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Purpose: Breast cancers exhibit molecular heterogeneity, leading to diverse clinical outcomes and therapeutic responses. Immune 
checkpoint inhibitors targeting PD-L1 have shown promise in various malignancies, including breast cancer. Lipocalin 2 (LCN2) has 
also been associated with tumor aggressiveness and prognostic potential in breast cancers. However, the expression of PD-L1 and 
LCN2 in breast cancer subtypes and their prognostic implications remains poorly investigated.
Methods: A retrospective analysis of 89 primary breast cancer cases was conducted to assess PD-L1 and LCN2 expressions using 
immunohistochemistry. Cases were classified into four different molecular subtypes based on ER, PR, HER2, and Ki-67 status. 
Associations between PD-L1 and LCN2 expressions and various prognostic factors were examined.
Results: Although low expression of LCN2 (Allred score of <3) was observed even in normal breast tissue, LCN2 expression with 
increasing Allred score (≥3) positively correlated with the histological grade, high Ki-67 proliferation index, and ER/PR negativity. 
Significant elevations of LCN2 and PD-L1 expressions were observed in triple-negative and HER2-positive breast cancers.
Conclusion: The results of the study highlight the association of LCN2 with known prognostic factors and molecular subtypes. To 
identify potential immunotherapy recipients, it would be useful to evaluate LCN2 as well as PD-L1 immune targets in different 
subgroups of breast cancer patients. Further studies with larger patient numbers are warranted to validate these observations and 
establish standardized scoring criteria for LCN2 expression assessment.
Keywords: breast cancer, immunotherapy, PD-L1, LCN2, triple-negative breast cancer, TNBC

Introduction
Breast cancer is a tumor with different morphologies and complex molecular subtypes, and therefore has various 
prognostic outcomes that require different treatment approaches. A widely accepted breast cancer classification comprise 
at least four distinct molecular subtypes based on immunohistochemical evaluation of hormone receptors: Luminal A, 
Luminal B, Human Epidermal Growth Factor Receptor 2 positive (HER2+), and triple-negative breast cancer (TNBC).1 

Especially in TNBCs, which are characterized by the absence of Estrogen receptor (ER), Progesterone receptor (PR), and 
HER2 expressions, chemotherapy has been the sole treatment option for many years due to the lack of response to 
hormonal therapy.2 However, since the contribution of the immune system in protecting against cancer as well as its 
involvement in shaping neoplastic disease (cancer immunoediting) has been discovered, immunotherapy has also become 
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a part of treatment protocols for breast cancers.2–5 Immunotherapy is related to the dual function of the immune system in 
both preventing cancer formation and influencing tumor development.6

In the early phases of carcinogenesis, innate immunity is activated by the acute inflammation present in the breast tissue.7 

Acute inflammation stimulates macrophages to respond against the tumor. On the other hand, tumor-associated macrophages 
(TAMs) release cytokines to help with tumor progression and reduce the effect of tumor-infiltrating lymphocytes (TILs) while 
increasing the regulatory T-cells which helps the tumor evade immune checkpoints.8 TAMs also modulate the expression of 
Programmed Cell Death-1 (PD-1), a cell membrane protein, found on T cells and other immune cells. PD-1, when bound to its 
ligands, PD-L1 and PD-L2, found on macrophages and antigen-presenting cells stimulate the production of regulatory T cells and 
inhibit the immune system, allowing for tumor progression.9,10 Immunotherapy targeting this protein, its receptor, and ligands, 
especially PD-L1, has shown promising results in treating breast cancer, especially against TNBC.4,11 Moreover, PD-L1 
overexpression in tumor cells has also been associated with poor prognostic features such as high tumor grade, negative ER 
status, negative PR status, and positive HER2-neu and Ki-67 status.8 There are several studies indicating the immunotherapeutic 
significance of PD-L1 as an important prognostic marker in TNBC cases.5,12–14

Lipocalin 2 (LCN2, also known as siderocalin or neutrophil gelatinase-associated lipocalin (NGAL)) is a multifunctional 
soluble protein originally found in specific granules of human neutrophils.15,16 It is known to be involved in various biological 
processes, including the transport of iron and fatty acids, as well as the induction of apoptosis.15 LCN2 expression can be induced 
by oxidative stress, hypoxia, anemia, and infection.14,17–19 LCN2 expression also increases in cancer.19,20 In carcinogenesis, 
besides the accumulation of somatic mutations, immunity associated with the stroma is a significant regulator of tumor growth. 
Tumor cells create a microenvironment by releasing various mediators to sustain their presence and spread. Due to this 
microenvironment, including IL10, TGF-β, cell hypoxia, and infiltration of monocytes and leukocytes against the tumor, the 
iron balance is hypothesized to be disrupted by excessive iron use. This, in turn, may result in the increased expression of LCN2 as 
an intracellular iron transporter.20,21 The presence of iron in tumor cells and cells in the tumor microenvironment is associated with 
tumor growth and metastasis, while iron chelation inhibits DNA synthesis, causes G1/S phase arrest, attenuates extracellular 
matrix (ECM), enhances epithelial-to-mesenchymal transition (EMT) and promotes tumor cell apoptosis.20,22,23 Recent studies 
have shown the efficacy of chemotherapeutic use of inducing iron chelators in cancer treatment.24

