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Mucin-type sialyl-Tn antigen is associated with PD-L1 expression 
and predicts poor clinical prognosis in breast cancer 
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Background: A recent study showed that mucin-type sialylated O-linked glycans could induce the 
increased expression of PD-L1 via binding to Siglec receptors. However, the relationship between the 
expression of the mucin-type sialyl-Tn antigen (sTn) and PD-L1 remains unclear in breast cancer (BC). 
Therefore, we investigate the clinicopathological and prognostic effects of sTn expression and its relationship 
with PD-L1 expression in BC tissues. 
Methods: We retrospectively analyzed the clinical data of 380 invasive BC patients between January 2011 
and January 2014. The last follow-up time was January 31, 2019 with a median follow-up of 62 months. The 
expression of the sTn antigen and PD-L1 in 380 tumor specimens was assessed by immunohistochemistry. 
Correlations between sTn/PD-L1 expression and clinicopathological features and prognoses were analyzed.
Results: In BC tissues, the positive expression rate of PD-L1 (20.5%) was much lower than that of 
sTn (41.8%). Pearson’s contingency analysis showed that sTn and PD-L1 expression in tumor tissues 
demonstrated a high correlation (P<0.001). High sTn expression was associated with negative ER expression 
(P<0.001), positive HER-2 status (P<0.001), advanced tumor stage (P<0.001), high density of CD8+ tumor-
infiltrating lymphocytes (TILs) (P=0.028), and positive lymph node metastasis (P=0.002). Moreover, patients 
with concomitant high expression of both markers had the highest risk of relapse (P<0.001) and mortality 
(P<0.001). The multivariate Cox regression model revealed that positive sTn expression (HRos: 1.941, 
95% CI: 1.168, 3.223, Pos=0.028; HRpfs: 1.739, 95% CI: 1.063, 2.847, Ppfs=0.010) and positive PD-L1 
expression (HRos: 1.912, 95% CI: 1.138, 3.212, Pos=0.017; HRpfs: 1.863, 95% CI: 1.116, 3.110, Ppfs=0.014) 
were independent indicators for poor overall survival (OS) and progression-free survival (PFS), respectively. 
Conclusions: BC patients who expressed both sTn and PD-L1 had poorer survival. Therefore, 
combinational therapy with dual blockade might benefit BC patients with sTn(+)/PD-L1(+) expression, 
which requires further examination in future clinical trials.
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Introduction

Breast cancer (BC) remains the most common malignant 
tumor and maintains the highest mortality among women 
worldwide (1). Despite great progress in individualized 
and targeted treatments in recent years, patients with 
advanced BC still develop metastases and die. Due to the 
high mutagenic ability and heterogeneity of cancer cells, 
resistant genes emerge in most cases, thus causing tumor 
progression. Therefore, novel strategies are needed to 
improve the survival of patients.

As the effect of the tumor immune microenvironment 
on therapeutic responses has been demonstrated, the role 
of immunity in BC development has emerged in the past 
decade (2). The management of non-small cell lung cancer 
(NSCLC) and metastatic melanoma has opened up novel 
approaches for tumor immunotherapy. Programmed cell 
death-1 (PD-1)/programmed cell death-ligand 1 (PD-L1) 
is the main checkpoint for the immune response pathway 
in tumor's microenvironment. Recently, a group of clinical 
studies has shown that PD-L1 is overexpressed in various 
malignancies, including melanoma, NSCLC, clear cell 
renal cell carcinoma (CCRCC), and BC, closely related 
to the poor prognosis of patients (3-6). At present, the 
expression of PD-L1 in tumor or infiltrating immune cells 
remains the optimal predictor of clinical response to PD-
L1 inhibition (7). While PD-1/PD-L1 targeted therapy has 
shown promising results, only a few patients received better 
outcomes from this therapy (8). In other words, it is not 
possible to predict the clinical response to anti-PD-1/PD-
L1 therapy solely by the expression of PD-L1.

