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摘要 

 

TBCS 與 SSO 於 2025 年簽訂 MOU，TBCS 也於 2023 年與 2024 年台

北國際乳癌研討會(TIBCS 2023/2024)邀請並補助 SSO 代表與會交流。本

次會議為 TBCS-SSO 簽訂 MOU 後首次由黃其晟醫師同時為 TBCS 秘書

長現場參與 SSO 年會，基於對等互惠原則由 SSO 邀請參加與會。黃其 

晟醫師目前擔任 TBCS 秘書長並獲 SSO 邀請擔任 SSO- TBCS 業務會議

主持人，此次會議有助於本國與全球共計 69 國腫瘤外科專科醫師與兩專

業學會之交流。會議內容包含兩會年會互訪並進行業務會議，及年輕醫

師辯論與短期醫院參訪等實質國際合作教流，並邀對方參與本國今年之 

TIBCS 2026 會議。 

 

關鍵詞：國際腫瘤外科學會(Society of Surgical Oncology, SSO)、台灣乳房

醫學會(TBCS)、業務會議、空間體定序、乳小葉乳癌 
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目的 

 

外科部乳房外科黃其晟醫師(以下簡稱本人)獲國際腫瘤外科學會(Society of Surgical 

Oncology, SSO)邀請並補助至美國亞利桑那州鳳凰城參加 SSO 2026 年會會議，會議期間

115 年 3 月 5 日至 7 日，並擔任 SSO-台灣乳房醫學會(Taiwan Breast Cancer Society, TBCS)

業務會議主持人。 

 

TBCS 與 SSO 於 2025 年簽訂 MOU，TBCS 也於 2023 年與 2024 年台北國際乳癌研

討會(TIBCS 2023/2024)邀請並補助 SSO 代表與會交流。本次會議為 TBCS-SSO 簽訂 MOU

後首次由本人同時為 TBCS 秘書長現場參與 SSO 年會，基於對等互惠原則由 SSO 邀請

參加與會。此次會議有助於本國與全球共計 69 國腫瘤外科專科醫師與兩專業學會之交

流。會議內容包含兩會年會互訪並進行業務會議，及年輕醫師辯論與短期醫院參訪等

實質國際合作教流，並邀對方參與本國今年之 TIBCS 2026 會議。此外也應 SSO 邀請發

表口頭論文一篇，並同時完成 Annals of Surgical Oncology (SSO 官方期刊)投稿(如附件)。

(ASO 投稿 Visual abstract) 

 

過程 

 

重點日程： 

 

3/4（三）晚間：Welcome Reception、SSO President’s Dinner (The El Chorro Lodge) 



 6 

3/5（四）：Global Partner Abstract Program 口頭發表、Global Partner Leadership Summit 

3/6（五）：Women in Cancer Surgery 等學術與社群活動 

3/7（六）：Bilateral Meeting 

 

口頭論文發表題目：Preliminary Spatial Transcriptomic Analysis for Invasive Lobular 

Carcinoma  

 

本研究針對侵襲性小葉型乳癌（Invasive Lobular Carcinoma）進行初步空間轉錄體分

析，探討腫瘤內不同微環境之分子表現差異與臨床決策之意涵。發表後與會者就技術

流程、病例選取與臨床導入可行性進行熱絡討論，獲得正向回饋。Global Partner 

Abstracts 計畫係 SSO 提供予 15 個全球夥伴學會之專屬投稿與展示機制，並於年會

當日安排 1 位口頭發表與 10 位海報展示；所有論文將刊登於 Annals of Surgical 

Oncology 增刊。 

 

Global Partner Leadership Summit  

 

Global Partner Leadership Summit 為 SSO 年會期間之高層級國際夥伴會議，對象為各

國外科腫瘤相關學會（Global Partner Societies）之領導與國際事務代表；目的在於就學

術研究、教育訓練、學術出版與國際合作等議題進行策略交流與共識凝聚。此活動採

受邀制。由 SSO 領導團隊主持；Global Partner 列席包含 AORTIC、BSSO、

COSECSA、EGSSO、ESSO、IASO、ISSO、JSGS、KBCS、KSSO、SMeO、WACS 

等；TBCS 代表為本人與長庚郭玟伶醫師。議程架構由各學會代表進行自我與機構介

紹。各學會以 3-4 分鐘概述組織概況與本國最新重點。TBCS 簡報乳癌專科認證體

系、數位學習平台（乳 e 學院）雙語化、健保 P4P 品質政策與全國篩檢品質監測成

果等亮點。SSO 蒐集各學會對未來合作項目（如聯合出版、跨國課程、年輕醫師交

流、多中心研究）之意願。  

 

SSO × TBCS 雙邊會議（Bilateral Meeting） 

 

