
Abstract 
Background/Aim: Neo‑lymphangiogenesis induces lymphatic invasion of cancer cells, significantly increasing the 
metastatic potential of breast carcinomas (BCs). Among the molecules that are implicated in lymphangiogenesis, 
podoplanin (PDPN, gene locus: 1p36.21) – a transmembrane receptor glycoprotein – is expressed exclusively in 
lymphatic vessels. The current study explored the impact of PDPN‑dependent mean lymphatic micro‑vessel density 
(mLMVD) in invasive ductal (inDBC) and invasive lobular breast adenocarcinomas (inLBC).  
Materials and Methods: A set of thirty (n=30) paraffin‑embedded invasive BC tissue sections (22 inDBCs and 8 inLBCs, 
respectively) were analyzed by applying a combination of immunocytochemistry (IHC) and digital image analysis 
(DIA) assays. 
Results: High and moderate mLMVD rates (defined by the mean number of lymphatic domains with emboli in five 
optical fields under 400X magnification) were detected in 5/30 (16.6%) and 6/30 (20%) cases (total 11/30 (36.6%), 
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respectively. In these cases, PDPN demonstrated strong cytoplasmic/membranous staining intensity. The remaining 
19 cases (63.4%) demonstrated low levels of mLMVD. mLMVD was significantly correlated with the stage of the 
examined malignancies (p=0.019), whereas a marginal association with the grade of differentiation was identified 
(p=0.042). No significant correlation was observed with histological subtype (p=0.234) or tumor size (p=0.085).  
Conclusion: Neo‑lymphangiogenesis in BCs is a critical histological feature in the progression of the malignancy and 
is correlated with an aggressive phenotype (advanced stage). PDPN expression in lymphatic micro vessels is a reliable 
biomarker for evaluating lymphangiogenic activity in BCs, independently of their histotype, especially when assessed 
with precise DIA techniques. 
 
Keywords: Podoplanin, breast, carcinoma, immunohistochemistry, biomarkers, lymphangiogenesis, digital analysis.

Introduction 
 
Lymphangiogenesis is a significant physiological procedure 
leading to the formation of new lymphatic vessels, the 
appropriate stromal substrate for the development and 
functionality of the human lymphatic system (1). In 
contrast, the neo‑lymphangiogenesis‑mediated lymphatic 
vessel invasion induces the metastatic potential of 
malignancies, affecting the survival rates and prognosis of 
patients (2‑6). Among the molecules that are considered 
reliable biomarkers for estimating the levels of 
lymphangiogenesis, podoplanin (PDPN) is one of the most 
prominent (7). The PDPN gene (gene locus: 1p36.21) 
encodes for a transmembrane receptor, a mucin – type 
glycosylated glycoprotein. It consists of three domains: an 
extracellular, a transmembrane and an intracellular tail (8). 
PDPN plays a key role in normal lymphatic development 
and functional homeostasis of the immune system, whereas 
its abnormal expression leads to excessive lymphatic 
infiltration and spread of malignant tumors (9‑12). 
Concerning breast adenocarcinoma, PDNP expression 
detects neo‑lymphatic domains that include cancerous 
emboli. This histological element serves as absolute 
evidence of high metastatic potential (advance tumor stage) 
in the corresponding patients (13, 14). In the current 
experimental study –based on a combination of 
immunohistochemistry (IHC) and digital image analysis 
(DIA), we focused on podoplanin ‑ based mean lymphatic 
micro‑vessel density (mLMVD) measurement in invasive 

ductal (inDBC) and invasive lobular breast adenocarcinomas 
(inLBC). We also explored its impact on the clinic‑
pathological parameters of the examined patients. 
 