Aberrant O-glycosylation can play a crucial role in 
cancer development, angiogenesis and metastasis. These 
alterations of abnormal glycosylation in cancer cells can 
result in the exposure of the oncofetal sialyl-Tn (sTn) 
antigen (9). The sTn antigen is a truncated O-glycan 
containing a sialic acid-2,6 linked to GalNAc-O-Ser/
Thr. STn overexpression has been described in various 
kinds of epithelial cancer, including pancreatic, ovarian, 
colorectal, lung, cervical, esophagus, gastric, and BC  
(10-17). It has been reported that sTn is carried by multiple 
glycoproteins and is related to an immunosuppressive  
microenvironment (18). Recently, relevant studies 
demonstrated that MUC1-associated sTn antigens on 
cancer cells bound to Siglec-9 caused the increased 
expression of the checkpoint ligand PD-L1 (19,20). 
However, as far as we know, the relationship between 
the expression of sTn and PD-L1 in BC is still unclear. 

Hence, we assessed the expression of sTn and PD-L1 
by immunohistochemistry in BC tissues and explored 
the relationship of sTn and PD-L1 expression with 
clinicopathological characteristics and prognosis. 

We present the following article in accordance with the 
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-83).

Methods

Patients and clinicopathological information

Approved by the Institutional Ethical Committees of Beijing 
Chaoyang Hospital (project number 2020-3-16-13), we 
developed and implemented a retrospective clinical research 
study that enrolled 380 patients with BC between January 
2011 and January 2014. The detailed inclusion criteria 
were as follows: (I) patients were diagnosed with invasive 
BC for the first time; (II) tumor stage of I, II or III; (III) no 
history of preoperative radiotherapy and chemotherapy; (IV) 
clinicopathological variables including tumor size, ER/PR/
HER-2 status and histological grade were comprehensive; 
(V) follow-up information was comprehensive; (VI) patients 
did not have an autoimmune disease, other malignancies, 
or severe hepatic and renal dysfunction. The participants 
gave informed consent before taking part. All available 
formalin-fixed, paraffin-embedded (FFPE) specimens were 
independently examined by 2 experienced pathologists 
blinded to all patient-related information. The following 
covariates were measured during the baseline clinical exam 
and survey: age, tumor size, histological grade, ER/PR/
HER-2 status, tumor stage and lymph node metastasis. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Immunohistochemistry (IHC)

The expression of sTn, PD-L1, CD4, and CD8 in primary 
and metastatic BC tissues was determined through IHC. 
FFPE archived tissues were cut into 5-μm thick slices, 
dewaxed, rehydrated, and blocked with 3% hydrogen 
peroxide. The sections were heated for antigen retrieval and 
then incubated with anti-sTn antibody (mouse monoclonal 
antibody, clone B72.3, dilution: 1:100, Santa Cruz), anti-
PD-L1 (mouse monoclonal antibody, clone 22C3, dilution: 
1:200, Dako), anti-CD4 (rabbit monoclonal antibody, 
clone EPR19514, dilution: 1:200, Abcam), and anti-CD8 
(rabbit monoclonal antibody, clone D8A8Y, dilution: 
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1:200, Cell Signaling Technology) overnight at 4 ℃.  
The sections were washed with PBS and incubated with 
a horseradish peroxidase-labeled secondary antibody for  
30 min. Subsequently, all sections were visualized with 
a DAB kit, and the nucleus was counterstained with 
hematoxylin. For positive controls, samples of Cosmc-
KO MCF-7 BC cells (21) and human placenta were used 
for sTn and PD-L1 staining, respectively. We prepared 
negative controls by using PBS as a substitute for the 
primary antibody. The results are shown in Figure S1.

Evaluation of sTn, PD-L1 and tumor-infiltrating 
lymphocyte (TIL) subsets

We semi-quantitatively evaluated the expression of sTn and 
PD-L1 according to the staining intensity and distribution. 
Staining intensity was scored as follows: 0 (negative), 1 (weak 
staining), 2 (moderate staining), and 3 (strong staining). 
The percentage of positive cells was rated as 0, 1 (<5%), 
2 (≥5%), and 3 (≥50%). Histochemistry score = I × R. 
The staining intensity of sTn was scored according to our 
previous study (15). The cut-off value of PD-L1 expression 
less than 5% stained tumor cells was classified as negative 
and the rest as positive expression (22). We used Image-
Pro Plus 6.0 software to analyze the average optical density 
of positive expression in each field of vision. TIL subsets in 
the primary BC lesions were digitally quantified on scanned 
whole slide images of CD4 and CD8 stained sections, as the 
number of TIL/unit area (square millimeter) (22).