實質成果包含 TBCS 能見度強化，完整呈現台灣乳癌外科制度與數位政策優勢，並就

聯合學術出版（ASO／SOI）、聯合 Webinar 與課程、年輕醫師交流（YDD/YDF）、跨

國導師制（Mentorship）等形成初步共識。 
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(SSO 重要成員：SSO: Russell Berman, MD, 

FSSO; Cherif Boutros, MD; Ken Tanabe, MD, 

FSSO; Shishir Maithel, MD; Gabrielle van 

Ramshorst, MD, PhD; Tari King, MD; 

Chandrakanth Are, MD, MBA, FSSO, FRCS, 

FAC) 

 

 

 

 

社交活動 

Welcome Reception（3/4，HUB）、HUB Happy Hour（3/5）：促進與各國學會與專家之非

正式交流，交換未來合作意向。 

SSO President’s Dinner（3/4，The El Chorro Lodge）：與 SSO 領導層面對面互動，建立

信任與合作基礎。 

(與哈佛大學 Kenneth Tanabe 教授-下任 SSO 主席與各國代表聚會) 

 

心得及建議 

 

本次參與 SSO 2026 年會，經由學術發表、Global Partner Leadership Summit 與雙邊

會議等多層次互動，已達成本次出國之既定目標。會後將依本報告之合作方向，擬定時

間表與分工，持續推動學術出版、聯合課程與人才交流，深化 TBCS 與 SSO 及各國

學會之長期合作關係。此外成功於 SSO 年會 Global Partner Abstract Program 進行口頭

報告，擴大台灣在乳癌轉譯研究之國際能見度。在 Global Partner Leadership Summit 建

立合作方向，並於雙邊會議內聚焦落地項目，強化 TBCS 在制度建設（專科認證、雙

語學習平台、P4P 與全國品質監測）之國際辨識度。中長期合作管道也期待能建立與多

國學會之固定溝通窗口，有利於聯合學術、教育、年輕醫師培育與多中心研究。 
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附錄 

Spatial Transcriptomic Profiling 

Uncovers Tumor Heterogeneity and 

Microenvironmental Features 

Associated with Lymph Node 

Metastasis in Invasive Lobular 

Carcinoma 

Authors: Chih-Yi Hsu, MD1, Nam Nhut Phan, PhD2, Kate Hua, PhD3, Chih-Sin Hsu, PhD4, 

Wan-Chun Chang, MS3, Bing-Xiu Guo, BS3, Ling-Ming Tseng MD5,6, Chi-Cheng Huang, MD, 

PhD5,7 

 

1Department of Pathology, Taipei Veterans General Hospital, Taipei, Taiwan 

2Greehey Children’s Cancer Research Institute, University of Texas San Antonio, San Antonio, 

TX 78229 

3Cancer and Immunology Research Center, National Yang Ming Chiao Tung University, 

Taipei, Taiwan 

4Genomics Center for Clinical and Biotechnological Applications, Cancer and Immunology 

Research Center, National Yang Ming Chiao Tung University, Taipei, Taiwan 

5Divison of Breast Surgery, Department of Surgery, Taipei Veterans General Hospital, Taiwan 

6School of Medicine, College of Medicine, National Yang Ming Chiao Tung University, Taipei 

Taiwan 

7Institute of Epidemiology and Preventive Medicine, College of Public Health, National 

Taiwan University, Taipei, Taiwan 
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Abstract 

 

Background: Invasive lobular carcinoma (ILC) is a clinically challenging, largely estrogen 

receptor‑positive subtype characterized by dis-cohesive, single‑file invasion and frequent 

lymph‑node involvement. However, the spatial organization of ILC tumor ecosystems and 

the molecular features associated with nodal dissemination remain insufficiently defined. 

 

Methods: We profiled a primary ILC and matched lymph‑node metastasis using 10x Visium 

FFPE spatial transcriptomics (3,512 and 2,897 high‑quality spots, respectively). 

Batch‑corrected data were clustered and annotated. Differential expression and functional 

enrichment analyses were performed, with results integrated with histopathology. 

 

Results: We identified 17 transcriptionally and spatially distinct clusters spanning tumor, 

stromal, and immune compartments. Consistent with the lobular phenotype, CDH1 

(E‑cadherin) was significantly down‑regulated in tumor cells, EPCAM was weak or absent 

across lobular regions. Comparing luminal lobular vs epithelial tumor cells, HEPACAM2 was 

up‑regulated while TUSC3 was down‑regulated, suggesting adhesion‑linked migratory 

potential with altered glycoprotein handling. Spatial cell‑type mapping revealed stromal 

remodeling in the primary tumor (cancer-associated fibroblasts [CAFs] 9.7%; 

matrix‑remodeling cells 10.5%) with sparse immune infiltration, versus an immune‑rich 

lymph node metastasis (macrophages 12.7%, B cells 11.1%, T cells 9.6%) and 

near‑absence of CAFs.  
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Conclusions: Spatial transcriptomics delineates ILC as a luminal, adhesion‑remodeled 

tumor that transitions from a fibroblast‑rich primary niche to an immune‑dominated 

metastatic node. The CDH1‑low/EPCAM‑low architecture, HEPACAM2/TUSC3 axis, and 

pathway shifts nominate context‑specific biomarkers and provide a framework to translate 

spatial insights into clinical ILC management. 