Thus, LCN2 as an iron transporter is thought to be involved in tumor growth, invasion, and metastasis as well as 
participating in various biological processes including cell migration, cell survival, inflammatory responses, and insulin 
sensitivity.25,26 Experimental studies on mice have been conducted regarding LCN2 expression in breast tumors and its 
usability as a prognostic marker.27 Limited studies on human breast cancer tissues have suggested that LCN2 may serve as an 
indicator of poor prognosis.27,28 Selectively targeting iron in the tumor microenvironment for removal may provide benefits in 
immunotherapy, and therefore, LCN2 is considered a potential therapeutic target against various cancer types.24–29

We postulate that LCN2, akin to the immunotherapeutic advantages of PD-L1, holds the potential for routine immunother-
apeutic utilization in TNBC cases. Therefore, it is imperative to assess the immunohistochemical expression of LCN2 in different 
molecular subtypes of breast cancer. In this study, we investigated the expressions of PD-L1 and LCN2 in breast cancer molecular 
subtypes, along with their correlations with other prognostic indicators, including Ki-67, lymph node metastasis, histological 
grade, tumor-infiltrating lymphocyte (TILs) accumulation, and necrosis. The findings from this research aim to contribute insights 
into the immunotherapeutic application of LCN2 and its prognostic significance in breast cancer management.

Materials and Methods
Ethics Approval and Study Population
Ethical approval of this retrospective study was obtained from Bahcesehir University Clinical Research Ethics Committee under 
study number 22481095–020-622 on April 3rd, 2018, and conformed with the Declaration of Helsinki. Because the data were 
deidentified and collected retrospectively, informed consent was waived by the ethics committee.

The study samples were selected from patients who were diagnosed with breast cancer and underwent mastectomy 
surgery at Bahcesehir University Faculty of Medicine Hospital between 2017–2018 and did not receive neoadjuvant 
therapy before surgery. There was a total of 89 patients, and the median age was 55 years, ranging from 31 to 85 years. 
None of the cases had distant metastasis and multifocality. In addition, all patients had only primary breast cancer and no 
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other cancers or chronic diseases. These cases were morphologically reported as Invasive Ductal Carcinoma of no special 
type (NST) (73 cases), Invasive Lobular Carcinoma (8 cases), Medullary Carcinoma (2 cases), Invasive Micropapillary 
Carcinoma (2 cases), NST/Mucinous Carcinoma (mixed carcinoma, 2 cases) and Tubular Carcinoma (2 cases). Tumor 
diameters were ≥1 cm to <2 cm in 43 cases, and ≥2 cm to <5 cm in 46 cases.

Immunostaining of Breast Cancerous Tissue Samples for Molecular Subtyping
All specimens underwent fixation in a 10% neutral buffered formalin solution for 24 hours before undergoing processing with 
a Tissue-Tek Vip® 6 AI device (Sakura Finetek Japan Co., Ltd., Tokyo, Japan) to generate paraffin blocks. Three micrometers 
thick sections were prepared from the blocks and stained with hematoxylin and eosin (H&E) staining using a Shandon Gemini 
stainer as described previously.30 Immunohistochemical staining was performed in accordance with standard and validated 
immunohistochemical protocols. Briefly, following antibodies were used: antibodies against ER (ER-6F11-L-CE, Clone 6f11, 
Leica Biosystems), PR (PGR-312/2-L-CE Clone 16, Leica Biosystems), HER-2/neu4B5 (anti-HER-2/neu (4B5), Rabbit 
Monoclonal Primary Antibody, Ventana, Roche), and Ki-67 (Monoclonal Mouse anti-Human Clone MIB-1, Dako) using 
a Ventana Benchmark XT device (Roche Diagnostics, Basel, Switzerland).30

The Nottingham modification of Bloom Richardson Grading was used for tumor histological and nuclear grading.31 In 
addition, prognostic factors such as tumor diameter, lymphovascular invasion, necrosis, and lymph node metastasis were noted for 
each case. Ki-67 evaluation was performed in digital pathology (ViraPath program developed by ViraSoft Software, ViraSoft 
Software Trade Inc, Istanbul, Turkey).32 Based on digital Ki-67 results and ER, PR, and HER2 results, cases were classified as 
Luminal A (ER+, PR+, HER2-, Ki-67 < %20), Luminal B (ER+, PR ±, HER2-, Ki-67 ≥%20 and ER+, PR ±, HER2+, any Ki-67), 
HER2+ (ER-, PR-, HER2+, Ki-67 ≥%20), Triple Negative (ER-, PR-, HER2-, Ki-67 ≥% 20) according to four molecular 
subtypes.33 Because cases with TILs ≥5% have been reported to have increased treatment efficacy,34 we also included the cases 
with 5% or more reported by evaluation with H&E sections (Table 1). Luminal A and Luminal B cases together comprised about 
80% of all cases (40.5% and 40.5%, respectively) and TNBC and HER2+ cases were 14.6% and 4.4%, respectively. Necrosis (+) 
cases were 12.4%, LNM (+) cases were 30.3%, LVI(+) cases were 19.15%, and TILs ≥5% cases were 13.5% of all cases (Table 1). 
Necrosis and lymph node metastasis were found mainly in TNBC cases (38.5% for both) (Table 1). Among TNBC cases 92.3% of 
them were HG III and with TILs (53.8%). All HER2+ cases (n = 4; 100%) and the majority of TNBC cases (92.3%) were HG III, 
confirming the high aggressiveness of HER2+ and TNBC tumors across all cases.

