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ABSTRACT ARTICLE HISTORY

The incidence rate of breast cancer is the highest in the world, and major problem in the clinical Received 7 February 2022
treatment is the therapy resistance of breast cancer stem cells (CSCs). Thus, new therapeutic approaches ~ Revised 31 March 2022
targeting breast CSCs are needed. Our previous study demonstrated cancer-derived sialylated IgG (SIA-  Accepted 2 April 2022
IgG) is highly expressed in cancer cells with stem/progenitor features. Furthermore, a high frequency of KEYWORDS

SIA-IgG in breast cancer tissue predicted metastasis and correlated with poor prognosis factors, and non B-lgG; breast caicinoma;
depletion of IgG in breast cancer leads to lower malignancy of cancer cells, suggesting SIA-IgG could be survival; cancer therapy;
a potential therapeutic target in breast cancer. In this study, we first investigated the relationship of SIA- Whnt/B-catenin signaling
IgG expression with the clinicopathological characteristics and clinical prognosis of breast carcinoma pathway

patients, and the data confirmed that the expression of SIA-IgG confers poor prognosis in breast cancer.

Successively, by using a monoclonal antibody specifically against SIA-IgG, we targeted SIA-IgG on the

surface of MDA-MB-231 cells and detected their functional changes, and the results suggested SIA-IgG to

be a promising antibody therapeutic target in breast cancer. In addition, we explored the mechanism of

action at the molecular level of SIA-IgG on breast cancer cell, the findings suggest that SIA-IgG promotes

proliferation, metastasis, and invasion of breast cancer cells through the Whnt/B-catenin signaling path-

way. Developing therapeutic antibody needs effective therapeutic target, and the antibody should

better be a monoclonal antibody with high affinity and high specificity. This study provides a potential

prognostic marker and a novel therapeutic target for breast cancer.
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Highlights

e SIA-IgG confers poor prognosis in breast
cancer.

e The monoclonal antibody RP215 is a poten-
tial therapeutic antibody in breast cancer.

e SIA-IgG may affect the biological function of
breast cancer cells by regulating Wnt/[p-cate-
nin signaling pathway.

Introduction

The incidence of breast cancer has risen dramati-
cally in recent decades, and breast cancer is one of
the leading causes of cancer mortality worldwide
[1-3]. Patients with a favorable subtype can expect
an overall survival (OS) above 95% and a local
control rat (LCR) of almost 100% over 5 years.
On the other hand the outcome of patients with
HER?2 and Triple negative subtypes remains poor,
thus necessitating more intensified research and
care [4]. Metastasis accounts for the majority of
breast carcinoma deaths, however, the pathoge-
netic mechanisms have not been fully elucidated,
and the molecular mechanisms that orchestrate
cancer metastasis remain poorly understood until
now [5,6]. In studies of this aspect, accumulating
data have shown that cancer stem cells (CSCs) play
important roles in breast cancer metastasis, recur-
rence, drug resistance and worse prognosis, and
traditional breast cancer therapies are effective in
killing only the majority of tumor cells while leav-
ing CSCs alive, driving drug resistance and cancer
relapse [7-9]. Novel therapies targeting breast
CSCs may remove the barrier for achieving cur-
ability. On the other hand, one molecular hallmark
of cancer is aberrant glycosylation, and malignant
transformation is accompanied by changes in both
N- and O-glycosylation of proteins [10,11]. In
breast carcinomas, the relationship between glyco-
sylation and cancer metastasis has been an impor-
tant scientific topic in recent decades. O-linked
glycans are frequently truncated, often as a result
of premature sialylation [12-15]. Glycotherapy is
one of the potential therapeutic strategies to target
aberrant glycosylation, promoting abnormal cellu-
lar activities and carcinogenesis [16].
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SIA-IgG, a non-B cell-derived immunoglobulin
(Ig) and a potential breast CSC marker with aber-
rant glycosylation, is also a potential cancer ther-
apeutic target. Increasing evidence has proven that
immunoglobins (Igs) can also be produced and
derived by many other kinds of cells in addition
to B cells, and the rearrangements, transcripts and
proteins of IgA, IgM, IgG and IgE are widely
expressed in multiple non-B cell types, especially
in cancer cells [17-30]. Currently, most cancer-Ig
studies focus on IgG, which is considered to be
associated with tumor progression, metastasis, and
poor prognosis in kinds of human epithelia can-
cers and soft tissue tumors, such as breast cancer,
pancreatic cancer and sarcomas [31-35]. By utiliz-
ing the monoclonal antibody RP215, which is spe-
cific to an abnormal sialic acid-modified epitope
within the CH1 domain of non-B cell-derived IgG
(non B-IgG) [36-39], researchers could study the
expression, localization, and function of sialic acid
IgG (SIA-IgG), and interference with B cell-
derived IgG (B-IgG) contributions could be
excluded. We first discovered that this type of SIA-
IgG was found in multiple classes of cells with
epithelial origin, especially in epithelial tumor
cells with high frequency [40]. Interestingly, we
found that SIA-IgG was highly expressed in breast
cancer stem/progenitor-like cells [40]. Further
research on the role of SIA-IgG in epithelial cancer
was performed, and other researchers and us have
demonstrated that the expression of SIA-IgG was
correlated with high malignancy of cancer cells
and often appears to be associated with poor prog-
nosis of patients [40-44]. Lung Squamous Cell
Carcinoma (LSCC) patients with high SIA-IgG
expressing level had significantly shorter disease
free survival (DFS) (N = 68, P = 0.0073), and
multivariate Cox regression analysis demonstrated
that SIA-IgG expressing level is strongly associated
with patients’ survival (HR = 3.744, P = 0.013)
[39].In 140 lung adenocarcinomas (ADC) cases,
the expressing level of SIA-IgG is significantly
correlated with local invasion (P < 0.05) and
tumor differentiation (P < 0.05), and Cox multi-
variate analysis also showed SIA-IgG (HR = 5.102,
P < 0.0001) is an independent risk factor of poor
prognostic for ADC patients [41]. Another
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research in 381 patients of Pancreatic Ductal
Adenocarcinoma (PDA), SIA-IgG expression was
identified as an independent prognostic factor
associated with both DFS (HR = 2.359,
P < 0.001)and Overall survival (OS) (HR = 2.490,
P < 0.001)by the multivariate Cox regression ana-
lysis DFS:HR = 2.359, P < 0.001; OS: 2.490,
P < 0.001) [41]. There are also researches showing
that SIA-IgG promotes the development of pros-
tate cancer and bladder cancer in vitro [42,45] and
in our previous study of breast cancer, increasing
SIA-IgG expressing level in beast cancer predicted
metastasis and correlate with poor prognosis fac-
tors. In our previous work, the results also indi-
cated a strong positive correlation and
colocalization between SIA-IgG™S" breast cancer
cells and CD44*/CD24"°%~ breast CSCs [40], sug-
gesting that SIA-IgG might be a potential treat-
ment target for CSCs in breast cancer. In addition,
turther studies are needed to confirm this.