 

Keywords: invasive lobular carcinoma; spatial transcriptomics; tumor microenvironment; 

lymph‑node metastasis; HEPACAM2; TUSC3; CDH1; ECM/adhesion; immune niches 
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Introduction 

 

Breast cancer is a heterogeneous disease composed of multiple subtypes with distinct 

molecular profiles, histological features, and clinical outcomes. Invasive lobular carcinoma 

(ILC) is the second most common subtype of breast cancer, accounting for approximately 

5–15% of all invasive breast carcinomas, following invasive ductal carcinoma (IDC) [1-2]. 

Unlike IDC, which typically forms cohesive nests or duct-like structures, ILC is characterized 

by a diffuse, infiltrative growth pattern of small, dis-cohesive tumor cells, often arranged in 

single-file (Indian file) or solid/alveolar patterns within fibrous stroma [3]. This unique growth 

pattern makes ILC difficult to detect on mammography, frequently leading to larger tumor 

sizes at diagnosis and increased risk of distant metastasis to unusual sites, including the 

peritoneum, meninges, gastrointestinal tract, and ovaries [4]. 

 

The hallmark biological feature of ILC is the loss of E-cadherin, a cell adhesion 

molecule encoded by CDH1, which disrupts intercellular junctions and contributes to the 

dis-cohesive and infiltrative phenotype [5]. Most ILCs are hormone receptor, either estrogen 

receptor (ER) or progesterone receptor (PR), positive and human epidermal growth factor 

receptor II (HER2) negative, but their clinical behavior remains challenging to predict due to 

significant intratumor heterogeneity (ITH) and complex interactions within the tumor 

microenvironment (TME) [6-7]. Conventional transcriptomic approaches, such as bulk RNA 

sequencing and microarray, have provided valuable insights into ILC’s molecular profile but 

fail to capture the spatial context of gene expression, which is critical for understanding how 

lobular carcinoma location may influence cancer and stromal cell function, interactions, and 

metastatic patterns [8-10]. 

 

Spatial transcriptomics (ST) is a revolutionary technology that preserves the spatial 

localization of cells while quantifying gene expression, bridging the gap between molecular 

profiling and histological morphology [11-13]. ST enables the decoding of ITH by revealing 

how genetically identical cells behave differently based on their position within the tumor, 

mapping the TME to identify cell-cell interactions, improving precision oncology by 
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identifying spatially distinct functional clusters, discovering novel subtypes and biomarkers, 

and integrating multi-omics data for clinical translation [14-15]. For ILC, which relies heavily 

on spatial context for its biological behavior and clinical presentation, ST offers a unique 

opportunity to unravel the molecular mechanisms underlying its diffuse growth and 

metastatic potential. 

 

Despite the growing application of ST in breast cancer research, its use in ILC remains 

limited, and the spatial dynamics of tumor, stromal, and immune cells in primary and 

metastatic ILC are not fully characterized. In this study, we performed a ST analysis of 

primary ILC tissues and matched lymph node metastases using the 10x Genomics Visium 

platform [16]. Our goal was to investigate the spatial and transcriptional heterogeneity of 

ILC, characterize the TME, and identify molecular signatures associated with lymph node 

dissemination, with the aim of providing new insights for biomarker development and 

personalized therapeutic strategies. 
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Materials and Methods 

 

Study Samples and Slide Preparation 

Primary tumor and matched lymph node metastasis were collected from the same 

patient diagnosed with ILC at the Taipei Veterans General Hospital. All samples were 

obtained from institution’s biobank, and the study was approved by the Institutional Review 

Board (IRB, No. 2025-01-012AC). H&E-stained sections were prepared from adjacent 

tissue blocks for histological confirmation of ILC and lymph node metastasis, with evaluation 

by a board-certified pathologist (CYH).  

 

Total RNA was extracted from formalin-fixed paraffin-embedded (FFPE) tissue blocks 

using the RNeasy FFPE Kit (Qiagen, Hilden, Germany). Only samples demonstrating 

sufficient RNA quality, indicated by DV200 >30%, were eligible for subsequent analysis [17]. 

