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LETTER TO EDITOR

The autoregulatory serglycin/CD44 axis drives stemness-like
phenotypes in TNBC in a β-catenin-dependent manner

Dear Editor,
Overexpression of serglycin (SRGN) in human breast can-
cer suggested a poor prognosis. However, its role in triple-
negative breast cancer (TNBC) recurrence and metastasis
remains unclear.1–3 To explore the clinical value of SRGN,
we used 144 breast cancer samples to determine SRGN
expression (Figures 1A and 1C). The SRGNexpression level
was closely associated with the overall survival of breast
cancer (Figure 1B; Figure S1A). Additionally, immuno-
histochemistry (IHC) staining showed that serglycin was
expressed in the tumor stroma (Figure 1F). EGFR and
Ki67, which were significantly correlated with worse sur-
vival and a poor prognosis in TNBC patients, showed
higher expression levels in TNBC tissue.4 The luminal
subtype expressed GATA3, which regulates differentiation
and suppresses dissemination in breast cancer.5 We found
that SRGN was positively correlated with EGFR and Ki67.
Additionally, we found that the SRGN mRNA level was
negatively correlated with GATA3 (Figures 1G, 1L, and 1M;
Figures S1B-S1D).
To reconfirm the findings above, we examined SRGN

expression in the cell lines of MDA-MB-231 and MCF-7,
which are representative cell lines of the basal-like and
luminal subtypes, respectively. The results showed that
serglycin in MDA-MB-231 was significantly higher either
at the mRNA level or protein level compared with MCF-7
(Figures 1D and 1E; Figure S1E).
Here, we showed that the migration and invasion and

wound healing of TNBC cells could be remarkably sup-
pressed in vitro by stably knocking down SRGN (Fig-
ures 1H-1K and 1N; Figures 2A-2C; Figure S1F). In vivo, the
results showed a drastically lower rate of lungmetastasis in
mice injected with the SRGN knockdown cell lines (MDA-
MB-231-KD31 andKD32) than in thosewithMDA-MB-231-
SCR cells (Figures 2D-2G). The stemness of TNBC, such as
the self-renewal and tumor-initiating capacities of breast
cancer cells, was also mediated by SRGN (Figures 2H-2L;
Figures S1G and S1H). Western blotting showed that KD32
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cells highly expressed cleaved-PARP (Figure 3A), suggest-
ing that SRGN promoted TNBC cells to avoid anoikis.
Remarkably, SRGN expression is related to the tumor-
initiating capacity in vivo, and the xenograft MDA-MB-231
KD32 showed the better survival than the SCR in mice
(Figures 3B and 3C; Figure S2A). In contrary, we used
MCF-7 cells to generate stable overexpression cell lines,
and we showed that SRGN overexpression in MCF-7 cells
was closely associated with conversion between luminal
and basal-like properties (Figures 1J, 1K and 1M). In addi-
tion, downregulation of SRGN promotes the sensitivity to
chemotherapy (Cisplatin and Doxorubicin) in MDA-MB-
231 cells rather MCF-7 cells (Figures 3D-3I; Figures S2B-
S2E).
The aggressive phenotype of TNBC might be partially

due to an abundance of cancer stem cells (CSCs), indicat-
ing that TNBC has more CSC-like properties.6 Therefore,
we examined the expression of the CSC marker CD44.7–8
Real-time quantitative PCR (qPCR) showed that cells in
mammospheres generated by MDA-MB-231 and MCF-7
cells expressed a high CD44 level, indicating that mam-
mospheres can enrich CSCs. Thus, CD44 might be a CSC
marker for breast cancer and serves as a receptor of ser-
glycin. We found the same with CD44, other CSC mark-
ers such as Nanog, ALDH1, and CD133 high expression
in MDA-MB-132 than MCF-7. These CSC markers signif-
icantly reduced in the silencing of SRGN in MDA-MB-231,
but we could not see significantly change in MCF-7 over
expression serglycin cells (Figures S2F, S2H, and S2I;)
We examined the expression of CD44 and phosphor-

ERK (P-ERK) in two wild-type cell lines. We found that
CD44 and P-ERKwere both highly expressed inMDA-MB-
231 cells (Figure 3J; Figure S2G), indicating thatMAPK sig-
naling was overactivated inMDA-MB-231 cells, and SRGN,
CD44, and P-ERKmay interact with each other. These data
indicate that the expression of SRGN was positively corre-
lated with CD44 and can promote the phosphorylation of
ERK to activate MAPK signaling.

Clin. Transl. Med. 2021;11:e311. wileyonlinelibrary.com/journal/ctm2 1 of 7
https://doi.org/10.1002/ctm2.311

http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/ctm2
https://doi.org/10.1002/ctm2.311


2 of 7 CAO et al.

