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Abstract
Core needle biopsies (CNB) are widely used to diagnose breast cancer, but the procedure is invasive and thus, it changes 
the tumor microenvironment. The purpose of this study is to see how the expression of three potentially anti-inflammatory 
molecules, namely, programmed death-ligand 1 (PD-L1), sialic acid-binding immunoglobulin-like lectin-15 (Siglec-15), and 
C-C chemokine receptor-5 (CCR-5), are expressed in CNB and surgical resection specimens (SRS). To do this, we compared 
the amounts of tumor-infiltrating lymphocytes and the levels of CCR5, Siglec-15, and PD-L1 in tumor cells and inflamma-
tory cells as assessed by immunohistochemistry in CNB and the corresponding SRS of 22 invasive breast carcinomas of 
no special type and 22 invasive lobular carcinomas. The Siglec-15 H-score was higher in tumor cells in the SRS than in the 
CNB groups. There was no change in tumor cells CCR5 or PD-L1 between CNB and SRS. The positive inflammatory cell 
numbers for all markers rose between CNB and SRS, as did the amount of Tils. Furthermore, higher grade tumors and tumors 
with a high proliferation rate had more inflammatory cells that were positive for the markers and also more PD-L1+ tumor 
cells. Although changes in inflammatory cells can partly be attributed to the larger sample size of operation specimens, the 
differences also mirror a true change in the tumor microenvironment. The changes in inflammatory cells could be partly due 
to the need to restrict excess inflammation at the site of the biopsy.
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Introduction

Core needle biopsies (CNB) are the recommended means 
of diagnostics in breast cancer [1] as they have excellent 
sensitivity and specificity. They also have the potential 
to be used in assessing prognostic and predictive factors 
preoperatively [2]. However, CNB is an invasive procedure 
that inevitably alters the site from which they are taken. The 
most known problem is the seeding of tumor cells into the 
biopsy canal, which could potentially lead to recurrences. 
However, studies have shown that CNB procedures are not 
associated with an elevated risk of recurrence or a worse 
prognosis [3–5]. Nevertheless, changes in the tumor stroma 

do encompass hemorrhage, fat necrosis, fibrosis, and 
recruitment of inflammatory cells [6, 7].

The amounts of tumor-infiltrating lymphocytes (Tils) 
tend to be lower in CNBs than in the corresponding surgi-
cal resection specimens (SRS) [8, 9].

In a study using a mouse model, there were fewer CD4+, 
CD8+, and NK-cells and more myeloid-derived suppressor 
cells in the tumor stroma in SRS than for CNB. The epithelial-
mesenchymal transition pathway and many cytokines were 
upregulated. All these changes created a prometastatic and 
immunosuppressive microenvironment in the tumor [10]. 
Another study showed that CNB also promoted epithelial-
mesenchymal transition [11]. Such alterations of the tumor 
microenvironment could have adverse implications for the 
patient and thus are an important topic to study.

Programmed death-ligand 1 (PD-L1) is a cell membrane 
protein that interacts with programmed death-1 (PD-1). It 
is found in inflammatory cells such as lymphocytes and 
macrophages. The function of the PD-1/PD-L1 pathway is 
to limit excess inflammation and prohibit reactions to self-
antigens by inducing immune evasion. However, tumor cells 
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can also activate the pathway, and this serves as a way to 
escape anti-tumor immune responses [12, 13].

Sialic acid-binding immunoglobulin-like lectin-15 
(Siglec-15) is another known pathway that evades antitu-
mor immune responses. It is a transmembrane protein on 
macrophages, dendritic cells, and osteoclasts [14], which 
binds to target cell sialic acids, thus recognizing them as 
self and thereby suppresses the T cells [15]. However, tumor 
cells tend to have a lot of sialic acids on their surface, and 
their binding to Siglec-15 is a potential mechanism of tumor 
immune escape [15–17]. Moreover, Siglec-15 seems to be 
independent of PD-L1-mediated immune escape, and thus 
is a promising,

potential therapeutic target for PD-L1 treatment-resistant 
cancers [15, 18].

C-C chemokine receptor-5 (CCR5) is a receptor that is 
normally found on T-cells, macrophages, dendritic cells, 
eosinophils, and microglia. CCR5 functions in the recruitment 
of inflammatory cells at the site of inflammation [19]. It is 
often overexpressed in breast cancer cells, especially in 
HER2+ and triple-negative breast cancer and is associated 
with greater invasiveness and metastatic potential [20, 
21]. It also augments tumor growth, facilitates building an 
immunosuppressive tumor microenvironment, enhances 
angiogenesis, and induces drug resistance [19, 22–26].

A common feature of these three markers is they are 
either already used as therapeutic targets in breast cancer 
[27] or are promising new targets [15, 26]. In particular, the 
targeting of Siclec-15 might be an alternative pathway to 
PD-L1 and thus could be an alternative to PD-L1 targeted-
therapy–resistant tumors [15], whereas CCR5 targeting 
seems to be synergistic with PD-L1 targeting [28].

In this study, we have compared the levels of Tils, CCR5, 
Siglec-15, and PD-L1 in CNB and the corresponding SRS of 
22 invasive breast carcinomas of no special type (IC-NST) 
and 22 invasive lobular carcinomas (ILC). The purpose of 
this study was to see if the tumor microenvironment changes 
after CNB. Knowledge of how the procedure itself changes 
the microenvironment of a tumor should provide valuable 
information on baseline changes for window of opportunity 
studies. In such studies, a medical intervention is made 
between CNB and the operation to see if there are any 
changes induced by the medications [29].

Methods

Patients and tissue samples

The material comprised 44 cases of primary breast cancer, 
of which 22 were IC-NSTs and 22 ILCs. For detailed 
information about the cases, see Table 1. The CNB formalin-
fixed, paraffin-embedded (FFPE) whole tissue sections and 

the corresponding SRS FFPE whole tissue sections were 
collected from the archives of the Department of Pathology 
at the University Hospital of Helsinki, and all specimens 
were taken in 2016. The numbers of CNB cores taken per 
case varied from 2 to 9; the mean was 4.34 cores per patient. 
The mean time between CNB and operation was 27.5 days 
and the range 7–82 days. None of the patients received any 
neoadjuvant therapy.

Immunohistochemistry

Formalin-fixed paraffin-embedded tissue blocks were cut 
into 4-μm-thick sections.

