Real Time Fluorescence Stereology and the use of NeuN in the Mouse Midbrain
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Short Abstract: Real-time epifluorescence detection in stereology has advantages over the more common chromogenic detection method.  The mouse ventral midbrain containing tyrosine hydroxylase positive (TH+) and negative (TH-) neurons is used as an example.  The benefit of using NeuN as a neuronal nuclear marker compared to DAPI is demonstrated.  
Long Abstract: 
Stereology depends on the accurate and reproducible counting of particles, often cells in biology.  Subtypes of cells having different phenotypic expression are often assessed using immunohistochemistry.  The use of stereology may be limited because of conceptions by potential users.  We implemented a real-time fluorescence detection method and the use of an antibody to the neuron specific nuclear antigen, NeuN, to overcome some challenges for users.  Our specific results pertaining to tyrosine hydroxylase expressing (TH+) and not expressing (TH-) neurons in the mouse ventral midbrain can be found elsewhere.  However, our data, video examples, and suggestions may have broader application for the use of fluorescence detection in real-time stereology of biological tissue sections.  We describe a practical approach for epifluorescence-based counting of these two types of neurons that may offer significant advantages over existing methods for potential users.  We describe our use of epifluorescence detection and compare it to the more common chromogenic detection method.  We also demonstrate an advantage for using NeuN to detect neuronal nuclei compared to nonspecific fluorescent nuclear stains such as DAPI.  
Protocol Text: 

Prior to stereology.  

1.1)  Tissue acquisition, fixation, sectioning, and staining should follow the principles of stereology and details can be found elsewhere 
 ADDIN EN.CITE 
(West ; West 2002; Schmitz and Hof 2005; Slomianka and West 2005; Glaser, Greene et al. 2007)
.  Adequate penetration of labels must be demonstrated.  The details of sectioning and staining used in this report can be found elsewhere(Prasad and Richfield 2010).  
1.2)  Pilot testing of all parameters used should be based on literature values if available or prior experience for each individual and new applicaiton.  Details of pilot testing can be found elsewhere(Slomianka and West 2005).  The details of the parameters chosen for this report can be found elsewhere(Prasad and Richfield 2010).  
1.3)  Order and number all the tissue sections.  If you stain and mount every fourth section and then count every eighth section you will have two sets from each tissue sample available, provided that pilot testing demonstrates this is feasible.  The set chosen for counting must be appropriate and recorded on a scoring sheet.  If a section is unsuitable for counting use the other set.  
Stereology.  
2.1)  Adjust the microscope and software for rotational alignment, spatial calibration, and parcentricity for the lenses being used (4x and 100x oil immersion in this case) using brightfield optics.  Koehlering for brightfield use not needed for fluorescence.  
2.2)  Measure the thickness of selected sections near regions of interest (ROI) ahead of counting.  Record and set guard zone value (reported by us for different methods of detection, (Prasad and Richfield 2010).  Fluorescence stained sections will be much thicker than chromogenic stained sections.  The importance of the guard zone depth has been demonstrated by others(Hendricks, Wilson et al. 2008).  
2.3)  Experience with brightfield light and chromogenic detection is recommended.  If learning stereology using fluorescence detection, the collection of digital image stacks is recommended to avoid bleaching of tissue over time.  The time needed for bleaching will vary with fluorphore, mounting media, storage time, magnification, and other factors.  The time needed to count a sampling frame will vary with experience, the number of different types of particles or cells examined, the demands required to recognize a particle or its criteria, and of course the number of particles in a particular counting frame.  For the TH+ and TH- neurons counted in this report, the time needed to read a sampling frame was less much using NeuN as a nuclear stain (~1-2 min) compared to using DAPI (~2-4 min).  This time needed for chromogenic detection was much longer (5-10 min) but does not result in photobleaching.  The fluorescence shutter should be closed when not viewing sections.  Adjust focus and diaphragm for fluorescence illumination and camera detection.  The camera settings should be adjusted as necessary to minimize exposure duration and allow rapid focusing.  If exposure duration is so long as to inhibit real time focusing, collecting image stacks may be more practical.  
2.4) Many suggestions refer to choices and options provided by the software we use (StereoInvestigator, SI, v 9.10, MBF, Inc.), but should be applicable to other programs.  Contour your ROI at low magnification (4x lens) using fluorescence detection.  The live video and shutter should be on, choose appropriate filter cube, adjust camera to obtain image desired, capture a permanent image, turn shutter off, and then contour.  You can contour and name as many ROIs as desired for subsequent counting at higher power.  