In this research, after following clinical patients
and collecting tumor specimens, we evaluated the
relationship between the expression of SIA-IgG
and clinicopathological characteristics and poor
prognosis in 75 cases of breast cancer with overall
survival (OS) by immunohistochemistry. The
results suggest that SIA-IgG could serve as
a useful indicator for the poor prognosis of breast
cancer and a possible clinical treatment target.

In our previous study, we knockdown the
expression of SIA-IgG in breast cancer cell line
MDA-MB-231, a Triple negative breast cancer
cell line, and the leads to reduced adhesion, inva-
sion and self-renewal and increased apoptosis of
cancer cells, indicate that targeting SIA-IgG is
feasible in the treatment of breast cancer, espe-
cially for Triple negative breast cancer [40]. As
the safety of gene therapy in cancer remains
unclear, and the localization of SIA-IgG is primar-
ily localized on the cell surface, we prefer to anti-
body treatment by utilize the monoclonal antibody
RP215 which specific to SIA-IgG.

In Lee group’s research, RP215 treatments can
induce apoptosis in various cancer cells, suggesting
that this monoclonal antibody could block the
function of SIA-IgG [46,47]. In this study, using
the antibody RP215, we blocked the specific gly-
cosylation site of SIA-IgG on the surface and
secreted it by MDA-MB-231 cells and explored

the changes in their biological characteristics,
such as proliferation, migration, invasion and
apoptosis. The data have shown that SIA-IgG
could be a therapeutic target and has the potential
for clinical application.

This work also explored the signaling mechan-
isms of the activities of SIA-IgG on breast cancer
cells. In the preceding study, after the expression
of IgG was knocked down in MDA-MB-231 cells,
the total RNA was extracted and RNA sequencing
was performed. The analyze data indicated SIA-
IgG regulate biological characteristics of MDA-MB
-231 cells may through Wnt signaling pathway
(data not shown), other researcher also demon-
strated Wnt/p-catenin pathway plays an important
role in the proliferation and epithelial-
mesenchymal transition (EMT) phenotype in
breast cancer cells [48,49]. At the present study,
we confirm this finding that SIA-IgG may regulate
Whnt/B-catenin pathway via mediate GSK3( phos-
phorylation and inhibition. In conclusion, based
on the prophase research, this study reveals
a novel SIA-IgG/GSK3pB mediated Wnt/B-catenin
pathway that promotes breast cancer prognosis,
and confirmed SIA-IgG as a novel indicator for
poor outcome and a therapeutic target in breast
cancer.

