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Association of quantitative 
analysis of intratumoral reduced 
E‑cadherin expression with lymph 
node metastasis and prognosis 
in patients with breast cancer
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Loss of E-cadherin expression is a poor prognostic factor in patients with breast cancer. Breast 
cancer cells co-cultured with adipocytes reportedly promote E-cadherin attenuation and tumor 
progression. The current study aimed to investigate the association of reduced E-cadherin expression 
with adipose tissue invasion (ATI) and prognosis in breast cancer. Surgical specimens were collected 
from 188 women with invasive ductal carcinoma of the breast who had undergone surgery without 
neoadjuvant treatment. We compared E-cadherin expression in ATI and invasive front (IF) using 
immunohistochemistry with ImageJ. Reduced E-cadherin expression was detected not only in the ATI 
area but also in the IF, and the degree of reduced E-cadherin expression was positively correlated with 
both areas. In patients with lymph node metastasis compared to those without, E-cadherin expression 
was reduced and this reduction was associated with poor recurrence-free survival. We concluded 
that E-cadherin expression is reduced not only at the ATI area but also at the IF of the tumor. 
Reduced E-cadherin expression is a clear prognostic factor for breast cancer. Hence, future research 
is warranted for establishing an objective and quantitative E-cadherin staining assay that will allow 
clinical use of E-cadherin as a prognostic factor.

Abbreviations
ATI	� Adipose tissue invasion
LN	� Lymph node
RFS	� Recurrence-free survival
TNBC	� Triple-negative breast cancer
IF	� Invasive front
DFS	� Disease-free survival
OS	� Overall survival

Breast cancer affects one in eight women during their lifetime and leads to more than 40,000 deaths in the United 
States annually1, 2. E-cadherin is widely present in epithelial cells, including normal mammary glands. Along 
with actin, E-cadherin functions to maintain the integrity of epithelial tissues. When E-cadherin expression is 
disrupted by tumors, intercellular junctions are altered, and subsequently cell migration ability, tumor inva-
sion, and metastasis are increased3. In invasive ductal carcinoma of the breast, E-cadherin strongly stained the 
extracellular membrane, but downregulation of E-cadherin worsened overall survival (OS) as well as disease-
free survival (DFS)4. In the above-mentioned studies, reduced E-cadherin expression was determined only 
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subjectively; E-cadherin expression was not quantified and no comparison was conducted between the reduced 
expression and prognosis.

Most of the breast tissue is adipose tissue, and adipose surrounding a tumor is the key component of breast 
cancer progression5, 6. In general, obesity is considered to be one of the risk factors for breast cancer. Pathologic 
evidence of fat invasion, such as scattered invasion into fat tissues and the invasive length of fat invasion, has 
been reported to be related to poor prognosis7. Yamaguchi et al. reported adipose tissue invasion (ATI) to be an 
independent factor influencing lymph node (LN) metastasis, and patients with ATI had poorer DFS than those 
without ATI8. Moreover, they had reported ATI-positive patients with triple-negative breast cancer (TNBC) to 
have significantly worse DFS than luminal patients, although not so for ATI-negative patients9. Adipocytes are 
the primary cellular components comprising the breast cancer microenvironment, may cause the progression 
of epithelial–mesenchymal transition, and can become more aggressive in an animal models 10. The mechanism 
by which E-cadherin expression is attenuated in breast cancer is not clear; however, tumor-fat interactions may 
be a contributing factor.

We hypothesized that E-cadherin expression is reduced by ATI of breast cancer cells, leading to LN metastasis 
and the development of metastasis. Therefore, the two objectives of this study were to clarify whether reduced 
E-cadherin expression is specific to the ATI area and to elucidate the possible relationship between reduced 
E-cadherin expression and prognosis.

