
of surgery, chemotherapy, and radiotherapy. Anthracycline and
taxane-based chemotherapy regimen is the standard of care for
prevention of TNBC recurrence and for survival improvement.
Currently, the use of neoadjuvant chemotherapy (NAC) has also
provided new insight into tumor biology and become a good
platform to test drug sensitivity. After completing NAC
treatment, TNBC patients have a higher pathological complete
response (pCR) rate than those with other subtypes of breast
cancer. Patients who achieved pCR could have a lower risk of
relapse or death compared to those who have residual disease
after NAC [3, 5, 6]. Therefore, prioritizing novel biomarkers for
predicting chemotherapy response and promising therapeutic
targets might be beneficial in the personalized treatment of
TNBC. Relevant studies in the neoadjuvant setting could also
help investigators understand the mechanisms of chemotherapy
resistance and ultimately improve the outcomes for TNBC
patients.

Thrombospondins (THBS) are a family of five secreted
matricellular glycoproteins that broadly regulate cell-matrix
interaction, angiogenesis, cell proliferation, and apoptosis
[26-29]. Among all thrombospondins, THBS2 has been most
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FIGURE 3 | THBS2 promotes cell proliferation in TNBC cells. (A) The knockdown efficiency of three shRNA was detected through gRT-PCR in MDA-MB-231 and
BT-549 cells. (B) The knockdown efficiency of the shRNA for the following experiment was confirmed by western blotting. (C) Cell viability was measured by CCK8 assay
following THBS2 knockdown in MDA-MB-231 and BT-549 cells. (D) Colony formation assay was conducted following THBS2 knockdown in MDA-MB-231 and BT-549
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commonly studied in cancer diagnosis and progression.
Circulating levels of THBS2 was confirmed to be a potential
diagnostic candidate in pancreatic cancer and lung cancer [15-17,
19], while the histological expression of THBS2 has been
identified to be an independent prognostic biomarker for
distal cholangiocarcinoma, colorectal cancer, and urothelial
carcinoma [18, 22, 30]. Some other studies also noted that
THBS2 could act as a useful salivary marker for the detection
of oral cavity squamous cell carcinoma [31]. However, few studies
have evaluated the predictive and prognostic value of THBS2 on

triple-negative breast cancer or in a neoadjuvant setting
specifically. Our findings firstly provided evidence that the
level of serum THBS2 at surgery and its change during
neoadjuvant chemotherapy were able to distinguish TNBC
patients who would achieve pathological complete response
(OR = 0.88, 95%CI: 0.79-0.98, p = 0.020 and OR = 1.12, 95%
CI: 1.02-1.23, p = 0.015, respectively, as continuous variables). A
significant decrease of serum THBS2 after NAC was also observed
in patients with lower RCB grade. NAC response is of great
importance to TNBC patients in chemotherapy treatment, for an
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FIGURE 4 | THBS2 promotes TNBC cell migration and invasion in TNBC cells. (A) Migration ability was detected by wound healing assay following
THBS2 knockdown in MDA-MB-231 and BT-549 cells. (B) Invasion ability was detected by transwell invasion assay following THBS2 knockdown in MDA-MB-231 and
BT-549 cells. **, p < 0.01.

accurate prediction of response might help physicians modify the
strategy accordingly. Those patients who are predicted to be non-
respondents could be recommended to have an alternative or
intensive regimen, thereby improving the outcome of patients
with TNBC. Physical and imaging examinations are two of the
most common response evaluation methods for patients in
neoadjuvant chemotherapy treatment. Numerous studies have
implied that magnetic resonance imaging (MRI) could act as an
effective tool for predicting pCR, especially in TNBC patients
[32-34]. However, the accuracy might be lower when pCR is
more rigorously defined [35]. The results of our study have
confirmed that the secretion of THBS2 during chemotherapy
was correlated with chemotherapy resistance. The predictive role
of THBS2 might be an easier and more valid tool to identify
patients who would benefit more in NAC. Some other
biomarkers, such as vascular endothelial growth factor
(VEGEF), soluble programmed death 1 (sPD-1), and soluble
programmed death ligand-1 (sPD-L1), have also been
indicated in similar studies [36, 37]. A combination of these
serum biomarkers and radiomic metrics might provide more
precise information for TNBC patients with NAC.

