Hormonal regulation of immortalized hypothalamic neurons: 

Estrogen treatment and analysis of neuropeptide Y mRNA transcript levels
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Short Abstract:
The hypothalamus plays an essential role in maintaining physiological homeostasis of some of our most vital needs including feeding, reproduction and circadian rhythms. Here, we describe a novel method of studying the detailed cellular and transcriptional events involved in the regulation of key hypothalamic neuropeptides using immortalized, hypothalamic neuronal cultures.

Long Abstract: 

The hypothalamus senses peripheral hormonal signals to maintain physiological homeostasis through the neuroendocrine axis. Disturbances to hormonal signaling in the hypothalamus can lead to a number of detrimental health concerns including obesity and infertility. Developing a thorough understanding of the transcriptional regulation of unique hypothalamic neuropeptides is essential in order to understand how the hypothalamus maintains physiological homeostasis. Classical in vivo approaches have been instrumental in establishing the direct synaptic connectivity between distinct hypothalamic nuclei and the functional significance of neuropeptides. However, the inherent complexity of the neuronal circuitry comprising the hypothalamus creates an unwelcoming environment to study the direct transcriptional regulation of hypothalamic neuropeptides. To this end, we have developed immortalized, hypothalamic neuronal cell lines to study the signaling events, transcriptional and secretory mechanisms responsible for the regulation of key hypothalamic neuropeptides. Here, we demonstrate a method our group and others use to study the direct regulation of hypothalamic neuropeptide mRNA transcript levels in response to hormonal treatments. Specifically, we complete a 24-hour (2-,4-,8- and 24-hour) 17(-estradiol (estrogen) treatment experiment using the mHypoE-38 neuronal cell line and isolate total RNA using a phenol-chloroform extraction method.  We then completed cDNA synthesis and real time quantitative RT-PCR analysis to measure changes in NPY mRNA levels in response to estrogen treatments. The results of this experiment describe the anorexigenic and reproductive effect of estrogen on NPY gene expression that has been previously published by our laboratory (Titolo et al, Mol Endocrinol, 2006). Using similar experimental paradigms, these novel hypothalamic cell models can be also used to study the direct hormonal regulation of signaling pathways, promoter activity, secretory responses and epigenetic changes.
Protocol Text: 

1) Passaging cells for estrogen treatment timecourse experiment 

N. B. All cell culture must be performed in a completely sterile environment, with sterile reagents and consumables, to avoid contamination of the cultures.

1.1) Have mHypoE-38 cell line growing in a 100 mm tissue culture plate with 5% fetal bovine serum (FBS) and 1% penicillin-streptomycin (P/S) containing DMEM (culture medium) media. Allow cells to reach 90% confluence.

1.2) Aspirate media and wash cells once with 10 ml of 1x phosphate buffered saline (PBS). 

1.3) Aspirate 1x PBS and add 1 ml of 1x trypsin-EDTA. Place the plate in the tissue culture incubator at 37oC for 2-4 minutes. 

1.4) Label 8 60 mm (treatment plates) tissue culture plates with the cell line name, date, new passage number and treatment (vehicle or estrogen) and 1 100 mm (carry over plate) plate with the cell line name, date and new passage number. Set these aside.

N.B. 2 plates per time point – vehicle vs estrogen treatment for 2-, 4-, 8-, and 24-hour time points.

1.5) Add 20 ml of culture medium to a 50 ml falcon tube and 10 ml of culture medium to the labeled 100 mm plate. Set these aside.

1.7) Gently tap the side of the trypsinizing mHypoE-38 cells to help detach cells and observe under the light microscope to ensure cells have detached.

1.7) Add 9 ml of culture medium to trypsinized cells and pipette up and down to homogenize and dissociate cells further. To complete a 1:10 split for your carry over plate, add 1 ml of this mixture to your carry over plate.

1.8) To complete a 1:2 split for our experiment, add 5 ml of cell mixture to the 50 ml falcon tube with culture medium. Pipette up and down to mix thoroughly. 

1.9) Add 3 ml of this cell mixture to each 60 mm plate. Place all tissue culture plates in the tissue culture incubator. Move plates back and forth, side to side, and swirl once to evenly distribute cells. 

2.0) Estrogen treatment timecourse


2.1) Allow cells to adhere to tissue culture plates and grow for 24-hours. Once the 60 mm plates reach 70% confluence, remove tissue culture medium, wash with 1x PBS and replace with 2.5 ml of serum free, phenyl-red free 1% P/S DMEM. Incubate for 4 hours.

2.2) Prepare a 10 mM solution of estrogen (17(-estradiol) in ethanol. Vortex and verify complete dissolution. Protect the tube from light using aluminum foil. 

2.3) Complete serial dilutions of estrogen for a final treatment concentration of 10 nM. Prepare vehicle control treatment. Prepare estrogen treatments in serum free 1% P/S phenyl-red free DMEM.

2.4) Add 0.5 ml of treatment (10 nM estrogen or vehicle) to the corresponding 60 mm culture plates. Set a timer.

3) RNA extraction

3.1) Under a chemical fume hood, prepare enough RNA isolation solution for 8 60 mm plates. Each plate will require 0.5 ml of Phenol, 0.5 ml of Guanidinium thiocyanate solution (GT) (l, 3.6 (l of (-mercaptoethanol and 50 (l of 2M sodium acetate. Vortex solution and protect from light using aluminum foil. Keep on ice.

3.2) At the 2-, 4-, 8- and 24-hour time points, harvest RNA from a vehicle and estrogen treated plate using the RNA isolation solution. Aspirate media from cells and wash with 1x PBS. Aspirate 1x PBS and under the chemical fume hood, apply RNA isolation solution directly onto plates and keep plates on ice. Scrape the contents of the plate to the bottom of the plate and pipette into a labeled 1.5 ml microtube. Mix by pipetting up and down and place on ice. 