Material and methods
Patients.  This retrospective study was approved by the Nagasaki University Hospital Clinical Research Eth-
ics Committee (Approval Number, 20,021,001), and the requirement for informed consent was waived. The 
study was performed in accordance with ethical standards, as described in the 1964 Declaration of Helsinki and 
its later amendments. We reviewed 188 patients with invasive ductal breast cancer who had undergone surgery 
from January 2012 to December 2015 at Nagasaki University. The differentiation between lobular carcinoma and 
ductal carcinoma was performed morphologically, as described in the WHO guidelines11. The presence of cel-
lular cohesion, such as cord-like or nest-like patterns, was diagnosed as ductal carcinoma, whereas a lack of typi-
cal cellular cohesion, such as linear arrangement or target-shaped pattern, was diagnosed as lobular carcinoma. 
Patients with bilateral breast cancer or those who underwent neoadjuvant chemotherapy were excluded. All sur-
gical specimens were formalin-fixed and paraffin-embedded; 4 µm-thick-sections were stained with hematoxy-
lin–eosin, and slides were re-reviewed retrospectively by two independent investigators to distinguish between 
the presence and absence of ATI. We defined breast cancer subtypes as follows: luminal (hormone receptor posi-
tive/human epidermal growth factor receptor HER2 negative), HER2 (any hormone receptor/HER2 positive), 
and TNBC (hormone receptor negative/HER2 negative).

Immunohistochemistry.  For immunohistochemistry, 4  µm-thick-paraffin sections of the surgically-
obtained specimen were heated in ethylenediaminetetraacetic acid (EDTA) buffer using an autoclave for anti-
gen retrieval, incubated in peroxidase-blocking solution (Dako REAL S2023, Dako, Japan) for 10 min at room 
temperature (RT; 20–25 °C [68–77 °F]) to quench endogenous peroxidase activity, and then blocked for 15 min 
at RT for non-specific binding (Dako Protein Block Serum-Free X0909). Blocked sections were incubated with 
E-cadherin antibody (monoclonal mouse Anti-Human NCH-38 ready-to-use, Dako, Japan) for 2 h at RT. Sec-
tions were then incubated in the secondary antibody horseradish peroxidase (HRP)-conjugated rabbit anti-
mouse (Dako REAL EnVision) for 15 min at RT. HRP-conjugated secondary antibody binding was visualized 
using the Dako Liquid DAB + Substrate Chromogen System (Dako), and the nuclei were stained with hematoxy-
lin. Bright-field images were captured using an optical microscope (Olympus BX53, Shinjuku, Tokyo, Japan).

Definitions of ATI and IF.  The location of ATI and the invasive front (IF) are shown in Fig. 1a. ATI was 
defined as the direct presence of more than 20 cancer cells in adipose tissue without intervening fibrous tissues, 
in accordance with a previous report (Fig. 1b)8. The IF in the mammary gland without contacting the adipose 
tissue was defined as the IF area (Fig. 1c). The control area was defined as the area with the highest intensity 
in each case. To distinguish between the presence and absence of ATI, all surgical specimens were reviewed by 
two independent investigators. ATI and IF were evaluated in cases with ATI, and IF was only evaluated in cases 
without ATI.

Evaluation of reduced E‑cadherin expression.  Three independent investigators reviewed the slides 
and evaluated the two above-mentioned sites. The weakest-stained areas were captured in the high power field 
for each site. Expression of E-cadherin was quantified using ImageJ software (National Institutes of Health, 
USA and Fiji)12 as follows: First, all tumor clusters were traced manually in the captured areas (Fig. S1). Second, 
each cluster was numbered, and the E-cadherin intensity and area of each chosen cluster were measured using 
ImageJ. Third, attenuation of E-cadherin was calculated using the following formula: [1−{Sum (area × intensity 
of each cluster)/whole area}/control intensity] × 100 (Fig. S1). The highest intensity area in each case was used 
as the control. The maximum value of E-cadherin attenuation in each area was used as a representative value to 
examine the relationship between E-cadherin levels and ATI and LN metastasis.

Statistical analysis.  Baseline characteristics and clinicopathological features are described as frequencies 
for categorical variables and median, and interquartile ranges for quantitative variables. Associations between 
variables were assessed using the chi-square test for categorical variables and the Mann–Whitney U test for 
quantitative variables. Correlation for E-cadherin attenuation at ATI and IF was analyzed using the Pearson cor-
relation coefficient. Univariate analysis was performed to identify factors associated with LN metastasis, and fac-
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tors showing significance were included in the multivariate analysis. Logistic regression analysis was used in the 
multivariate analysis of LN metastasis and the reduced E-cadherin expression. Recurrence-free survival (RFS) 
was defined as the absence of any breast cancer recurrence. The events were defined as follows: RFS, all breast 
cancer recurrences and all-cause mortality; DFS, RFS plus contralateral breast cancer or second cancer; and OS, 
all-cause mortality13. An optimal cut-off score of E-cadherin was calculated to predict RFS by receiver operat-
ing characteristic analysis using the presence or absence of overall recurrence at 5 years as outcomes. Survival 
curves of RFS were constructed using the Kaplan–Meier analysis and log-rank test. All statistical analyses were 
performed using IBM SPSS software version 26 (Armonk, NY, USA: IBM Corp) and Prism version 8 (GraphPad, 
San Diego, CA, USA). P-values < 0.05 were considered statistically significant.