Table 1  Clinicopathologic information about the cases

IC-NST invasive breast carcinoma of no special type, ILC invasive 
lobular carcinoma, ER estrogen receptor, PR progesterone receptor, 
HER2 human epidermal growth factor receptor 2, TNBC triple-nega-
tive breast cancer, G grade

Factor IC-NST n = 22 ILC n = 22

ER status
 Positive 19 22
 Negative 3 0
PR status
 PR positive 17 20
 PR negative 5 2
Ki67 status
 Low 8 17
 High 14 5
HER2 status
 Positive 4 22
 Negative 18 0
Tumor type
 ER+HER2− 16 22
 ER+HER2+ 3 0
 ER−HER2+ 1 0
 TNBC 2 0
Grade
 G1 5 4
 G2 6 14
 G3 11 4
Lymph node status
 Positive 12 13
 Negative 9 9
Size of tumor
 ≤ 20 mm 12 11
 > 20 mm 10 11
Age of patient
 ≤ 50 5 3
 51–70 5 8
 > 70 12 9
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After deparaffinization, the slides for Siglec-15 and 
CCR5 were pretreated in a PT module (LabVision UK Ltd., 
Suffolk, UK) in Tris-EDTA pH 9.0 (100 °C for 24 min) 
and cooled to room temperature. Immunohistochemical 
staining was done using the following antibodies: CCR5 
(dilution 1:400, clone T21/8) and Siglec-15 (dilution 1:600, 
polyclonal). The polymer detection kit EnVision (K5007, 
Dako) was used in a LabVision Autostainer (Thermo 
Scientific, Fremont, CA).

PD-L1 was stained in Dako Autostainer (Dako/Agilent, 
Santa Clara, CA) using the SP142 clone (dilution 1:200). 
Pretreatment was performed in a PT module in Tris-EDTA 
at low pH (97 °C for 20 min). The primary antibody was 
incubated at 24 °C for 30 min. UltraVision Quanto Detection 
System HRP (Epredia™ TL-060-QHD) was used for 
detection.

ER, PR, Ki-67, and HER2 were stained in Ventana 
Benchmark Ultra (Ventana/Roche, Tucson, AZ) using the 
following antibodies: ER (RTU, clone SP1), PR (dilution 
1:50, clone 16), Ki-67 (dilution 1:100, clone MIB-1), and 
HER2 (RTU, clone 4B5). Pretreatment was performed with 
Ventana Cell Conditioning Solution CC1 (Roche, Tucson, 
AZ) at 98 °C for 64 min. The primary antibodies were 
incubated as follows: ER at 37 °C/16 min, PR 37 °C/32 min, 
Her-2 at 36 °C/48 min, and Ki-67 36 °C/32 min. OptiView 
DAB IHC Detection Kit (760-700 Ventana/Roche) was used 
for ER, PR, and Her-2 and UltraView DAB IHC Detection 
Kit (760-500 Ventana/Roche) for Ki-67. The slides were 
counterstained using Mayer’s hematoxylin and then mounted 
in a mounting medium.

If positivity was seen in HER2 immunostaining, 
Inform HER2 Dual ISH in situ hybridization with Ventana 
Benchmark Ultra (Ventana/Roche, Tuscon, AZ) was used 
for HER2 gene amplification testing. Triple pretreatment 
with solutions CC1 at 98 °C for 16 min (950-224, Ventana/
Roche), CC2 at 98 °C for 24 min (950-223, Ventana/
Roche), and protease-3 at 37 °C for 16 min (780-4149, 
Ventana/Roche) was done. The HER2 gene was targeted 
using a dinitrophenyl-labeled probe and the chromosome 17 
centromere was targeted with a digoxigenin-labeled probe 
(INFORM HER2 Dual ISH DNA Probe Cocktail, 780-
4422, Roche/Ventana/Tuscon, AZ, USA 780–4422). HER2 
was visualized as black signals with VENTANA ultraView 
Silver ISH DNP (SISH) Detection (760-098, Roche/Ventana/
Tuscon, AZ, USA) and Chr17 as red signals with VENTANA 
ultraView Red ISH DIG Detection (780-4422, Roche 
Ventana Tuscon, AZ, USA).

Tumor cell positivity was determined for Siglec-15, 
CCR5, and PD-L1. Tumor cell positivity for Siglec-15 and 
CCR5 was determined as follows: an H-score was given by 
adding 1 × the percentage of weakly positive tumor cells, 
2 × the percentage of moderately positive tumor cells, and 
3 × the percentage of highly positive tumor cells [30]. In 

contrast, to measure PD-L1, a percentage of positive tumor 
cells were used. A score was also given for inflammatory 
cell positivity for all three markers. The score was defined 
as the percentage of tumor stromal area covered by positive 
immune cells. Figure 1 shows all the immunohistochemical 
stainings in both the CNB and the SRS of one case.

All CNBs and SRSs were also assigned a Tils percent-
age in H&E-stained sections according to the guidelines of 
the International Immuno-Oncology Biomarkers Working 
Group, https:// www. tilsi nbrea stcan cer. org/ [31, 32]. In short, 
the percentage of stromal area inside invasive tumor borders 
occupied by mononuclear inflammatory cells was obtained.

Statistics

Statistical analyses were performed using SPSS 22.0 for 
Windows (SPSS Incorporation, Chicago, IL, USA). The 
continuous changes in the markers comparisons for CNB 
and SRS were tested using the paired-samples t test, whereas 
comparisons of the IC-NSTs and ILCs were made by the 
Wilcoxon matched-pair signed-rank test. The Kruskal-Wallis 
test and the Mann-Whitney U test were used for comparing 
categorical differences between histological types and 
differences in the changes in the markers between histological 
type, grade, and Ki-67 status. Ki67 high was defined as 
> 20%, and low as ≤ 20%. The percentages of Tils were 
considered low for 1–10%, moderate for 11–49% and high 
for 50–100%. Probability values p < 0.05 were considered 
to be significant.

Results

Description of staining patterns

The Tils of the H&E sections were evenly distributed in 29 
cases and patchy in 15 cases. Tertiary lymphoid structures 
were seen in 9 cases. A biopsy canal was clearly visible 
in 17 out of 44 SRSs. In the rest of the cases, the biopsy 
canal could not be seen with certainty in the sections used. 
A comparison was done between Tils percentages within 
the biopsy canal and distal to the canal. The mean Tils value 
within the canal was 10.41 and distal to the canal 14.53. For 
the rest of the results, a Tils count excluding the biopsy canal 
was used in the cases where the canal was visible.