Materials and Methods 
 
Study group. We used a pool of thirty (n=30) archival, 
formalin‑fixed and paraffin‑embedded inDBC (n=22) and 
inLBC (n=8) tissue specimens obtained during breast 
cancer surgical resection. The First Department of 
Obstetrics and Gynaecology, Medical School, National and 
Kapodistrian University of Athens, "Alexandra" General 
Hospital, Athens, Greece and the corresponding Ethics 
Committee of the National and Kapodistrian University of 
Athens consented to the use of these tissues for research 
purposes (Reference ID research protocol: 51/KM77/2022 
Medical School/MSc Program: Breast Lesions), according 
to World Medical Association Declaration of Helsinki 
guidelines (2008, revised 2014). The prepared tissue 
sections were fixed in 10% neutral‑buffered formalin. 
Hematoxylin and eosin (H&E)‑stained slides were 
evaluated by two independent pathologists for the histo‑
categorization, grading and staging of the examined 
malignant cases according to the World Health 
Organization (WHO) pathology guidelines (15).  

 
Antibodies and immunohistochemistry assay (IHC). PDPN 
protein expression analysis was performed using an IHC 
assay. We applied the ready‑to‑use anti‑PDPN mouse 
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monoclonal antibody (clone D‑240, Dako/Agilent, Santa 
Clara, CA, USA; dilution 1:150). The IHC protocol was 
implemented on 3‑4 μm thick serial tissue sections, 
according to our previous published methodology (16). For 
negative control, the primary antibody was omitted. 
Cytoplasmic mainly and marginally membrane staining 
pattern was considered acceptable and specific according 
to antibody manufacturer’s instructions (Figure 1). Normal 
lymphatic endothelium tissue sections demonstrating 
PDPN expression were used as a positive control. 

 
Digital Image Analysis assay (DIA). PDNP protein 
expression levels and mLMVD rates were estimated 
quantitatively by measuring the corresponding protein 
staining intensity levels (densitometry calculation) in the 
lymphatic endothelium cells and their number, 
respectively. A DIA assay was performed by applying a 
semi‑ automated system (hardware: Microscope CX‑31, 
Olympus, Melville, NY, USA; Digital camera, Sony, Tokyo, 
Japan; Windows 10.0/ImageProPlus v 6.0, Media 

Cybernetics Inc., Rockville, MD, USA). According to the 
digitized algorithm, PDPN‑ stained areas were detected (5 
optical fields at ×400 magnification) and a digital database 
including the corresponding snapshots was constructed. 
A specific macro (cytoplasmic/membranous expression 
profile) was assessed as a matrix for the measurements. 
A broad spectrum of continuous grey scale values (0‑255) 
at the RedGreenBlue (RGB) color band combination was 
used for calculating different protein expression levels 
(Figure 2). Staining intensity values decreasing to 0 
corresponded to a progressive protein over‑expression. In 
contrast, higher values approaching 255 indicated a 
progressive loss of staining intensity. mLMVD rates were 
calculated based on the number of distinct, isolated PDPN‑
stained endothelial ring‑like structures (vessels) per 
high‑power optical field (400× original magnification). 
The current methodology has been previously described 
by our team for the calculation of CD34‑based MVDs (17). 
The complete results for PDPN/mLMVD, DIA values, and 
statistical analysis are demonstrated in Table I. 

Figure 1. Podoplanin expression pattern in breast adenocarcinoma. A 
case of invasive ductal breast adenocarcinoma demonstrating novel 
lymphatic vessels with cancer‐infiltrated lumen. Note the strong 
cytoplasmic/membranous, brown endothelial ring‐like staining 
expression of the marker. Additionally, the mLMVD demonstrated a value 
of 3,5 lymphatic domains per optical field (original magnification 400×, 
DAB brown chromogen).

Figure 2. Implementation of a digital image analysis algorithm for 
combined podoplanin protein expression and lymphatic microvessel 
density measurements. Green encircled areas represent different 
expression levels on the immunostained slide and detect the absolute 
number of lymphatic domains per optical field (DAB brown chromogen, 
original magnification 100×).