Assessment of prognosis and follow up

All patients were followed up through outpatient and 
inpatient reexamination and telephone interviews. The 
follow-up information included local recurrence, distant 
metastasis, and death. The last follow-up time was January 
31, 2019, and the median follow-up time was 62 months 
(10–94 months). We defined overall survival (OS) as the 
interval between the time of breast operation and death. 
Progression-free survival (PFS) was defined as the time 
from the date of randomization to disease progression or 
death, censoring for loss to follow-up.

Statistical analysis

We used SPSS software (version 23.0; IBM, Armonk, NY) 
to analyze our data. We used either Fisher’s exact test or the 
χ2 test to detect the association between immunostaining 

markers and clinicopathological variables. Pearson’s 
contingency analysis analyzed the correlation between sTn 
and PD-L1. Co-expression of sTn and PD-L1 referred 
to concomitant high expression levels of both markers. 
Survival rates were determined using Kaplan-Meier 
analysis, and the differences were compared using a double-
sided log-rank test. The Univariate Cox regression model 
was used, taking covariates (all clinicopathological features) 
into account. All variables with P<0.05 were included in 
the multivariate Cox model. Adjusted hazard ratios (HRs) 
and corresponding 95% confidence intervals (CIs) were 
reported for variables in the multivariate model. In all cases, 
a two-sided P<0.05 was considered statistically significant.

Results

Association between sTn expression and clinicopathological 
features

Mucin-type sTn antigen was distributed diffusely and was 
mainly present in the cytoplasm and/or cellular membrane 
of tumor cells. PD-L1 was also mostly present in the 
membrane and/or cytoplasm of tumor cells (Figure 1). STn 
and PD-L1 showed high expression rates in BC tissues, 
with values of 41.8% (159/380) and 20.5% (78/380), 
respectively. The high sTn expression was closely related to 
negative ER expression (P<0.001), positive HER-2 status 
(P<0.001), advanced tumor stage (P<0.001), high density of 
CD8+ TILs (P=0.028) and positive lymph node metastasis 
(P=0.002) (Table 1). Nevertheless, no significant statistical 
relation was found between the expression of sTn and 
other clinicopathological features such as age, tumor size, 
histological grade, vessel embolus, perineural invasion, 
CD4+ TILs and PR status. Pearson's contingency analysis 
verified the positive relevance between the expression of 
sTn and PD-L1 (r=0.375, P<0.001). 

Survival analysis

Kaplan-Meier survival analysis of the 380 BC samples 
(Figure 2) showed markedly poor OS (P<0.001) and PFS 
(P<0.001) for the sTn positive-expression group in contrast 
with the negative expression group. Moreover, the PD-
L1 positive expression group showed both shorter OS 
(P<0.001) and PFS (P<0.001) compared with the negative 
expression group. Considering the positive relevance 
between the expression of sTn and PD-L1, we attempted to 
explore the prognostic impact of sTn/PD-L1 co-expression 

https://cdn.amegroups.cn/static/public/GS-21-83-Supplementary.pdf
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in BC. Therefore, we further classified the patients into 
3 groups: group A was sTn(+)/PD-L1(+); group B was 
sTn(+)/PD-L1(−) or sTn(−)/PD-L1(+); group C was  
sTn(−)/PD-L1(−). Patients in group A showed the worst 
OS (P<0.001) and PFS (P<0.001) among all groups  
(Figure 2). Given the prominent correlation between 
sTn and PD-L1, we completed multiple univariate 
and multivariate Cox proportional hazards analyses  
(Tables 2,3). The multivariate Cox regression model 
revealed that positive sTn expression (HR: 1.941, 95% CI: 
1.168, 3.223; P=0.028; HR: 1.739, 95% CI: 1.063, 2.847; 
P=0.010), positive PD-L1 expression (HR: 1.912, 95% CI: 
1.138, 3.212; P=0.017; HR: 1.863, 95% CI: 1.116, 3.110; 
P=0.014), and advanced tumor stage (HR: 1.805, 95% CI: 
1.062, 3.065; P=0.029; HR: 1.940, 95% CI: 1.133, 3.322; 
P=0.016) were independent indicators for poor OS and 
PFS, respectively. 