CCR5 staining was cytoplasmic in both tumor cells and 
inflammatory cells. Tumor cell positivity was generally 
evenly distributed, but the intensity of the positivity varied 
in different areas; thus, it was more intense in the periphery 
of the tumor in 29 cases and in the center in one tumor, 
whereas in 12 cases, there was no difference between the 
center and the periphery. As the amounts of positive inflam-
matory cells were generally low, the staining was mostly 

https://www.tilsinbreastcancer.org/
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patchy. The mean H-score of CCR5 was 99.59 within the 
biopsy canal and 96.29 distal to it, and the mean percentage 
of positive inflammatory cells was 1.50 within the canal and 
1.31 distal to it.

Siglec-15 staining was cytoplasmic in both tumor cells 
and inflammatory cells. Tumor cell positivity was mostly 
evenly distributed. However, in five cases, the periphery 
stained more intensely than more central regions of the 
tumors. The staining was patchy as the amounts of positive 
inflammatory cells were generally low. The mean H-score 
of Siglec-15 was 72.65 within the biopsy canal and 71.88 
distal to it.

PD-L1 staining was cytoplasmic in both tumor cells and 
inflammatory cells. The positivity for both cell types was 
patchy. Half of the cases showed only a few positive patches 
and half several positive patches for both tumor cells and 
inflammatory cells. The mean percentage of positive tumor 

cells within the biopsy canal was 0.35 and inflammatory 
cells 2.59; distal to the canal, the percentages were 0.94 for 
tumor cells and 5.47 for inflammatory cells.

Tumor Siglec‑15 H‑scores are higher in the SRS 
group

Changes in the marker scores in tumor cells between CNBs 
and SRSs are shown in Table 2.

There was a significant rise in the Siglec-15 H-score in 
the SRS compared to the CNB groups. When individually 
assessed, this rise was significant for the IC-NSTs, but only 
approached significance for the ILCs. The differences in 
the changes of the scores were not significant between IC-
NSTs and ILCs. There were no significant differences in the 
H-scores between IC-NSTs and ILCs.

Fig. 1  All immunohistochemical stainings of a CNB-SRS pair. a 
CCR5 of the CNB. There were virtually no positive inflammatory 
cells in the CNB, and the tumor cell H-score was 53. Tumor cell 
positivity is cytoplasmic. b In the SRS, there were positive inflam-
matory cells (score 2%) and the H-score had risen to 130. Inflamma-
tory cell positivity is cytoplasmic. c The tumor cell Siglec-15 H-score 
was 165, but there were no positive inflammatory cells. Tumor cell 

positivity is cytoplasmic. d The H-score rose to 180 in the SRS, and 
there were some positive immune cells (score 2%). Inflammatory cell 
positivity is cytoplasmic. e PD-L1 of the CNB. There was no tumor 
positivity, but the inflammatory cell score was 2%. Inflammatory cell 
positivity is cytoplasmic. f In the SRS, the inflammatory cell score 
was 10%, and the tumor cells remained negative
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There were no significant changes between CNB and SRS 
groups for either the CCR5 tumor H-scores or the PD-L1+ 
tumor cells percentages, nor were there any differences in the 
changes between IC-NSTs and ILCs. The CCR5 H-scores 
were not associated with differences in tumor histology. 
There were significantly more PD-L1+ tumor cells in the 
SRS of the IC-NSTs compared to those of the ILCs, but this 
difference was not seen for the CNB group.

There are more CCR5+, Siglec‑15+, and PD‑L1+ 
inflammatory cells in SRS

The changes of the marker scores in inflammatory cells 
between CNB and SRS groups are shown in Table 3.

There was a significant rise in the percentage of Tils between 
the CNB group and the SRS group. This was also seen for 
both IC-NSTs and ILCs, but the difference in the change for 
IC-NSTs and ILCs was not statistically significant (p = 0.548). 
There were significantly higher percentages of Tils in IC-NSTs 
than in ILCs in both the CNB group (p = 0.003) and the SRS 
group (p = 0.009).

There were significant rises in the scores for CCR5+, 
Siglec-15+, and PD-L1+-inflammatory cells of the SRS 
group, and these increases were seen for both the IC-NSTs 
and ILCs. However, the changes were larger for the IC-NSTs 
for both Siglec-15 (p = 0.012) and PD-L1 (p = 0.002). The 
CCR5 scores were similar for IC-NSTs and ILCs.

There were significantly more PD-L1+ inflammatory cells 
in the IC-NSTs than in the ILCs for both the CNB (p = 0.002) 
and SRS (p = 0.002) groups. A similar difference was also 
seen for Siglec-15 in the SRS group (p = 0.001).

PD‑L1 inflammatory cell positivity rises with Tils 
percentage

In both the CNB and the SRS groups, there was more posi-
tivity for PD-L1 in inflammatory cells in the tumors that had 
higher amounts of Tils (Table 4). A similar relationship was 
seen between CCR5-positive inflammatory cells and Tils.

Tumor cell positivity for PD-L1 in the SRS group was higher 
for the tumors that had higher amounts of Tils (p = 0.001). This 
was seen in pairwise comparisons for both tumors with low 
amounts of Tils compared to high amounts (p < 0.001) and 

Table 2  Changes in tumor cell 
positivity between core needle 
biopsy (CNB) and surgical 
resection specimen (SRS) and 
the p-values for the significance 
of the change

IC-NST invasive breast carcinoma of no special type, ILC invasive lobular carcinoma, *significant changes

Marker IC-NST p-value ILC p-value All carcinomas p-value

CCR5 H-score for CNB 91.32 0.935 58.82 0.330 75.07 0.473
CCR5 H-score for SRS 89.91 77.91 83.01
Mean change CCR5 − 1.41 19.09 8.84
Siglec-15 H-score for CNB 65.91 0.030* 42.09 0.092 54.00 0.012*
Siglec-15 H-score for SRS 84.32 70.45 77.39
Mean change Siglec-15 18.41 28.36 23.39
PD-L1+ tumor cells % for CNB 2.05 0.344 0.35 0.574 1.20 0.973
PD-L1+ tumor cells % for SRS 2.24 0.19 1.21
Mean change PD-L1 0.19 − 0.16 0.01

Table 3  Changes in 
inflammatory cell positivity 
between core needle biopsy 
(CNB) and surgical resection 
specimen (SRS) and the 
p-values for the significance of 
the change

IC-NST invasive breast carcinoma of no special type, ILC invasive lobular carcinoma, *significant changes