Statistical analysis. Descriptive statistics were carried out 
using the statistical package SPSS vr 21.00 (IBM 
Corporation, Somers, NY, USA). The Kolmogorov – 
Smirnov test was utilized for normality analysis of the 
quantitative variables. Unifactorial analyses were made by 
using the Student’s t‑test. All tests were two‑sided, 
statistical significance was set at p<0.05. 
 
Results 
 
According to the measurements extracted by DIA assay 
implementation, the examined cases demonstrated 
differences regarding PDPN expression levels and the 
corresponding LMVD values. High and moderate mLMVD 
rates (mean number of lymphatic domains with emboli in 
five optical fields under 400× magnification) were 
detected in 5/30 (16.6%) and 6/30 (20%) cases [total 
11/30 (36.6%)], respectively. In these cases, PDPN 
demonstrated strong cytoplasmic/membranous staining 
intensity expression levels. The rest of them (n=19, 
63.4%) demonstrated low levels of mLMVD. mLMVD was 

significantly correlated with the stage of the examined 
malignancies (p=0.019), whereas a marginal association 
with the grade of differentiation was identified (p=0.042), 
but not with the size (max diameter) of them (p=0.085) or 
with their histotype (p=0.234).  
 
Discussion 
 
Infiltration and migration of cancer cells into the vascular 
and lymphatic circulation is a severe clinicopathological 
event that enhances the aggressive biological behavior of 
malignant tumors (18). Lymph node metastasis is 
mediated by the development of neo‑lymphatic structures 
that provide the critical substrate for cancer cell invasion 
and spreading. Specific molecules produced by lymphatic 
endothelia, along with associated mechanisms, are 
implicated in increasing the metastatic potential of 
cancers, including BC. Among them, vascular endothelial 
growth factor receptor 3 (VEGFR3) and its vascular 
endothelial growth factor C/D (VEGF‑C/D) ligands are 
considered as key factors in lymphangiogenesis in BC (19, 
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Table I. Clinicopathological parameters of the examined inDBC/inLBC (n=30) cases and podoplanin (PDPN) DIA‐based immunohistochemistry results. 
 
Clinicopathological parameters                                                                                                                             PDPN                                                                 p‐Value 
 
                                                                                                                                    High/Moderate mLMVD                         Low mLMVD                                         
 
BC cases                                                                    n=30 (%)                                      11/30 (36.6%)                               19/30 (63.4%)                                       
Histotype                                                                                                                                                                                                                                                     0.234 
  inDBC                                                                22/30 (73.3%)                                 8/30 (26.7%)                                14/30 (46.6%)                                       
  inLBC                                                                  8/30 (26.7%)                                    3/30 (10%)                                   5/30 (16.6%)                                         

Grade                                                                                                                                                                                                                                                            0.042 
  I                                                                            8/30 (26.7%)                                   2/30 (6.66%)                                   6/30 (20%)                                          
  II                                                                          19/30 (63.3%)                                 7/30 (23.3%)                                  12/30 (40%)                                         
  III                                                                           3/30 (10%)                                    2/30 (6.66%)                                  1/30 (3.33%)                                         

Stage                                                                                                                                                                                                                                                             0.019 
  I                                                                           19/30 (63.3%)                                   6/30 (20%)                                  13/30 (43.3%)                                       
  II                                                                           8/30 (26.7%)                                   2/30 (6.66%)                                   6/30 (20%)                                          
  III                                                                           3/30 (10%)                                      3/30 (10%)                                      0/30 (0%)                                            

Max tumor diameter                                                                                                                                                                                                                                0.085 
  <10 cm                                                              23/30 (76.6%)                                 7/30 (23.4%)                                16/30 (53.3%)                                       
  ≥10 cm                                                               7/30 (23.4%)                                    4/30 (13%)                                     3/30 (10%)                                          

 
BC: Breast adenocarcinoma; inDBC: invasive ductal breast adenocarcinoma; inLBC: invasive lobular breast adenocarcinoma; DIA: Digital Image 
Analysis assay; mLMVD: mean lymphatic micro‑vessel density; High: ≥4 lymphatic domains per optical field 400× original magnification; Moderate 
mLMVD: ≥3<4 lymphatic domains per optical field 400× original magnification; Low: mLMVD: <3 lymphatic domains per optical field 400× original 
magnification. Statistically significant values are shown in bold.