Qualified blocks were sectioned at 5 µm and mounted on SCHOTT NEXTERION 3-D 

Hydrogel Coating (H) slides (SCHOTT North America Inc., Rye Brook, NY). The sections 

were heat-fixed at 60°C for 2 hours using a C1000 Touch Thermal Cycler (Bio-Rad 

Laboratories, Inc., Hercules, CA). Following deparaffinization, the slides were stained with 

Hematoxylin (MilliporeSigma, Burlington, MA) and alcoholic Eosin Y (MilliporeSigma), and 

then cover slipped. Whole-slide images were captured at 10x magnification using an 

Olympus IX83 Motorized Inverted Fluorescence Microscope with Incubating System 

(Olympus Corporation, Tokyo, Japan). 

 

Spatial Transcriptomic Sequencing 

Spatial transcriptomic analysis was performed using the 10x Genomics Visium Spatial 

Gene Expression platform (10x Genomics, Pleasanton, CA, USA), following the 

manufacturer’s standard protocol [18]. After coverslip removal and destaining, the sections 

were processed for spatial transcriptomic analysis using the Visium 2.0 CytAssist system to 
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position them over spots on Visium slides with a 6.5 mm2 reaction area (CG000520 Rev B, 

10x Genomics).  

 

The cDNA libraries were prepared from the sections according to Visium CytAssist 

Spatial Gene Expression for FFPE User Guide (CG000495 Rev E, 10x Genomics) and 

sequenced on an Illumina NovaSeq 6000 (Illumina, San Diego, CA, USA) with paired-end 

reads. Space Ranger software (10x Genomics, version 3.0.0) was used for sequence 

alignment with the hg38 reference genome, tissue detection, fiducial detection, and 

barcode/unique molecular identifier (UMI) counting using whole slide images and 

sequencing (.fastq.gz) files as inputs. Space Ranger software further generated gene 

expression matrices, and map spatial barcodes to tissue coordinates. Output files included 

run summaries containing quality metrics, filtered feature-barcode matrices for spots 

overlayed with tissue sections, high-resolution images, and Loupe Browser files (.cloupe).  

 

Data Processing and Analysis 

Batch effects were corrected using the Harmony algorithm implemented in the Seurat 

package (v4.0.5) in R (v4.1.2) [19-20]. Dimensionality reduction was performed using 

principal component analysis (PCA) and uniform manifold approximation and projection 

(UMAP) [21]. Clustering analysis was performed using the Louvain algorithm to identify 

distinct spatial and transcriptional clusters [22].  

 

Cell type annotation was conducted by integrating spatial gene expression data with 

known cell type markers: epithelial tumor cells (EPCAM, KRT8, KRT18), luminal tumor cells 

(ESR1, PGR, GATA3), cancer-associated fibroblasts (CAFs, represented by ACTA2, FAP, 

PDGFRB), immune cells (CD3D, CD8A, CD68, MS4A1), and adipocytes (ADIPOQ, PLIN1, 

FABP4). The Garnett1 automated cell type classification algorithm has been wrapped into 

Partek Flow (Illumina Inc., San Diego, CA) as the classification task. Cell type definition 

(marker) file used in the study is available as Supplementary Table 1 and trained a 

regression-based classifier [23]. Once a classifier (.rds) was completed, it was applied to 

classify future datasets from similar tissues. 



 15 

 

Significant differentially expressed genes (DEGs) analysis between primary and 

metastatic tissues was performed using the Wilcoxon rank-sum test, with false discovery 

rate (FDR) correction < 0.05. Functional enrichment analysis of DEGs was conducted using 

the Database for Annotation, Visualization and Integrated Discovery (DAVID) v6.8, with 

enrichment in Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways and Gene 

Ontology (GO) terms considered significant at FDR < 0.05 [24-26].  
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Results 

 

Histopathological Features of ILC and Lymph Node 

Metastasis 

Histopathological evaluation of H&E-stained sections confirmed the diagnosis of ILC in 

primary tumor tissue. ILC was characterized by small, bland, dis-cohesive tumor cells with 

round nuclei and scant cytoplasm, arranged in single-file or solid/ alveolar patterns within a 

fibrous, desmoplastic stroma (Figure 1, Top). Unlike IDC, no obvious duct-like structures 

were observed, and the tumor exhibited a diffuse, hypocellular appearance with scattered 

cells embedded in stroma, making it deceptively subtle. Lymph node metastasis from ILC 

showed effacement of normal nodal architecture, with tumor cells replacing the nodal 

parenchyma (Figure 1, Bottom). Metastatic tumor cells retained the dis-cohesive phenotype 

of primary ILC but often exhibited a more diffuse growth pattern, with occasional single-file 

infiltration and targetoid arrangements around residual nodal structures. Tumor cells were 

observed infiltrating close to or through the lymph node capsule, with evidence of 

extranodal extension into surrounding adipose tissue. 