Ethical approval.  Approval of the research protocol by an Institutional Reviewer Board: The study was 
approved by the Nagasaki University Hospital Clinical Research Ethics Committee (approval number, 
20,021,001) and was performed in accordance with the ethical standards described in the 1964 Declaration of 
Helsinki and its later amendments.

Informed consent.  The need for informed consent was waived owing to the retrospective nature of the 
study.

Results
Clinicopathological characteristics of patients with invasive ductal breast cancer.  The study 
included 188 participants aged 31–92 years (median, 59 years). The median tumor size was 1.6 cm, 69.7% of 
patients were ATI positive, and 33.5% of patients had LN metastasis (Table 1). The number of patients in each 
breast cancer subtype was as follows: luminal, 138; HER2, 37; and TNBC, 12.

Association of reduced E‑cadherin expression with location, and relationship between reduced 
E‑cadherin expression and LN metastasis.  Of the 188 patients, E-cadherin expression was evaluated 
in 117 ATI cases and 140 IF cases. Forty cases were excluded from the IF measurement as the IF area was absent 
in cases where the tumor was surrounded by adipose tissue. The median of reduced E-cadherin expression in 
ATI and IF area was 29 and 24%, respectively, and no significant difference was seen between the ATI and IF 
groups (Fig. 2, ATI vs. IF, p = 0.38). Reduced E-cadherin expression in the ATI area was positively correlated with 
that of the IF area (correlation coefficient: 0.41, p < 0.01).

Figure 1.   The location of each area in hematoxylin–eosin (HE) staining (a) Representative microscope image 
showing HE staining of intratumor E-cadherin in adipose tissue invasion (ATI) and (b) invasive front (IF) (c) 
immunohistochemical staining of intratumor E-cadherin in ATI and (d) IF (e) Magnified view (40x) of HE 
staining and immunohistochemical staining of intratumor E-cadherin in ATI and IF shown in (b) (c) and (d) 
(e).
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At the representative value, which is the maximum reduced E-cadherin expression at both ATI and IF areas, 
E-cadherin expression was significantly reduced in patients with LN metastasis than in those without (38% 
[3–85%] vs. 32% [5–72%], respectively; p < 0.01, Fig. 3).

Association of LN metastasis and reduced E‑cadherin expression.  The LN metastasis-positive 
patients had high nuclear grade (p = 0.02), lymphovascular invasion (p < 0.01), and vessel invasion (p < 0.01), big-
ger tumor size (p < 0.01), and reduced E-cadherin expression (p < 0.01) than the LN metastasis-negative patients, 
in univariate analysis (Table 2). Lymphovascular invasion (p < 0.01) and tumor size (p < 0.01) were independent 
associatedly factors with respect to LN metastasis, and E-cadherin expression tended to be an independent prog-
nostic factor for LN metastasis (p = 0.06) in multivariate analysis (Table 2).

Prediction of survival by reduced E‑cadherin expression.  The cut-off value of reduced E-cadherin 
expression to predict RFS was 41% (area under the curve [AUC] = 0.563; 95% confidence interval [CI] = 0.441–
0.685). Using 41% E-cadherin attenuation as the cut-off value, 40 and 148 patients were allocated to the group 
with reduced E-cadherin expression and without reduced E-cadherin expression, respectively (Table  3). The 
group with reduced E-cadherin expression had more frequent LN metastasis and RFS events, bigger tumor size, 
and increased HER2 subtype than the group without reduced E-cadherin expression (Table 3, Table S1). Moreo-
ver, patients with reduced E-cadherin expression demonstrated significantly shorter RFS and DFS intervals and 
tended to have shorter OS than patients without reduced E-cadherin expression (RFS: p = 0.02, Fig. 4a, DFS: 
p = 0.02, Fig. 4b, OS: p = 0.06, Fig. 4c).