Material and methods
Patient samples

Formalin-fixed, paraffin-embedded samples of
breast cancer were obtained from 75 patients
from the Affiliated Hospital of Guilin Medical
University (Guilin, Guangxi, China) and the First
Affiliated Hospital of Guangxi Medical University
(Nanning, Guangxi, China). In all, 66 of the sam-
ples were invasive ductal carcinoma, and 9 of the
samples were invasive lobular carcinoma. The his-
tological classification and grading of tumor speci-
mens were based on the WHO classification. The
tumor/node/metastasis (TNM) stage was deter-
mined according to the guidelines of the
American Joint Committee on Cancer (AJCC).
Clinicopathological data were obtained from
a review of hospital medical records. All 75 breast
cancer samples were female patients aged between
27 and 80 (45.5 + 9.3) years. In histopathological



grading, 18.7% of the samples (n = 14) were well
differentiated (grade I), 65.3% of the samples
(n = 49) were moderately differentiated (grade II)
and 16.0% (n = 12) were poorly differentiated
(grade III). A total of 57.3% of patients (n = 43)
developed lymph node metastasis. By TNM sta-
ging standards, 1 (1.3%) was in stage I, 29 (38.7%)
in stage TIA, 32 (42.7%) in stage IIB, 12 (16%) in
stage IIIA and 1 (1.3%) in stage IIIB. All patients
were followed-up until August 2018. Ethical
approval of the study was granted by the Ethics
Committee of the Guilin Medical College, and
informed consent was received from all partici-
pants prior to commencement of the study.

Cell line and culture condition

The breast carcinoma cell-line MDA-MB-231,
MCF-7 and the human breast epithelial cells
MCF 10A was purchased from the American
Type Culture Collection (ATCC). MDA-MB-231
cells maintained in RPMI 1640 medium with 10%
fetal bovine serum, 100 U/ml penicillin, and
100 mg/ml streptomycin in a humidified 37°C
incubator. MCF-7 cells were maintained in
DMEM supplemented with 10% FBS. MCF-10A
cells were cultured in a complete growth medium
(CM-0525, Procell Life Science & Technology
Company, Wuhan, China).

Immunohistochemistry

Immunohistochemistry steps were performed by
standard protocols. Antigen retrieval was con-
ducted by immersing slides in Tris-EDTA buffer
(pH 9.0) at 120°C for 3 min, and primary mAb
RP215 (3.99 mg/ml) was provided by Xiaoyan
Qiu of Peking University (the cell line of mono-
clonal antibody RP215 was generated by Gorgey
Lee of the University of British Columbia in
Vancouver, Canada), and the dilution was
1:3000. Secondary antibodies were from Jackson
Immuno Research and Invitrogen, antigen was
visualized with substrate chromogen (Dako
liquid DAB chromogen; Dako), staining was per-
formed according to the instructions. The
expression of SIA-IgG was qualified by a four-
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tier intensity score (0, none; 1, weak; 2, moder-
ate; 3, strong) and the percentage (0-100%) of
positive cells. The final staining score was
obtained by multiplying the intensity and per-
centage of positive cells (range 0-300) according
to the percentage of positive cells present among
all tumor cells. A score 2150 was defined as high
SIA-IgG expression, while scores <150 were
defined as low SIA-IgG expression.

Colony formation assay

Cell viability was detected using a colony forma-
tion assay. Cells were seeded into the wells of
6-well plates (200 cells per well) for 6 hours,
followed by treatment with blocking antibody
to the cell culture medium after the cells
adhered. The culture medium was renewed
every 2 days. After 8 days, the cells were stained
with 0.1% crystal violet to assess colony forma-
tion. Colonies containing >40 cells were counted
[50]. This study was done in triplicate.

Cell counting Kit-8 (CCK-8) assay

The proliferation ability of cells was determined
by a CCK-8 colorimetric growth assay. Cells
were cultured in 96-well plates (2 x 10° cells
per well) in complete medium for 6 hours, fol-
lowed by treatment with blocking antibody to
the cell culture medium after the cells adhered.
Each day, the culture medium was renewed, and
cell growth was determined by adding 10 pl
CCKS8 solution in 100 pul RPMI 1640 with 10%
FBS for 2 h at 37°C. Then, the absorbance was
measured with a 450-nmfilter. This study was
done in five duplicates [51].