IC-NST p-value ILC p-value All carcinomas p-value

Tils % for CNB 18.91 0.036* 4.09 0.025* 11.50 < 0.001*
Tils % for SRS 26.27 6.36 16.32
Mean change Tils 7.36 2.27 4.82
CCR5+ inflammatory cells % for CNB 0.55 0.001* 0.23 0.002* 0.39 < 0.001*
CCR5+ inflammatory cells % for SRS 2.18 1.36 1.77
Mean change CCR5 1.64 1.14 1.39
Siglec-15 inflammatory cells % for CNB 0.55 0.001* 0.18 0.012* 0.37 < 0.001*
Siglec-15 inflammatory cells % for SRS 2.50 0.81 1.67
Mean change Siglec-15 1.95 0.62 1.30
PD-L1+ inflammatory cells % for CNB 1.94 < 0.001* 0.70 0.001* 1.32 < 0.001*
PD-L1+ inflammatory cells % for SRS 8.32 2.12 5.22
Mean change PD-L1 6.38 1.41 3.90
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also for moderate amounts of Tils compared to high amounts 
(p = 0.009). A similar relationship was seen in the CNB group 
(p = 0.012) although this relationship was not significant in the 
pairwise comparisons. No correlation for CCR5 and Siglec-15 
in tumor cells with Tils in the SRS group was seen. In the CNB 
group, however, there was a significantly higher H-score in 
CCR5 for tumors with higher amounts of Tils (p = 0.034), and 
no significant differences were seen in pairwise comparisons.

The more the Tils percentage rose between CNB and 
SRS, the more positivity was also seen in PD-L1-positive 
inflammatory cells (p = 0.001). This relationship was not 
seen for any of the other markers in either the tumor cells or 
the inflammatory cells.

Higher grade and Ki‑67 high tumors have higher 
scores of positive inflammatory cells

Table 4 shows the mean positive inflammatory cell percentages 
for all markers for Ki-67 and for all grades of tumors. 
Percentages were all higher in the higher-grade tumors and 
in tumors with a high Ki-67 status. Furthermore, there was 
a significantly greater rise in PD-L1+ inflammatory cells 
between the CNB and SRS group for the higher-grade tumors 
(p = 0.020) and in tumors with high Ki-67 status (p ≤ 0.001). 
The pairwise comparisons for grade showed the change was 
significant between G2 and G3 tumors (p = 0.046).

Tumors with higher Ki-67 scores (p = 0.017 for CNBs 
and p = 0.001 for SRS) and higher-grade tumors (p = 0.003 
for CNB and p = 0.042 for SRS) also had higher percentages 
of PD-L1+ tumor cells. The pairwise comparisons showed 
the differences were significant in the SRS (p = 0.036) and 
CNB (p = 0.020) between G2 and G3 and also in the CNB 
between G1 and G3 (p = 0.005). The changes between CNB 
and SRS were not significantly different.

Tumor cell H-scores for the different markers were not 
influenced by Ki-67 status or grade to the same extent. The 
only difference in H-scores was seen for the CCR5 marker in 
the SRS group (p = 0.011), whereby the higher-grade tumors 
had higher scores. More specifically, this difference was seen 
only between G1 and G3 tumors (p = 0.009).

Discussion

This study compared Tils and three markers, CCR5, Siglec-15, 
and PD-L1 in tumor cells, and inflammatory cells in the 
CNB and SRS of 22 IC-NSTs and 22 ILCs. The purpose 
was to see how the procedure of CNB changes the tumor 
microenvironment. A significant rise was seen in Tils and all 
markers in the inflammatory cells for SRS compared to CNB. 
Tumor cell PD-L1 or CCR5 did not change significantly, 
although there was more Siglec-15 positivity in tumor cells in 
the SRS group.

A previous study has shown that there are higher numbers 
of Tils in SRS than CNB. The researchers suggested that this 
could be due to immunoactivation by the CNB procedure, 
although tumor heterogeneity could not be excluded as an 
explanation. A rise of Tils was reported to be higher in younger 
patients and also when there was a long interval between CNB 
and the operation [8]. Another study showed that the expres-
sion of 14 genes changed from CNB to SRS; consequently, 
these changes indicated that there was a rise in tumor-associ-
ated macrophages and immunoactivation in SRS [29].

The upregulation of PD-L1+ inflammatory cells could 
be due to a need to restrict inflammation at the site of the 
biopsy. In tumor cells, PD-L1 is intrinsically upregulated 
whereas its upregulation in inflammatory cells is reactive 
[12]. The consequences of upregulated PD-L1 for making a 
prognosis is therefore dual, and the evidence is partly con-
flicting [12, 13, 33, 34]. For example, some studies report a 
worse prognosis for tumors with PD-L1 positivity [12, 33]. 
However, when combined with a high Tils score, PD-L1 
is, rather, a marker that indicates an active immune reac-
tion and also is associated with a better prognosis [12, 34]. 
Therefore, the increases of PD-L1 in the SRS group could 
be a marker of immunoactivation caused by external stimuli. 
In this study, the rise in Tils and PD-L1 was similar, which 
indicates a possible immunoactivation effect.

The changes in Siglec-15+ immune cells could have 
arisen from the requirement to reduce excess inflammation 
as this is considered the normal function of the molecule 
[16]. If this is the case, then the elevated Siglec-15+ immune 
cell numbers in SRS after CNB could also be considered 
to be a reaction of the immune system. Unlike for PD-L1, 
siglec-15+ immune cells did not rise with Tils. The ques-
tion about any effects of external stimuli on PD-L1 and 
Siglec-15 and immunoactivation is interesting and requires 
more research.

The immune cell score of PD-L1 is used as the marker 
for therapy [27]. The scores tended to be higher in the SRS 
group in this study; thus, it would seem appropriate to prefer 
SRS for PD-L1 assessment in cases where there exists an 
option between CNB and SRS so as not to miss cases for 
which therapy is indicated. In the setting of neoadjuvant 
therapy, a CNB is often the only eligible sample, and in 
these cases, CNB has to be used.

Although Siglec-15 positivity has been reported in tumor 
cells [14, 35, 36], the significance of this positivity is not 
clear. The effect of elevated Siglec-15 in tumor cells may 
vary depending on the immune status of the tumor, but in 
some instances, it has been found to be a good prognostic 
sign [37, 38]. However, more research is needed on this topic.