Immunohistochemical Evaluation of PD-L1 and LCN2
The PD-L1 (Clone: CAL10, Dilution: 1/100 Brand: Biocare Medical) and LCN2 (Polyclonal, Dilution: 1/200 Brand: GeneTex) 
were immunohistochemically applied to the same tumor blocks with the Ventana Benchmark XT device (Roche Diagnostics, 
Basel, Switzerland).30 Negative and positive controls were used for both immune markers. All pictures were taken by Viracenter 
Digital Pathology new version.32 Two independent pathologists evaluated and scored all slides (S.E. and O.Y.).

Table 1 Distribution of Cases According to Molecular Subtypes and Prognostic Factors

Molecular 
Subtypes

Number of 
Cases (%)

Prognostic Factors

HG I  
N (%)

HG II 
N (%)

HG III 
N (%)

Nec. (+) 
N (%)

LNM (+) 
N (%)

LVI (+) 
N (%)

TILs≥%5 
(%)

Luminal A 36 (40.5) 1 (2.8) 32 (88.9) 3 (8.3) 2 (5.5) 10 (27.8) 5 (13.9) 0

Luminal B 36 (40.5) 0 14 (38.9) 22 (61.1) 3 (8.3) 11 (30.5) 9 (1.9) 5 (13.9)

HER2+ 4 (4.4) 0 0 4 (100) 1 (25) 1 (25) 1 (25) 0

TNBC 13 (14.6) 0 1 (7.7) 12 (92.3) 5 (38.5) 5 (38.5) 2 (15.4) 7 (53.8)

Notes: The headings are given in bold. 
Abbreviations: Luminal A, ER+, PR+, HER2-, Ki-67 < %20; Luminal B, ER+, PR ±, HER2- Ki-67 ≥%20 and ER+, PR ±, HER2+, any Ki-67; HER2+, human epidermal growth 
factor receptor 2 positive, ER-, PR-, HER2+, Ki-67 ≥%20; TNBC, triple negative breast cancer, ER-, PR-, Ki-67 ≥% 20; HG, histological grade; Nec, necrosis; LNM, lymph 
node metastasis; TILs, tumor-infiltrating lymphocytes; LVI, lymphovascular invasion; N, number.
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For PD-L1 immunohistochemical evaluation, membranous staining was considered positive, and the Combined 
Positive Score (CPS) analysis was employed.35 CPS is calculated by dividing the total number of PD-L1 positive cells 
(lymphocytes, macrophages, and tumor cells) by the number of viable tumor cells and multiplying the result by 100 
(score ranges from 0 to 100).36 The CPS cut-off values were determined as CPS < 1 (negative PD-L1 staining), CPS ≥ 1 
and CPS ≥ 10 as positive PD-L1 staining as described previously.11 Tonsil tissue was used as a PD-L1 positive control 
and normal breast tissue was used as a PD-L1 negative control.

Immunohistochemical evaluation of LCN2 was scored according to the intensity and extent of cytoplasmic staining of 
tumor cells, utilizing the Allred (Quick) scoring system.37–40 The staining percentage was scored as follows: 0 for 0%, 1 
for <1%, 2 for 1–10%, 3 for 11–33%, 4 for 34–66%, and 5 for >67%. Staining intensity was scored as follows: 0 for no 
staining, 1 for weak staining, 2 for moderate staining, and 3 for strong staining. The Allred score was calculated as the 
sum of the staining percentage score and the staining intensity score, resulting in scores ranging from 0 to 8. Normal 
breast tissue was utilized for LCN2 negative control, and colon adenocarcinoma was used as the positive control.

Statistical Analysis
The data analysis was performed using SPSS (Statistical Product and Service Solutions) version 28 (IBM Corp., Armonk, 
NY, USA). The comparisons were performed by non-parametric Mann–Whitney U-test according to non-Gaussian 
distribution. If more than two groups were analyzed Kruskal–Wallis test followed by Dunn’s multiple comparisons 
was used. Pearson’s correlation analysis was used to investigate the relationships between variables. A p < 0.05 value 
was considered statistically significant.

Results
LCN2 Expression in Different Primary Breast Carcinomatous Tissues
To evaluate LCN2 expression in carcinomatous breast tissues, we newly developed the Allred scoring system (score 1–8) 
based on the intensity and extent of cytoplasmic LCN2 staining (Figure 1). Among 89 breast tumor tissues, there were no 
cases with an Allred score <3 for LCN2 expression. Instead, weak LCN2 staining with a score of 0–2 was observed in 
normal breast tissues (Figure 1a, blue arrow), while all cancer tissues had an Allred score ≥3 for LCN2 expression 
(Figure 1b-g), comparable to positive control tissue, a colon adenocarcinoma (Figure 1h).