Table 1.   Clinicopathological characteristics of patients with invasive breast cancer. 1 Luminal (ER+ /HER2−). 
2 HER2 (HER2 +). 3 TN (ER−, PR−, HER2−). a Unknown for one case.

Characteristics Cases (n = 188)

Median age (range) 59 (31–92)

Tumor size (cm) 1.6 (0.3–6.5)

ATI positive/negative 131 (69.7%)/57 (30.3%)

Nuclear grade 1/2/3 81 (43.1%)/37 (19.7%)/70 (37.2%)

Lymphovasucuar invasion positive/negative 94 (50.0%)/94 (50.0%)

Vessel invasion positive/negative 115 (61.2%)/73 (38.8%)

ER positive/negative 170 (90.4%)/18 (9.6%)

PgR positive/negative 152 (80.8%)/35 (18.6%)a

HER2 positive/negative 37 (19.6%)/150 (79.8%)a

Subtype Luminal1/HER22/TN3 138 (73.4%)/37 (19.7%)/12 (6.4%)

Lymph node metastasis positive/negative 63 (33.5%)/125 (66.5%)

Stage I/II/III 99 (52.7%)/74 (39.4%)/14 (7.4%)a
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Figure 2.   Relationship of reduced E-cadherin expression between adipose tissue invasion (ATI) and invasive 
front (IF) area (p = 0.38).
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Discussion
We quantitatively analyzed reduced E-cadherin expression using immunohistochemistry and examined the 
association of reduced E-cadherin expression with ATI, LN metastasis, and prognosis. Three major findings 
were obtained. First, reduced E-cadherin expression was seen at the tip of the tumor regardless of the site of 
ATI. Second, reduced E-cadherin expression was observed in patients with LN metastasis than in those without, 
and reduced E-cadherin expression was an independent predictive factor with respect to LN metastasis. Third, 
patients with reduced E-cadherin expression had worse RFS and DFS than those without.

Adipocytes are not only found adjacent to breast cancer cells, but also play an active role in the entire process 
of cancer development, progression, metastasis, and treatment response14. Aromatase is abundant in adipose 
tissue and promotes hormone-dependent breast cancer growth15. Aromatase inhibitors constitute the stand-
ard treatment for post-menopausal women with hormone receptor-positive breast cancer. Crosstalk between 
adipocytes and proximal cancer cells can lead to changes in the function and phenotype of both cell types; the 
interactions actively alter the tumor microenvironment16. Recently, however, some investigators highlighted the 
striking effects of adipocytes on MCF-7, T47D, and MDA-MB-231 human breast cell lines, including enhanced 
cell migration and invasion17. However, we did not find any significant difference in reduced E-cadherin expres-
sion between ATI-negative and -positive patients. The reason for this could be that co-culture with breast cancer 
cells was not exactly the same as tumor tissue invasion into adipose tissue. Even if the tumor did not invade the 
adipose tissue, adipokines produced by adipocytes may have an effect on the tumor. ATI may promote tumor 
progression without reducing E-cadherin expression, or alteration of epithelial phenotype, or regulation by 
other proteins and pathways.
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Figure 3.   Relationship between reduced E-cadherin expression and lymph node (LN) metastasis. LN 
metastasis-positive patients had more E-cadherin reduction than negative patients (p < 0.01).

Table 2.   Relationship between LN metastasis and clinicopathological characteristics of patients with invasive 
breast cancer. a Median (range).

Univariate p-value Multivariate p-value

Characteristics With LN metastasis (n = 63) Without LN metastasis (n = 125) Odds ratio (95% CI)

Median age (range) 56 (31–90) 60 (32–92) 0.07 – –

Tumor size (cm)※ 2.2 (0.4–6.5) 0.6 (0.6–5)  < 0.01 2.06 (1.31–3.25)  < 0.01

ATI positive/negative 49/14 82/43 0.09 – –

Nuclear grade 1, 2/3 25/28 83/42 0.02 1.23 (0.56–2.73) 0.60

Lymphovasucuar invasion positive/
negative 54/9 40/85  < 0.01 0.12 (0.05–0.29)  < 0.01

Vessel invasion positive/negative 51/12 64/61  < 0.01 0.60 (0.25–1.45) 0.26

Reduced E-cadherin expressiona 0.35 (0–0.73) 0.22 (0–0.54)  < 0.01 8.50 (0.92–78.19) 0.06