 

Spatial Transcriptomic Clustering and Cell Type 

Annotation 

Spatial transcriptomic sequencing generated high-quality gene expression data from 

primary ILC and matched lymph node metastasis, with 3512 and 2897 high-quality spots 

(bins) per sample, respectively. ScType algorithm identified 17 distinct transcriptional 

clusters (8 in primary ILC and 9 in metastatic lymph node, ref. 27). UMAP visualization 

showed overlapping but distinct cell type distributions across both primary ILC and matched 

lymph node metastasis (Figure 2 Top and Bottom). 
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Further cell type annotation with Garnett1 revealed distinct clusters corresponding to 

epithelial tumor cells, luminal lobular tumor cells, CAFs, immune cells (T cells, B cells, 

macrophages), adipocytes, and matrix remodeling cells (Table 1, ref. 23). Primary ILC was 

dominated by epithelial tumor cells (24.3%) and luminal lobular tumor cells (14.3%), with a 

significant proportion of CAFs (9.7%), secretory CAFs (11.2%), and matrix remodeling cells 

(10.5%). In contrast, lymph node metastasis showed a dramatic reduction in epithelial tumor 

cells (0.2%), luminal lobular tumor cells (0.3%), CAFs (0.0%), and matrix remodeling cells 

(0.0%), with a significant increase in macrophages (12.7%), B cells (11.1%), T cells (9.6%), 

cytotoxic T cells (2.9%), regulatory T cells (4.0%), and adipocytes (10.3%). A large 

proportion of unknown cells (48.3%) was observed in lymph node metastases, likely 

reflecting the diffuse and heterogeneous nature of metastatic ILC (Table 1). 

 

Key Molecular Signatures of ILC Tumor Cells 

 

Tumor cell clusters (epithelial and luminal lobular) in primary and metastatic tissue 

expressed characteristic markers of ILC (Figure 3). CDH1, MIA, KRT80, PTN, FDCSP, 

SMR3B, AK5, ID4, SFRP1, ITGB8, TGFBI, CNN1, NTN4, MCAM, NT5DC2, EGR3, TUSC3, 

and SGCE were all down-regulated in ILC compared to epithelial tumor cells. Consistent 

with the histological hallmark of ILC, CDH1 (encoding E-cadherin) was significantly 

downregulated in tumor cell clusters (P=5e-47, FDR = 9e-43, fold change = -2.72). Down-

regulatory features highlighted loss of epithelial program integrity, reduced extracellular 

matrix (ECM)-integrin/TGF‑β signaling, lower neurotrophic/secretory signaling, and 

suppressed stress‑response transcriptional activation. On the other hand, genes like 

CXCL13, NPY2R, MYBL1, NCMAP, MSMB, UGT2B4, TRH, and PCDHGA5 aligned well 

with ILC biology and were all upregulated. These genes reflected a differentiated, hormone-

driven, immune‑modulated, and partially neuroendocrine-tuned biology.  

 

DEGs analysis between luminal lobular tumor and epithelial tumor cells identified 

significant upregulation of HEPACAM2 (P = 5.41e-63, FDR = 9.74e-59, fold change = 2.62) 

and downregulation of TUSC3 (P = 3.94e-55, FDR = 3.54e-51, fold change = -2.17) in luminal 
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lobular tumor cells (Figure 4). HEPACAM2 expression was positively correlated with luminal 

tumor cell identity ( = 0.28), while TUSC3 (a tumor suppressor) was downregulated in 

luminal lobular cells, suggesting enhanced migratory and invasive potential. EPCAM 

expression was weak or absent in lobular carcinoma regions, with limited expression 

detected only at the tumor periphery and in a small subset of metastatic spots 

(Supplementary Figure 1). 

 

Tumor Microenvironment and Spatial Patterns 

The TME of primary ILC was characterized by alternating patches of tumor cells 

embedded within fibroblast-rich stroma, with no sharp borders between tumor and non-

tumor regions. In the primary tumor (Figure 5, Top), luminal lobular tumor cells form a large 

and cohesive cluster embedded within adipose-rich breast tissue and surrounded by 

abundant CAFs and matrix‑remodeling stroma. Immune infiltrates, including T cells, B cells, 

and macrophages, were present but relatively sparse and localized to the tumor periphery. 

In contrast, the lymph‑node metastasis (Figure 5, Bottom) exhibited a highly 

immune‑enriched microenvironment, with dense populations of B cells, cytotoxic and 

regulatory T cells, and macrophages interwoven among smaller, fragmented clusters of 

metastatic tumor cells. Fibroblast populations were markedly depleted in the lymph‑node 

sample, reflecting the stromal differences between breast tissue and lymphoid architecture. 

Together, these spatial maps highlighted the shift from a fibroblast‑rich stromal niche in the 

primary tumor to an immune‑dominated environment in the metastatic lymph node. 