Figure 1 Lipocalin 2 (LCN2) staining scored with the Allred scoring in different breast cancerous tissues. (a) Cytoplasmic staining with Allred score 1 in ductus epithelium and 
stroma of normal breast tissue (blue arrow), (b) Cytoplasmic and membranous staining with Allred score 3 in tumor cells in a case with Luminal A, (c) Allred score 4 in tumor cells in 
a case with Luminal A, (d) Allred score 5 in tumor cells in a case with Luminal B, (e) Allred score 6 in tumor cells in a case with Luminal B, (f) Allred score 7 in a case with TNBC, (g) 
Allred score 8 LNC2 expression in a case with tumor cells of TNBC, (h) LCN2 positive control (colon adenocarcinoma). All figures are at 100 µm magnification.
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Next, LCN2 expression was scored based on the molecular subtypes and prognostic factors described in Table 1. 
Most of the Luminal A cases (69.4%) had LCN2 intensity with Allred score 3, and with a lower Ki-67 index (72.2%, 
<20%) in the cytoplasmic and membranous areas (Table 2). In contrast, the distribution of LCN2 staining steadily 
increased from Allred score 6 to 8 in TNBC cases (38.4% of TNBC cases had an Allred score 8). This trend was 
followed in necrosis-positive cases in which 45.5% of them had an Allred score of 8. Similarly, 41.7% TILs ≥ 5% cases 
had an Allred score of 6.

We next sought to compare LCN2 scores quantitatively among subtypes and prognostic factors. Among all cases, 
within prognostic factors, there was no significant difference in LCN2 staining scores between LNM (+) and LNM 
(-) cases, and LVI (+) and LVI (-) cases (p > 0.05, and p > 0.05, respectively), while necrosis (+) cases had 
statistically higher LCN2 scores compared to necrosis (-) cases (p < 0.05) (Table 3). Notably, LCN2 scores and 

Table 2 Distribution of Cases into Molecular Subtypes and Prognostic Factors According to LCN2 Expression by 
Allred Score

Molecular Subtypes and  
Prognostic Factors

LCN2 (Allred Score)

3 N (%) 4 N (%) 5 N (%) 6 N (%) 7 N (%) 8 N (%)

Luminal A 25 (69.4) 8 (22.2) 3 (8.3) 0 0 0

Luminal B 6 (16.7) 11 (30.5) 7 (19.4) 3 (8.3) 5 (13.9) 4 (11.1)

HER2 (+) 1 (25) 1 (25) 0 0 1 (25) 1 (25)

TNBC 1 (7.7) 1 (7.7) 0 4 (30.7) 2 (15.4) 5 (38.4)

Ki-67 < 20% 26 (72.2) 7 (19.4) 3 (8.3) 0 0 0

Ki-67 ≥ 20% 8 (15.1) 13 (24.5) 7 (13.2) 8 (15.1) 8 (15.1) 9 (17)

HG I 0 1 (100) 0 0 0 0

HG II 26 (55.3) 12 (25.5) 6 (12.7) 3 (6.4) 0 0

HG III 7 (17.9) 7 (17.9) 4 (8.1) 8 (16.3) 6 (12.2) 9 (18.3)

Necrosis (+) 3 (27.3) 0 1 (9.1) 1 (9.1) 1 (9.1) 5 (45.4)

LNM (+) 8 (29.6) 6 (22.2) 5 (18.5) 1 (3.7) 5 (18.5) 2 (7.4)

LVI (+) 7 (41.2) 2 (11.7) 3 (17.6) 1 (5.9) 2 (11.7) 2 (11.7)

TILs ≥5% 1 (8.3) 1 (8.3) 1 (8.3) 5 (41.7) 2 (16.7) 2 (16.7)

Notes: The headings are given in bold. 
Abbreviations: LCN2, lipocalin 2; TNBC, triple negative breast cancer; HG, histological grade; LNM, lymph node metastasis; LVI, lymphovascular 
invasion; TILs, tumor-infiltrating lymphocytes; N, number.

Table 3 Comparison of LCN2 Allred Score Expressions in Molecular Subtypes and Prognostic 
Factors Based on Positive versus Negative Status Among All Cases

Molecular Subtypes and  
Prognostic Factors

LCN2 (Allred Score)

Positivea Median  
(Min-Max)

Negativeb Median  
(Min-Max)

P valuec LCN2 ≥ 6d (%)

Luminal A 3 (3–5) 5 (3–8) <0.0001k 0

Luminal B 5 (3–8) 3 (3–8) 0.19k 33.3%

HER2 (+) 5.5 (3–8) 4 (3–8) N.D. 50%

TNBC 6 (3–8) 4 (3–8) <0.01k 84.6%

(Continued)
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intensity were significantly higher in TILs ≥ 5% cases compared to TILs < 5% cases (p < 0.001). On the other hand, 
the overall Ki-67 proliferation index (+) (≥20%) cases had significantly higher LCN2 scores (p < 0.0001), along 
with aggressive molecular subtypes with higher histological grades (HG III), HER2(+) and TNBC cases (p < 0.01 
for all three parameters). Notably, relatively less aggressive molecular subtype Luminal A had significantly lower 
LCN2 scores (p < 0.0001).