20). In addition, PDPN, angiopoietins, and Platelet‑Derived 
Growth Factor‑BB (PDGFBB) are described as most 
critical for this procedure (21).  

In the current experimental study, we explored the 
role of PDPN‑dependent mLMVD in both inDBCs and 
inLBCs. We applied a digital algorithm to accurately 
identify and measure the neo‑lymphatic domains in 
PDPN‑immunostained slides. We observed that neo‑
lymphangiogenesis was correlated with an aggressive 
phenotype (advanced stage), independently of the histo‑
type. Interestingly, PDPN expression was found to be 
denser in the endothelial cytoplasm of the most 
aggressive cases characterized by obvious cancerous 
emboli (High: ≥4 lymphatic domains per optical field 
400× original magnification). The combination of 
increased mLMVD and PDPN strong immunoexpression 
‑that corresponds to increased functional activity‑ seems 
to be associated with poor prognosis in BC cases. Similarly, 
another study group concluded that the combination of 
increased m LMVD, PDPN immunoexpression and also 
increased expression rates of the platelet endothelial cell 
adhesion molecule‑1 (PECAM‑1)/CD31 protein is 
correlated with advance disease and poor survival 
prognosis (22). In support, another study also revealed the 
crucial relation between the lymphatic emboli in neo‑
lymphatic structures and axillary lymph node metastasis in 
patients with BC (23). Similarly, another study –focused on 
the intra‑ and peri‑tumoral lymphangiogenesis and 
angiogenesis – concluded that both were increased in cases 
with a high lymph node ratio (defined as the ratio of positive 
to the total number of lymph nodes) (24). Interestingly, 
PDPN over‑expression in the subareolar Sappey's plexus 
has been correlated with lymphogenous metastasis to the 
axillary lymph nodes, especially in triple‑negative BC cases 
(25). Concerning inflammatory BC cases, a combination of 
over‑expressed neo‑lymphoangiogenic markers (PDPN, 
VEGF C‑D) has been associated with an increased number 
of tumor emboli (26). Finally, the role of disialoganglioside 
GD2 in cancer stem cell activation, epithelial‑mesenchymal 
transition (EMT), lympho‑vascular invasion and its 
interaction with specific molecules, including PDPN, is 

under investigation in BC (27). Similarly, combined PDPN, 
platelet‑derived growth factor receptor‑β (PDGFR‑β) and 
matrix metalloproteinase (MMPs) over‑expression is 
frequently detected in poorly differentiated BC cases that 
demonstrate elevated EMT (28). The same study has also 
revealed an unexplored correlation between PDPN and 
human epidermal growth factor receptor‑2 (HER‑2). 
Moreover, the combined over‑expression of PDPN and 
Twist – a key transcriptional factor implicated in EMT–in 
inDBC has been correlated with an aggressive phenotype 
in the corresponding patients (29). 

In conclusion, PDPN over‑expression is a sensitive, 
specific, and reliable biomarker for estimating neo‑
lympangiogenic activity in BCs independently of their 
inDBC or inLBC histological subtypes. Increased PDPN‑
related mLMVDs are associated with aggressive BC 
phenotypes (increased lymph invasion, advanced stage). 
Understanding the mechanisms that lead to PDPN over‑
expression is a crucial step for designing and developing 
novel anti‑PDPN inhibition strategies with molecules that 
block its expression (30). 
  
Conflicts of Interest 
 
The Authors confirm that there are no conflicts of interest 
in regard to this study. 
 