Expression of sTn and PD-L1 in primary and metastatic 
BC

In total, 380 primary lesions and 68 metastatic lesions 
were assessed for the expression of sTn and PD-L1. STn 
expression was positive in 159 of 380 (41.8%) primary BC 
tissues and 14 of 68 (20.6%) metastatic lesions. Thus, sTn 
had a higher expression rate in primary lesions than in 
metastatic lesions (P=0.001). PD-L1 expression was positive 
in 78 of 380 (20.5%) of primary BC tissues and 6 of 68 
(8.8%) metastatic lesions (P=0.023) (Table 4). Representative 
slides of positive sTn and PD-L1 staining in metastatic BC 
lesions, including lymph node, pleura, lung, bone, brain, 
and bone marrow metastases, are shown in Figure 3. A 

total of 14 patients were evaluated with paired primary and 
metastatic lesions. Nine samples had no staining in both 
the primary and metastatic lesions, while 3 samples had 
positive sTn expression in the primary site but negative 
sTn expression in the metastatic site. None of our patients 
showed negative staining in the primary lesion but positive 
staining in the corresponding metastatic lesion. For PD-L1, 
11 patients had negative expression in both paired primary 
and metastatic sites. Two samples showed positive staining 
in a primary site and negative staining in a metastatic site. 
No patients showed negative staining in a primary site and 
positive staining in a metastatic site (Table 5). Representative 
slides of positive sTn and PD-L1 staining in paired BC 
lesions are shown in Figure 4.

Discussion 

During the research boom of cancer marker in the 
early 1980s, a carbohydrate antigen called sialyl-Tn was 
discovered, with positive expression rates ranging from 0% 
to 70%. The sTn antigen had been discovered in various 
cancers, and was probably related to poor prognosis (23). 
Some experts believe that the inactivation or lack of Cosmc 
makes O-linked glycoproteins carry this truncated sTn 
glycans (24). As our recent study showed, Cosmc promoter 
hypermethylation could decrease the levels of Cosmc and 
increase Tn and sTn antigens expression in BC cells (21). 
Few studies have evaluated the role of sTn in the prognosis 
of patients with BC (25). Here, we assessed the expression 
of sTn in both primary and metastatic BC lesions. We 
further analyzed the prognostic impact of sTn expression 
and its relationship with PD-L1 expression.

Figure 1 Representative examples of coexisting sTn and PD-L1 expression in primary breast cancer; (A) H&E-stained image; (B) sTn 
expression. (C) PD-L1 expression. Insets show staining at ×40 magnification.

HE sTn PD-L1

A B C
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Table 1 The association of sTn expression level with clinicopathological characteristics in 380 BC patients

Variables Patients (n=380)
sTn expression

P value
Positive (n=159) Negative (n=221)

Age (y) 0.129

≤45 120 57 63

>45 260 102 158

Tumor size 0.969

≤2 cm 151 63 88

>2 cm 229 96 133

Histological grade 0.226

Grade I 87 40 47

Grade II 130 59 71

Grade III 163 60 103

ER <0.001

Positive 183 49 134

Negative 197 110 87

PR 0.519

Positive 101 45 56

Negative 279 114 165

Her-2 <0.001

Positive 165 97 68

Negative 215 62 153

Tumor stage 0.001

I 84 32 52

II 147 47 100

III 149 80 69

Lymph nodes metastasis <0.001

Present 174 95 79

Absent 206 64 142

PD-L1 <0.001

Positive 78 61 17

Negative 302 98 204

Tumor-infiltrating lymphocyte 
(count/mm2), median (range)

CD4 1,543 (65–8,949) 1,663 (65–5,347) 1,230 (141–8,494) 0.374

CD8 987 (48–3,770) 1,302 (48–3,770) 752 (89–3,020) 0.028
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According to our cohort of 380 patients, we assessed sTn 
expression patterns and analyzed the clinical significance of 
sTn in BC. Our outcome showed that the expression rate of 
sTn in BC was over 40%, which was related to negative ER 
status, positive HER-2 status, lymph node metastasis, and 
aggressive tumor stage. Moreover, high sTn expression was 
related to shorter PFS and OS of BC, corresponding with 
the previous work (26). Furthermore, high sTn expression 
was an independent prognostic factor when ER/PR/HER-
2 status has been adjusted. Notably, sTn and PD-L1 
expression in tumor tissues demonstrated a high correlation 

in both cohorts of BC patients. 
For BC, sTn is more highly expressed than PD-L1 

(41.8% vs. 20.5%). Both sTn and PD-L1 are more highly 
expressed in primary lesions than in metastatic lesions in BC 
samples. Our study found PD-L1 expression in 78 of 380 
(20.5%) primary sites and 6 of 68 (8.8%) metastatic sites, 
which corresponded with prior work. Ashley and colleagues 
confirmed the expression rate of PD-L1 in 9 of 43 (21%) 
primary tumors and 2 of 26 (8%) metastatic tumors (22). 
In another study, there was an almost total absence of PD-
L1 expression in distant metastases than BC and lymph 