Overall, these statistically significant values among groups were remarkably correlated with the LCN2 intensity in cytoplas-
mic and membranous regions with Allred score ≥6 that was seen in most of the TNBC (84.6%), TILs ≥ 5% (75%), necrotic 
(63.6%), HER2 + (50%), and higher histological grade (HG III, 56.1%) cancerous tissues (Table 3). Taken together, these data 
based on Allred scoring of LCN2 intensity may well indicate that LCN2 intensity is positively correlated with aggressive 
molecular subtypes such as HG III, TNBC and/or HER2 (+) cases (as ER-negative, PR-negative subtype) with high Ki-67 
proliferation index, necrosis, and higher TILs recruitment into the tumor environment. Therefore, we suggest that LCN2 intense 
staining may be an indicative prognostic factor for the aggressiveness of breast tumors.

PD-L1 Expression in Different Primary Breast Carcinomatous Tissues
Next, PD-L1 evaluation was performed based on the positive membranous staining and the Combined Positive Score (CPS) (see 
Materials and Methods). An example of positive membranous PD-L1 expression is shown in Figure 2a and b, together with 
positive (tonsil tissue) and negative controls (normal breast tissue) (Figure 2c and d, respectively). Accordingly, PD-L1 expression 
was found to be positive in 46 (51.7%) of all cases. The distribution of PD-L1 positive cases according to molecular subtypes, Ki- 
67, HG, necrosis, LNM, LVI, and TILs is summarized in Tables 4 and 5. In Table 4 we analyzed PD-L1 levels of all cases based on 
CPS cut-off values. The cases were categorized based on CPS < 1 (negative PD-L1 staining), CPS ≥ 1 and CPS ≥ 10 (positive PD- 
L1 staining) values. Overall, among the samples, 91.7% of the TILs ≥ 5% cases were highly positive with PD-L1, followed by 
84.6% positivity in TNBC cases, 75.5% positivity in Ki-67 ≥ 20% positive cases, 75% positivity in HER2+ cases, and more than 
70% in HG III and necrotic cases (Table 5).

Among all cases, similar to LCN2 scores, CPS scores of PD-L1 expression were significantly higher in necrosis (+) cases 
compared to necrosis (-) cases (p < 0.05) (Table 5). In other prognostic factors, there was no significant difference in PD-L1 CPS 

Table 3 (Continued). 

Molecular Subtypes and  
Prognostic Factors

LCN2 (Allred Score)

Positivea Median  
(Min-Max)

Negativeb Median  
(Min-Max)

P valuec LCN2 ≥ 6d (%)

HER2(+) + TNBC 6 (3–8) 4 (3–8) <0.01k 76.5%

Ki-67 Index (+) 5 (3–8) 3 (3–5) <0.0001m 47.2%

HG I N.D. N.D. N.D. N.D.

HG II 3 (3–7) 6 (3–8) <0.0001k 6.1%

HG III 6 (3–8) 3 (3–7) <0.0001k 56.1%

Necrosis (+) 7 (3–8) 4 (3–8) <0.05m 63.6%

LNM (+) 4 (3–8) 4 (3–8) 0.34m 29.6%

LVI (+) 4 (3–8) 4 (3–8) 0.90m 29.4%

TILs ≥5% 6 (3–8) 4 (3–8) <0.001m 75%

Notes: The headings are given in bold. aRespective positive cases for either molecular subtype or prognostics factors among all 
cases. bRespective negative cases for either molecular subtype or prognostics factors among all cases. cP values between negative 
and positive cases among all cases were determined by non-parametric Mann–Whitney U-test (m) after the analysis of Gaussian 
distribution. When groups were more than two Kruskal–Wallis test followed by Dunn’s multiple comparisons (k) was used. 
P values less than 0.05 are considered statistically significant. m, Mann–Whitney U-test; k, Kruskal–Wallis test. dPercentage of 
LCN2 scores ≥6 cases among respective subtypes and prognostic factors. 
Abbreviations: LCN2, lipocalin 2; HER, TNBC, triple negative breast cancer; HG, histological grade; LNM, lymph node metastasis; LVI, 
lymphovascular invasion; TILs, tumor-infiltrating lymphocytes; N.D., could not be determined due to low sample number.
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scores between LNM (+) and LNM (-) cases, and LVI (+) and LVI (-) cases (p > 0.05). However, PD-L1 CPS scores were 
significantly higher in TILs ≥ 5% cases compared to TILs < 5% cases (p < 0.0001), similar to LCN2 scores. Furthermore, the cases 
with high Ki-67 proliferation index, higher histological grades (HG III), and with HER2 (+) and TNBC cases significantly had 

Figure 2 PD-L1 staining scored with CPS. Representative CPS score (CPS 80) of the same area in a TNBC tumor, (a) H&E staining 500 µm and 100 µm in inlet, (b) PD-L1 
staining 500 µm and 100 µm in inlet, (c) Tonsil tissue PD-L1 positive control, (d) Normal breast tissue PD-L1 negative control.