 

Functional Enrichment of Differentially Expressed Genes 

 

Figure 6 shows functional enrichment analysis of DEGs between luminal lobular tumor 

and epithelial tumor cell clusters. Enrichment analyses converged on epithelial 

junction/adhesion and ECM/focal‑adhesion programs, growth‑factor/GPCR signaling (PI3K–

AKT, MAPK, Ras/Rap1), hormone (estrogen) and immune/chemokine pathways, along with 

a neurotrophin/axon‑guidance axis. GO terms with FDR < 0.05 concentrated in cell 
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adhesion/junction organization, cytoskeleton/migration, extracellular region, developmental 

processes, and neuron projection/myelination, consistent with known distinctions between 

invasive lobular carcinoma and epithelial/ductal phenotypes (Supplementary Table 2). 
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Discussion 

 

In this study, we used spatial transcriptomics to characterize the spatial and 

transcriptional heterogeneity of primary ILC and matched lymph node metastasis, providing 

novel insights into the molecular mechanisms underlying ILC’s unique biological behavior. 

Our findings confirmed that ST is a powerful tool for decoding ITH and TME interactions in 

ILC, overcoming the limitations of conventional transcriptomic approaches that lack spatial 

context [27-28]. 

 

The hallmark feature of ILC, loss of E-cadherin (CDH1), was consistently observed in 

tumor cell clusters, which disrupt intercellular adhesion and contribute to the dis-cohesive, 

infiltrative growth pattern [5]. This finding aligned with previous studies and confirmed the 

utility of ST for validating known ILC molecular signatures while providing spatial context 

[11-12]. Notably, we observed significant upregulation of HEPACAM2 and downregulation of 

TUSC3 in luminal lobular tumor cells. HEPACAM2 is a cell adhesion molecule involved in 

cell migration and invasion, and its upregulation has been associated with increased 

metastatic potential in small cell lung cancer and canine mammary cells [29-30]. TUSC3 is 

a tumor suppressor gene involved in protein glycosylation and endoplasmic reticulum stress 

response, and its downregulation has been linked to enhanced cell proliferation and 

invasion in multiple cancer types [31-34]. Together, these findings suggested that 

HEPACAM2 and TUSC3 may play critical roles in ILC’s metastatic cascade, representing 

potential novel biomarkers and therapeutic targets. 

 

Our analysis revealed dramatic differences in cell type distribution between primary 

ILC and lymph node metastasis. Primary tumor was dominated by tumor cells and stromal 

cells (CAFs, matrix remodeling cells), while matched lymph node metastasis showed a 

near-complete loss of stromal cells and a significant increase in immune cells 

(macrophages, B cells, T cells). This shift likely reflected the different microenvironmental 

pressures in lymph node metastasis, where tumor cells must evade immune surveillance to 

establish metastases. The increased in macrophages (12.7% in metastases vs. 0.9% in 



 21 

primary tumors) was particularly notable, as M2-like macrophages (expressing CD163) are 

associated with immune suppression and metastatic progression [35-36]. The limited 

immune infiltrate in primary ILC (e.g., 1.1% T cells) might contribute to its immune-evasive 

phenotype, explaining why ILC tends to have lymph node metastasis due to its unique 

biological characteristics and growth patterns [37]. 

 

Although ILC generally elicits less desmoplastic response than IDC, the tumor-stroma 

interface remains a defining feature of primary ILC, in which stromal fibroblasts and 

matrix‑remodeling cells often accompany the linear, single‑file invasion pattern [38]. ILC 

spreads through tissue in a way that reflects interaction with and remodeling of the stromal 

microenvironment, which is consistent with the presence of CAFs and matrix‑associated 

stromal cells. Igawa et al. described ameboid migration, perivascular infiltration, and lack of 

disturbance of background stroma, showing that ILC cells move through intact stromal 

architecture and use stromal structures during dissemination [39]. This supported the idea 

that stromal components, including fibroblasts, play a major role in primary tumor 

organization and progression. In contrast, lymph node metastasis from ILC demonstrated 

markedly different cellular organization and microenvironmental composition, with altered 

tumor cell morphology, increased density, and loss of the stromal context that characterizes 

the primary tumor site.  

 

Spatial patterns of gene expression provided critical insights into ILC’s growth and 

metastasis. Primary ILC exhibited diffuse, scattered tumor clusters embedded within 

fibroblast-rich stroma, with no sharp borders, consistent with its histological appearance and 

explaining its difficulty in detection [40]. Lymph node metastasis showed replacement of 

nodal parenchyma by tumor clusters, with mixed tumor-immune populations at interaction 

zones, suggesting dynamic crosstalk between tumor cells and the immune 

microenvironment. The admixture of tumor and adipocyte signals at capsular invasion 

regions highlighted potential metabolic interactions between tumor cells and axillary fat, 

which might support metastatic progression by providing energy and signaling molecules 

[41-42]. To sum up, primary ILC was dominated by tumor cells, and fibroblast-rich stroma, 

while immune cells were present but sparse. On the other hand, lymph node metastasis 

was strongly immune‑rich, especially B cells, T cells, and macrophages. Tumor cells 
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appeared as smaller, fragmented islands and there were very few fibroblasts or adipose 

cells. 