2.5)  Switch to the higher magnification on the microscope and software and select appropriate parameters.  In SI select Preview Optical Fractionator or Workflow.  Parameters that need to be selected after pilot testing include frame size, distance between sampling frames, guard zone depth, and section thickness.  We use manual focusing and will start focus at top of section.  
2.6)  For the first sampling frame, turn shutter on, select appropriate filter cube and adjust camera settings as needed, further adjustments may not be needed in subsequent frames.  Depending on the filter cube used, more than one particle can be counted at a time.  For example (sample videos in representative results), cytoplasmic TH may be seen as one color (red or green), while nuclei may be seen as a different color (red, green, or blue).  The choice of a single, double, or triple pass filter cube should be based on the fluorescence labels used and potential for channel bleed through(Prasad and Richfield 2010).  If colors are in anatomical distinct areas some bleed through will not interfere with stereology.  This issue must be determined by the application and user.  Alternatively, single narrow window filter cubes could be used sequentially.  Optimized settings for the camera can be stored for each filter cube and selected when needed to save time if more than one filter cube will be used.  

2.7)  Each sampling frame can be counted real time or captured as a stack, saved, and read later.  Saving many stacks requires significant memory. Saved data is permanent and ideal for training.  It is not needed for experienced users and we do not use that feature.  
Troubleshooting.  
3.1)  Hazy images may be due to several factors.  Poor fixation of tissue may exist.  Ensure and test fix quality and fixation time to optimize for your use.  Inadequate penetration of an Abs my be present and can be identified by examining tissue section in 3-D. If center of section does not label well, modify IHC protocol until corrected(Schneider Gasser, Straub et al. 2006).  The mounting media may not have dried sufficiently so examine slides a few days later.  The amount of DAPI may be too high in non nuclear areas so extend washing time.   The type of mounting media or immersion oil may not be appropriate for fluorescence detection.  
3.2)  Bleaching of fields in a sampling frame will occur at 100x magnification if too much time is taken.  Bleaching time will vary for each application, but Alexa fluorophores are stable for at least 10 minutes, but will eventually slowly fade.  A sampling frame can be read in 2-4 minutes for each filter cube used with experience.  To avoid bleaching, practice with acquired stacks until proficient.  
3.3)  A weak fluorescence signal may be due to many factors.  Things to consider include antigen retrieval, increasing the concentration of the detection reagents (1° or 2° Abs), an amplification technique, or the gain or type camera, 