Table 4 Distribution of Cases into Molecular Subtypes and Prognostic Factors 
According to PD-L1 Expression Based on CPS Cut-Offs

Molecular Subtypes  
and Prognostic Factors

PD-L1 (CPS Cut-Offs)

CPS <1 (Negative)  
N (%)

CPS ≥1  
N (%)

CPS ≥10  
N (%)

Luminal A 27 (75) 9 (25) 0

Luminal B 13 (36.1) 13 (36.1) 10 (27.8)

HER2 (+) 1 (25) 2 (50) 1 (25)

TNBC 2 (16.7) 4 (33.3) 7 (58.3)

Ki-67 ≥ 20% 15 (28.3) 19 (35.8) 19 (35.8)

HG I 1 (100) 0 0

HG II 31 (66) 15 (31.9) 1 (2.1)

HG III 11 (26.8) 13 (31.7) 17 (41.5)

Necrosis (+) 3 (27.3) 2 (18.2) 6 (54.5)

LNM (+) 13 (48.4) 11 (40.7) 3 (1.1)

LVI (+) 10 (58.8) 5 (29.4) 2 (11.8)

TILs ≥5% 1 (8.3) 0 11 (91.7)

Notes: The headings are given in bold. 
Abbreviations: PD-L1, programmed cell death ligand 1; CPS, combined positive score; TNBC, triple 
negative breast cancer; HG, histological grade; LNM, lymph node metastasis; LVI, lymphovascular 
invasion; TILs, tumor-infiltrating lymphocytes; N, number.
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higher PD-L1 expression (p < 0.0001, p < 0.0001, and p < 0.05, respectively) (Table 5). In contrast, Luminal A and HG II cases had 
significantly lower PD-L1 scores (p < 0.001 and p < 0.0001, respectively).

Association of LCN2 and PD-L1 Intensity Scores with Prognostic Factors and 
Molecular Subtypes
We therefore followed the above findings by performing an association analysis between LCN2, PD-L1, and 
breast cancer tissues with different molecular subtypes and prognostic factors. Overall, among 89 cases, there 
was a statistically significant positive correlation between LCN2 and PD-L1 expression (r = 056, p < 0.01 by 
Pearson’s correlation test). Next, we performed a detailed analysis to determine how each parameter contributed 
to this positive correlation. We found that the cases with higher Ki-67 index and higher histological grade (HG 
III), which had significantly higher LCN2 and PD-L1 expression (Table 3 and Table 5), showed the highest 
correlation by Pearson’s correlation test (r = 0.46 and r = 0.49, respectively, p < 0.001) (Table 6). Interestingly, 
LCN2 and PD-L1 expressions were also well correlated in luminal B cases (r = 0.45, p < 0.01), while HG I and 
HG II cases did not have any correlation (Table 6).

Although approximately 50% of LNM (+) and LVI (+) cases had PD-L1 positivity (51.8% and 41.2%, 
respectively, Table 5), only approximately 30% of them (29.6% and 29.4%, respectively) were stained with 
higher LCN2 (≥6 Allred score) (Table 3). Therefore, there was no correlation between LCN2 and PD-L1 in terms 
of LNM and LVI positivity (Table 6). Surprisingly, although TILs ≥ 5% cases had significantly higher LCN2 and 

Table 5 Distribution of Cases into Molecular Subtypes and Prognostic Factors According to PD-L1 Expression

Molecular Subtypes  
and Prognostic Factors

PD-L1

Positivea (CPS ≥1) 
Median

Negativeb (CPS <1) 
Median

P valuec % PD-L1 Positivity  
(CPS ≥1) (%)d

Luminal A 0 (0–3) 2 (0–100) <0.001k 25%

Luminal B 1 (0–80) 0 (0–100) 1k 63.9%

HER2 (+) 1.5 (0–100) 1 (0–80) N.D. 75%

TNBC 12 (0–70) 0 (0–100) <0.05k 84.6%

HER2(+) + TNBC 5 (0–100) 0 (0–80) <0.05k 82.3%

Ki-67% 2 (0–100) 0 (0–3) <0.0001m 69.8%

HG I 0 0 0 0%

HG II 0 (0–15) 2.5 (0–100) <0.0001m 34%

HG III 3 (0–100) 0 (0–15) <0.0001m 73.2%

Necrosis (+) 10 (0–100) 0 (0–70) <0.05m 72.7%

LNM (+) 1 (0–30) 1 (0–100) 0.28m 51.8%

LVI (+) 0 (0–100) 1 (0–80) 0.36m 41.2%

TILs ≥5% 45 (5–75) 0 (0–100) <0.0001m 91.7%

Notes: The headings are given in bold. aRespective positive cases for either molecular subtype or prognostics factors among all cases. bRespective 
negative cases for either molecular subtype or prognostics factors among all cases. cP values between negative and positive cases among all cases 
were determined by non-parametric Mann–Whitney U-test (m) after the analysis of Gaussian distribution. When groups were more than two 
Kruskal–Wallis test followed by Dunn’s multiple comparisons (k) was used. P values less than 0.05 are considered statistically significant. m, Mann– 
Whitney U-test; k, Kruskal–Wallis test. dPercentage of PD-L1 CPS scores among respective subtypes and prognostic factors. 
Abbreviations: PD-L1, programmed cell death ligand 1; CPS, combined positive score; TNBC, triple negative breast cancer; HG, histological 
grade; LNM, lymph node metastasis; LVI, lymphovascular invasion; TILs, tumor-infiltrating lymphocytes; N.D., could not be determined due to low 
sample number.
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PD-L1 expressions independently, there was no correlation between them (Table 6). Unfortunately, it was not 
possible to determine the correlation for necrosis (+) cases due to limited numbers in those groups, although they 
had a similar trend with TILs ≥ 5%.