 

EPCAM, a commonly used epithelial marker in breast cancer, showed weak or absent 

expression in lobular carcinoma regions, with limited expression at the tumor periphery and 

in metastasis (Supplementary Figure 1). This finding was consistent with ILC’s dis-cohesive 

phenotype [43]. EpCAM IHC expression frequently correlates with more aggressive tumor 

while its expression varies widely between cancers [44-45]. EpCAM expression in breast 

cancer depended on the histological subtype; lobular histology usually showed no or weak 

expression. Most IDC metastases were EpCAM positive and they frequently reflected the 

expression phenotype of the primary tumor [46].  

 

Functional enrichment analysis and DEGs between luminal lobular and epithelial tumor 

cells indicated that genes down‑regulated in ILC, including CDH1, ITGB8, TGFBI, SFRP1, 

MCAM, CNN1, PTN, and others, highlighting the loss of several pathways typically active in 

more cohesive or microenvironment‑responsive epithelial tumors. Reduced CDH1 

expression reflected the hallmark loss of functional E‑cadherin in ILC, while decreased 

levels of integrin/TGF‑β–associated genes such as ITGB8 and TGFBI suggest weakened 

cell–matrix adhesion and diminished stromal signaling [5, 47-49]. The suppression of 

motility‑guidance and secretory genes (PTN, NTN4, MIA, SMR3B, FDCSP) further indicated 

a less paracrine‑interactive phenotype, consistent with ILC’s relatively “quiet,” highly luminal 

transcriptional identity [5,50]. This pattern underscored that lobular tumors lack many 

ECM‑activated, migratory, and paracrine programs present in other epithelial tumor types, 

reinforcing their distinct biology of dis-cohesive single‑cell invasion and muted stromal 

engagement. Genes up‑regulated in luminal lobular relative to epithelial tumor cells included 

CXCL13, NPY2R, MYBL1, MSMB, UGT2B4, TRH, and PCDHGA5. Elevated CXCL13 

suggested a more B‑cell–skewed immune microenvironment, while increased NPY2R and 

TRH pointed toward enhanced neuroendocrine or neuromodulatory signaling within 

hormonally responsive luminal cells [39, 51-52]. Up‑regulation of luminal secretory and 

steroid‑metabolic genes (MSMB, UGT2B4) and the transcription factor MYBL1 reinforced 

the highly differentiated, endocrine‑dependent identity typical of ER‑positive lobular tumors 

[53].  
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The adhesion/junction and ECM/focal adhesion signals (both KEGG and GO) aligned 

with the canonical difference: epithelial tumor cells retain strong cell-cell junctions 

(adherens/desmosome), whereas lobular tumors, defined by E‑cadherin loss, shifted away 

from cohesive junctions and remodel interactions differently [54]. The neurotrophin/axon 

guidance and neuroendocrine flavor (KEGG: Neurotrophin signaling, Axon guidance; GO: 

axon/neuron projection terms) matched our identified lobular tumor up-regulated genes 

(NPY2R and TRH). Hormone (estrogen) and cytokine/chemokine terms supported a 

luminal, endocrine‑responsive axis and immune contexture differences as CXCL13 is the 

dominant chemokine recruiting B cells [55-56]. 

 

This study had several limitations. First, it was a preliminary analysis with a small 

sample size, and larger cohorts are needed to validate our findings. Second, we focused on 

lymph node metastases, and future studies should include distant metastases to better 

understand the full metastatic cascade. Third, we did not integrate multi-omics data (e.g., 

genomics, proteomics) with spatial transcriptomic data, which would provide a more 

comprehensive view of ILC’s molecular landscape. Finally, functional studies are needed to 

confirm the roles of HEPACAM2, TUSC3, and other identified DEGs in ILC progression and 

metastasis. Despite these limitations, our findings advanced the understanding of ILC’s 

spatial and molecular heterogeneity. The identification of HEPACAM2 and TUSC3 as key 

regulators of ILC metastasis opened new avenues for therapeutic development, while the 

limited role of EPCAM highlighted the need for ILC-specific biomarkers. Future studies 

should focus on validating these findings in larger cohorts, integrating multi-omics data, and 

translating spatial transcriptomic insights into clinical practice to improve outcomes for 

patients with ILC. 