In vitro wound healing assay

Cellular migration was evaluated by wound heal-
ing assay. MDA-MB-231 cells (2 x 10°) were
grown to confluence on 12-well plates in RPMI
1640 (1 ml per well) with 1% FBS. After 12 h,
a scratch was introduced with a sterile 200 pl pip-
ette tip, washed twice with PBS, and then treated
with blocking antibody to the cell culture medium.
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Cells were further cultured in RPMI 1640 with 1%
FBS, and then areas refilled by migrating MDA-
MB-231 cells were documented. Cell migration
was observed under a phase-contrast inverted
microscope (Zeiss; 5x magnification), and images
of four selected areas were captured and analyzed
every 24 h until the wound healed [52]. This study
was done in triplicate.

Transwell migration and Matrigel invasion
assays

The migration ability of breast cells was detected
using a Transwell assay. The assays were per-
formed using polycarbonate membrane transwell
inserts with pore size of 8.0 pm (Corning, USA
and Jet Biofil, China) was used for the migration
assay. For the invasion assay, a Corning® Matrigel®
Invasion Chamber (Corning, USA) was used.
Cells were seeded into the upper chamber at
a density of 3 x 10* cells in 200 yul serum-free
medium, and the bottom chamber was filled
with 500 pl medium containing 10% FBS. After
incubation for 6 h at 37°C, blocking antibody was
added to the cell culture medium as the cells
adhered, and the cells were incubated for 24 h or
48 h at 37°C in a humidified 5% CO2 atmosphere.
Cells in the top chamber were removed by
a cotton-tipped swab, and the migrated cells
were stained with crystal violet. They were then
visualized under a phase-contrast microscope and
photographed. These studies were done in tripli-
cate. The number of migrated/invaded cells was
counted in six random fields under an inverted
microscope (Olympus BX53; 10x magnification)
[53,54].

Apoptosis assay based on Annexin V-FITC/
propidium iodide (Pl) flow cytometry

Apoptosis was determined by using an Annexin
V-FITC  Apoptosis  Detection kit  (cat.
no. 556547; BD Biosciences). Flow cytometry
can distinguish early apoptotic cells, late apopto-
tic cells and normal cells. The experimental steps
were performed according to the manufacturer’s
protocol, and data acquisition and analysis were
performed using flow cytometry (FACScan; BD

Biosciences) and FlowJo software (version 10.0;
FlowJo LLC). The results for early and late
apoptosis were combined as the total amount
of apoptosis.

siRNA transfection

Inhibition of IgG expression was achieved through
siRNA transfection by electroporation on a Gene
Pulser XCell (BioRad). The siRNAs against Ig
gamma chain constant region (silgGl and
silgG2) and the control RNA (NC) (silgGl: 5'-

GGUGGACAAGACAGUUGAG-3', silgG2: 5'-
AGUGCAAGGUCUCCAACAA-3, NC: 5'-
UUCUCCGAACGUGUCACGU-3")  purchased

from Shanghai GenePharma Corporation, China.
Cell density was adjusted to 2 x 10%/350 pl. The
knockdown efficiency of IgG was checked by
Western blot.

Western blotting

Whole-cell extracts were prepared in cell lysis buf-
fer (10 mM Tris-HCI, 1% Triton-X 100, 1%
sodium deoxycholate, 0.1% sodium dodecyl sulfate
[SDS], 0.15 M NaCl, with protease inhibitor cock-
tail from Roche Applied Science [Indianapolis,
IN]). Western blot was performed using standard
protocols.

Xenograft mouse model

Five-week-old healthy female BALB/C nude mice
were purchased from Hunan Silaikejingda
Laboratories (Hunan, China) and wused in
a xenograft mouse model. The mice were allowed
to acclimate for 1 week after arrival. 1 x 10° MDA-
MB-231 cells were injected (100 ul per site)
injected subcutaneously into the axilla of mice,
and when tumors were ready (21 d), three groups
of nude mice were subjected to peritumoral injec-
tion with 30 pl of monoclonal RP215 (5 pg/
tumor), control IgG antibody (mouse IgG,
#400402, BioLegend, 5 pg/tumor), and saline
every 5 days. Tumor size was monitored on
the second day, and the tumor volumes were cal-
culated using the following formula: tumor
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Figure 1. The expression of SIA-IgG is correlated with clinical prognosis in breast cancer. Inmunohistochemistry staining for
SIA-IgG in breast cancer tissues. For example, infiltrating ductal carcinoma showed weak SIA-IgG-positive staining in the tissues of
surviving patients (a, b, and c) and strong SIA-IgG-positive staining in the tissues of deceased patients (d, e, f, and g) with invasive
breast cancer. The clinical characteristics of the tissues are as follows: (a) well differentiated (grade I), without lymph node
metastasis, TNM stage IIA. (b) moderately differentiated (grade 1), without lymph node metastasis, TNM stage IIB. (c) moderately
differentiated (grade II), with lymph node metastasis (TNM-N1), TNM stage llIA. (d) moderately differentiated (grade II), with lymph
node metastasis (TNM-N2), TNM stage IIA. (e) moderately differentiated (grade II), without lymph node metastasis, TNM stage IIB. (f)
moderately differentiated (grade II), with lymph node metastasis (TNM-N1), TNM stage IlIA. (g) moderately differentiated (grade II),
with lymph node metastasis (TNM-N1), TNM stage llIB. (h) Kaplan-Meier survival for SIA-IgG high expression and low expression
groups. Patients in the SIA-IgG high expression group (SIA-IgG"9™ staining score > 150) had a significantly poorer prognosis than