Although the case numbers were limited, based on the lack of association between LCN2 and PD-L1 scores in cases 
where ER and PR were negative (TNBC and HER2-positive cases), we investigated the immunohistochemical expres-
sions of LCN2 and PD-L1 in these cases. Figure 3 shows representative expression pattern of LCN2 and PD-L1 in 
cancerous tumors of a TNBC case. In this case, LCN2 is expressed in tumor tissue, while PD-L1 is expressed in 

Figure 3 Expression of LCN2 and PD-L1 in Triple-Negative Breast Cancer (TNBC). (a) Representative H&E staining of TNBC, (b) LCN2 staining of tumor cells (Allred 
score 7 with cytoplasmic staining of the same area in a, (c) PD-L1 staining in tumor cells and lymphocytes (CPS 50, same area in (a and b). All figures are at 100 µm 
magnification.

Table 6 Association of LCN2 and PD-L1 Staining 
Scores with Prognostic Factors and Molecular 
Subtypes

Molecular Subtypes  
and Prognostic Factors

Pearson’s Correlation  
Test LCN2 vs PD-L1

P valuea rb

Luminal A 0.64 0.08

Luminal B 0.006 0.45**

TNBC N.D. N.D.

HER2 (+) and TNBC 0.1 0.40

Ki-67 ≥ 20% 0.000 0.46**

HG I and HG II 0.05 0.27

HG III 0.001 0.49**

Necrosis (+) N.D. N.D.

LNM (+) 0.18 0.26

LVI (+) 0.09 0.42

TILs ≥5% 0.51 0.20

Notes: The headings are given in bold. aPearson’s correlation test 
was performed between LCN2 and PD-L1 scores of respected posi-
tive cases. P values less than 0.05 are considered statistically signifi-
cant. br values between 0 to 1 is considered are considered 
correlation significant. ** Significant correlation with p <0.01. 
Abbreviations: LCN2, lipocalin 2; PD-L1, programmed cell death 
ligand 1; TNBC, triple negative breast cancer; HG, histological grade; 
LNM, lymph node metastasis; LVI, lymphovascular invasion; TILs, 
tumor-infiltrating lymphocytes; N.D., could not be determined due 
to low sample number.
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membranes of infiltrating immune cells. Taken together, these data may suggest that breast cancer tissues only with 
higher histological grade and high proliferation index may co-express both LCN2 and PD-L1.

Discussion
In the current study, we evaluated LCN2 and PD-L1 expressions in primary human breast cancer tissues before the 
neoadjuvant therapy. We have conducted an analysis of the relationship between LCN2 and PD-L1 expressions in 
molecular subtypes (Luminal A, Luminal B, HER2+, and TNBC subtypes) and prognostic factors of breast cancer 
(proliferation index with Ki-67 positivity, histological grade, necrosis, lymph node metastasis, tumor-infiltrating lym-
phocyte percentages, and lymphovascular invasion). Despite the low expression of LCN2 even in normal breast tissue 
(Allred score <3), higher LCN2 expressions (100% positivity with Allred score ≥3) were observed in all cancerous 
tissues, and LCN2 expression was positively correlated with histological grade, high Ki-67 proliferation index, and ER/ 
PR negativity. Statistically significant positive correlations were observed for elevated LCN2 and PD-L1 expressions 
with higher histological grade and with higher proliferation index cases.

A direct correlation between the intensity of LCN2 expression and tumor aggressiveness has been reported in 
previous studies evaluating LCN2 expression in human and mouse breast cancer tissues.15,27–29,37 Our findings are in 
line with those earlier studies. In the study by Yang et al LCN2 expression was significantly elevated in mouse breast 
cancer and in a limited number of human breast cancer tissues compared to normal breast tissue.27 Especially in 
metastatic breast cancer cases, a high level of LCN2 expression was also observed in serum and urine.27 Since our 
main aim was to evaluate LCN2 expression in molecular subtypes, we selected primary breast cancer cases without 
distant metastasis, the presence of other tumors, and chronic inflammatory diseases in order to exclude conditions that 
may affect LCN2 expression. Therefore, it is likely that we did not find a significant association between LCN2 
expression and lymph node metastasis in our study, in contrast to previous studies.28,29 Previous studies reported 
a correlation between strong HER2 positivity and LCN2 expression.28,29 Unfortunately, in the current study, the number 
of cases with HER2 positivity was very low (4 cases), which resulted in a lack of statistically significant results. 
However, in our study, the rate of aggressive TNBC cases was 14.6% (13 cases), which usually accounts for 12–17% of 
all breast cancers,11 and LCN2 expression was significantly higher in TNBC cases. Notably, we observed an independent 
statistically significant increase in LCN2 and PD-L1 levels in our ER- and PR-negative (HER2+ and TNBC). In contrast, 
in cases with higher histological grade (HG III) breast cancer, there was a strong association between PD-L1 and LCN2, 
which may be indicative of tumor aggressiveness.