Conclusion 

 

Spatial transcriptomic profiling revealed marked spatial and transcriptional 

heterogeneity in ILC, with distinct molecular and cellular features between primary tumors 

and lymph node metastasis. The loss of CDH1, upregulation of HEPACAM2, 

downregulation of TUSC3, and limited expression of EPCAM are key molecular signatures 
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of ILC, while shifts in cell type distribution (loss of stromal cells, increase in immune cells) 

characterize the metastatic microenvironment. Immune regulation pathways highlighted 

potential mechanisms of ILC progression and immune evasion. These findings 

demonstrated that spatial transcriptomics is a feasible and informative approach for 

characterizing ILC’s complex architecture and provide valuable insights for the development 

of improved biomarkers and personalized therapeutic strategies. 
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Tables 

 

Table 1. Cell type distributions in primary invasive lobular carcinoma (ILC) and lymph node 

metastasis using the Garnett1 classifier [23]. 

Cell type 
Primary ILC 

 lymph node 

metastasis  

Count Percent Count Percent 

Adipose cells 196 5.60% 299 10.30% 

B cells 72 2.10% 323 11.10% 

Cancer- 

associated 

fibroblasts 

(CAFs) 

340 9.70% 1 0.00% 

Cytotoxic T 

cells 
1 0.00% 83 2.90% 

Epithelial 

tumor cells 
853 24.30% 5 0.20% 

Luminal 

lobular tumor 

cells 

503 14.30% 10 0.30% 

M2 like 

macrophages 
— — 3 0.10% 

Macrophages 33 0.90% 367 12.70% 

Matrix 

remodeling 
368 10.50% 1 0.00% 

Proliferative 

tumor cells 
104 3.00% 9 0.30% 

Regulatory T 

cells 
— — 115 4.00% 

Secretory 

CAF 
394 11.20% 4 0.10% 

T Cells 40 1.10% 278 9.60% 

Unknown 608 17.30% 1399 48.30% 
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Figures Legends 

 

 

Figure 1. Histopathological features of primary invasive lobular carcinoma (ILC) and lymph 

node metastasis. (Top) ILC showing small, dis-cohesive tumor cells arranged in single-file, 

solid or alveolar patterns within fibrous stroma (H&E staining, ×200). (Bottom) Lymph node 

metastasis from ILC showing effacement of nodal architecture by diffuse, dis-cohesive 
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tumor cells with adipose tissue and capsular involvement (H&E staining, ×100). 

 

 

Figure 2. Spatial transcriptomic clustering with uniform manifold approximation and 

projection (UMAP) visualization of primary invasive lobular carcinoma (ILC, Top) and 

matched lymph node metastasis (Bottom). Using scType classification [27], 8 and 9 clusters 

(cell types) were identified within the primary tumor and matched lymph node, respectively. 
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Figure 3. Marker gene expression in luminal lobular tumor cells (left) and epithelial tumor 

cells (right). Heatmap shows expression of key marker genes in epithelial and luminal 

lobular tumor clusters from primary and metastatic tissues. Z-scores indicate relative 

expression levels. 
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Figure 4. Differentially expressed genes (DEGs) between luminal lobular tumor and 

epithelial tumor cells. Volcano plot (Top) shows DEGs, with HEPACAM2 (upregulated) and 
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TUSC3 (downregulated) highlighted. Dot plots (Middle and Bottom) show expression of 

HEPACAM2 and TUSC3 across cell types. 
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Figure 5. Spatial cell‑type architecture in the primary invasive lobular carcinoma (ILC, Top) 

and matched lymph‑node metastasis (Bottom). In primary ILC, luminal lobular tumor cells 

(purple) form a large, cohesive cluster embedded within breast stroma that is rich in 

cancer‑associated fibroblasts (CAFs, yellow) and matrix‑remodeling fibroblasts (olive), 

adjacent to extensive adipose tissue (blue). Immune infiltrates, including T cells (dark 

green), cytotoxic T cells (bright green), B cells (orange), and macrophages (red), are 

present but relatively sparse and peripheral. In lymph node metastasis, tumor cells (luminal 

lobular, purple; epithelial tumor cells, light blue) appear as smaller, fragmented clusters 

interwoven with dense lymphoid populations, including abundant B cells (orange), T cells 

(dark green), cytotoxic T cells (bright green), regulatory T cells (lime), and 
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macrophages/M2‑like macrophages (red/dark red). Fibroblast populations (CAF, yellow; 

matrix‑remodeling, olive; secretory CAF, pink) are markedly reduced, and adipose cells 

(blue) are minimal, reflecting the stromal differences between breast tissue and lymphoid 

architecture.  
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Figure 6. Functional enrichment of differentially expressed genes (DEGs). Bar plot shows 

significantly enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways and 

Gene Ontology (GO) terms in DEGs between luminal lobular tumor and epithelial tumor 

cells, with enrichment scores and P-values indicated [25-26].  
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