3.4)  uneven or inconsistent section thickness may be due to a microtome or sectioning problem and your microtome may require servicing.  
3.5)  Unequal fluorphore signals when detecting two, three, or more signals may be due to a variety of causes.  Adjusting the concentrations of detection reagents should be attempted.  The Olympus REXBA excitation enhancer can be adjusted to reduce excitation of one the fluorophores relative to another to bring them into appropriate balance for doing stereology.  Alternatively, the camera settings can be adjusted to reduce or increase the signal of a particular color.  Finally, signals can be detected separately and particles counted or separate images merged for final counting.  
Representative Results: – Results using this technique have been published and can be consulted for additional details on the methods, reagents, equipment, software, and parameters used (Prasad and Richfield 2010).  Image stacks will be shown from a TH+ dense portion of are the mouse substantia nigra pars compacta (SNpc) for review and demonstration.  Image Stack 1 demonstrates 3D frame from a section stained for chromogenic detection of cytoplasmic TH using a specific antibody (Ab) and DAB as the chromogen.  The nuclear counterstain used was cresyl violet and this resulted in significant dehydration and tissue shrinkage.  This stack shows the reduced z-depth available for counting and the crowding and overlapping of neurons.  Chromogenic staining may also impair cellular and nuclear morphology dependent on the experimenter.    Both of these factors increase the time needed for counting and may reduce accuracy (Table).  We found a lower estimated number of both TH+ and TH- neurons using chromogenic compared to fluorescence detection.  TH- neuron identification using nonspecific nuclear stains can be challenging and criteria must be based on nuclear characteristics alone which are time consuming and can be ambiguous(Prasad and Richfield 2008).  Image Stack 2 demonstrates a sampling frame from sections stained for the fluorescence detection of cytoplasmic TH using Alexa 594 (red) and nuclei using DAPI (blue).  This stack shows the enhanced z-depth available for counting.  The thicker the examined section is the greater the number of focal planes available to identify individual neurons and reduce the effect of crowding and overlapping of cells.  Fluorescence staining does not impair morphology, which will reduce the time needed for counting and may improve accuracy.  Neuronal nuclei can be easily seen in each TH+ neuron.  TH- neuron identification remains challenging and must be made based on nuclear characteristics alone which can be time consuming and ambiguous.  Numerous glial nuclei are also evident using any nonspecific nuclear stain.  Historically, the morphology of a TH- nucleus was similar to that for a TH+ nucleus.  Image Stack 3 demonstrates a sampling frame from sections stained for fluorescence detection of cytoplasmic TH using Alexa 488 (green) and neuronal nuclei using an antibody to NeuN and Alexa 594 (red).  This stack also shows the enhanced z-depth available for counting.  Both TH+ and TH- neuronal nuclei can be easily seen because of their unambiguous labeling with this antibody.  Several types of NeuN+ neuronal nuclei were identified as described(Prasad and Richfield 2010).  Image Stack 4 demonstrates a sampling frame from a section stained for fluorescence detection of cytoplasmic TH using Alexa 488 (green), and nuclei using an antibody to NeuN and Alexa 594 (red) and DAPI (blue).  The colocalization of these two nuclear markers demonstrates that all NeuN+ staining occurs in cell nuclei and/or the cytoplasm of a neuron(Prasad and Richfield 2010).  NeuN staining is a reliable nuclear marker and present in all TH+ neurons. There are also neurons that are TH- but NeuN+.  These NeuN+ neurons have different nuclear characteristics as described elsewhere(Prasad and Richfield 2010).  There were more NeuN+ neuronal nuclei than previously suspected when using DAPI alone.  
Table 1.  Comparison of fluorescence versus chromogenic detection methods in stereology.

	Feature
	Fluorescence Detection
	Chromogenic Detection

	Reagent Cost
	Advantage –The total reagent cost is lower for fluorescence detection.  

Disadvantage - The 2( antibody is usually more expensive.  
	Disadvantage - The cost for DAB, H2O2, enzyme, alcohols and xylene is added.  

	Staining Labor Time
	Advantage – fewer steps required. Once conditions identified, variation in intensity unlikely and can be compensated for by camera settings  
	Disadvantage – additional time for chromogenic development and counterstaining is required.  The entire staining may need to be repeated if development is too dark or too light for any set of tissue.

	Staining quality
	Advantage – Once the dilutions and conditions for the 1( and 2( Abs are established the quality is usually much better and more consistent.  
	Disadvantage – the chromogenic development of DAB and nuclear counterstaining are time dependent requiring technician observation and experience and either can be too dark or too light.  Damage to membranes is likely and reduces quality.  

	Multiple Labels
	Advantage – The limit for the number of different objects is based on the lack of overlap between fluorescent wavelengths.  At least 2 different antigens have been demonstrated, more are theoretically possible.  Our use of 3 colors is common
	Disadvantage – although different colored chromogens are available, all are visualized with transmitted white light and there may overlap and require the use of separate tissue sections.  

	Tissue Thickness
	Advantage – tissue shrinkage is much less initially, but will increase minimally over time.  It is best to use sections soon after finishing. Additional thickness increases focal planes. 
	Disadvantage – tissue shrinkage with alcohols and xylene can be significant resulting in overlap of objects, the increased time for counting, and decreased precision.  