On the other hand, it is interesting to note that Kurozumi et al observed the loss of nuclear expression of LCN2 as 
a poor prognostic value in breast cancer.28 In our study, we observed sparse nuclear expression of LCN2 in normal breast 
tissue and within the tumor regardless of histological grade. For this reason, we did not consider further evaluation of 
nuclear expression. In addition, Kurozumi et al28 also observed a mild expression of LCN2 in the stroma. In our study, 
we observed weak expression in the stroma and intensity scores of 1 or 2 even in normal mammary duct cells. Therefore, 
we scored LCN2 expression only according to the intensity and extent of cytoplasmic staining in tumor cells.

Several studies have been conducted to explore the potential benefits of PD-L1 in immunotherapy for the development 
of alternative treatments, particularly in TBNC aggressive breast cancer.3,5,12–14,41–43 PD-L1 positivity is highly associated 
with TILs.43,44 In our study, we found a strong association between PD-L1 and TILs with a rate of 91.7%. TILs are found in 
an average of 11% of breast cancer cases and TNBC (average 20%) is the most common subtype.43 In our study, TILs were 
high in 7 (53.8%) of our TNBC patients, and all these 7 patients were PD-L1 and LCN2 positive. It was also noteworthy that 
PD-L1 CPS score (mean 40.5), LCN2 Allred score (mean 6.4), Ki-67 (mean 63%), and TILs percentages (mean 33.5) were 
higher than the mean expression in these cases. PD-L1 positivity greater than 1% is considered sufficient for a TNBC 
patient to be a candidate for immunochemotherapy.42 Despite the small number of cases, we experienced high levels of PD- 
L1 CPS and TILs in our TNBC cases. In the study by Sobral-Leite et al, PD-L1 and TILs were found to be higher both 
together and in TNBC cases,44 as in our study. Their ER+ HER-, HER2+ and TNBC cases had 53.1%, 73.3%, 84.4%, and 
63.9% PD-L1 positivity, respectively, while our cases had 63.9%, 75%, and 84.6% PD-L1 positivity, respectively.44 They 
did not see a difference between HG and PD-L1 expression, but in our study, PD-L1 positivity was observed in 73.2% of 
patients with HG III and 34% of patients with HG II, while PD-L1 was negative in HG I.44
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While these studies demonstrate the benefit of immunotherapy in PD-L1-expressing TNBC, they also highlight the 
need to identify and further study alternative new biomarkers for predicting clinical benefit and for PD-L1-negative 
patients.3,11,34 The main reason for the search for new markers in immunotherapy is that some of the TNBC cases are 
PD-L1 negative. PD-L1 expression was not observed in 2 of our 13 TNBC cases. The LCN2 Allred score in these cases 
was 8.

Nevertheless, to the best of our knowledge, our study investigating the relationship between PD-L1 and LCN2 
expression while considering molecular subtypes in human breast cancer tissue is the first of its kind in the literature. In 
our study, we observed a significant increase and correlation of LCN2 and PD-L1 expression in cases with histological 
high-grade and higher Ki-67 index status, and our series of 89 cases yielded statistically significant results. While 
keeping in mind that we always found LCN2 staining in tumor tissues, but PD-L1 staining could be more common in 
broader cell populations, we think that the elevation of LCN2 and PD-L1 in TNBC and HER2(+) cases still highlights the 
potential of LCN2 as a therapeutic target in aggressive breast cancer cases. We propose that the evaluation of LCN2 
expression in breast cancer is meaningful and, like PD-L1, may benefit immunotherapy in high-grade and aggressive 
breast tumors.

Study Limitations
Our study has several limitations. We found that LCN2 is expressed in normal breast tissue. LCN2 is expressed by many 
tissues including adipocyte tissues45 as an extracellular transport protein and is found abundantly in normal human and 
mouse serum.16 Although LCN2 is expressed at low levels in most human tissues, it is abundant in aggressive subtypes 
of cancer29 and in the current study. Therefore, we recommend the use of the Allred scoring system to evaluate LCN2 
expression in various breast cancer tissues.

Although this study had a limited number of cases, statistically significant results were obtained. Therefore, we 
suggest that further studies with large case series should be conducted to objectify the evaluation criteria of LCN2 
expression and evaluate its clinical significance in breast cancer together with PD-L1 expression.

Abbreviations
CPS, Combined Positive Score; ECM, Extracellular matrix; EMT, Epithelial-to-mesenchymal transition; ER, Estrogen 
receptor; HER2, Human epidermal growth factor receptor 2; HG, Histological Grade; LCN2, Lipocalin 2; LNM, Lymph 
node metastasis; LVI, Lymphovascular invasion; PD-L1, Programmed cell death Ligand 1; PR, Progesterone receptor; 
TILs, Tumor-infiltrating lymphocytes; TNBC, Triple-negative breast cancer.
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