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Illuminating the Formation of Lumens
Stephen W. Carmichael1 Mayo Clinic

carmichael.stephen@mayo.edu
How do lumens form?  Two mechanisms that come readily to mind 

are a wrapping model, similar to the wrapping of the myelin sheath around 
a neuronal process, and a solid core of cells followed by apoptosis of the 
central cells.  Another obvious mechanism that was suggested over 100 
years ago is the fusion of intracellular vacuoles.  Whereas several recent 
studies have supported this latter mechanism, it has not yet been proven.  
Now, the appropriate animal model (zebrafish), the modern techniques 
(transgenic chimeras), dyes (green fluorescent protein and monomeric 
red fluorescent protein) that can be linked to proteins to label vacuoles, 
and two-photon imaging in real time finally have provided the stron-
gest support yet.  In an article by Makoto Kamei, Brian Saunders, Kayla 
Bayless, Louis Dye, George Davis, and Brant Weinstein2 the assembly 
of endothelial tubes from intracellular vacuoles was observed in vitro 
and in vivo.

The in vitro model was human vascular endothelial cells grown in a 
three-dimensional collagen gel matrix.   Large intracellular vacuoles could 
be clearly seen by light microscopy when they took up carboxyrhodamine 
from the medium.  To observe the dynamics of endothelial vacuoles and 
their role in vascular lumen formation in vivo, Kamei et al. expressed a 
specific fusion protein that incorporated green fluorescent protein (GFP) 
or monomeric red fluorescent protein (mRFP1) in endothelial cells of 
zebrafish.  The optical clarity and accessibility of zebrafish embryos and 
larvae made this an excellent model for this study.  They first demon-
strated that their transgenic zebrafish ran a normal embryonic course and 
developed into adults that were indistinguishable from normal controls 
in viability and fecundity, showing that the fluorescent fusion proteins 
expressed as transgenes did not have deleterious effects on endothelial 
cells.  They focused on trunk intersegmental vessels composed of three 
endothelial cells that emerge from the dorsal aorta and migrate as a chain 
along the boundaries of the myotomes.  Two-photon imaging of growing 

intersegmental vessels in living transgenic embryos showed vacuoles 
labeled with either GFP and/or mRFP1.  Control studies showed that 
the vacuole formation was not an artefact. Endothelial vacuoles were 
also observed in transmission electron micrographs of newly-formed 
blood vessels in non-transgenic zebrafish embryos.  These vacuoles were 
similar in appearance to those in the in vitro model. Time-lapse imaging 
demonstrated that endothelial vacuoles are very dynamic (appearing, 
disappearing, and fusing to form larger compartments on a timescale of 
minutes).  Later, vacuoles merge into nascent lumenal compartments that 
remain very dynamic. Next, Kamei et al. demonstrated that the enlarged 
vacuolar compartments underwent fusion to generate multicellular lu-
menal spaces.  In vitro studies indicated that the formation of a common 
lumenal space might occur by the exocytosis of intracellular vacuoles 
into junctional spaces between adjacent endothelial cells.  In vivo studies 
involved injecting red quantum dots into the circulatory system of GFP-
tagged transgenic zebrafish embryos and the red fluorescent label could 
be observed to move from the dorsal aorta into previously unlabeled vacu-
olar compartments of the proximal intersegmental endothelial cells, and 
then move to more distal 
cells. Taken together, these 
in vitro and in vivo studies 
support the mechanism 
of lumen formation by 
intracellular and intercel-
lular fusion of endothelial 
vacuoles.  This cartoon 
from their publication 
summarizes their theory 
of lumen formation.  And 
that’s the hole story!   n
1 The author gratefully acknowledges Dr. Brant Weinstein for reviewing this 

article.
2 Kamei, M., W.B. Saunders, K.J. Bayless, L. Dye, G.E. Davis, and B.M. Weinstein, 

Endothelial tubes assemble from intracellular vacuoles in vivo, Nature 442:453-
456, 2006.

Reproduced with permission from Nature Publishing Group
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COMING EVENTS
2007
	 Light Microscopy for the Biosciences
	 June	3-8,	2007,	Medical	Univ.	of	South	Carolina,	Charlston
	 middleh@musc.edu
 Lehigh Microscopy School
	 June	3-15,	2007,	Bethlehem,	PA	(multiple	choices)
	 www.lehigh.edu/microscopy
 34th Annual Mtg. of the Microscopical Society of Canada
	 June	12-15,	2007,	Alberta,	Canada
	 www.phys.ualberta.ca/MSC-2007/
	3D Microscopy of Living Cells (+	pre	&	post	courses)
	 June	17-28,	2007,	U.	of	British	Columbia,	Vancouver,	BC
	 www.3dcourse.ubc.ca	
 8th Multinational Congress on Microscopy
	 June	17-21,	2007,	Prague,	Czech	Republic
	 8mcm@biomed.cas.cz
	 Basic Confocal Microscopy Workshop
	 June	18-21,	2007,	Univ.	of	South	Carolina,	Columbia,	SC
	 www.scepscor.org/outreach/workshops/confocal-microscopy/

home.html
	 Frontiers in Microscopy II Workshop	
	 June	18-21,	2007,	Jackson	Laboratory,	Bar	Harbor,	ME
	 www.jax.org/course
	59th annual INTER/MICRO Conference
	 July	9-13,	Chicago,	IL
	 www.mcri.org	
	 Microscopy and Microanalysis 2007
	 August	5-9,	2007,	Fort	Laurderdale,	FL
	 mm2007.microscopy.org
	 Cryo Technique and Immunogold labelling Workshop
	 August	12-16,	2007,	Emory	University,	Atlanta,	GA
	 hyi@emory.edu
 EUROMAT 2007
	 September	10-13,	2007,	Nürnburg,	Germany
	 www.euromat2007.fems.org/
	 AVS 54th Symposium and Exhibition, 	(In-situ	e.m.	symp.)
	 October	14-19,	2007,	Seattle	WA
	 www.avs.org
 The American Society for Cell Biology
	 December	1-5,	2007,	Washington,	DC
	 www.ascb.org

2008

 PITTCON 2008
	 March	3-6,	2008,	New	Orleans,	LA
	 www.pittcon.org
	 Microscopy and Microanalysis 2008
	 August	3-7,	2008,	Albuquerque,	NM
	 www.msa.microscopy.com
 American Soc. for Biochemistry and Molecular Biology
 April	3-9,	2008,	San	Diego,	CA
	 www.asbmb.org

2009
	 Microscopy and Microanalysis 2009
	 August	3-6,	2009,	Baltimore,	MD
	 www.msa.microscopy.com

Please check the “Calendar of Meetings and Courses” in the MSA 
journal “Microscopy and Microanalysis” for more details and a much 

larger listing of meetings and courses.
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