6

Vol:.(1234567890)

Scientific Reports |        (2023) 13:10434  | https://doi.org/10.1038/s41598-023-37012-4

www.nature.com/scientificreports/

A meta-analysis comprising retrospective studies of various methods of assessment, such as E-cadherin-
positive cell percentages and the grading of E-cadherin-positive cells combined with staining intensity, reported 
that low E-cadherin expression was significantly associated with LN status (odds ratio 1.55, 95% CI 1.15–2.10)4. 
The definition of E-cadherin attenuation is important, with no significant association with lymph node metas-
tasis in reports of ≥ 10% positive cells as E-cadherin positive18. Furthermore, reduced E-cadherin expression was 
not associated with DFS and OS in some studies in the aforementioned meta-analysis, but overall, the two were 
significantly associated (OS; HR 1.79, 95% CI 1.41–2.27, DFS; HR 1.62 95% CI 1.31–1.99)4. Previous reports 
focusing on subtypes have shown the association between E-cadherin downregulation and poor prognosis in 
TNBC19. Although this study mainly focused on luminal subtypes, we clarified a relationship between E-cadherin 
downregulation and poor prognosis in luminal-type breast cancer. Thus, reduced E-cadherin expression is a clear 
prognostic factor in breast cancer; however, it has not yet been applied to clinical practice. The reasons for this 
are that previous reports have been semi-quantitative and insufficiently objective and that assessment methods 
have varied. In our study, we used the free and downloadable ImageJ to quantitatively determine the reduced 
E-cadherin expression with objectivity. In addition, all previous reports have defined E-cadherin expression in 
each case, whereas the present study focused on heterogeneity within the tumor, and controls were placed in the 
same tumor to determine the reduced E-cadherin expression at the tumor margins. We speculated that tumor 
transformation and reduced E-cadherin expression could be important for tumor progression, since lobular car-
cinoma, characterized by the complete absence of E-cadherin, did not show worse survival than invasive ductal 
carcinoma. Therefore, quantitative measurements using ImageJ showed that patients with reduced E-cadherin 
expression of approximately 40% or more had a poor prognosis.

Our study had a few limitations. First, it had a small sample size and was a single-center retrospective study. 
Second, we used a microscope to visually select the areas of strongest E-cadherin expression as controls and where 
E-cadherin was attenuated at the tumor margins. This is somewhat less objective. Third, preoperative chemo-
therapy was excluded and only a few TNBC, HER2-positive, and high-stage patients were included. Therefore, 
we could not have enough cases to analyze according to each subtype, and the results of the study mainly apply 
to luminal-type breast cancer.

Table 3.   Comparison of clinicopathological factors with or without reduced E-cadherin expression. 
a Unknown for one case.

Characteristics Reduced E-cadherin expression group (n = 40)
Without reduced E-cadherin expression group 
(n = 148) p-value

Median age (range) 55 (35–92) 60 (31–92) 0.22

Tumor size (cm) 1.95 (0.6–6.2) 1.5 (0.3–6.5)  < 0.01

ATI positive/negative 32/8 99/49 0.11

Nuclear grade 1/2/3 18/6/16 63/31/54 0.70

Lymphovascular invasion positive/negative 25/15 69/79 0.12

Vessel invasion positive/negative 28/12 87/61 0.20

ER positive/negative 37/3 133/15 0.62

PgR positive/negativea 34/6 118/29 0.50

HER2 positive/negativea 13/26 24/124 0.02

Subtype luminal/HER2/TN 24/13/2 114/24/10 0.06

LN metastasis positive/negative 22/18 41/107  < 0.01

Stage I/II/III 15/20/5 84/54/9 0.07

RFS events positive/negative 9/31 15/133 0.04

Figure 4.   Survival analysis of reduced E-cadherin expression in patients with breast cancer. Relationship 
between reduced E-cadherin expression and (a) recurrence-free survival (RFS) (p = 0.02), (b) disease-free 
survival (DFS) (p = 0.02) and (c) overall survival (OS) (p = 0.06).
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In conclusion, our study showed that reduced E-cadherin expression is not specific to the ATI area. Patients 
with reduced E-cadherin expression showed LN metastasis more frequently than those without metastasis. 
Reduced E-cadherin expression was associated with LN metastasis and with worse RFS in those with LN metas-
tasis than in those without. Further quantitative analysis methods, such as using artificial intelligence, need to 
be established and validated so that reduced E-cadherin expression can be used as a prognostic factor in clinical 
practice.