those in the SIA-IgG low expression (SIA-IgG'°", staining score < 150) group (P = 0.01).

volume = 0.52 xwidth® x length. Then, after
2 weeks, the mice were sacrificed. Animal ethical
approval of the study was granted by the Animal
Ethics Committee of Guilin Medical College. All
animal experiments were complied with the
ARRIVE guidelines, and all procedures followed
the National Institutes of Health Guide for the
Care and Use of Laboratory Animals.

Statistical analysis

The relationship between SIA-IgG expression and
clinicopathological features (age, tumor size,
pathological grade, local invasion, lymph node
metastasis, TNM stage and discovery time) was
assessed using the chi-square test and Mann-
Whitney test. Date of breast cancer diagnosis was
defined as time zero for the calculation of survival
rates. Survival was defined as time from diagnosis
to death, or to last follow-up if death had not
occurred. Patients who died were not censored.
Surviving patients were censored [55]. Overall sur-
vival (OS) was calculated by Kaplan-Meier analy-
sis and compared using the log-rank test. A Cox
proportional hazards model was used to identify
the prognostic effect of SIA-IgG on survival. All
the clinical data were analyzed with SPSS 19 soft-
ware, and all data based on the breast cancer cell-
line MDA-MB-231 were analyzed with GraphPad
Prism software and presented as the mean *

standard error of the mean. Statistical significance
was determined by the two-tailed unpaired t test
with a significance level of P value < 0.05.

Results

High SIA-IgG expression is associated with poor
prognosis of breast cancer patients

In our previous study, data showed that the
expression of SIA-IgG was significantly higher in
metastatic samples than in situ breast cancer and
correlated with poor prognosis factors [40]. In this
study, we first analyzed the relationship between
SIA-IgG expression and the clinicopathological
features of tissues from 75 breast cancer patients.
Both the positive rate and staining score of SIA-
IgG were significantly correlated with metastasis
(P = 0.035, x2; P = 0.036, Mann-Whitney) and
TNM stage (P = 0.027, x2; P = 0.012, Mann-
Whitney), indicating that SIA-IgG expression was
significantly higher in breast cancer cases with
greater migration capacity. No significant correla-
tions between SIA-IgG positivity and age, tumor
size, pathological grade, local invasion (TNM-T)
or discovery time were observed (Figure 1(a-g));
(Table 1).

To further confirm that the expression of SIA-
IgG is associated with poor prognosis of breast
carcinoma patients, the correlation between SIA-
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Table 1. Association between SIA-IgG expression and clinicopatholioical characteristics.

Clinical characteristics cases n Positive cases n(%) P-value?(x?) SIA-IgG staining score mean (SD) P-value® (Mann -Whitney)
Ages (years) 0.302 0.305
<50 53 22 (41.51) 125.09 (69.85)

>50 22 12 (54.55) 139.09 (83.38)

Tumor size (cm) 0.072 0.074
<5 35 12(34.29) 115.71 (67.44)

>5 40 22 (55.00) 141.00(77.82)

Pathological grade 0.192 0.108
-1l 63 26(41.27) 121.27(72.19)

n-v 12 8(66.67) 170.83 (70.64)

TNM-T 0.117 0.120
T1-T2 49 19 (38.78) 115.10 (65.71)

T3-T4 26 15 (57.69) 155.77 (81.84)

TNM-N 0.035* 0.036*
NO 43 15(34.88) 116.05 (73.97)

N1-N2 32 19(59.38) 146.88 (70.82)

TNM stage 0.027* 0.012*
-l 62 24 (38.71) 119.19 (67.78)

n-1v 13 10 (76.92) 176.92 (84.99)

Discovery time (years) 0.202 0.205
<1 60 25 (41.67) 123.67 (73.44)

>1 15 9(60.00) 151.33 (73.37)

Notes: *Significant difference. ®y? test is used for positive rate. "Mann-Whitney test is used for staining score.

Abbreviations: SD, Standard deviation; TNM, Tumor-node-metastasis.

