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Immunopositivity for Siglec-15 in gastric cancer and its association with clinical 
and pathological parameters
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The sialic acid-binding immunoglobulin-type lectin Siglec-15 is a promising target for cancer immunotherapy
in several tumor types. The present study aimed to investigate Siglec-15 expression in gastric cancer (GC)
patient tissues and to evaluate its clinical value. Siglec-15 expression was evaluated by immunohistochemistry
in 71 patients. Siglec-15 staining was observed in tumor cells of 53 (74.64%) patients, with significant associ-
ation with histologic classification and angiolymphatic invasion (p<0.05). Immunohistochemistry analysis also
detected Siglec-15 in tumor-associated stroma cells (macrophages/myeloid cells). There was no significant
association with outcome parameters. Siglec-15 expression in well differentiated histological GC tissues and in
the tumor microenvironment are potential targets to be further investigated as a novel prognostic factor for GC.
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Introduction
Gastric adenocarcinoma (GC) is the fifth most common cancer

globally.1,2 Although there are well-established risk factors, the
diagnosis of GC is often late, with a poor prognosis and advanced
cases. There is an urgent need for new diagnostic and prognostic
biomarkers for GC.3 Glycosylation is an important post-transla-
tional modification for proteins and is associated with crucial roles
in cells, such as differentiation, transformation, cell growth and
immune surveillance and has been reported in several human dis-
eases including cancer.4,5 Changes in the glycosylation profile in
cancer mainly result from changes in the size of the glycan, gener-
ally towards shorter O-glycans and more branched N-glycans. In
addition  they impact  on the nature of terminal epitopes in glycan
chains mediated by changes in the process of sialylation and fuco-
sylation, and changes in the expression of glycosfingolipids.6,7

Thus, the alterations in glycosylation have been recognized as a
hallmark of cancer, with implications in carcinogenesis, angiogen-
esis, and metastasis.8,9 Many tumor biomarkers used in the practi-
cal clinic are sialylated glycoproteins.5

Sialic acid plays an important role due to its size, hydrophilic
characteristic and electronegative charge;10 Siglecs, endogenous
lectins that bind to glycans and regulate signal transduction, are
expressed and have immunosuppressive properties on immune
cells.8 Siglec-15 is an immunoglobulin-like lectin that acts as a
sialic acid binder and it can be overexpressed in many human can-
cers, including colon, kidney, liver, thyroid cancer.11,12 A recent
study showed that Siglec-15 suppresses T cell responses and may
contribute to dysfunctional immunity in the tumor microenviron-
ment, by functional regulation of macrophages, with high potential
to become a target for immunotherapy.5 The present study evaluat-
ed Siglec-15 in GC tissues and adjacent noncancerous tissues and
investigated the association of this protein with clinicopathological
parameters.

Materials and Methods 

Patients and samples
We selected formalin-fixed, paraffin-embedded tissue samples

from patients diagnosed with GC, histopathologically reexamined
by pathologist who underwent surgical resection at the
Pernambuco Cancer Hospital, between 2013 and 2016. The fol-
lowing variables were collected in medical charts: age, sex, tumor
type, location, pathological staging, Lauren classification, treat-
ment type, lymph node number and location, positive lymph
nodes, recurrence, metastasis, and death. The present study includ-
ed 71 patients, 24 female patients (33.80%) and 47 males (66.19%)
with a mean age of 59.25±13.30 (range 30-89). According to the
histological grade, 20 cases (28.16%) were classified as well dif-
ferentiated (G1), 15 (21.12%) as moderately differentiated (G2),
and 36 (50.70%) as poorly differentiated (G3). Regarding the sur-
gical staging, most patients were at stage T3 (51 cases; 71.83%), 6
cases (8.45%) were at stage T1, 12 (16.90%) as T2, and only 2
(2.81%) at T4. All the clinicopathological characteristics of GC
patients are presented in Table 1.

Immunohistochemistry
Tissue sections of 4 µm taken from tissue array blocks under-

went deparaffinization with xylol, alcohol rehydration and antigen-
retrieval using citrate buffer at 96ºC for 15 min. After cooling to
room temperature, the slides were blocked against endogenous
peroxidase activity with 0.3% H2O2 and 1% methanol solution.

Following, the blockade of the non-specific bonds was made with
bovine serum albumin 1% in Phosphate Buffer  Saline (PBS). The
sections were then incubated with rabbit polyclonal antibody
against human Siglec-15, (Cusabio Technology, LLC, Wuhan,
China, dilution 1:100) diluted in PBS/BSA 1% at 4°C overnight.
Next, sections were incubated with the amplification system
(Easylink On, ImmPRESS™, and Dako EnVision™) at room tem-
perature for 1h was applied and the reaction was visualized with
diaminobenzidine (DAB, Sigma-Aldrich). The positive control
used was colon and prostate cancer tissue according to the anti-
body manufacturer’s designation (Cusabio Technology, LLC) and
negative controls were produced by omitting the primary antibod-
ies (Supplementary Figure 1). 