F IGURE 1 (A) Immunohistochemistry (IHC) of SG was performed in 144 human breast cancer. Different intensity of SG staining (0, 1,
2, 3, 4) are shown under both low and high magnifications of a light microscope. Scale bars 100 µm.(B) Kaplan-Meier survival curve shows
the overall survival of patients displaying low (<70%) and high (>70%) percentage of stained cells, and the patient numbers of low and high
are 66 and 78, respectively. (C) The difference of SG positive cells’ percentage between triple negative breast cancer (TNBC) patients (27) and
Non-TNBC patients (117) is shown. (D) The mRNA level of SG (normalized to GAPDH) in two cell lines (MDA-MB-231, MCF-7) was confirmed
by quantitative real-time PCR (from triplicates). (E) Cultured MDA-MB-231 and MCF-7 cells in serum-free medium for 48 hours, collected
culture medium (CM) and whole cell lysate (WCL) to Western blotting assay, the SG protein level in these two cell lines were determined. (F)
SG expressed in TNBC, the right side shows highmagnification of two sites. Speculatemargins outside the cells represent SG secretion in tissue.
(G) IHC of SG, EGFR, Ki67 were performed in 144 human breast cancer, low and high percentage of stained cells are showed. Scale bars 100
µm. Association of SG and EGFR or Ki67 respectively in 144 breast cancer patients by IHC in the table. (H) The mRNA level of SG (normalized
to GAPDH) in knockdown cells was confirmed by quantitative real-time PCR (from triplicates). (I) The SG protein level of knockdown cells
was determined by Western blotting, suppression of SG in KD31 and KD32 cells dramatically eliminated the secretion of SG in CM. (J) The
mRNA level and protein level of SG in overexpression cells were examined (from triplicates). (K) The SG protein level in both CM and WCL
were increased. (L) Western blotting assay to examined protein level change of Ki67, EGFR, GATA3 when Knocked down SG expression. (E-2)
SRGNmRNA level is negatively correlated to GATA3, p < 0.0001. (M) Western blotting assay to examined protein level change of Ki67, GATA3
when overexpressed SG. (N) Stably transfected cells were subjected to migration and invasion assay, cells crossed the membrane were fixed
with methanol, followed by crystal violet staining, image was taken by the microscope (100x)
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F IGURE 2 (A) Stably transfected cells were subjected to invasion assay, the numbers of crossed cells counted by ImageJ are shown (from
triplicates). (B) Stably transfected cells were subjected to migration assay, the numbers of crossed cells counted by ImageJ are shown (from
triplicates). (C) Histogram shows the migration index of each kind of cells in wound healing assay. (D) Stably transfected cells (SCR, KD31,
KD32) were injected in mice via tail vein, sacrificed the mice 8 weeks later, the lung of mice was washed by 0.9% Nacl. Representative images
were shown. (E) Thewet lungweightwas recorded. (F) Lung sectionswere stainedwith hematoxylin and eosin. (G) The numbers ofmicroscopic
metastatic nodules in the sections were counted. (H and I) Culture MDA-MB-231 and MCF-7 cells in normal way and in mammosphere way,
total RNAwas extracted from all the cells. Subjected these to the quantitative real-time PCR (from triplicates) to determinedmRNA level change
of CD44 and SG (normalized to GAPDH). (J) Spheres’ mRNA level of SG (normalized to GAPDH) was confirmed by quantitative real-time PCR
(from triplicates). (K and L) The numbers of spheres generated byMDA-MB-231 andMCF-7 cells were shown. Data were presented as themean
± SD of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 by student’s t-test
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F IGURE 3 (A) Cells (1 × 105/well) were culture on six-well ultra-low attachment plates using serum free medium for 24 hours, 36 hours.
Collected total protein to examined expression of cleaved-PARP byWestern blotting. (B) Tumor formation in nudemicewhen SCR orKD32 cells
were injected subcutaneously, results of tumor formation numbers in different groups were shown. (C) Survival curve of orthotopic tumour
implantation nude mice was shown. (D and F) The survival rate of cells treated with Cisplatin or Doxorubicin was shown. KD31 or KD32
was compared with SCR, respectively. (E and G) The expression of apoptosis marker in SCR and KD32 treated with Cisplatin or Doxorubicin
was detected by Western blotting. (H and I) The survival rate of cells treated with Cisplatin or Doxorubicin were shown. MCF-7-serglycin was
compared with MCF-7 vector. (J) The protein level of CD44 and p-ERK in two wild type cells were analyzed by Western blotting. (K) MCF-7
cells treated with Selumetinib were transiently transfected with serglycin plasmid. The mRNA level of CD44 was determined by quantitative
real-time PCR. (L) The protein level of CD44 and p-ERK was analyzed by Western blotting. (M) CD44-luciferase activity of stably knockdown
cells (left) or stably overexpression cells (right) was analyzed. (N and O) The expression level and the localization change of β-catenin in
stably knockdown cells (SCR, KD31, KD32) (O) and stably overexpression cells (MCF-7-Vector, MCF-7-serglycin) (N) were confirmed by con-
focal immunofluorescence, scale bars 50 µm. Data were presented as the mean ±SD of three independent experiments. *p < 0.05, **p < 0.01,
***p < 0.001 by student’s t-test
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F IGURE 4 (A) Serglycin was precipitated with CD44-Fc from the conditioned medium from MDA-MB-231 cells. (B) Immunofluores-
cence assay had also shown that SRGN and CD44 were colocalization on the membrane of MDA-MB-231, scale bars 10 μm. (C) The FCM assay
showed this binding between SRGN and CD44 can be prevented by CD44 neutralizing antibody in MDA-MB-231 cells in dose-dependent. (D)
MTS assay was conducted to demonstrate the suppression effects on the proliferation of MDA-MB-231 cells, and combined treatment can better
suppress the cells proliferation than separately treatment for 3 days. (E) The FCMassay showed combinedDDP andCD44 neutralizing antibody
treatment is preferably than separately usage, and CD44 neutralizing antibody could target CSC. (F) Bar graph showed the cell number of CSC
and non-CSC after combined DDP and CD44 neutralizing antibody treatment through FCM assay. (G) The expression level and the localization
of β-catenin in MDA-MB-231 after being treated with different concentration CD44 neutralizing antibody as before were confirmed by confo-
cal immunofluorescence, scale bars 10μm. (H) The expression level of β-catenin could be degraded by high concentration CD44 neutralizing
antibody in dose-dependent. This degradation could be reversed by MG132 which means it is dependent on the ubiquitination degradation
ways. (I) MDA-MB-231 cells and MCF-7 cells were treated with cycloheximide (CHX; 20 μg/mL) for the indicated periods of time. β-catenin
levels were analyzed by immunoblotting. (J) MDA-MB-231 cells were treated with MG132 (5 μM) or DMSO or treated with CD44 neutralizing
antibody (1 μg/mL) or isotype for 24 hours. Cell lysates were immunoprecipitated (IP) with either control IgG or antibody against β-catenin
and analyzed by immunoblotting with a ubiquitin (Ub)-specific antibody. Bottom, GAPDH from input cell lysates
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To verify the connection between P-ERK and CD44 in
TNBC, we used different concentrations of the specific
ERK inhibitor selumetinib or U0126 to treat two wild-type
cells and found that P-ERK was effectively suppressed,
accompanied by decreased CD44 expression in both cell
lines (Figures 3K and 3L; Figures S3A and S3B). However,
when the MFC-7 cells were treated with U0126 or selume-
tinib, both CD44 and P-ERK did not significantly increase
(Figures S3I and S3J). Additionally, under the treatment
of different concentrations of selumetinib and U0126, the
numbers of mammospheres formed by MDA-MB-231 cells
were markedly decreased, while they in MCF-7 did not
show a significant change (Figures S3C-S3H). To investi-
gate how CD44 expression is mediated, we performed the
luciferase report assay using a CD44 promoter construct
(Figure 3M). These results revealed that CD44 expression
was regulated by a serglycin-activating pathway at the tran-
scriptional level.
Moreover, we demonstrated serglycin promoted nucleus