Authors’ Contributions 
 
All Authors contributed to the study. GIM, ET, SM: 
Conceptualization and design; KG, IKP, SM, EP, PF: Materials 
preparation, data collection and statistical analysis; ET: DIA 
analysis; Statistical Analysis: GT; GIM, ET, MA, AN: Draft 
writing; Draft reviewing, academic advisors: CD, SK. All 
Authors read and approved the final manuscript.  
 
Funding 
 
The Authors declare that no funds, grants, or other 
support were received during the preparation of this 
manuscript. 

859

Metaxas et al: Podoplanin in Breast Adenocarcinoma



Artificial Intelligence (AI) Disclosure 
 
No artificial intelligence (AI) tools, including large language 
models or machine learning software, were used in the 
preparation, analysis, or presentation of this manuscript. 
 
References 
 
1 Ran S, Volk‑Draper L: Lymphatic endothelial cell progenitors 

in the tumor microenvironment. Adv Exp Med Biol 1234: 87‑
105, 2020. DOI: 10.1007/978‑3‑030‑37184‑5_7 

2 Ito M, Moriya T, Ishida T, Usami S, Kasajima A, Sasano H, 
Ohuchi N: Significance of pathological evaluation for 
lymphatic vessel invasion in invasive breast cancer. Breast 
Cancer 14(4): 381‑387, 2007. DOI: 10.2325/jbcs.14.381 

3 Ran S, Volk L, Hall K, Flister MJ: Lymphangiogenesis and 
lymphatic metastasis in breast cancer. Pathophysiology 
17(4): 229‑251, 2010. DOI: 10.1016/j.pathophys.2009. 
11.003 

4 Liu H, Luo M, Peng C, Cheng X, Wang D, Huang J, Zhang G: 
Clinical efficacy analysis of chemotherapy of isolated neck 
lymphatic metastasis in advanced epithelial ovarian cancer. 
BMC Cancer 25(1): 969, 2025. DOI: 10.1186/s12885‑025‑
14399‑z 

5 Lee V, Moore NS, Doyle J, Hicks D, Oh P, Bodofsky S, Hossain 
S, Patel AA, Aneja S, Homer R, Park HS: Prediction of lymph 
node metastasis in non–small cell lung carcinoma using 
primary tumor somatic mutation data. JCO Clin Cancer 
Inform (9): e2400303, 2025. DOI: 10.1200/CCI‑24‑00303 

6 Huang S, Jia K, Cui J, Duan J, Li X, Chai W, Shen C, Zhang Z, Chen 
H, Liang S, Han J, Guo J, Wu Z, Qie Y, Hu H: Impact of pelvic 
lymph node dissection on survival outcomes in non‑muscle 
invasive bladder cancer: a multicenter retrospective study. 
Sci Rep 15(1): 18905, 2025. DOI: 10.1038/s41598‑025‑
03916‑6 

7 El‑Gendi S, Abdel‑Hadi M: Lymphatic vessel density as 
prognostic factor in breast carcinoma: relation to 
clinicopathologic parameters. J Egypt Natl Canc Inst 21(2): 
139‑149, 2009.  

8 Astarita JL, Acton SE, Turley SJ: Podoplanin: emerging functions 
in development, the immune system, and cancer. Front 
Immunol 3: 283, 2012. DOI: 10.3389/fimmu.2012.00283 

9 Herzog BH, Fu J, Wilson SJ, Hess PR, Sen A, McDaniel JM, Pan 
Y, Sheng M, Yago T, Silasi‑Mansat R, McGee S, May F, 
Nieswandt B, Morris AJ, Lupu F, Coughlin SR, McEver RP, Chen 
H, Kahn ML, Xia L: Podoplanin maintains high endothelial 
venule integrity by interacting with platelet CLEC‑2. Nature 
502(7469): 105‑109, 2013. DOI: 10.1038/nature12501 