IgG expression and 5-year overall survival (OS) of
the 75 breast cancer patients was elevated by the
Kaplan-Meier method. The percent OS in SIA-
IgG high expression (staining score > 150) patients
was significantly higher than that in SIA-IgG low
expression (staining score < 150) patients
(P < 0.05) (Figure 1h). Moreover, according to
Cox multivariate analysis, the expression of SIA-
IgG (hazard ratio = 1.822, P = 0.040) was an
independent risk factor for poor prognosis in
breast cancer patients (Table 2).

Anti-SIA-IgG treatment could effectively suppress
breast cancer cell growth, metastasis and
invasion in vitro

In our past research, we demonstrated that SIA-
IgG high breast cancer cells displayed high migra-
tion, metastasis and CSC-like characteristics, and
knockdown of IgG reduced the proliferation, self-
renewal, migration and invasion of MDA-MB-231,
a claudin-low breast cancer cell-line, which was
described for their properties of CSCs, but MCF-
7 (a luminal-like breast cancer cell-line, which was
described for their limited abilities to proliferate
and migrate) there is no significant biological
characteristics between SIA-IgG™#" group and

ISIA-IgG' group, indicating us SIA-IgG may
play a more important role in the survival of breast
cancer cells with high malignancy or with CSC-
characteristics. To further explore whether SIA-
IgG could be a potential therapeutic target for
breast cancer, we blocked the function of SIA-
IgG expressed by MDA-MB-231 cells utilizing
the specific antibody RP215, and the same experi-
ment was performed in MCF-7 and MCF-10A as
controls. To dissect the change in breast cancer
cell growth ability after blocking the functions of
SIA-IgG, cell proliferation assays and colony for-
mation assays were carried out. As shown in
Figure 2(a,b) SIA-IgG-blocked MDA-MB-231
cells showed significant declines in the colony for-
mation potential and proliferative rate, meanwhile
there’s no significant difference in MCF-7 as well
as MCF-10 A. Moreover, after blocking the func-
tion of SIA-IgG, the apoptosis of MDA-MB-231
cells was only slightly increased without statistical
significance (Figure 2c). Meanwhile, wound heal-
ing assay, Transwell migration and Matrigel inva-
sion assays demonstrated that the migratory and
invasive abilities of MDA-MB-231 cells were sup-
pressed significantly when the function of SIA-IgG
was blocked compared with the untreated cells
(Figure 3(a-c)). These results revealed that



Table 2. Cox proportional hazards model analysis of prognostic
factors in patients with breast cancer.

Characteristics HR 95% Cl P value

Age (<50/=50 years) 1.881 1.039- 0.037
3.405

Pathological classification (ILC/IDC) 2310  0.864- 0.095
6.178

Pathological grade (I-I/1I-IV) 1.291 0.631- 0.484
2.640

Local invasion (T1-T2/T3-T4) 1950  0.957- 0.066
3.974

Lymph node metastasis (NO/N1-N2) 2436 1.302- 0.005
4.559

TNM stage (I-lI/111-V) 1.391 0.605- 0.437
3.197

Tumor size (<5/25 cm?) 0770  0378- 0470
1.567

RP215 staining (Low/High expression) @ 1.822 1.027- 0.040
3.235

Notes: *SIA-IgG high expression, staining score > 150. SIA-IgG low
expression, staining score < 150.

Abbreviations: Cl: confidence interval; HR: hazard ratio; TNM: tumor-
node-metastasis.

targeting SIA-IgG could inhibit the proliferation,
motility and invasion of MDA-MB-231 cells
in vitro.

To verify the specificity of the antibody RP215,
we have done a rescue experiment. We purified
SIA-IgG from ascites of ovarian cancer by utilizing
Protein G-affinity chromatography and RP215-
affinity chromatography39. After adding SIA-IgG
(5ug/ml) into the cell culture medium of MDA-
MB-231 cell which were blocked by RP215 (2 pg/
ml), the ability of cell proliferation and migration
had been rescued (Figure 4).

Anti-SIA-IgG treatment could effectively suppress
breast cancer cell growth in vivo

To assess the effects of SIA-IgG treatment on
tumor growth in vivo, we established xenograft
tumor models using MDA-MB-231 cells and tar-
geting SIA-IgG with its monoclonal antibody. All
nude mice developed xenograft tumors at the
injection site, and peritumoral injection of mono-
clonal antibody RP215 was performed (5 pg anti-
body per tumor, twice). The xenograft tumors
were harvested at Day 9 after the first injection.
Consistent with the in vitro results, in vivo experi-
ments showed that MDA-MB-231 cells exhibited
a significantly reduced growth rate in mice, as the
tumor weight and average tumor volume in the
RP215 antibody group (anti-SIA-IgG) were
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dramatically lower than those of the control
group (mouse IgG), as shown in Figure 5(a-e).
In addition, another xenograft model with MDA-
MB-231 cells transfected with siRNA against IgG
in nude mice further confirmed that targeting SIA-
IgG could inhibit tumor growth in vivo (Figure 5
(f=h)). Collectively, our data indicated that anti-
SIA-IgG treatment could effectively suppress SIA-
IgG in vitro and in vivo.