For triple-negative breast cancer, residual tumors are often
heterogeneous and believed to represent chemotherapy
resistant micro-metastatic disease which could ultimately

evolve into clinical metastatic breast cancer [38].
Identification of patients who are at high risk of relapse
after neoadjuvant chemotherapy could guide more

appropriate post-neoadjuvant treatment strategies. In this
study, we also provided evidence that the histological
THBS2 (hTHBS2) expression in residual tumor was
independently associated with disease-free survival and
overall survival for TNBC non-pCR responders (HR = 2.21,
95%CI = 1.24-3.94, p = 0.007 and HR = 2.07, 95%CI =
1.09-3.92, »p 0.026, respectively). In addition, the
expression of hTHBS2 was found to have no correlation
with different TNBC subtypes (LAR, IM, BLIS, MES, and
US) or RCB grade. Higher expression of hTHBS2 might
reflect a group of TNBC tumors with more aggressive
behavior and poor outcome. For now, the evaluation of
residual disease after NAC is mainly based on the tumor
regression system (quantitative amount of tumor), such as
the RCB categories, Miller-Payne (MP) grade, or Neo-Bioscore
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[39-41], while a qualitative method for distinguishing
different TNBC subsets and exploration of proper
prognostic biomarkers in the post-NAC settings could also
be a novel direction in the future.

In addition to its predictive and prognostic value in TNBC
patients with neoadjuvant chemotherapy, we also investigated the
function role of THBS2 in MDA-MB-231 and BT-549 cells. CCK-8
and colony formation assays demonstrated that knockdown of
THBS2 significantly inhibited the proliferation and colony
formation ability for both cells. In addition, wound healing and
transwell assays showed notable decrease migration and invasion
potential for THBS2 knockdown cells. Numerous studies have
strongly suggested that THBS2 is an oncogene and involved in
the malignant phenotype of different tumors, such as gastric cancer
[42], lung cancer [12], and osteosarcoma [43]. Our findings have
also confirmed its significant role in promoting TNBC proliferation,
migration, and invasion. However, there are several limitations
which should also be mentioned in our study. Firstly, the sample
size of this study was still limited to establish an external validation
cohort. Future multi-institutional and larger studies are still
warranted to validate our results. Secondly, we only collected
serum sample and evaluated the sTHBS2 level at two time
points (at baseline and surgery). Relative serum samples of each
two cycles of neoadjuvant chemotherapy were not obtained and
analyzed. An earlier detection of sSTHBS2 change and more accurate
mid-term evaluation could help modify the treatment regimen
promptly and avoid unnecessary treatment-related toxicities.
Lastly, the study of the regulatory mechanism of THBS2 in
TNBC is inadequate and needs further in-depth research.

CONCLUSION

In summary, we revealed a novel strategy for response evaluation
and prediction for TNBC patients with neoadjuvant
chemotherapy. THBS2 might serve as a promising functional
predictive and prognostic biomarker for patients with triple-
negative breast cancer.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Dent R, Trudeau M, Pritchard KI, Hanna WM, Kahn HK, Sawka CA, et al.
Triple-negative Breast Cancer: Clinical Features and Patterns of Recurrence.
Clin Cancer Res (2007) 13(15):4429-34. do0i:10.1158/1078-0432.CCR-06-
3045

2. Gluz O, Liedtke C, Gottschalk N, Pusztai L, Nitz U, Harbeck N. Triple-negative
Breast Cancer-Current Status and Future Directions. Ann Oncol (2009)
20(12):1913-27. doi:10.1093/annonc/mdp492

3. Huang M, O’Shaughnessy J, Zhao J, Haiderali A, Cortes ], Ramsey SD, et al.
Association of Pathologic Complete Response with Long-Term Survival

THBS2 for Breast Cancer

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Research Ethics Committee of Fujian Medical
University Union Hospital. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

YXL, FF, and CW designed the study. YL, XC, JH, LW, and XZ
carried out experiments. EL, WG, LC, and MC analyzed the data.
WZ and X]J made the figures. YXL and JZ drafted and revised the
paper. All authors read and approved the final manuscript.

FUNDING

This study was supported by grants from the Joint funds for the
Innovation of Science and Technology, Fujian Province
(2019Y9103 and 2020Y9053), Natural Science Foundation of
Fujian Province (2021J01737), and Fujian Provincial Health
Technology Project (2020QNA039).