10 Pan Y, Xia L: Emerging roles of podoplanin in vascular 
development and homeostasis. Front Med 9(4): 421‑430, 
2015. DOI: 10.1007/s11684‑015‑0424‑9 

11 Acton SE, Astarita JL, Malhotra D, Lukacs‑Kornek V, Franz B, 
Hess PR, Jakus Z, Kuligowski M, Fletcher AL, Elpek KG, 
Bellemare‑Pelletier A, Sceats L, Reynoso ED, Gonzalez SF, 
Graham DB, Chang J, Peters A, Woodruff M, Kim YA, Swat W, 
Morita T, Kuchroo V, Carroll MC, Kahn ML, Wucherpfennig 
KW, Turley SJ: Podoplanin‑rich stromal networks induce 
dendritic cell motility via activation of the C‑type lectin 
receptor CLEC‑2. Immunity 37(2): 276‑289, 2012. DOI: 
10.1016/j.immuni.2012.05.022 

12 Suzuki H, Kaneko MK, Kato Y: Roles of podoplanin in 
malignant progression of tumor. Cells 11(3): 575, 2022. DOI: 
10.3390/cells11030575 

13 Zhao YC, Ni XJ, Li Y, Dai M, Yuan ZX, Zhu YY, Luo CY: 
Peritumoral lymphangiogenesis induced by vascular 
endothelial growth factor C and D promotes lymph node 
metastasis in breast cancer patients. World J Surg Oncol 10: 
165, 2012. DOI: 10.1186/1477‑7819‑10‑165 

14 Giuliano AE, Dale PS, Turner RR, Morton DL, Evans SW, 
Krasne DL: Improved axillary staging of breast cancer with 
sentinel lymphadenectomy. Ann Surg 222(3): 394‑9; 
discussion 399‑401, 1995. DOI: 10.1097/00000658‑
199509000‑00016 

15 Tan PH, Ellis I, Allison K, Brogi E, Fox SB, Lakhani S, Lazar AJ, 
Morris EA, Sahin A, Salgado R, Sapino A, Sasano H, Schnitt S, 
Sotiriou C, van Diest P, White VA, Lokuhetty D, Cree IA, WHO 
Classification of Tumours Editorial Board: The 2019 World 
Health Organization classification of tumours of the breast. 
Histopathology 77(2): 181‑185, 2020. DOI: 10.1111/his.14091 

16 Chrysovergis A, Papanikolaou V, Mastronikolis N, Tsiambas 
E, Katsinis S, Manoli A, Papouliakos S, Ragos V, Pantos P, 
Peschos D, Mastronikolis S, Fotiades P, Mamoulidis P, 
Spyropoulou D, Kyrodimos E: ALK protein expression 
patterns in squamous cell carcinoma of the oral cavity. In Vivo 
36(3): 1144‑1149, 2022. DOI: 10.21873/invivo.12813 

17 Mathiou V, Tsiambas E, Maipas S, Thymara I, Peschos D, 
Lazaris AC, Kavantzas N: Impact of CD34‑dependent micro 
vessel density on periapical odontogenic cysts. Cancer Diagn 
Progn 3(2): 189‑193, 2023. DOI: 10.21873/cdp.10200 

18 Stacker SA, Williams SP, Karnezis T, Shayan R, Fox SB, Achen MG: 
Lymphangiogenesis and lymphatic vessel remodelling in cancer. 
Nat Rev Cancer 14(3): 159‑172, 2014. DOI: 10.1038/nrc3677 

19 Kola B, Kakkat S, Suman P, Crouch E, Chakroborty D, Sarkar 
C: Lymphangiogenesis in breast cancer: from molecular 
mechanisms to clinical implications. FASEB J 39(9): e70590, 
2025. DOI: 10.1096/fj.202500024R 

20 Cong B, Cao X, Jiang WG, Ye L: Molecular and cellular 
machinery of lymphatic metastasis in breast cancer. Onco 
Targets Ther 18: 199‑209, 2025. DOI: 10.2147/OTT.S503272 

