
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Neuroblastoma, developmental control genes and cell fate decisions in the
sympathetic nervous system

van Limpt, V.A.M.E.

Publication date
2005

Link to publication

Citation for published version (APA):
van Limpt, V. A. M. E. (2005). Neuroblastoma, developmental control genes and cell fate
decisions in the sympathetic nervous system. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/neuroblastoma-developmental-control-genes-and-cell-fate-decisions-in-the-sympathetic-nervous-system(9f3f682d-169d-4442-8090-c15408f44b48).html


Chapter r 7 7 

Dlkll protein is localised in intracellular vesicles of 
neuroblastomaa cell lines 
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Introduction n 
Highh expression of the human Delta-like 1 (Dlkl) gene is found in a SAGE library of 
thee human neuroblastoma cell line SK-N-FI (Chapter 2 of this thesis) (1). Dikl is a 
homologuee of the Drosophila Delta gene, which functions in the evolutionary 
conservedd Delta/Notch cell fate determination pathway (2). Drosophila Delta is a 
membranee protein that signals to Notch receptors on adjacent cells. It has been 
questionedd whether Dlkl can be a ligand of mammalian notch receptors, as it lacks a 
so-calledd DSL motive, which is thought to function in the interaction with Notch 
receptorss (2). We previously found support for a role of Dlkl in Delta/Notch 
signalling.. Dlkl and Notch3 are expressed in different subsets of neuroblastoma cell 
liness (Chapter 3 of this thesis) (3), suggesting that this expression pattern may result 
fromm lateral inhibition as found in the classical Delta/Notch pathway. More 
importantly,, ectopic Dlkl expression regulated expression of HEY1, a known 
downstreamm effector of Notch (Chapter 5 of this thesis). This suggested that Dlkl 
cann function as a classical Delta-family membrane protein, which signals to Notch 
receptors.. However, immunostainings with anti-Dlkl antibodies showed a punctuated 
cytoplasmicc staining for Dlkl protein (Chapters 5 and 6 of this thesis). 
Neuroblastomaa cell lines showed an almost perfect correlation between high Dlkl 
andd DBH mRNA expression (Chapter 3 of this thesis) (3). The DBH gene encodes the 
Dopamine-[3-Hydroxylasee enzyme which catalyses the conversion of dopamine into 
noradrenalinn in the catecholaminergic pathway. DBH is a intracellular membrane 
proteinn localised in synaptic vesicles of sympathetic neurons and in large dense core 
vesicless of chromaffin cells (4;5) Here we have analysed whether the Dlkl protein in 
celll line SK-N-FI is present in the same vesicles as DBH. 

Materialss and Methods 

Doublee immunofluorescense staining with DBH and Dlkl antibodies 

Cellss were grown on glass coverslips and fixed with 4% paraformaldehyde in 
phospatee buffered saline (PBS) at room temperature for 5 min. To reduce 
background,, slides were incubated in 100 mM glycine (Sigma) twice for 5 min. After 
washing,, the fixed cells were blocked and permeabilised with 5% rabbit serum 
(Aurion)/10%% BSA-C (Aurion)/0.2% cold water fish skin (CWFS, Aurion)/0.2%Tween 
inn PBS for 1 hr at . Slides were first incubated overnight at C with sheep-anti-
DBHH (3:1000) (polyclonal to human DBH, Abeam, ab6487) in blocking solution, 
washed,, incubated for 1 hr at C with rabbit-anti-sheep TRITC-conjugated 
secondaryy antibody (1:2000) (affinity purified, minimum cross reactivity to human 
serumm proteins, Rockland 613-4028, Sanvertech bv.) and washed again. Then, slides 
weree incubated overnight at C with goat-anti-Dlkl (1:250) (Dlkl-C19, Santa Cruz) 
inn blocking solution, washed, incubated lhr at C with rabbit-anti-goat FITC-
conjugatedd secondary antibody (1:5000) (Sigma F7367) in blocking solution and 
washed.. Cells were embedded in vectashield (vector laboratories Inc.) and nuclei 
weree counterstained with dapi. Single immunofluorescent staining with each of the 
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antibodiess and appropriate negative controls (by omission of one or both of the 
primaryy antibodies) were performed. Analysis was performed using a Leica TCS-SP2 
confocall microscope. 

DBHH Dlk1 overlay 

Figuree 1: Localisation of DBH and Dlkl protein. 
Confocall images of neuroblastoma cell line SK-N-FI grown on glass slides, double stained for DBH (red 
TRITCC fluorescence) and Dlkl (green FITC fluorescence). Co-localisation of DBH and Dlkl produces a 
yelloww colour in the overlay projection. Magnification 400x. 

Wee studied the localisation of Dlkl protein in neuroblastoma cell lines. Dlkl protein 
stainingg of intact neuroblastoma cells and subsequent FACS analysis (fluorescence 
activatedd cell sorting) showed expression of the Dlkl protein at the cell surface (A. 
Chan,, unpublished results; J. Seppen, department of experimental hepatology AMC, 
personall communication). However, immunofluorescent staining showed that Dlkl 
proteinn is mainly localised in intracellular vesicles. This staining pattern looks 
comparablee to DBH staining in large dense core vesicles. We therefore performed 
doublee immunofluorescent staining for Dlkl and DBH in the neuroblastoma cell line 
SK-N-FI.. Confocal analysis of the images showed that the large majority of DBH and 
Dlkll staining was non-overlapping (Figure 1). Only a few yellow spots were 
identified,, indicating that the majority of the Dlkl and DBH proteins do not share a 
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cellularr compartment. These data show that Dlkl is not or hardly present in large 
densee core vesicles where the noradrenalin synthesis and storage take place. 

Discussion n 
Whyy are Dlkl and DBH co-expressed in neuroblastoma? This might be a reflection of 
thee cell fate decision mediated by Delta-Notch signalling in which the chromaffin cell 
typee is marked by expression of both Dlkl and DBH. However, the very high Dlkl 
expressionn levels (over 0.5% of all mRNAs in SK-N-FI represent the Dlkl gene) 
exceedd the expression levels of Notch3 by far and are not in favour of simple 1:1 
ligand:receptorr interactions. Dlkl protein is localised to intracellular vesicles in 
neuroblastomaa cell lines. Endocytosis of Delta ligands seems to play a role in the 
functioningg of the Delta-Notch pathway(6;7). This modification of the core signalling 
pathwayy might explain the intracellular localisation of Dlkl in neuroblastoma cell 
lines.. Alternatively, Dlkl might have an as yet unknown role, independent of its 
functionn in Delta-Notch signalling. Our double staining experiments suggest that Dlkl 
doess not localise to the same vesicles as DBH, and therefore is not involved in vesicle 
transportt or catecholamine release. Further studies are necessary to identify the type 
off vesicle where the Dlkl protein is found. 
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