translocation of β-catenin and the β-catenin expression
level in twowild-type cells were evaluated by immunofluo-
rescence assay (Figures 3N and 3O; Figure S4A) and West-
ern blotting (Figures 4B and S4C). Serglycin was directly
binding with CD44 on the cytomembrane of MDA-MB-
231(Figures 4A and 4B; Figure S4D). We found the binding
of SRGN to CD44 can be prevented by a CD44-neutralizing
antibody in MDA-MB-231 cells (Figure 4C). The CD44-
neutralizing antibody could significantly reduce themigra-
tion and the formation of mammospheres in a dose-
dependent manner by blocking the binding of SRGN to
CD44 (Figures S4E-S4G). Thus, we demonstrated that
combined treatment with DDP and the CD44-neutralizing
antibody suppressed the cell proliferation better than sin-
gle drug treatment separately (Figures 4D-4F). The effect
from binding SRGN with CD44 can be restrained by CD44
neutralizing antibody in a β-catenin-dependent manner
(Figure 4G).
Consequently, the expression level of β-catenin could be

degraded by a high concentration of theCD44-neutralizing
antibody in a dose-dependent manner. This ubiquitina-
tion degradation of β-catenin in MDA-MB-231 cells could
be reversed by the proteasome inhibitor MG132 (Fig-
ures 4H-4J). These results indicated that the extracellular
matrix (ECM) factor SRGN binds to cell surface-adherent
CD44 in an autocrinemanner, resulting in activation of the
MAPK signaling pathway to trigger the translocation of β-
catenin into the nucleus, which, in turn, regulates CD44
expression. The CD44-neutralizing antibody competitively
inhibits SRGN binding with CD44 and suppresses the
MAPK pathway depending on β-catenin ubiquitination
degradation pathways. Thus, this result sheds light on
breast CSC treatment targeting CD44 (Figure S4H).
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