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

ACKNOWLEDGMENTS

We acknowledge all our colleagues for their valuable efforts and
comments on this paper.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.por-journal.com/articles/10.3389/pore.2022.1610559/
full#supplementary-material

Outcomes in Triple-Negative Breast Cancer: A Meta-Analysis. Cancer Res
(2020) 80:5427-34. doi:10.1158/0008-5472.CAN-20-1792

4. Harbeck N, Gnant M. Breast Cancer. Lancet (2017) 389(10074):1134-50.
doi:10.1016/S0140-6736(16)31891-8

5. Symmans WF, Wei C, Gould R, Yu X, Zhang Y, Liu M, et al. Long-Term
Prognostic Risk after Neoadjuvant Chemotherapy Associated with Residual
Cancer Burden and Breast Cancer Subtype. J Clin Oncol (2017) 35:1049-60.
doi:10.1200/JC0O.2015.63.1010

6. Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al.
Pathological Complete Response and Long-Term Clinical Benefit in Breast
Cancer: the CTNeoBC Pooled Analysis. Lancet (2014) 384(9938):164-72.
doi:10.1016/S0140-6736(13)62422-8

Pathology & Oncology Research

August 2022 | Volume 28 | Article 1610559


https://www.por-journal.com/articles/10.3389/pore.2022.1610559/full#supplementary-material
https://www.por-journal.com/articles/10.3389/pore.2022.1610559/full#supplementary-material
https://doi.org/10.1158/1078-0432.CCR-06-3045
https://doi.org/10.1158/1078-0432.CCR-06-3045
https://doi.org/10.1093/annonc/mdp492
https://doi.org/10.1158/0008-5472.CAN-20-1792
https://doi.org/10.1016/S0140-6736(16)31891-8
https://doi.org/10.1200/JCO.2015.63.1010
https://doi.org/10.1016/S0140-6736(13)62422-8

Lin et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

. Fornier M, Fumoleau P. The Paradox of Triple Negative Breast Cancer: Novel

Approaches to Treatment. Breast J (2012) 18(1):41-51. doi:10.1111/j.1524-
4741.2011.01175x

. Bornstein P, Armstrong LC, Hankenson KD, Kyriakides TR, Yang Z.

Thrombospondin 2, a Matricellular Protein with Diverse Functions.
Matrix Biol (2012) 19(7):557-68. doi:10.1016/50945-053x(00)00104-9

. Krady MM, Zeng ], Yu ], MacLauchlan S, Skokos EA, Tian W, et al

Thrombospondin-2 Modulates Extracellular Matrix Remodeling during
Physiological Angiogenesis. Am J Pathol (2008) 173(3):879-91. doi:10.2353/
ajpath.2008.080128

Calabro NE, Kiristofik NJ, Kyriakides TR. Thrombospondin-2 and
Extracellular Matrix Assembly. Biochim Biophys Acta (2014) 1840(8):
2396-402. doi:10.1016/j.bbagen.2014.01.013

Jeong SY, Kim DH, Ha J, Jin HJ, Kwon §J, Chang JW, et al
Thrombospondin-2 Secreted by Human Umbilical Cord Blood-Derived
Mesenchymal Stem Cells Promotes Chondrogenic Differentiation. Stem
Cells (2013) 31(10):2136-48. doi:10.1002/stem.1471

Liu JF, Lee CW, Tsai MH, Tang CH, Chen PC, Lin LW, et al. Thrombospondin
2 Promotes Tumor Metastasis by Inducing Matrix Metalloproteinase-13
Production in Lung Cancer Cells. Biochem Pharmacol (2018) 155:537-46.
doi:10.1016/j.bcp.2018.07.024

Chen PC, Tang CH, Lin LW, Tsai CH, Chu CY, Lin TH, et al
Thrombospondin-2 Promotes Prostate Cancer Bone Metastasis by the Up-
Regulation of Matrix Metalloproteinase-2 through Down-Regulating miR-
376¢ Expression. ] Hematol Oncol (2017) 10(1)(33). doi:10.1186/s13045-017-
0390-6

Pan W, Song XY, Hu QB, Zhang M, Xu XH. TSP2 Acts as a Suppresser of Cell
Invasion, Migration and Angiogenesis in Medulloblastoma by Inhibiting the
Notch Signaling Pathway. Brain Res (2019) 1718:223-30. do0i:10.1016/j.
brainres.2019.05.004

Le Large TYS, Meijer LL, Paleckyte R, Boyd LNC, Kok B, Wurdinger T, et al.
Combined Expression of Plasma Thrombospondin-2 and CA19-9 for
Diagnosis of Pancreatic Cancer and Distal Cholangiocarcinoma: A
Proteome Approach. Oncologist (2020) 25(4):e634-e643. doi:10.1634/
theoncologist.2019-0680