Data availability
The datasets generated and analyzed during the current study can be provided by the corresponding author 
upon reasonable request.

Received: 14 December 2022; Accepted: 14 June 2023

References
	 1.	 Bray, F. et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 

countries. CA Cancer J. Clin. 68, 394–424. https://​doi.​org/​10.​3322/​caac.​21492 (2018).
	 2.	 Global Burden of Disease Cancer Collaboration et al. Global, regional, and national cancer incidence, mortality, years of life lost, 

years lived with disability, and disability-adjusted life-years for 29 cancer groups, 1990 to 2017: A systematic analysis for the global 
burden of disease study. JAMA Oncol. 5, 1749–1768. https://​doi.​org/​10.​1001/​jamao​ncol.​2019.​2996 (2019).

	 3.	 Corso, G. et al. E-cadherin deregulation in breast cancer. J. Cell. Mol. Med. 24, 5930–5936. https://​doi.​org/​10.​1111/​jcmm.​15140 
(2020).

	 4.	 Li, Z., Yin, S., Zhang, L., Liu, W. & Chen, B. Prognostic value of reduced E-cadherin expression in breast cancer: A meta-analysis. 
Oncotarget 8, 16445–16455. https://​doi.​org/​10.​18632/​oncot​arget.​14860 (2017).

	 5.	 Wu, Q. et al. Cancer-associated adipocytes: Key players in breast cancer progression. J. Hematol. Oncol. 12, 95. https://​doi.​org/​10.​
1186/​s13045-​019-​0778-6 (2019).

	 6.	 Zhao, C. et al. Cancer-associated adipocytes: Emerging supporters in breast cancer. J. Exp. Clin. Cancer Res. 39, 156. https://​doi.​
org/​10.​1186/​s13046-​020-​01666-z (2020).

	 7.	 Wang, Y. Y. et al. Adipose tissue and breast epithelial cells: A dangerous dynamic duo in breast cancer. Cancer Lett. 324, 142–151. 
https://​doi.​org/​10.​1016/j.​canlet.​2012.​05.​019 (2012).

	 8.	 Yamaguchi, J., Ohtani, H., Nakamura, K., Shimokawa, I. & Kanematsu, T. Prognostic impact of marginal adipose tissue invasion 
in ductal carcinoma of the breast. Am. J. Clin. Pathol. 130, 382–388. https://​doi.​org/​10.​1309/​mx6kk​a1unj​1yg8vn (2008).

	 9.	 Yamaguchi, J. et al. Active behavior of triple-negative breast cancer with adipose tissue invasion: A single center and retrospective 
review. BMC Cancer 21, 434. https://​doi.​org/​10.​1186/​s12885-​021-​08147-2 (2021).

	10.	 Dirat, B. et al. Cancer-associated adipocytes exhibit an activated phenotype and contribute to breast cancer invasion. Cancer Res. 
71, 2455–2465. https://​doi.​org/​10.​1158/​0008-​5472.​Can-​10-​3323 (2011).

	11.	 Tan, P. H. et al. The 2019 World Health Organization classification of tumours of the breast. Histopathology 77(2), 181–185. https://​
doi.​org/​10.​1111/​his.​14091 (2020).

	12.	 Cizkova, K., Foltynkova, T., Gachechiladze, M. & Tauber, Z. Comparative analysis of immunohistochemical staining intensity 
determined by light microscopy, ImageJ and QuPath in placental Hofbauer cells. Acta Histochem. Cytochem. 54, 21–29. https://​
doi.​org/​10.​1267/​ahc.​20-​00032 (2021).

	13.	 Tolaney, S. M. et al. Updated standardized definitions for efficacy end points (STEEP) in adjuvant breast cancer clinical trials: 
STEEP version 2.0. J. Clin. Oncol. 39, 2720–2731. https://​doi.​org/​10.​1200/​jco.​20.​03613 (2021).

	14.	 Choi, J., Cha, Y. J. & Koo, J. S. Adipocyte biology in breast cancer: From silent bystander to active facilitator. Prog. Lipid Res. 69, 
11–20. https://​doi.​org/​10.​1016/j.​plipr​es.​2017.​11.​002 (2018).