The CCR5+ inflammatory cell count also rose. CCR5 is 
associated with breast cancer progression [22, 25, 39, 40]. 
It is overexpressed in many breast cancers, especially basal 
breast cancer and TNBC [19]. Expression of CCR5 in breast 
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cancer cells in basal breast cancer has been reported to be 
coupled with increased invasiveness and metastatic poten-
tial. In luminal breast cancer cells, CCR5 is associated with 
altered proliferation [20]. This study reported that breast 
cancer cell CCR5 H-scores remained at the same level for 
CNB and SRS.

The whole slides from SRS generally are larger and more 
representative of the lesion than CNB, which might partly 
explain the elevated numbers for CCR5+, Siglec-15+, 
and PD-L1+ inflammatory cells found in the SRS. For 
example, PD-L1 staining is known to be heterogenous and 
often underestimated in tissue microarrays (TMAs) [13, 
33]. However, there are several studies that compared the 
concordance of many characteristics of breast carcinoma in 
CNB and SRS. These studies show that there is generally 
a good concordance in the evaluation of cancer histology 
[2], ER status [2, 41–44], and HER2 status [2, 42]. The 
concordance rate is slightly lower for tumor grade [2, 45] and 
PR status [2, 42–44]. Even a micro-focal phenomenon such 
as lymphovascular invasion has a concordance rate of 69% 
between CNB and SRS [2], and thus, CNB can be considered a 
good representation of the whole tumor. A study on lymphocyte 
rate concordance in TMA cores and whole-tumor slides 
showed a moderate concordance with only one TMA core, but 
concordance continued to rise for up to four cores [46].

We consider that the sampling methodology difference 
between CNB and SRS is not sufficient to explain all the 
changes seen in this study. However, for inflammatory cells 
and PD-L1+ tumor cells, where staining was generally 
patchy, heterogeneity can at least partly explain the 
differences. For Siglec-15 and CCR5 tumor cells the staining 
pattern was more even, although the intensity of the staining 
varied and tended to be higher in the periphery. In previous 
studies, sampling accuracy had been improved when four or 
more biopsy cores were obtained [42]. In this study, the mean 
core number was 4.34, and generally, the CNB provided 
ample tumor material which should lessen the effect of tumor 
heterogeneity.

Previous studies on the hormone receptor staining showed 
generally higher staining positivity in CNB than operation 
specimens, which was probably due to better fixation [2, 41]. 
In our present study, staining was higher in the SRS group. 
However, as mentioned above, the staining is expected to 
work better in CNB compared to operation specimens, which 
implies that the changes observed in our study cannot only 
be attributed to sample size per se.

We also compared the markers with the tumor Ki-67 
status and grade and found that there were more positive 
inflammatory cells in higher grade tumors and the Ki-67-
high tumors, and that there were also more PD-L1+ tumor 
cells. These elevated scores were seen in both the SRS and 
the CNB group. This is a well-known phenomenon and has 
been reported in previous studies [12, 33, 47, 48].

This study has all the known limitations of a retrospective 
study. Another limitation is the use of the SP142 antibody 
for PD-L1 detection, as this antibody is known to give lower 
scores than other corresponding antibodies [49]. However, 
SP142 was chosen for this study as it still is the only 
antibody approved for diagnostic use in metastatic breast 
cancer in Finland. Caution must be used in the interpretation 
of PD-L1 results as some positivity might have been missed.

The main conclusion of this study is that Tils, CCR5, 
Siglec-15, and PD-L1 are all higher at SRSs than their 
corresponding numbers at CNBs. Although this difference 
can partly be assigned to the greater sample size of SRSs 
and by tumor heterogeneity, it could also mirror a true 
immunoactivation caused by the procedure of CNB. 
This putative immunoactivation effect is an interesting 
phenomenon and warrants more research.

Acknowledgements We warmly thank Eija Heiliö for her excellent 
technical assistance. We thank Mia Kero for sharing her expertise on 
immunohistochemistry.

Author contribution All the authors contributed to the study concep-
tion and design. Material preparation and data collection were per-
formed by Minna Mutka and Kristiina Joensuu, and analysis was per-
formed by Minna Mutka, Kristiina Joensuu, Päivi Heikkilä, and Mine 
Eray. The first draft of the manuscript was written by Minna Mutka, 
and all the authors commented on previous versions of the manuscript. 
All the authors read and approved the final manuscript.

Funding Open Access funding provided by University of Helsinki 
including Helsinki University Central Hospital. This study was funded 
by the Helsinki University Central Hospital Research Foundation.

Data availability The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Code availability Not applicable.

Declarations 

Ethics approval This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the Ethics 
Committee of the Helsinki University Central Hospital.

Consent Not applicable

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

http://creativecommons.org/licenses/by/4.0/


223Virchows Archiv (2023) 483:215–224 

1 3

References

 1. Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans 
P, Rubio IT, Zackrisson S, Senkus E (2019) Early breast cancer: 
ESMO Clinical Practice Guidelines for diagnosis, treatment and 
follow-up†. Ann Oncol 30:1194–1220. https:// doi. org/ 10. 1093/ 
annonc/ mdz173

 2. Rakha EA, Ellis IO (2007) An overview of assessment of 
prognostic and predictive factors in breast cancer needle core 
biopsy specimens. J Clin Pathol 60:1300–1306. https:// doi. org/ 
10. 1136/ jcp. 2006. 045377

 3. Liebens F, Carly B, Cusumano P, Van Beveren M, Beier B, 
Fastrez M, Rozenberg S (2009) Breast cancer seeding associ-
ated with core needle biopsies: a systematic review. Maturitas 
62:113–123. https:// doi. org/ 10. 1016/j. matur itas. 2008. 12. 002

 4. Philpotts LE (2001) Controversies in core-needle breast biopsy. 
Semin Roentgenol 36:270–283. https:// doi. org/ 10. 1053/ sroe. 
2001. 25121

 5. Knight R, Horiuchi K, Parker SH, Ratzer ER, Fenoglio ME 
(2002) Risk of needle-track seeding after diagnostic image-
guided core needle biopsy in breast cancer. Jsls 6:207–209

 6. Bilous M (2010) Breast core needle biopsy: issues and contro-
versies. Mod Pathol 23(Suppl 2):S36–S45. https:// doi. org/ 10. 
1038/ modpa thol. 2010. 34