SIA-IgG may regulate biological features of
breast cancer cells through Wnt/B-catenin
pathway via mediate GSK3f3

It has been proved that Wnt/B-catenin signaling
pathway regulates cancer stem cell activity, pro-
moting tumor progression and distant metastasis
in breast cancer. In our previous study, the analyze
data of RNA sequencing indicated SIA-IgG regu-
late biological characteristics of MDA-MB-231
cells may through Wnt signaling pathway (data
not shown). At the present study, for further con-
firm this, we detected key molecular of Wnt/f-
catenin signaling pathway after the expression of
IgG was knocked down in MDA-MB-231 cells by
western blotting. The results have shown that
when SIA-IgG were knocked down, phosphory-
lates GSK3p at Ser9, which inhibits GSK3p activ-
ity, was also be inhibited, and knocking down of
SIA-IgG also decreased total [-catenin level
(Figure 6). These results indicate that SIA-IgG
may through Wnt/p-catenin pathway via mediate
GSK3pB to regulate biological features of breast
cancer cells, and Graphical Abstract presents the
schematic of the possible acting site of SIA-IgG on
Whnt/B-catenin pathway.

Discussion

In our previous study, by using the monoclonal
antibody RP215, we found abnormal sialic acid
IgG (SIA-IgG) derived from non-B cells, and the
results suggested that this type of SIA-IgG might
be a potential treatment target for CSCs in breast
cancer, and could be an indicator for its poor
prognosis. [40] In this research, we have per-
formed further studies to confirm these.

First, we carried out clinical follow-up jobs and
obtained 75 cases of breast cancer with overall
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Figure 2. Anti-SIA-IgG treatment effectively suppressed cell growth in MDA-MB-231, MCF-7 and MCF-10A cells. (a) and (b),
proliferation of SIA-lgG-treated MDA-MB-231, MCF-7 and MCF-10A cells were detected by clone formation assay and CCK-8 assay. (c)
an apoptosis assay based on AV/PI flow cytometry was performed after the cells were treated with RP215 antibody, control antibody
(mouse IgG) and saline for 48 h. Data are expressed as the means + SEM. */*/2 P < 0.05, **/*/%@ p < 0.01, ***/*¥/222 p < 0,001, and
ns P > 0.05.
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Figure 3. Anti-SIA-IgG treatment effectively suppressed metastasis and invasion in MDA-MB-231 cells. (a) the migration
ability of MDA-MB-231 cells was analyzed by wound healing. Images were taken at 0, 24, and 48 h after antibody treatment. (b) and
(c) the migration ability of MDA-MB-231, MCF-7 and MCF-10A cells were analyzed by Transwell assay. Images of MDA-MB-231 and
MCF-10A cells were taken at 24 h and 48 h. Images of MCF-7 cells were taken at 48 h and 72 h. Invasion capacity of MDA-MB-231
were analyzed by and Transwell inserts coated with Matrigel matrix. Images were taken at 24 h and 48 h. The final concentrations of
RP215 and control antibody used in the clone formation assay, apoptosis assay, wound healing assay, Transwell migration and
invasion assays were 2 pg/ml. Data are expressed as the means + SEM. * P < 0.05, ** P < 0.01, *** P < 0.001 and ns P > 0.05.
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Figure 4. Addition of SIA-IgG to MDA-MB-231 cells is able
to rescue proliferation and migration. (a—b), Functional res-
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ing CCK-8 assay (Figure 4a) and transwell metastasis assay
(Figure 4b). Data are expressed as the means + SEM. *
P < 0.05, ** P < 0.01, *** P < 0.001 and ns P > 0.05.

survival (OS), and all results showed that SIA-IgG
could be an independent marker for poor prog-
nosis of breast cancer. As the cases in the study
was limited, we didn’t categorize these cases by
pathological classification. In our previously
study, the SIA-IgG was highly expressed in in

cancer stem/progenitor-like cells, indicating that
it might be a more sensitive and a more reliable
poor prognosis indicator for some subtypes of
breast cancer, such as triple negative breast cancer.
This needs more focused and nuanced work in
future.

Second, in order to verify whether SIA-IgG
could be a antibody therapeutic target for breast
cancer therapy, we blocked the function of SIA-
IgG expressed by MDA-MB-231 cells by utilizing
the monoclonal antibody RP215, and then
explored the changes in their biological character-
istics. The results shown that anti-SIA-IgG treat-
ment could effectively suppress breast cancer cell
growth, metastasis and invasion, and more
research could be done to evaluate the effect of
anti-SIA-IgG treatment work in combination with
chemotherapeutics.