Figure 2 Kaplan-Meier survival curves for OS and PFS of patients with breast cancer according to sTn and PD-L1 expression. A, OS and 
PFS according to sTn expression in the training cohort and validation cohort. B, OS and PFS according to PD-L1 expression in the training 
cohort and validation cohort. C, OS and PFS according to a combination of sTn/PD-L1 co-expression. Group A: sTn(+)/PD-L1(+); Group B: 
sTn(+)/PD-L1(−) or sTn(−)/PD-L1(+); Group C: sTn(−)/PD-L1(−). OS, overall survival; PFS, progression-free survival.
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Table 2 Univariate analyses of prognostic factors correlated with OS and PFS

Variables
Overall survival Progression free survival

HR (95% CI) P value HR (95% CI) P value

sTn (positive/negative) 2.320 (1.593, 3.380) <0.001 2.337 (1.603, 3.407) <0.001

PD-L1 (positive/negative) 2.221 (1.469, 3.359) <0.001 2.497 (1.649, 3.782) <0.001

Age (y) (≤45/>45) 1.077 (0.719, 1.613) 0.719 1.116 (0.745, 1.672) 0.595

Tumor size (≤2 cm/>2 cm) 1.080 (0.734, 1.589) 0.696 1.173 (0.797, 1.726) 0.419

Histological grade (III/II/I) 0.853 (0.584, 1.246) 0.410 0.870 (0.595, 1.271) 0.470

Tumor stage (III/II/I) 1.893 (1.300, 2.757) 0.002 1.799 (1.236, 2.617) 0.001

ER (Negative/positive) 3.327 (2.184, 5.068) <0.001 3.269 (2.146, 4.980) <0.001

PR (Negative/positive) 1.337 (0.916, 1.951) 0.132 1.376 (0.943, 2.010) 0.098

Her-2 (positive/negative) 1.748 (1.096, 2.788) 0.038 1.640 (1.128, 2.416) 0.019

LNM (positive/negative) 1.134 (0.780, 1.647) 0.511 1.201 (0.827, 1.745) 0.336

Table 3 Multivariate analyses of prognostic factors correlated with OS and PFS

Variables
Overall survival Progression free survival

HR (95% CI) P value HR (95% CI) P value

sTn (positive/negative) 1.941 (1.168, 3.223) 0.028 1.739 (1.063, 2.847) 0.010

PD-L1 (positive/negative) 1.912 (1.138, 3.212) 0.017 1.863 (1.116, 3.110) 0.014

ER (Negative/positive) 0.699 (0.241, 2.023) 0.509 0.662 (0.232, 1.888) 0.440

Her-2 (positive/negative) 1.364 (0.874, 2.129) 0.172 1.455 (0.929, 2.278) 0.102

Tumor stage (III/II/I) 1.805 (1.062, 3.065) 0.029 1.940 (1.133, 3.322) 0.016

Table 4 Expression of sTn and PD-L1 in metastatic breast cancer from various organ sites in the validation cohort

sTn expression PD-L1 expression

Positive Negative Total Positive Negative Total

Lymph node 5 20 25 4 21 25

Pleura 3 4 7 1 6 7

Lung 3 11 14 1 13 14

Liver 0 3 3 0 3 3

Brain 1 3 4 0 4 4

Bone 1 8 9 0 9 9

Marrow 1 2 3 0 3 3

Skin 0 3 3 0 3 3
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nodes (27). Dill et al. found that positive PD-L1 expression 
was present in 12.4% (30/241) of primary BC lesions and 
10% (4/40) of metastatic tumors, determined by IHC (28). 
For the paired primary and metastatic lesions, sTn and 
PD-L1 expression were mostly negative (9/14, 11/14). We 
found that only 3 of 14 (21.4%) patients had an inconsistent 
expression of sTn, and 2 of 14 (14.3%) had inconsistent 
PD-L1 expression among their metastatic lesions. These 
data support sTn and PD-L1 targeted immunotherapy in 
early-stage patients rather than metastatic patients. The 
absence of pre-evaluation for sTn expression may have 
caused the sTn-KLH vaccine (Theratope) phase III clinical 
trial to fail in metastatic BC patients (29).