 7. Tardivon AA, Guinebretière JM, Dromain C, Deghaye M, Cail-
let H, Georgin V (2002) Histological findings in surgical speci-
mens after core biopsy of the breast. Eur J Radiol 42:40–51. 
https:// doi. org/ 10. 1016/ s0720- 048x(01) 00482-x

 8. Huang J, Chen X, Fei X, Huang O, Wu J, Zhu L, He J, Chen 
W, Li Y, Shen K (2019) Changes of tumor infiltrating lympho-
cytes after core needle biopsy and the prognostic implications 
in early stage breast cancer: a retrospective study. Cancer Res 
Treat 51:1336–1346. https:// doi. org/ 10. 4143/ crt. 2018. 504

 9. Cha YJ, Ahn SG, Bae SJ, Yoon CI, Seo J, Jung WH, Son EJ, 
Jeong J (2018) Comparison of tumor-infiltrating lymphocytes 
of breast cancer in core needle biopsies and resected specimens: 
a retrospective analysis. Breast Cancer Res Treat 171:295–302. 
https:// doi. org/ 10. 1007/ s10549- 018- 4842-7

 10. Mathenge EG, Dean CA, Clements D, Vaghar-Kashani A, Photo-
poulos S, Coyle KM, Giacomantonio M, Malueth B, Nunokawa 
A, Jordan J, Lewis JD, Gujar SA, Marcato P, Lee PW, Giaco-
mantonio CA (2014) Core needle biopsy of breast cancer tumors 
increases distant metastases in a mouse model. Neoplasia 
16:950–960. https:// doi. org/ 10. 1016/j. neo. 2014. 09. 004

 11. Fu Y, Guo F, Chen H, Lin Y, Fu X, Zhang H, Ding M (2019) 
Core needle biopsy promotes lung metastasis of breast cancer: an 
experimental study. Mol Clin Oncol 10:253–260. https:// doi. org/ 
10. 3892/ mco. 2018. 1784

 12. Huang W, Ran R, Shao B, Li H (2019) Prognostic and clinico-
pathological value of PD-L1 expression in primary breast cancer: 
a meta-analysis. Breast Cancer Res Treat 178:17–33. https:// doi. 
org/ 10. 1007/ s10549- 019- 05371-0

 13. Stovgaard ES, Dyhl-Polk A, Roslind A, Balslev E, Nielsen 
D (2019) PD-L1 expression in breast cancer: expression in 
subtypes and prognostic significance: a systematic review. 
Breast Cancer Res Treat 174:571–584. https:// doi. org/ 10. 1007/ 
s10549- 019- 05130-1

 14. Rashid S, Song D, Yuan J, Mullin BH, Xu J (2022) Molecular 
structure, expression, and the emerging role of Siglec-15 in skel-
etal biology and cancer. J Cell Physiol 237:1711–1719. https:// 
doi. org/ 10. 1002/ jcp. 30654

 15. Lim J, Sari-Ak D, Bagga T (2021) Siglecs as therapeutic targets in 
cancer. Biology (Basel) 10. https:// doi. org/ 10. 3390/ biolo gy101 11178

 16. Gianchecchi E, Arena A, Fierabracci A (2021) Sialic acid-siglec 
axis in human immune regulation, involvement in autoimmunity 

and cancer and potential therapeutic treatments. Int J Mol Sci 22. 
https:// doi. org/ 10. 3390/ ijms2 21157 74

 17. Rodrigues Mantuano N, Natoli M, Zippelius A, Läubli H (2020) 
Tumor-associated carbohydrates and immunomodulatory lectins 
as targets for cancer immunotherapy. J Immunother Cancer 8. 
https:// doi. org/ 10. 1136/ jitc- 2020- 001222

 18. Angata T (2020) Siglec-15: a potential regulator of osteoporosis, 
cancer, and infectious diseases. J Biomed Sci 27:10. https:// doi. 
org/ 10. 1186/ s12929- 019- 0610-1

 19. Aldinucci D, Borghese C, Casagrande N (2020) The CCL5/CCR5 
Axis in Cancer Progression. Cancers (Basel) 12. https:// doi. org/ 
10. 3390/ cance rs120 71765

 20. Velasco-Velázquez M, Jiao X, De La Fuente M, Pestell TG, 
Ertel A, Lisanti MP, Pestell RG (2012) CCR5 antagonist blocks 
metastasis of basal breast cancer cells. Cancer Res 72:3839–3850. 
https:// doi. org/ 10. 1158/ 0008- 5472. Can- 11- 3917

 21. Aldinucci D, Colombatti A (2014) The inflammatory chemokine 
CCL5 and cancer progression. Mediators Inflamm 2014:292376. 
https:// doi. org/ 10. 1155/ 2014/ 292376

 22. Jiao X, Wang M, Zhang Z, Li Z, Ni D, Ashton AW, Tang HY, 
Speicher DW, Pestell RG (2021) Leronlimab, a humanized 
monoclonal antibody to CCR5, blocks breast cancer cellular 
metastasis and enhances cell death induced by DNA damaging 
chemotherapy. Breast Cancer Res 23:11. https:// doi. org/ 10. 1186/ 
s13058- 021- 01391-1

 23. Gao D, Rahbar R, Fish EN (2016) CCL5 activation of CCR5 
regulates cell metabolism to enhance proliferation of breast cancer 
cells. Open Biol 6. https:// doi. org/ 10. 1098/ rsob. 160122

 24. Sax MJ, Gasch C, Athota VR, Freeman R, Rasighaemi P, Westcott 
DE, Day CJ, Nikolic I, Elsworth B, Wei M, Rogers K, Swarbrick A, 
Mittal V, Pouliot N, Mellick AS (2016) Cancer cell CCL5 mediates 
bone marrow independent angiogenesis in breast cancer. Oncotarget 
7:85437–85449. https:// doi. org/ 10. 18632/ oncot arget. 13387

 25. Zeng Z, Lan T, Wei Y, Wei X (2022) CCL5/CCR5 axis in human 
diseases and related treatments. Genes Dis 9:12–27. https:// doi. 
org/ 10. 1016/j. gendis. 2021. 08. 004

 26. Hemmatazad H, Berger MD (2021) CCR5 is a potential thera-
peutic target for cancer. Expert Opin Ther Targets 25:311–327. 
https:// doi. org/ 10. 1080/ 14728 222. 2021. 19025 05

 27. Erber R, Hartmann A (2020) Understanding PD-L1 testing in 
breast cancer: a practical approach. Breast Care (Basel) 15:481–
490. https:// doi. org/ 10. 1159/ 00051 0812