Image analysis
Histomorphological analysis were performed with an integrat-

ed image system (BIOPTICA B20) microscope coupled to a
CMOS camera (2584 x 1936 pixels resolution) with ISCapture
image capture software. The enzyme labeling site (cytoplasmic,
membrane, and perinuclear and nuclear) were also analyzed.
Combinations of associated clinical-pathological parameters and
outcome parameters were made with enzyme labeling and labeling
site. Semi-quantitative analysis of the stained cells was done using
immunoreactive score (IRS) classification by analyzing 5 random
fields in each slide.13,14 IRS = SI (staining intensity) x PP (percent-
age of positive cells). Staining intensity was determined as 0 is
negative; 1, weak; 2, moderate; and 3, strong. The percentage of
positive cells was defined as 0 is negative; 1, 10% positive cells; 2,
11-50% positive cells; 3, 51-80% positive cells; and 4, more than
80% positive cells. The score evaluation was done by two inde-
pendent evaluators through the analysis of images at 200x magni-
fication. 

Outcome analysis
Survival analyses were made accessing the differential expres-

sion for Siglec-15 available in the cBioPortal for Cancer Genomics
(http://cbioportal.org). Differences in overall survival and relapse
free time were evaluated through three cohorts.15,16 Overall sur-
vival was defined from the day of the sample intake to the patient’s
death. Data of the patients who had survived until the end of the
observation period were censored at their last follow-up visit.

Statistical analysis
Fisher’s exact test was performed in GraphPad Prism version

7.0. A p-value of <0.05 was considered statistically significant.
Analysis of outcome was evaluated through Kaplan-Meyer curves
with a long-rank test. Multivariate logistic regression analysis was
performed using STATA, with stepwise forward selection.

Results

Siglec-15 expression in gastric cancer
Siglec-15 was positively labeled in 53 patients (74.64%), 17

female patients (23.94%) and 36 (50.70%) males (Table 1). In neo-
plastic lesions, Siglec-15 was observed in the cytoplasm in 14 sam-
ples (26.41%), perinuclear in 4 (7.54%) and nuclear in 1 only sam-
ple (1.88%). On the other hand, combinations of cytoplasmic,
nuclear and perinuclear staining were observed in 34 samples
(61.9%) (Figure 1 A,B). IHQ analysis detected Siglec-15 not only
in gastric cancer cells but in tumor-infiltrating macrophages
(Figure 1A). In 40 samples (59.70%) of the 71 patients analyzed
presented an adjacent normal tissue, in which 17 (42.5%) were
SIGLEC-15 positive, especially in the ducts and in production
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cells of the gastric glands. Additionally, Siglec-15 was detected in
40.9% (9/22) of the preneoplastic lesion intestinal metaplasia (IM)
(Figure 1C) and it was found significant association between
Siglec-15 expression in GC compared to normal non-transformed
and IM adjacent gastric tissue (Table 2). Regarding the Siglec-15

and its association with clinical-pathological parameters, its
expression was significantly associated histologic classification
(p=0.0022) and angiolymphatic invasion (p=0.041). Interestingly,
Siglec-15 cellular location staining was also associated to the
tumor-node-metastasis (TNM) stage (p=0.01). Patients with high

[page 59]

Table 1. Association analysis of Siglec-15 expression with clinicopathological features of gastric cancer patients.                   

Clinicopathological features                                         Siglec-15 (+)                             Siglec-153 (-)                                       p 
                                                                                               n (%)                                           n (%)                                               