Peng HY, Chang MC, Hu CM, Yang HI, Lee WH, Chang YT.
Thrombospondin-2 Is a Highly Specific Diagnostic Marker and Is
Associated with Prognosis in Pancreatic Cancer. Ann Surg Oncol
(2019) 26:807-14. doi:10.1245/s10434-018-07109-6

Kim J, Bamlet WR, Oberg AL, Chaffee KG, Donahue G, Cao XJ, et al. Detection
of Early Pancreatic Ductal Adenocarcinoma with Thrombospondin-2 and
CA19-9 Blood Markers. Sci Transl Med (2017) 9:eaah5583. doi:10.1126/
scitranslmed.aah5583

Byrling J, Kristl T, Hu D, Pla I, Sanchez A, Sasor A, et al. Mass Spectrometry-Based
Analysis of Formalin-Fixed, Paraffin-Embedded Distal Cholangiocarcinoma
Identifies Stromal Thrombospondin-2 as a Potential Prognostic Marker.
J Transl Med (2020) 18(1)(343). doi:10.1186/s12967-020-02498-3

Jiang YM, Yu DL, Hou GX, Jiang JL, Zhou Q, Xu XF. Serum Thrombospondin-2
Is a Candidate Diagnosis Biomarker for Early Non-small-cell Lung Cancer. Biosci
Rep (2019) 39:BSR20190476. doi:10.1042/BSR2019047639(7):BSR20190476
Naumnik W, Ossoliniska M, Ploniska I, Chyczewska E, Niklinski J. Circulating
Thrombospondin-2 and FGF-2 in Patients with Advanced Non-small Cell
Lung Cancer: Correlation with Survival. Adv Exp Med Biol (2015) 833:9-14.
doi:10.1007/5584_2014_78

Tian Q, Liu Y, Zhang Y, Song Z, Yang J, Zhang J, et al. THBS2 Is a
Biomarker for AJCC Stages and a Strong Prognostic Indicator in
Colorectal Cancer. ] BUON (2018) 23:1331-6.

Wang X, Zhang L, Li H, Sun W, Zhang H, Lai M. THBS2 Is a Potential
Prognostic Biomarker in Colorectal Cancer. Sci Rep (2016) 6:33366. doi:10.
1038/srep33366

Lin Y, Lin L, Fu F, Wang C, Hu A, Xie J, et al. Quantitative Proteomics Reveals
Stage-specific Protein Regulation of Triple Negative Breast Cancer. Breast Cancer
Res Treat (2021) 185(1):39-52. doi:10.1007/s10549-020-05916-8

Symmans WF, Peintinger F, Hatzis C, Rajan R, Kuerer H, Valero V, et al.
Measurement of Residual Breast Cancer Burden to Predict Survival after

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

THBS2 for Breast Cancer

Neoadjuvant Chemotherapy. J Clin Oncol (2007) 25(28):4414-22. doi:10.1200/
JCO.2007.10.6823

Zhao S, Ma D, Xiao Y, Li XM, Ma JL, Zhang H, et al. Molecular Subtyping
of Triple-Negative Breast Cancers by Immunohistochemistry: Molecular
Basis and Clinical Relevance. Oncologist (2020) 25(10):e1481-e1491.
doi:10.1634/theoncologist.2019-0982

Hugo C, Daniel C. Thrombospondin in Renal Disease. Nephron Exp
Nephrol (2009) 111(3):e61-66. doi:10.1159/000198235

Iruela-Arispe ML, Luque A, Lee N. Thrombospondin Modules and
Angiogenesis. Int ] Biochem Cel Biol (2004) 36(6):1070-8. doi:10.1016/
j.biocel.2004.01.025

Mirochnik Y, Kwiatek A, Volpert OV. Thrombospondin and Apoptosis:
Molecular Mechanisms and Use for Design of Complementation
Treatments. Curr Drug Targets (2008) 9(10):851-62. doi:10.2174/
138945008785909347

Rahman MT, Muppala S, Wu J, Krukovets I, Solovjev D, Verbovetskiy D,
et al. Effects of Thrombospondin-4 on Pro-inflammatory Phenotype
Differentiation and Apoptosis in Macrophages. Cell Death Dis (2020)
53. doi:10.1038/s41419-020-2237-2

Chang IW, Li CF, Lin VC, He HL, Liang PI, Wu WJ, et al. Prognostic
Impact of Thrombospodin-2 (THBS2) Overexpression on Patients with
Urothelial Carcinomas of Upper Urinary Tracts and Bladders. ] Cancer
(2016) 7:1541-9. doi:10.7150/jca.15696