 28. Upadhyaya C, Jiao X, Ashton A, Patel K, Kossenkov AV, Pestell 
RG (2020) The G protein coupled receptor CCR5 in cancer. Adv 
Cancer Res 145:29–47. https:// doi. org/ 10. 1016/ bs. acr. 2019. 11. 001

 29. Jeselsohn RM, Werner L, Regan MM, Fatima A, Gilmore L, Col-
lins LC, Beck AH, Bailey ST, He HH, Buchwalter G, Brown M, 
Iglehart JD, Richardson A, Come SE (2013) Digital quantification 
of gene expression in sequential breast cancer biopsies reveals 
activation of an immune response. PLoS One 8:e64225. https:// 
doi. org/ 10. 1371/ journ al. pone. 00642 25

 30. Ishibashi H, Suzuki T, Suzuki S, Moriya T, Kaneko C, Takizawa 
T, Sunamori M, Handa M, Kondo T, Sasano H (2003) Sex steroid 
hormone receptors in human thymoma. J Clin Endocrinol Metab 
88:2309–2317. https:// doi. org/ 10. 1210/ jc. 2002- 021353

 31. Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, Pruneri 
G, Wienert S, Van den Eynden G, Baehner FL, Penault-Llorca F, 
Perez EA, Thompson EA, Symmans WF, Richardson AL, Brock 
J, Criscitiello C, Bailey H, Ignatiadis M, Floris G et al (2015) The 
evaluation of tumor-infiltrating lymphocytes (TILs) in breast cancer: 
recommendations by an International TILs Working Group 2014. 
Ann Oncol 26:259–271. https:// doi. org/ 10. 1093/ annonc/ mdu450

 32. Hendry S, Salgado R, Gevaert T, Russell PA, John T, Thapa B, 
Christie M, van de Vijver K, Estrada MV, Gonzalez-Ericsson PI, 
Sanders M, Solomon B, Solinas C, Van den Eynden G, Allory 
Y, Preusser M, Hainfellner J, Pruneri G, Vingiani A et al (2017) 

https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1136/jcp.2006.045377
https://doi.org/10.1136/jcp.2006.045377
https://doi.org/10.1016/j.maturitas.2008.12.002
https://doi.org/10.1053/sroe.2001.25121
https://doi.org/10.1053/sroe.2001.25121
https://doi.org/10.1038/modpathol.2010.34
https://doi.org/10.1038/modpathol.2010.34
https://doi.org/10.1016/s0720-048x(01)00482-x
https://doi.org/10.4143/crt.2018.504
https://doi.org/10.1007/s10549-018-4842-7
https://doi.org/10.1016/j.neo.2014.09.004
https://doi.org/10.3892/mco.2018.1784
https://doi.org/10.3892/mco.2018.1784
https://doi.org/10.1007/s10549-019-05371-0
https://doi.org/10.1007/s10549-019-05371-0
https://doi.org/10.1007/s10549-019-05130-1
https://doi.org/10.1007/s10549-019-05130-1
https://doi.org/10.1002/jcp.30654
https://doi.org/10.1002/jcp.30654
https://doi.org/10.3390/biology10111178
https://doi.org/10.3390/ijms22115774
https://doi.org/10.1136/jitc-2020-001222
https://doi.org/10.1186/s12929-019-0610-1
https://doi.org/10.1186/s12929-019-0610-1
https://doi.org/10.3390/cancers12071765
https://doi.org/10.3390/cancers12071765
https://doi.org/10.1158/0008-5472.Can-11-3917
https://doi.org/10.1155/2014/292376
https://doi.org/10.1186/s13058-021-01391-1
https://doi.org/10.1186/s13058-021-01391-1
https://doi.org/10.1098/rsob.160122
https://doi.org/10.18632/oncotarget.13387
https://doi.org/10.1016/j.gendis.2021.08.004
https://doi.org/10.1016/j.gendis.2021.08.004
https://doi.org/10.1080/14728222.2021.1902505
https://doi.org/10.1159/000510812
https://doi.org/10.1016/bs.acr.2019.11.001
https://doi.org/10.1371/journal.pone.0064225
https://doi.org/10.1371/journal.pone.0064225
https://doi.org/10.1210/jc.2002-021353
https://doi.org/10.1093/annonc/mdu450


224 Virchows Archiv (2023) 483:215–224

1 3

Assessing tumor-infiltrating lymphocytes in solid tumors: a practi-
cal review for pathologists and proposal for a standardized method 
from the International Immunooncology Biomarkers Working 
Group: part 1: assessing the host immune response, TILs in inva-
sive breast carcinoma and ductal carcinoma in situ, metastatic 
tumor deposits and areas for further research. Adv Anat Pathol 
24:235–251. https:// doi. org/ 10. 1097/ pap. 00000 00000 000162

 33. Cirqueira MB, Mendonça CR, Noll M, Soares LR, de Paula Car-
neiro Cysneiros MA, Paulinelli RR, MAR M, Freitas-Junior R 
(2021) Prognostic role of PD-L1 expression in invasive breast 
cancer: a systematic review and meta-analysis. Cancers (Basel) 
13. https:// doi. org/ 10. 3390/ cance rs132 36090

 34. Vranic S, Cyprian FS, Gatalica Z, Palazzo J (2021) PD-L1 status 
in breast cancer: current view and perspectives. Semin Cancer Biol 
72:146–154. https:// doi. org/ 10. 1016/j. semca ncer. 2019. 12. 003

 35. Sun J, Lu Q, Sanmamed MF, Wang J (2021) Siglec-15 as an 
emerging target for next-generation cancer immunotherapy. Clin 
Cancer Res 27:680–688. https:// doi. org/ 10. 1158/ 1078- 0432. 
Ccr- 19- 2925

 36. Lin CH, Yeh YC, Yang KD (2021) Functions and therapeutic 
targets of Siglec-mediated infections, inflammations and cancers. 
J Formos Med Assoc 120:5–24. https:// doi. org/ 10. 1016/j. jfma. 
2019. 10. 019

 37. Chen X, Mo S, Zhang Y, Ma H, Lu Z, Yu S, Chen J (2022) Analy-
sis of a novel immune checkpoint, Siglec-15, in pancreatic ductal 
adenocarcinoma. J Pathol Clin Res 8:268–278. https:// doi. org/ 10. 
1002/ cjp2. 260