Age (years)                                                                                                                                                                                                                                                    
          ≥60                                                                                                       30 (42.25%)                                                 6(8.45%)                                                     0.1073
          <60                                                                                                       23 (32.39%)                                               12(16.90%)                                                        
Sex                                                                                                                                                                                             
          Female                                                                                                 17(23.94%)                                                  7(9.86%)                                                   >0.9999
          Male                                                                                                     36(50.70%)                                               11(15.49%)                                                        
Surgery                                                                                                                                                                                                                                                            
          Total gastrectomy                                                                             24(33.80%)                                                8(11.27%)                                                  >0.9999
          Partial gastrectomy                                                                           29(40.85%)                                               10(14.08%)                                                        
Neoadjuvant treatment                                                                                                                                                                                                                            
          I                                                                                                             49(69.01%)                                               17(23.94%)                                                        
          III                                                                                                            4(5.63%)                                                    1(1.41%)                                                   >0.9999
Surgical staging (TNM)                                                                                                                                                                                                                              
          I - II                                                                                                       10(14.08%)                                                8(11.27%)                                                    0.0566
          III - IV                                                                                                   43(60.56%)                                               10(14.08%)                                                        
Surgical staging (TNM)                                                                                                                                                                                                                           
          II                                                                                                            5(7.94%)                                                 7(11.11%)                                                    0.0075
          III                                                                                                         42(66.67%)                                               9(14.29%)                                                         
Lymph node involvement                                                                                                                                                                                                                            
          Yes                                                                                                        36(50.70%)                                               10(14.08%)                                                   0.3979
          No                                                                                                         17(23.94%)                                                8(11.27%)                                                         
Histological grade                                                                                                                                                                                                                                     
          GI + GII                                                                                               32(45.07%)                                                  3(4.23%)                                                     0.0022
          GIII                                                                                                       21(29.58%)                                               15(21.13%)                                                        
Chemotherapy                                                                                                                                                                                                                                               
          Yes                                                                                                        28(39.44%)                                               10(14.93%)                                                 >0.9999
          No                                                                                                         25(35.21%)                                                8(11.27%)                                                         
Radiotherapy                                                                                                                                                                                                                                              
          Yes                                                                                                        15(21.13%)                                                  6(8.45%)                                                     0.7676
          No                                                                                                         38(53.52%)                                               12(16.90%)                                                        
Recurrence                                                                                                                                                                                                                                                    
          Yes                                                                                                        15(20.29%)                                                  1(1.41%)                                                     0.0546
          No                                                                                                         38(53.52%)                                               17(23.94%)                                                        
Lauren classification                                                                                                                                                                                                                                
          Intestinal                                                                                           28(41.18%)                                               6(8.82%)                                                     0.1684
          Diffuse                                                                                                22(32.35%)                                               12(17.65%)                                                        
Angiolymphatic Invasion                                                                                                                                                                                                                             
          Detected                                                                                           25 (37.88%)                                               3(4.55%)                                                     0.0412
          Not detected                                                                                     25 (37.88%)                                              13 (19.70%)                                                        
H. pylori infection                                                                                                                                                                                                                                     
          Yes                                                                                    7(11.29%)                      1(1.61%)       38(61.29%)                    16(25.81%)                             0.4267
          No                                                                                                                                                                                                                                                       

TNM, tumor-node-metastasis.                                                                                                                                                                                                                                                                                 

Table 2. Paired comparison of Siglec-15 staining in neoplastic cells, non-transformed and metaplasia adjacent gastric tissue.

                                       Non-cancerous                               Neoplastic                              Metaplasia                                           p

Siglec-15 (+)                                              17                                                                53                                                           9                                                            <0.0001
Siglec-15 (-)                                               40                                                                18                                                          13                                                           <0.0001
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TNM (III+IV; 66.04%) showed Siglec-15 staining in cytoplasm
and multiple cellular compartments compared with patients with
low TNM stage (I+II; 7.55%). 

Additional analysis, including age, sex, type of surgery, initial
treatment, nodal status, radiotherapy, chemotherapy, lymph node,
H. pylori infection and Lauren classification were not significant.
In relation to overall survival, for Siglec-15 positive were 337 days

and 501 days for the negative group (p=0.2692); to disease-free
survival, negative e positive groups had a mean survival of 18 and
14.5 months, respectively (p=0.3929) and were not statistically
significant (Figure 2). Siglec-15 was also confirmed as a predictor
of histological grade in GC by multivariate analysis (Table 3), as
well as Lauren Classification.

Figure 1. Immunohistochemical labelling for Siglec-15 in GC samples. A) Membrane staining (white arrow) and myeloid cells (blue
arrow) in the microenvironment. B) Positive metaplasia. C) Cytoplasmic and nuclear staining (white arrow).
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Table 3. Univariate and multivariate Cox regression analysis of histological grade in GC patients.

                                                             Univariate                                                      Multivariate
Variable                                        OR                    95%              CI                  p                              OR              95%              CI              p

Siglec-15                                                      0.12                           0.03                  0.47                   0.002                                   0.07                  0.00                  0.52             0.009
Lauren classification                                0.04                           0.01                   0.14                   0.000                                   0.02                  0.04                  0.12              0.000
Chirurgical stage                                       0.57                           0.19                   1.68                   0.311                                   0.51                 0.09                 2.88              0.453
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Discussion
In the present study, it was demonstrated for the first time

that Siglec-15 expression was present in most CG cases. Siglecs
have the role of distinguishing the self from the non-self-antigens
and glycoprotein sialylation is a process that masks neoplastic
cells during carcinogenesis.17 The expression of Siglec-15 was
significantly higher in the areas of metaplasia and neoplasia com-
pared to areas of normal tissue. In cancer, the production of sol-
uble mucins can negatively regulate the immune response, by
binding with Siglecs receptors in Natural Killers cells, dendritic
cells and monocytes.18 In this way, the high expression of Siglecs
reduces the innate immunity response against cancer cells by
negatively regulating the immune response to sialylated antigens. 