3.3) Prepare a 49:1 chloroform:isoamyl alcohol solution and add 100 (L to each tube under a chemical fume hood. Vortex for 10 seconds and place tubes on ice for 15 minutes. Centrifuge tubes for 15 minutes at 14,000 RPM at 4oC. 

3.4) You will now see three distinct layers in your tube. Remove only the top layer into a new labeled  1.5 ml microtube tube and place on ice. 

3.4) Prepare a 20:1 solution of ethanol:1 M acetic acid and add 375 (L to each microtube. Mix tubes gently by inverting several times and incubate in a freezer overnight.

3.6) The next morning, centrifuge tubes for 30 minutes at 14,000 RPM at 4oC. 

3.7) At this point, you will see a white RNA pellet. Under the fume hood, carefully discard the supernatant into a designated GT waste container. Add 75% ethanol to each tube and spin for 5 minutes at 14,000 RPM at 4oC.

3.8) Carefully aspirate off all the ethanol without disturbing the pellet. This can be completed by adding a 10 (L pipette tip to the glass aspirator. Keep samples on ice.

3.9) Air dry pellet for 10 minutes and then reconstitute the pellet in 15 (L of molecular grade RNAase-free sterile water. Keep samples on ice.

4) Real-Time RT-PCR

4.1) After careful and accurate quantification of RNA concentrations and verifying RNA quality, proceed with cDNA reactions. Be sure to make cDNA reactions for a standard curve for both the gene of interest and endogenous control.

4.2) Make a master mix using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems) for each RNA sample and distribute those into appropriately labeled microtubes. Add a suitable amount of RNA sample to each tube. Place tubes into the thermocycler and select the appropriate protocol (10 minutes at 25oC, 120 minutes at 37oC).

4.3) Make a master mix of all the reaction components with the SYBR green real time PCR  master mix (Invitrogen Life Sciences) for each primer set (NPY and house keeping gene) and pipette contents into PCR plate in triplicate.

4.4) Add cDNA samples to their corresponding wells in triplicate. 

4.5) Seal PCR plate and place the plate into the real time PCR machine. Select the appropriate protocol and begin cycle (Applied Biosystems 7000 real time RT-PCR machine).

4.6) Using the standard curve method, gene expression levels of NPY transcript can be determined. Importantly, NPY transcript levels measured are normalized to our endogenous house keeping control. 

4.7) As previously published, we see estrogen initially decreases NPY mRNA levels at the 2- and 4-hour time points, but significantly increases NPY mRNA transcript levels at the 24-hour time point.
Representative Results: 
1) Passaging cells for estrogen treatment timecourse experiment

After passaging cells into treatment plates, cells should be approximately 60-70% confluent with equal spacing between cells. Cell confluency should be the same between all 60 mm plates. 

2) Estrogen treatment timecourse
Estrogen should dissolve in ethanol with no particles present. This may take up to 10 minutes while mixing and protected from light.

3) RNA extraction

After completing step 3.7, a solid white pellet will be visible. This pellet will than be dissolved in molecular grade water. RNA can be quantified using ultraviolet absorbance measurements (260/280 nm), with an absorbance ratio of ~2.0 generally accepted as ‘pure’ RNA. This does not measure RNA quality, which can be assessed using a denaturing agarose gel stained with ethidium bromide. Sharp, clear 28s and 18s bands with a 2:1 ratio are a good indication of intact and high quality RNA. 

4) Real-time Quantitative RT-PCR

Having a template chart on paper for loading samples is highly encouraged. Real time RT-PCR reactions should produce one single peak on dissociation plots. Endogenous house keeping should not vary greatly between samples. Each gene run in triplicate should produce three tight and consistent values. Standard curves should produce a slope value of approximately -3.23 and have a correlation coefficient of ~1. Experiments should be completed three independent times to complete statistical analysis.

Tables and Figures:  

None.

Discussion:

Hypothalamic cell models provide an innovative tool for studying the cellular and molecular biology of central physiological mechanisms3,4,6. We have demonstrated a 24-hour estrogen treatment timecourse in the mHypoE-38 neurons to study the transcriptional changes in NPY mRNA previously published by our lab1,2. The experiment completed was originally published in 2006 and demonstrated anorexigenic and reproductive effects of estrogen on NPY gene expression1. In addition to this study, these hypothalamic neuronal cell models can be used to study signaling pathways, transcriptional events, secretory analysis, epigenetic processes and DNA-protein interactions in response to neuromodulators8,9. 
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	mHypoE-38 cell line
	Cedarlane
	CLU118
	

	DMEM
	Invitrogen
	D5796
	

	Fetal Bovine Serum
	VWR
	A15-751
	

	Penicillin-Streptomycin
	Gibco
	15140-122
	

	Trypsin
	Gibco
	15400
	

	17(-Estradiol
	Sigma
	E2758
	

	Phenyl-red free DMEM
	Hyclone 
	SH30284.01
	

	Tissue Culture Plates
	Sarstedt
	83.1802
	

	cDNA mix
	Applied Biosytems
	4368814
	

	Real time RT-PCR mix
	Invitrogen
	11733046
	

	NPY Forward Primer Sequence
	Integrated DNA Technologies
	
	5’CAG AAA ACG CCC CCA GAA 3’

	NPY Reverse Primer Sequence
	Integrated DNA Technologies
	
	5’ AAA AGT CGG GAG AAC AAG TTT CAT T 3’
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