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Holistic approach: biology, mechanics, structure, environment

?

Brill-Karniely* et al., Science Advances 2020 

Aggregates and tissues morphology

YBK lab, unpiblished 

Cell morphology

Kosenko A., .. Barash I, Cell and 
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Genetics
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Micro-environment

YBK thesis YBK lab, with M. Elbaum 
(WIS) & S. Kapishnikov 
(SiriusXT), unpiblished 

Intracellular dynamics

Havusha-Laufer S., .. Barash I, Journal of Mammary Gland 
Biology and Neoplasia (2020)
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Physical models

Kosenko A., .. Barash I, Cell and Tissue 
Research (2022)  

Brill-Karniely* et al., Nanoscale Adv. 2022
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http://micro.magnet.fsu.edu/cells/

Tissues
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H. Hotani J. Mol. Biol. (1984)

Same composition – different structure and function
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Form                   Function 

Bissell &  Barcellos-Hoff, J. Cell Sci.  Suppl. 1987

The basic functional unit for expression of milk proteins: 

Mammary epithelial cells + ECM scaffold.

Mina J. Bissell, Berkeley U. 
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Paszek, Matthew J. et al. Cancer Cell 2005

Importance of mechanical environment

Physiological rigidity:
Alveoli 

Stiff:
Cancer
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Alcaraz et al., The EMBO Journal 2008 Alcaraz et al., Journal of Mammary Gland 
Biology and Neoplasia 2004 

Importance of mechanical environment
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Mammary gland function is correlated with cell and tissue rigidity

Hammer et al., Neoplasia 2017
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Inman, .., Bissell, Development 2015 

Massive physical alterations of mammary glands during development

Muschler & Streuli, CSH Perspect Biol 2010 

Virgin Mid-pregnant

Rauner & Barash, PLoS ONE 2012 
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Non pregnant 7th day of gestation 12th day of gestation

Yasugi et al., Arch.  Histol.  Cytol. 1989
Matsumoto et al., J. of Vet. Med. Sci. 1992

Change in vascular density: more than 3 fold

Massive physical alterations of mammary glands during development
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Vacuum forces during milking 

Israel recommendation for milking apparatus, 
Israel Dairy Board 2007 

From a tour guided by Prof. Uzi Moallem (Volcani Inst.) 
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Tissue engineering

Dogan et al., Applied Materials Today 2020 Alsuraif et al. Beni-Suef Univ J Basic Appl Sci 2024

Dental medicine

Applicative biomechanical research: tissue engineering  and transplants
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Nano / micro robotics

Kim et al., Chem. Soc. Rev. 2024  

Applicative biomechanical research: nano / micro robotics

Wikipedia
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Cancer cells are more deformable than normal cells

Fife CM et al., British Journal of Pharmacology 2014

Applicative biomechanical research: cancer research
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Mechanical targeting in cancer therapy
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Larger particles

Mechanical targeting in cancer therapy
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Flexible particles

Mechanical targeting in cancer therapy
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Metastatic

Primary

3.4

11.0 100 µm 

Brill-Karniely* et al., Science Advances 2020 

Mechanical targeting in cancer therapy

Young’s 

modulus / Pa
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Flexible (WPM) Rigid (SPM) 

Stern T et al., J Control Release 2016

𝜟𝑭 = −𝜺 ∙ 𝒂 + 𝟐𝜿𝒄 𝟏 − 𝒄𝒐𝒔𝜽

+ 𝜿𝒓
𝟐𝒂

𝝅 𝟏−𝒄𝒐𝒔𝜽
∙ 𝒔𝒊𝒏𝝑

Mechanical targeting in cancer therapy
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Jhaveri & Torchilin Frontiers in Pharmacology 2014 

Enhanced Permeability and Retention effect

Matsumura Y, Maeda H, 1986

The Enhanced Permeability and Retention effect
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Drug delivery systems

Vyas et al. The Scientific World Journal 2014

ברנהולץיחזקאל ' פרופ

אלברטו גביזון' פרופ
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Cytotoxicity

Brill-Karniely* et al., Nanoscale Adv. 2022
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Vacuum forces during milking 

Israel recommendation for milking apparatus, 
Israel Dairy Board 2007 

From a tour guided by Prof. Uzi Moallem (Volcani Inst.) 

Mueller et al., Physical Therapy . Volume 82 . 
Number 4 . April 2002

2007מועצת החלב –ה"מאל, ההמלצות הישראליות למתקני חליבה
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In vivo: Effects of pulsation ratio and rate
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Relaxed After stretching cycles

CytoStretcher (CuriBio)

Guy Dabby

An in vitro model of stretching pulses during milking

L1 bovine mammary epithelial cells generously provided by Prof. Itamar Barash (Volcani Inst.): 
German and Barash, In Vitro Cell Dev Biol – Animal 2002
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Acute compression

Acute compression of bovine MEC spheres

Partial recovery

Nir Zaharoni
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Dr. Sergey Kapishnikov
SiriusXT Ltd., Dublin

Prof. Michael Elbaum
Weizmann Institute of Science

Milk fat globules secreted by bovine MECs: cryo soft X-ray tomography
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Culture topography
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Summary

Thanks you
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 Holistic approach that involves mechanical aspects can make significant contribution to udder research.

 In other fields such research is at the forefront of various application developments.