Moreover, in order to explore the possible
mechanism, we detected key molecules of the
Whnt/B-catenin signaling pathway after the expres-
sion of IgG was knocked down in MDA-MB-231
cells, and the results indicated that SIA-IgG may
mediate GSK3P to regulate the biological features
of breast cancer cells through the Wnt/p-catenin
pathway. This study has not manipulated the
express of GSK3P to verify this possibility, and
further studies are needed to elucidate the
mechanism in our future work.

There is one unexpected result in this work.
When we have performed the rescue experiment,
we found the cells from rescue group (with SIA-
IgG and RP215) have stronger ability of prolifera-
tion and migration compared with the cells from
control group (with mouse IgG or saline). The
most likely explanation about this may be that
we add more SIA-IgG than the rescue experiment
needed.

There are also two shortcomings in this
study. One is in vivo, we didn’t perform toxi-
cological analysis. And due to the limited con-
ditions, we neither observe the aggregation and
concentration of antibodies in tumors by label
the antibodies with isotopes, nor observe the
metastasis of tumors by PET-CT. Another
shortcoming is the MCF-7 is a luminal-like
breast cancer cell-line, which was described for
their limited abilities to proliferate and migrate,
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Figure 5. Anti-SIA-IgG treatment effectively suppressed breast cancer cell growth in vivo. (a-e), xenograft model in nude
mice. Eight-week-old female nude mice were subcutaneously injected with 2 x 10° MDA-MB-231 cells, tumor nodules were
harvested at Day 30 (Figure 3(a,b)), and tumor weights were measured (Figure 3c). During this period, peritumoral injection of
monoclonal antibody RP215 and control antibody (mouse IgG) was performed separately at 5 pg per tumor twice. The length and
width of tumors were measured every 3 days after the first subcutaneous injection, and tumor volume was calculated according to
the formula 0.52 X length x width? (Figure 3d). Tumor tissues from nude mice were then used for hematoxylin-eosin (HE) staining.
In addition, we performed IHC staining to analyze SIA-IgG expression in tumor tissues from nude mice (Figure 3e). (f-h) three groups
of 8-week-old female nude mice were subcutaneously injected with 2 x 10® MDA-MB-231 cells transfected with 2 siRNAs against IgG
and control siRNA separately (group siRNA1, group siRNA2, group NC). The animals were sacrificed at Day 32, and the tumors were
harvested (Figure 3(e,f)) and weighed (Figure 3g). Each Data are expressed as means + SEM. * P < 0.05.
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Figure 6. SIA-IgG may regulate biological features of breast
cancer cells through Wnt/B-catenin pathway via mediate
GSK3p. Detection of Wnt/B-catenin pathway related proteins
by western blotting analysis in protein extracted from MDA-MB
-231 cells which knocked IgG by siRNAs.

so the effect of SIA-IgG didn’t be observed in
this cell line.

Antibodies are wildly used in clinic. In the past two
decades, the continuous discovery of multiple tumor
related proteins and tumor stem cell markers has led
to the emergence of multiple candidate targets for
tumor therapy, which provides a lot of opportunities
for the research and development of therapeutic anti-
bodies. However, it is not that easy to develop ther-
apeutic antibody. Firstly, the antibody must be
a monoclonal antibody with high affinity and high
specificity. Meanwhile, the target molecule of the anti-
body must be closely related to the occurrence and
development of tumor. In addition, it would be better
that the target molecule be located on cell membrane,
ensure the therapeutic antibody can inhibit cell growth
and even induce apoptosis by binding to the corre-
sponding target. To sum up, RP215 is such a potential
antibody molecule, demonstrating good anti-tumor
effect in our research. The most important clinical

implication of this study is providing a novel antibody
therapeutic target in breast cancer, in particular for
Triple negative breast cancer.

Conclusion

This study showed that SIA-IgG could be an
independent marker for poor prognosis of breast
cancer by compared SIA-IgG expression, clinico-
pathological characteristics and poor prognosis in
75 breast cancer cases. In addition, the results also
presented SIA-IgG could be a therapeutic target
for breast cancer therapy. What’s more, the results
indicated that SIA-IgG regulates the biological
characteristics of MDA-MB-231 cells through
the Wnt signaling pathway. Further studies are
needed to elucidate the mechanism in our future
work. Tumor immunotherapy holds great pro-
mise in breast cancer therapy, especially in the
treatment for triple-negative breast cancer. This
work provides new insights into the development
of antibody therapeutic drug for breast cancer.
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