Hsu CW, Yu JS, Peng PH, Liu SC, Chang YS, Chang KP, et al. Secretome
Profiling of Primary Cells Reveals that THBS2 Is a Salivary Biomarker of
Oral Cavity Squamous Cell Carcinoma. J Proteome Res (2014) 13(11):
4796-807. doi:10.1021/pr500038k

Dave RV, Millican-Slater R, Dodwell D, Horgan K, Sharma N.
Neoadjuvant Chemotherapy with MRI Monitoring for Breast Cancer.
Br ] Surg (2017) 104(9):1177-87. doi:10.1002/bjs.10544

Bae MS, Shin SU, Ryu HS, Han W, Im SA, Park IA, et al. Pretreatment MR
Imaging Features of Triple-Negative Breast Cancer: Association with Response to
Neoadjuvant Chemotherapy and Recurrence-free Survival. Radiology (2016)
281(2):392-400. doi:10.1148/radiol.2016152331

Golshan M, Wong SM, Loibl S, Huober JB, O’Shaughnessy J, Rugo HS,
et al. Early Assessment with Magnetic Resonance Imaging for Prediction
of Pathologic Response to Neoadjuvant Chemotherapy in Triple-Negative
Breast Cancer: Results from the Phase III BrighTNess Trial. Eur ] Surg
Oncol (2020) 46(2):223-8. doi:10.1016/j.€js0.2019.10.002

Marinovich ML, Houssami N, Macaskill P, Sardanelli F, Irwig L,
Mamounas EP, et al. Meta-analysis of Magnetic Resonance Imaging in
Detecting Residual Breast Cancer after Neoadjuvant Therapy. ] Natl
Cancer Inst (2013) 105(5):321-33. do0i:10.1093/jnci/djs528

Wang RX, Chen S, Huang L, Zhou Y, Shao ZM. Monitoring Serum VEGF in
Neoadjuvant Chemotherapy for Patients with Triple-Negative Breast Cancer:
A New Strategy for Early Prediction of Treatment Response and Patient
Survival. Oncologist (2019) 24(6):753-61. doi:10.1634/theoncologist.2017-
0602

LiY, Cui X, Yang Y], Chen QQ, Zhong L, Zhang T, et al. Serum sPD-1 and
sPD-L1 as Biomarkers for Evaluating the Efficacy of Neoadjuvant
Chemotherapy in Triple-Negative Breast Cancer Patients. Clin Breast
Cancer (2019) 19(5):326-32. d0i:10.1016/j.clbc.2019.03.008

Balko JM, Giltnane JM, Wang K, Schwarz L], Young CD, Cook RS, et al.
Molecular Profiling of the Residual Disease of Triple-Negative Breast
Cancers after Neoadjuvant Chemotherapy Identifies Actionable
Therapeutic Targets. Cancer Discov (2014) 4(2):232-45. doi:10.1158/
2159-8290.CD-13-0286

Romero A, Garcia-Sdenz JA, Fuentes-Ferrer M, Lopez Garcia-Asenjo JA,
Furio V, Roman JM, et al. Correlation between Response to Neoadjuvant
Chemotherapy and Survival in Locally Advanced Breast Cancer Patients.
Ann Oncol (2013) 24:655-61. doi:10.1093/annonc/mds493

Sejben A, Kdsz6 R, Kahén Z, Cserni G, Zombori T. Examination of Tumor
Regression Grading Systems in Breast Cancer Patients Who Received
Neoadjuvant Therapy. Pathol Oncol Res (2020) 26:2747-54. doi:10.1007/
§12253-020-00867-3