A study based on the TCGA database revealed that Siglec-15
is upregulated in many types of human tumors compared to nor-
mal tissues.19 However, no significant differences were observed
in cholangiocarcinoma, stomach adenocarcinoma, glioblastoma
multiforme, and clear cell renal carcinoma. In our study, almost
75% of the total samples were Siglec-15 positive and 59.70%
presented an adjacent normal tissue. Only considering this adja-
cent tissue, we found that 42.5% were Siglec-15 positive. Taking
into account that Li et al.19 have analyzed Siglec-15 mRNA
expression from correspondent normal tissues whereas we focus
on the characterization of Siglec-15 protein staining in GC tis-
sues and adjacent areas, differences were already expected. This
is because, as well as analyzed molecular levels (mRNA and pro-
tein), the nature of healthy samples (normal correspondent and
adjacent tissue) is also different.

Wang et al. collaborators evaluated Siglec-15 in non-small
cell lung cancer samples and found that this protein was present
in both neoplastic cells and tumor-associated stromal cells.5 In
the present study, Siglec-15 was also detected in macrophages,
corroborating the potential role of this protein in modulating the
immune system. Recent studies have identified Siglec-15 as a
potential new target for immunotherapy due to its immune sup-
pressive role in tumor microenvironment.5,20 These studies show

that Siglec-15 is upregulated in neoplastic cells and overex-
pressed in macrophages and suppressor cells derived from the
myeloid lineage, while few normal myeloid cells express Siglec-
15. Additionally, Takamiya et al. demonstrated that Siglec-15 is
expressed in a subset of tumor-associated macrophages, in a co-
culture model with THP-1 cells (macrophages-derived) and
H157 (human lung carcinoma).21

It would be interesting to evaluate the programmed status of
ligand-1 death (PDL-1) in these GC samples to investigate
whether the expression of Siglec-15 is mutually exclusive to that
of PDL-1, as observed in lung adenocarcinoma.5 Immunotherapy
against cancer using PD-1/PD-L1 blockade has impacted the
treatment of several neoplasms. However, these immunological
checkpoints are responsible for only a partial dysfunctional
immunity in human solid tumors and many patients who respond
initially acquire resistance to these therapies with recurrent dis-
eases.22 Therefore, researching new immunological normalizers
will increase the possibilities of immunotherapy against cancer.
A phase I clinical trial is underway to assess the effect of human-
ized anti-Siglec-15 (NC318) on solid tumors and new findings
are highly anticipated.

We demonstrate that the high expression of Siglec-15 was
closely related to the most differentiated histological grade,
maintained in the multivariate analysis. Siglecs abnormal expres-
sion is correlated with disease progression and prognosis in many
cancer types, such as hepatocellular carcinoma, acute myelocytic
leukemia and lung cancer.23-26 In GC, low expression of intratu-
moral Siglec-8 was a significant negative prognostic factor for
patients.27 Since in Brazil the GC diagnosis is late and occurs in
more advanced stages of disease, characteristic present in the
cohort evaluated where 50% of patients had poorly differentiated
GC, the higher expression of Siglec-15 observed in well and
moderate differentiated compared to poorly differentiated GC,
lead us infer that this expression can act as a good prognostic fac-
tor.

The high-affinity binding of Siglecs to mucins and N-glyco-
sylated glycoproteins28 has been associated with poor progno-
sis,29 tumor progression inhibition of anti-tumor immune
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Figure 2. Associations with the outcome parameters. Overall survival Siglec-15 (p=0.2692) (A) and disease-free survival (p=0.6852) (B),
Overall survival (p=0.3799).
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responses and metastasis.30,31 In metastatic models, the Siglecs
role in downregulation of NK cell cytotoxicity was associated
with favorable circumstances for survival and metastasis while
the use of the anti-Siglec antibody was related to prevention of
the metastasis development and improved survival.32,33 Despite
the reports associated with metastasis, to our knowledge this is
the first study to relate Siglec’s expression to angiolymphatic
invasion indicating that further studies should be performed to
establish the role of Siglec-15.

To date, there are no studies that have evaluated the expres-
sion of Siglec-15 according to the degree of differentiation of
tumors. Thus, our data are precursors in demonstrating associa-
tions of this lectin with a well and moderately differentiated his-
tological grade, with more advanced staging, and with angiolym-
phatic invasion. However, bigger investigations are needed to
elucidate the role of Siglec-15 in of the tumor microenvironment,
as well as in GC progression. 
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