21 Zhang S, Zhang D, Yi S, Gong M, Lu C, Cai Y, Tang X, Zou L: The 
relationship of lymphatic vessel density, lymphovascular 
invasion, and lymph node metastasis in breast cancer: a 
systematic review and meta‑analysis. Oncotarget 8(2): 2863‑
2873, 2017. DOI: 10.18632/oncotarget.13752 

860

CANCER DIAGNOSIS & PROGNOSIS 5: 855‑861 (2025)



22 Derben J, Oeruem M, Blasberg C, Hattesohl A, Jank P, Kalder M, 
Denkert C, Westhoff CC: Prognostic impact of 
immunophenotypic variation in subcapsular sinus endothelium 
of sentinel lymph nodes in invasive breast carcinoma. Breast 
Care (Basel) 20(2): 75‑87, 2025. DOI: 10.1159/000543600 

23 Gutman TCF, de Salles Rezende A, Moraes DM, Lopez CL, 
Esmeraldo da Silva L, Rozza‑de‑Menezes RE, Daher JPL, Vallejo 
da Silva A, Rodrigues FR, Lopes VGS: Lymphangioinvasion 
detection using the monoclonal antibody D2–40 (Podoplanin)as 
a clinical predictor of axillary lymph node metastasis in breast 
cancer patients. J Immunoassay Immunochem 46(3): 274‑288, 
2025. DOI: 10.1080/15321819.2025.2470434 

24 Wahal SP, Goel MM, Mehrotra R: Lymphatic vessel assessment 
by podoplanin (D2‑40) immunohistochemistry in breast 
cancer. J Cancer Res Ther 11(4): 798, 2015. DOI: 10.4103/ 
0973‑1482.146123 

25 Mnikhovich MV, Erofeeva LM, Shiripenko IA, Bezuglova TV, 
Lozina MV, Sidorova OA: Morphofunctional characteristics of 
the vessels of the subareolar lymphatic plexus in breast 
cancer with metastasis to the lymph nodes of the axillary 
lymphatic collector. Bull Exp Biol Med 177(3): 374‑378, 2024. 
DOI: 10.1007/s10517‑024‑06192‑y 

26 Wang J, Hoffman RM, Ye Y, Dillard J, Barsky SH: 
Lymphovascular tumoral emboli in inflammatory breast 
cancer result from haptotaxis‑mediated encircling 
lymphangiogenesis. Lymphatics 2(4): 195‑211, 2024. DOI: 
10.3390/lymphatics2040016 

27 O’Neill NS, Rizk M, Li AX, Martin TA, Jiang WG, Mokbel K: 
Correlation of GD2 biosynthesis enzymes with cancer stem 
cell markers in human breast cancer. Cancer Genomics 
Proteomics 22(2): 231‑246, 2025. DOI: 10.21873/cgp.20498 

28 Cui M, Dong H, Duan W, Wang X, Liu Y, Shi L, Zhang B: The 
relationship between cancer associated fibroblasts biomarkers 
and prognosis of breast cancer: a systematic review and meta‑
analysis. PeerJ 12: e16958, 2024. DOI: 10.7717/peerj.16958 

29 Grzegrzolka J, Wojtyra P, Biala M, Piotrowska A, 
Gomulkiewicz A, Rys J, Podhorska‑Okolow M, Dziegiel P: 
Correlation between expression of twist and podoplanin in 
ductal breast carcinoma. Anticancer Res 37(10): 5485‑5493, 
2017. DOI: 10.21873/anticanres.11978 

30 Mondal DK, Xie C, Pascal GJ, Buraschi S, Iozzo RV: Decorin 
suppresses tumor lymphangiogenesis: A mechanism to 
curtail cancer progression. Proc Natl Acad Sci USA 121(18): 
e2317760121, 2024. DOI: 10.1073/pnas.2317760121

861

Metaxas et al: Podoplanin in Breast Adenocarcinoma


