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Figure 1: Agarose gel
where the molecular
size marker DNA ladder
was loaded next to an
aliquot of sonicated
DNA.




Proposal Title: Is p27 regulating gene transcription in adrenomedullary cells?
Application Reference N°: 6378
1) Purpose of the visit

Background

p27 is a cyclin-dependent kinase inhibitor that regulates cell cycle progression from G1 to S phase. Defective p27 function has been associated with endocrine tumorigenesis. Indeed, p27 knockout mice develop endocrine tumors and p27 loss-of-function mutations cause multiple endocrine neoplasia syndromes in both rats (MENX) and in humans (MEN4). 

Recently, it was reported that p27 can regulate gene transcription in mouse fibroblasts: it associates with the p130/E2F4 complex to bind promoter sequences and repress genes involved in important cellular functions including RNA processing and splicing, mitochondrial respiration, cell cycle. 

We hypothesize that defective p27 may promote endocrine tumor formation because of aberrant gene expression regulation. We plan to address this hypothesis by determining whether p27 works as a transcriptional regulator in adrenomedullary cells and may through this function contribute to pheochromocytoma development.

MENX-affected rats (with loss of p27) will be our model system, as they develop bilateral pheochromocytoma with complete penetrance. We plan to use adrenomedullary tissue from wild-type and MENX-affected rats and a specific anti-p27 antibody to perform chromatin immunoprecipitation (ChIP). DNA sequences bound by complexes containing p27 will be identified by sequencing. The effect of the association of p27-containing complexes to specific promoters will be validated by modulating p27 levels and checking target gene expression.

Aim of the visit

We applied for a Short Visit Grant by the ESF in order to be able to establish a scientific collaboration with the laboratory of Dr. Lalli, in Valbonne, France. Dr. Lalli and his group have extensive experience in ChIP experiments (Ref: Doghman et al. Nucleic Acids Res. 2013) and are therefore the best scientists to teach us how to perform this experiment. Dr. Lalli was also very interested in this collaboration and supported it. Ms. Richter, who is doing her PhD in the laboratory of Dr. Natalia S. Pellegata in Munich visited the laboratory in Valbonne for 2 weeks where she learned how to perform and interpret ChIP data, and especially how to avoid potential pitfalls. The skills Ms. Richter has acquired during her short visit will allow her to establish this method also in her home laboratory in Munich.

2) Description of the work carried out during the visit

During her visit, Ms. Richter has learned how to perform ChIP from cell lines and from frozen tissues under the supervision of members of Dr. Lalli's laboratory. She used cell lines, tissues and antibodies already established in the host laboratory. 

During her first week she took part in experiments aiming at ChIP of DNA sequences bound by the transcription factor SF-1 from cells growing on plates. She used a protocol routinely employed in the host laboratory, which is divided in various key steps.

1) The first step in this procedure is the cross-linking of proteins and DNA by using formaldehyde. One million of NCI-H295R adrenocortical cells expressing SF-1 (routinely used in the host laboratory) were fixed with 11% formaldehyde for 10 min at room temparature, followed by a neutralization step with glycine. Cells were then rinsed with PBS, pelleted, washed with PBS, pelleted again and then the supernatant was discarded and the cell pellets were resuspended in lysis buffer.

2) The second step is the sonication of the DNA. Cell lysates were sonicated on ice 30 sec for 25 cycles.  In Figure 1 is shown that the average size of the DNA fragments after sonication is around 700 basepairs.
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3) The third step is the chromatin immunoprecipitation. Lysates were incubated with magnetic beads loaded with the antibody against the transcription factor SF-1 (currently used in the host laboratory) overnight at 4 degrees. Then, the immunoprecipitates were washed using RIPA wash buffer 5 times. Then, immunoprecipitated proteins and DNA fragments were eluted from the magnetic beads by incubating the pellets at 65 C for 30 minutes and then spinning down and collecting the supernatant. The crosslinking was reversed by incubating the supernatant at 65 C for overnight and then by collecting the supernatant. 

4) Fourth step: DNA extraction. The immunoprecipitated DNA was then purified by proteinase K digestion and phenol-chloroform extraction. Then, DNA was precipitated in ethanol and resuspended in Tris-HCl buffer pH 8.0. DNA concentration was estimated using the highly sensitive Qubit® 2.0 Fluorometer (Life Technologies). To verify whether there was indeed fragmented DNA in the buffer, two aliquots of this suspension were loaded on agarose gel. In Figure 2 we can see the immunoprecipitated DNA sequences. 
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During the second week of her training, Ms. Richter performed ChIP from frozen rat control tissues (pituitary, from wild-type and mutant rats). She applied the same protocol illustrated above, the only difference was the initial step: the frozen tissues were put on ice briefly and then crosslinked with formaldehyde solution for 15 minutes at room temperature. After the neutralizing step with glycine, tissues were then homogenized using a mechanical, hand-held homogenizer (Ultra Turrax).
The goal of our project is to perform ChIP using an anti-p27 antibody on extracts of endocrine tissues to check which DNA sequences are bound by complexes containing p27. As a preliminary step to determine which antibody may be used to immunoprecipitate p27 and associated DNA sequences, Ms. Richter has tested various antibodies against p27 in 3 different cell lines: HeLa (human), PC12 (rat) and mouse embryonic fibroblasts (MEFs). She could demonstrate that the antibody C-19 from Santa Cruz (cat # sc-528) can more efficiently precipitate p27 from these cells. In Figure 3 is shown an immunoblotting of MEFs and HeLa cells. Therefore, this will be the first antibody that she will test in the home laboratory in Munich.
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3) Description of the main results obtained

The experiments performed by Ms. Richter showed that she could successfully immunoprecipitate DNA fragments by using an anti-SF-1 antibody using a protocol established in the host laboratory. Therefore, the ChIP procedure she learned works efficiently and can in the future be applied to study the protein-DNA interaction of other interesting proteins, including p27. An important result is that the protocol for ChIP works well also from frozen tissues, much more difficult to work with then cultivated cells.  She has also identified an antibody that can efficiently precipitate the p27 protein from cells and this represents the first step of setting up the conditions to perform ChIP for p27 on endocrine tissues.

4) Future collaboration with host institution  

We are now going to set up the conditions to perform ChIP experiments in the home laboratory in Munich. We can foresee that we may need again advice from Dr. Lalli's team members. In any case, we would like to continue the collaboration between the two laboratories by sharing the data of the ChIP on adrenal tissues and by exchanging ideas about the analysis of the immunoprecipitated DNA sequences aimed at finding possible promoter sequences. This is again a step that has been performed several times in the host laboratory and their experience can help us identify important promoter sequences more efficiently.  
5) Projected publications/articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
Once we perform ChIP of p27 on adrenal tissues of wild-type rats and obtain DNA sequences bound by complexes containing p27, we plan to summarize these data in a publication of which Dr. Lalli will certainly be a co-author. The support of the ESF to this project will be duly acknowledged in the article.  

6) Other comments

We take the opportunity to thank the ESF for allowing this interesting scientific exchange visit to take place, which represent the basis for suture fruitful collaborations between the two laboratories.
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Figure 2: Agarose gel where
the molecular size marker
DNA ladder was loaded next
to two aliquots of the
immuno-precipitated DNA.