As our outcome shows, the percentage of sTn(+)/

PD-L1(+) was 15.3% (58/380), and >30% of PD-L1(-) 
samples had higher expression of sTn. Given the diverse 
distributions between sTn and PD-L1 expression, we 
decided to explore the clinical feature of sTn and PD-L1 
co-expression in BC. Our results showed that sTn/PD-
L1 co-expression was significantly related to negative ER 
expression, positive HER-2 status and positive lymph node 
metastasis, and could be used as an independent prognostic 
factor for shorter PFS and OS. Our outcome provided some 
practical guidance for immunotherapy, as patients who test 
positive for sTn and PD-L1 may receive treatment related 
to the dual blockade of sTn and PD-L1. To confirm our 
assumption, we need to design more relevant clinical trials 
for BC patients.

Figure 3 Representative examples of sTn and PD-L1 expression in metastatic breast cancer. (A) sTn expression in lymph node metastases. (B) 
sTn expression in pleura metastases. (C) sTn expression in lung metastases. (D) sTn expression in femur metastases. (E) sTn expression in 
bone marrow metastases. (F) sTn expression in brain metastases. (G) PD-L1 expression in lymph node metastases. (H) PD-L1 expression in 
pleura metastases. Insets show staining at ×40 magnification.

Table 5 STn and PD-L1 expression in BC patients with paired primary and metastatic lesions

Primary Metastatic sTn PD-L1

Positive Positive 2 1

Positive Negative 3 2

Negative Positive 0 0

Negative Negative 9 11

Total patients 14 14
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F
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In recent years, there have been many related studies 
presenting the immunosuppressive effect of the sTn 
antigen, which binds to receptors on various immune cells, 
such as dendritic cells (DCs), natural killer (NK) cells, and 
macrophages. For DC maturation and apoptosis, Carrascal 
et al. determined that sTn antigen expression in bladder 
cancer cells could suppress DC maturation and impede T 
cell activation (30). Another study (31) reported that the 
binding of soluble Siglec-3 with the sTn antigen could 
partially induce DC apoptosis. Furthermore, Takamiya 
et al. indicated that Siglec-15 could identify the sTn 
antigen in tumor cells, and transduce a signal to enhance 
TGF-β secretion in tumor-associated macrophages (32). 
In addition, Ogata et al. demonstrated that mucins linked 
with the tumoral sTn antigen could effectively suppress 
NK cell cytotoxicity (33). According to our outcome, the 
overexpression of sTn was significantly related to PD-L1 
overexpression and a high density of CD8+ TILs, rather 
than CD4+ TILs in BC. These data suggested that cancer 
cells with sTn expression tended to trigger immune evasion 
and tolerance (34). 

However, our research still involved some limitations. 

Firstly, our study was a retrospective study and a prospective 
multicenter study should be carried out in the future. 
Secondly, we only explored the relationship between sTn 
and PD-L1 in a clinical study. This work should be further 
expanded to cell experiments to study the molecular 
mechanisms of both markers. Finally, we only used tumor 
cells as the research objects when we evaluated PD-L1 
expression. Considering that the expression of PD-L1 in 
immune cells has clinical importance and has become more 
prevalent immune cells should also be used as research 
objects and analyzed accordingly.

In summary, our work first put forward the positive 
relevance between sTn expression and PD-L1 expression 
in BC tissues. The co-expression of sTn/PD-L1 was an 
independent predictive factor of poor prognosis. Therefore, 
combinational therapy with dual blockade might benefit BC 
patients with sTn(+)/PD-L1(+) expression, which requires 
testing in future clinical trials.
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Figure S1 Positive controls and negative controls for sTn and PD-L1 staining. (A) sTn expression in Cosmc-KO MCF-7 breast cancer 
cells. (C) PD-L1 expression in human placenta tissues. (B and D) were prepared by replacing the primary antibody with PBS. Insets show 
staining at ×40 magnification.
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