 38. Li B, Zhang B, Wang X, Zeng Z, Huang Z, Zhang L, Wei F, 
Ren X, Yang L (2020) Expression signature, prognosis value, 
and immune characteristics of Siglec-15 identified by pan-cancer 
analysis. Oncoimmunology 9:1807291. https:// doi. org/ 10. 1080/ 
21624 02x. 2020. 18072 91

 39. Walens A, DiMarco AV, Lupo R, Kroger BR, Damrauer JS, Alva-
rez JV (2019) CCL5 promotes breast cancer recurrence through 
macrophage recruitment in residual tumors. Elife 8. https:// doi. 
org/ 10. 7554/ eLife. 43653

 40. Jiao X, Velasco-Velázquez MA, Wang M, Li Z, Rui H, Peck AR, 
Korkola JE, Chen X, Xu S, DuHadaway JB, Guerrero-Rodri-
guez S, Addya S, Sicoli D, Mu Z, Zhang G, Stucky A, Zhang 
X, Cristofanilli M, Fatatis A et al (2018) CCR5 governs DNA 
damage repair and breast cancer stem cell expansion. Cancer Res 
78:1657–1671. https:// doi. org/ 10. 1158/ 0008- 5472. Can- 17- 0915

 41. Hodi Z, Chakrabarti J, Lee AH, Ronan JE, Elston CW, Cheung 
KL, Robertson JF, Ellis IO (2007) The reliability of assessment 
of oestrogen receptor expression on needle core biopsy specimens 
of invasive carcinomas of the breast. J Clin Pathol 60:299–302. 
https:// doi. org/ 10. 1136/ jcp. 2006. 036665

 42. Tamaki K, Sasano H, Ishida T, Miyashita M, Takeda M, Amari 
M, Tamaki N, Ohuchi N (2010) Comparison of core needle biopsy 
(CNB) and surgical specimens for accurate preoperative evaluation 
of ER, PgR and HER2 status of breast cancer patients. Cancer Sci 
101:2074–2079. https:// doi. org/ 10. 1111/j. 1349- 7006. 2010. 01630.x

 43. Li S, Yang X, Zhang Y, Fan L, Zhang F, Chen L, Zhou Y, 
Chen X, Jiang J (2012) Assessment accuracy of core needle 
biopsy for hormone receptors in breast cancer: a meta-analysis. 
Breast Cancer Res Treat 135:325–334. https:// doi. org/ 10. 1007/ 
s10549- 012- 2063-z

 44. Meattini I, Bicchierai G, Saieva C, De Benedetto D, Desideri I, 
Becherini C, Abdulcadir D, Vanzi E, Boeri C, Gabbrielli S, Lucci 
F, Sanchez L, Casella D, Bernini M, Orzalesi L, Vezzosi V, Greto 
D, Mangoni M, Bianchi S et al (2017) Impact of molecular subtypes 
classification concordance between preoperative core needle biopsy 
and surgical specimen on early breast cancer management: single-
institution experience and review of published literature. Eur J Surg 
Oncol 43:642–648. https:// doi. org/ 10. 1016/j. ejso. 2016. 10. 025

 45. Knuttel FM, Menezes GL, van Diest PJ, Witkamp AJ, van den 
Bosch MA, Verkooijen HM (2016) Meta-analysis of the concord-
ance of histological grade of breast cancer between core needle 
biopsy and surgical excision specimen. Br J Surg 103:644–655. 
https:// doi. org/ 10. 1002/ bjs. 10128

 46. Khan AM, Yuan Y (2016) Biopsy variability of lymphocytic infil-
tration in breast cancer subtypes and the ImmunoSkew score. Sci 
Rep 6:36231. https:// doi. org/ 10. 1038/ srep3 6231

 47. Schütz F, Stefanovic S, Mayer L, von Au A, Domschke C, Sohn C 
(2017) PD-1/PD-L1 Pathway in Breast Cancer. Oncol Res Treat 
40:294–297. https:// doi. org/ 10. 1159/ 00046 4353

 48. Savas P, Salgado R, Loi S (2021) Seeing the forest and the tree: 
TILs and PD-L1 as immune biomarkers. Breast Cancer Res Treat 
189:599–606. https:// doi. org/ 10. 1007/ s10549- 021- 06287-4

 49. Sompuram SR, Torlakovic EE, NA t H, Vani K, Bogen SA (2022) 
Quantitative comparison of PD-L1 IHC assays against NIST 
standard reference material 1934. Mod Pathol 35:326–332. https:// 
doi. org/ 10. 1038/ s41379- 021- 00884-w

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1097/pap.0000000000000162
https://doi.org/10.3390/cancers13236090
https://doi.org/10.1016/j.semcancer.2019.12.003
https://doi.org/10.1158/1078-0432.Ccr-19-2925
https://doi.org/10.1158/1078-0432.Ccr-19-2925
https://doi.org/10.1016/j.jfma.2019.10.019
https://doi.org/10.1016/j.jfma.2019.10.019
https://doi.org/10.1002/cjp2.260
https://doi.org/10.1002/cjp2.260
https://doi.org/10.1080/2162402x.2020.1807291
https://doi.org/10.1080/2162402x.2020.1807291
https://doi.org/10.7554/eLife.43653
https://doi.org/10.7554/eLife.43653
https://doi.org/10.1158/0008-5472.Can-17-0915
https://doi.org/10.1136/jcp.2006.036665
https://doi.org/10.1111/j.1349-7006.2010.01630.x
https://doi.org/10.1007/s10549-012-2063-z
https://doi.org/10.1007/s10549-012-2063-z
https://doi.org/10.1016/j.ejso.2016.10.025
https://doi.org/10.1002/bjs.10128
https://doi.org/10.1038/srep36231
https://doi.org/10.1159/000464353
https://doi.org/10.1007/s10549-021-06287-4
https://doi.org/10.1038/s41379-021-00884-w
https://doi.org/10.1038/s41379-021-00884-w

	Core needle biopsies alter the amounts of CCR5, Siglec-15, and PD-L1 positivities in breast carcinoma
	Abstract
	Introduction
	Methods
	Patients and tissue samples
	Immunohistochemistry
	Statistics

	Results
	Description of staining patterns
	Tumor Siglec-15 H-scores are higher in the SRS group
	There are more CCR5+, Siglec-15+, and PD-L1+ inflammatory cells in SRS
	PD-L1 inflammatory cell positivity rises with Tils percentage
	Higher grade and Ki-67 high tumors have higher scores of positive inflammatory cells

	Discussion
	Acknowledgements 
	References