	15.	 Liu, E., Samad, F. & Mueller, B. M. Local adipocytes enable estrogen-dependent breast cancer growth: Role of leptin and aromatase. 
Adipocyte 2, 165–169. https://​doi.​org/​10.​4161/​adip.​23645 (2013).

	16.	 Pallegar, N. K. & Christian, S. L. Adipocytes in the tumour microenvironment. Adv. Exp. Med. Biol. 1234, 1–13. https://​doi.​org/​
10.​1007/​978-3-​030-​37184-5_1 (2020).

	17.	 Nickel, A. et al. Adipocytes induce distinct gene expression profiles in mammary tumor cells and enhance inflammatory signaling 
in invasive breast cancer cells. Sci. Rep. 8, 9482. https://​doi.​org/​10.​1038/​s41598-​018-​27210-w (2018).

	18.	 Jørgensen, C. L. T. et al. Expression of epithelial-mesenchymal transition-related markers and phenotypes during breast cancer 
progression. Breast Cancer Res. Treat. 181, 369–381. https://​doi.​org/​10.​1007/​s10549-​020-​05627-0 (2020).

	19.	 Kashiwagi, S. et al. Significance of E-cadherin expression in triple-negative breast cancer. Br. J. Cancer. 103, 249–255. https://​doi.​
org/​10.​1038/​sj.​bjc.​66057​35 (2010).

Acknowledgements
The authors thank pathological technical officer Ms. Hideko Hasegawa for assisting with immunohistochemis-
try. We also thank Editage (https://​www.​edita​ge.​com/) for English language editing.

Author contributions
All authors contributed to the study conception and design. Material preparation and data collection were per-
formed by X.M., M.M., and S.K. Pathological evaluation, including the determination of the presence or absence 
of ATI and the location of E-cadherin depletion, was performed by X.M., M.M., S.K., and H.H. The first draft 
of the manuscript was written by X.M. and all authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors.

Competing interests 
The authors declare no competing interests.

https://doi.org/10.3322/caac.21492
https://doi.org/10.1001/jamaoncol.2019.2996
https://doi.org/10.1111/jcmm.15140
https://doi.org/10.18632/oncotarget.14860
https://doi.org/10.1186/s13045-019-0778-6
https://doi.org/10.1186/s13045-019-0778-6
https://doi.org/10.1186/s13046-020-01666-z
https://doi.org/10.1186/s13046-020-01666-z
https://doi.org/10.1016/j.canlet.2012.05.019
https://doi.org/10.1309/mx6kka1unj1yg8vn
https://doi.org/10.1186/s12885-021-08147-2
https://doi.org/10.1158/0008-5472.Can-10-3323
https://doi.org/10.1111/his.14091
https://doi.org/10.1111/his.14091
https://doi.org/10.1267/ahc.20-00032
https://doi.org/10.1267/ahc.20-00032
https://doi.org/10.1200/jco.20.03613
https://doi.org/10.1016/j.plipres.2017.11.002
https://doi.org/10.4161/adip.23645
https://doi.org/10.1007/978-3-030-37184-5_1
https://doi.org/10.1007/978-3-030-37184-5_1
https://doi.org/10.1038/s41598-018-27210-w
https://doi.org/10.1007/s10549-020-05627-0
https://doi.org/10.1038/sj.bjc.6605735
https://doi.org/10.1038/sj.bjc.6605735
https://www.editage.com/


8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:10434  | https://doi.org/10.1038/s41598-023-37012-4

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​37012-4.

Correspondence and requests for materials should be addressed to S.K.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, 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/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-37012-4
https://doi.org/10.1038/s41598-023-37012-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association of quantitative analysis of intratumoral reduced E-cadherin expression with lymph node metastasis and prognosis in patients with breast cancer
	Material and methods
	Patients. 
	Immunohistochemistry. 
	Definitions of ATI and IF. 
	Evaluation of reduced E-cadherin expression. 
	Statistical analysis. 
	Ethical approval. 
	Informed consent. 

	Results
	Clinicopathological characteristics of patients with invasive ductal breast cancer. 
	Association of reduced E-cadherin expression with location, and relationship between reduced E-cadherin expression and LN metastasis. 
	Association of LN metastasis and reduced E-cadherin expression. 
	Prediction of survival by reduced E-cadherin expression. 

	Discussion
	References
	Acknowledgements