	Object Recognition 
	Advantage – The cellular morphology is better preserved making recognition and counting of objects easier thus reducing time needed for stereology.  
	Disadvantage – the use of H2O2 often results in damage to membranes making recognition and counting more difficult.

	Microscope Cost
	Disadvantage – Additional cost for fluorescence filters and light source
	

	Bleaching
	Disadvantage – Bleaching occurs with most fluorophores, but not all.  Bleaching may limit the time available for counting. Image stacks can be collected if necessary.  
	Does not occur.  

	Permanent Record
	Disadvantage – Fluorescence labels can fade over time, although we have viewed ALEXA fluor stained slides for several years.  They might not be suitable for stereology after long lengths of time and require testing.  Images stacks can be retained.  
	Slides can be kept indefinitely and recoverslipped if needed. .  

	Other Uses
	Advantage –sections can be used for confocal imaging or deconvolution
	

	Miscellaneous
	Does not require subbed slides for section mounting
	Requires subbed slides so sections will not fall off with counterstaining.  


Discussion: There are a variety of advantages and some disadvantages for real-time epifluorescence stereology compared to traditional chromogenic detection.  In general the reagent costs are similar between the methods and should not be a major consideration.  Labor time, however, is much less with the fluorescence detection method as additional time is needed for the chromogenic development step and cresyl violet nuclear counterstaining.  Time to perform stereology may also be greater when using chromogenic detection.  Repeat staining may be required if chromogenic development proves too dark or too light for reliable stereology.  Staining quality is much better with the fluorescence detection method.  Detection of multiple antigens is feasible with both methods, but is more unambiguous and common with fluorescence detection.  Tissue thickness is usually much greater with fluorescence detection unless special methods are used to avoid dehydration and delipidation when using chromogenic detection.  As a result of the greater thickness, there are more focal planes and better recognition of discrete particles or cells. The combined effect of better staining quality and more focal planes can improve and ease the identification of particles or cells thus reducing time and improving accuracy. Fluorescence detection has the additional cost of several microscope pieces (lamp and filters).  Chromogenic detection provides for a permanent record whereas tissue stained for fluorescence detection may fade over years of storage or bleach if exposed to light too long.  However, we have been able to perform stereology one year after labeling. This time frame will depend on the original signal and label used, however.  Finally, fluorescence labeled sections can be used for other purposes such as confocal microscope imaging or deconvolution.  Fluorescence detection in stereology will not be appropriate for every application, of course and the user should determine which method will prove most useful for them.  
Acknowledgments:  We thank Elizabeth Tarasewicz for excellent technical assistance.  Geoff Greene and Susan Hendricks of MBF, Inc are acknowledged for expert advice and suggestions. 
Disclosures: The authors have no financial issues related to this publication to disclose.  
Table of selected reagents, equipment and software.  Details can be found elsewhere(Prasad and Richfield 2010).  
	Name of the reagent/Equipment
	Company
	Catalogue number

	Rabbit anti tyrosine hydroxylase Ab
	Millipore
	AB152

	Mouse anti NeuN Ab
	Millipore
	MAB377

	Goat anti rabbit Alexa 594 Ab
	Invitrogen
	A11012

	Goat anti mouse Alexa 488 Ab
	Invitrogen
	A11001

	Prolong Gold antifade reagent
	Invitrogen
	P36934

	Vectastain ABC kit
	Vector Laboratories Inc.
	PK 6100

	StereoInvestgator Software
	MBF Biosciences
	

	U-MDA/FI, DAPI/FITC filter for DAPI and ALEXA fluor 488 (blue and green)
	Olympus USA 
	

	U-MDA/TRITC filter for DAPI and ALEXA fluor 594 

(blue and red)
	Olympus USA 
	

	U-MDA/FI/TRITC filter for DAPI, ALEXA fluor 488, and ALEXA fluor 594 

(blue, green, and red)
	Olympus USA 
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