Pathology & Oncology Research

11

August 2022 | Volume 28 | Article 1610559


https://doi.org/10.1111/j.1524-4741.2011.01175.x
https://doi.org/10.1111/j.1524-4741.2011.01175.x
https://doi.org/10.1016/s0945-053x(00)00104-9
https://doi.org/10.2353/ajpath.2008.080128
https://doi.org/10.2353/ajpath.2008.080128
https://doi.org/10.1016/j.bbagen.2014.01.013
https://doi.org/10.1002/stem.1471
https://doi.org/10.1016/j.bcp.2018.07.024
https://doi.org/10.1186/s13045-017-0390-6
https://doi.org/10.1186/s13045-017-0390-6
https://doi.org/10.1016/j.brainres.2019.05.004
https://doi.org/10.1016/j.brainres.2019.05.004
https://doi.org/10.1634/theoncologist.2019-0680
https://doi.org/10.1634/theoncologist.2019-0680
https://doi.org/10.1245/s10434-018-07109-6
https://doi.org/10.1126/scitranslmed.aah5583
https://doi.org/10.1126/scitranslmed.aah5583
https://doi.org/10.1186/s12967-020-02498-3
https://doi.org/10.1042/BSR20190476
https://doi.org/10.1007/5584_2014_78
https://doi.org/10.1038/srep33366
https://doi.org/10.1038/srep33366
https://doi.org/10.1007/s10549-020-05916-8
https://doi.org/10.1200/JCO.2007.10.6823
https://doi.org/10.1200/JCO.2007.10.6823
https://doi.org/10.1634/theoncologist.2019-0982
https://doi.org/10.1159/000198235
https://doi.org/10.1016/j.biocel.2004.01.025
https://doi.org/10.1016/j.biocel.2004.01.025
https://doi.org/10.2174/138945008785909347
https://doi.org/10.2174/138945008785909347
https://doi.org/10.1038/s41419-020-2237-2
https://doi.org/10.7150/jca.15696
https://doi.org/10.1021/pr500038k
https://doi.org/10.1002/bjs.10544
https://doi.org/10.1148/radiol.2016152331
https://doi.org/10.1016/j.ejso.2019.10.002
https://doi.org/10.1093/jnci/djs528
https://doi.org/10.1634/theoncologist.2017-0602
https://doi.org/10.1634/theoncologist.2017-0602
https://doi.org/10.1016/j.clbc.2019.03.008
https://doi.org/10.1158/2159-8290.CD-13-0286
https://doi.org/10.1158/2159-8290.CD-13-0286
https://doi.org/10.1093/annonc/mds493
https://doi.org/10.1007/s12253-020-00867-3
https://doi.org/10.1007/s12253-020-00867-3

Lin et al.

41. Laas E, Labrosse ], Hamy AS, Benchimol G, de Croze D, Feron JG, et al.
Determination of Breast Cancer Prognosis after Neoadjuvant Chemotherapy:
Comparison of Residual Cancer Burden (RCB) and Neo-Bioscore. Br ] Cancer
(2021) 124(8):1421-7. doi:10.1038/s41416-020-01251-3

42. Ao R, Guan L, Wang Y, Wang JN. Silencing of COL1A2, COL6A3,
and THBS2 Inhibits Gastric Cancer Cell Proliferation, Migration,
and Invasion While Promoting Apoptosis through the PI3k-Akt
Signaling Pathway. J Cel Biochem (2018) 119(6):4420-34. doi:10.
1002/jcb.26524

43. LiuJF, Chen PC, Chang TM, Hou CH. Thrombospondin-2 Stimulates MMP-9
Production and Promotes Osteosarcoma Metastasis via the PLC, PKC, C-Src

THBS2 for Breast Cancer

and NF-Kb Activation. ] Cel Mol Med (2020) 24:12826-39. doi:10.1111/jcmm.
15874

Copyright © 2022 Lin, Lin, Li, Chen, Chen, Huang, Guo, Chen, Wu, Zhang, Zhang,
Jin, Zhang, Fu and Wang. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Pathology & Oncology Research 12

August 2022 | Volume 28 | Article 1610559


https://doi.org/10.1038/s41416-020-01251-3
https://doi.org/10.1002/jcb.26524
https://doi.org/10.1002/jcb.26524
https://doi.org/10.1111/jcmm.15874
https://doi.org/10.1111/jcmm.15874
https://creativecommons.org/licenses/by/4.0/

	Thrombospondin 2 is a Functional Predictive and Prognostic Biomarker for Triple-Negative Breast Cancer Patients With Neoadj ...
	Introduction
	Material and Methods
	Study Patients
	Pathological and Survival Evaluation
	Enzyme-Linked Immunosorbent Assay and Immunohistochemistry
	Cell Culture and Transfection
	Western Blotting

	Quantitative Real-Time PCR
	CCK-8 and Colony Formation Assay
	Wound Healing Assay
	Transwell Assay
	Statistical Analysis

	Results
	Patient Characteristics
	sTHBS2 and NAC Treatment Response
	hTHBS2 and Survival in Non-pCR Patients
	THBS2 Promoted Proliferation, Migration, and Invasion of TNBC Cells

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Conflict of Interest
	Acknowledgments
	Supplementary Material
	References


