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• Neural Stem Cell Research

• Immunohistochemistry for Lineage Identification

• Immunohistochemistry for Mechanism Studies
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Neural Stem Cells (NSCs)

Neural 
Development

Treatments for 
neurological 
disorders

Adult/Fetal Tissue Embryonic Stem Cells
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In vivo
Identification: Marker Abs, BrdU
Isolation: Surface marker Abs, 
Selected by culture conditions

In vivo
Identification: Marker Abs
Host vs. Donor

In vitro Expansion & Manipulation
Identification: Marker Abs

In vitro
Identification: Marker & Signaling Abs

Transplant
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Neural Stem Cells

Committed Neural Precursors

Differentiated Functional Neural Cells

Immunohistochemistry/Immunocytochemistry for Lineage Identification

Phenotypic Markers
(known/unknown function)
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Adult/Embryonic NSCs

ν Early in development (E8.5)
– FGF Rs, FABP7, Musashi, Nestin,

Nucleostemin
– no EGF R expression

ν Late in development (E13)
– EGF R, FGF R1 & 2, no FGF R4, 

FABP7, Musashi, Nestin,
Nucleostemin

ν Isolation
– negative selection by A2B5 and 

N-CAM 
– positive selection by Prominin

(CD133) and CD24low

– positive selection by NGFR-p75

Rao MS, 1999, Anatom. Rec. 257:137.
Cai J. et al, 2002, Dev. Biol. 251:221.
Uchida N et al. 2000, PNAS 97:14720.
Stemple DL & Anderson DJ 1992, Cell 71:973

• Notch-1
– Johansson CB et al. 1999, Cell. 

96:25.
• Peanut agglutinin (PNA)low and 

CD24low

– Rietze RL et al. 2001, Nature 
412:736.

• SSEA-1/LeX
– Calepa A & Temple S. 2002, 

Neuron 35:865.
• NG2

– Belachew S et al. 2003, J. Cell 
Biol. 161:169.

• C-kit
– Das et al. 2004, Dev. Biol. 273: 87.
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Embryonic stem cell-derived NSCs

• Neuroectodermal markers: 
– positive in Nestin, Pax6, SOX1 & 2, negative in Oct3/4, Nanog and E-Cadherin

• Surface Marker Abs for Enrichment:
– positive selection by A2B5, PSA-NCAM
– selection by culture conditions

SOX2/DAPI 

Oct3/4/Nanog/DAPI 

hES cells

NTERA-2
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clonal expansion: 
self-renew

differentiation:
multipotency

NSCs defined by clonal analysis

Oligodendrocyte-O4
Neuron-specific 
beta-III Tubulin Astrocyte-GFAP

NSCs-Nestin
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Neural Crest Stem Cells
Surface Molecules:
p75(NGF R)
Integrin α4
Notch-1
Notch-2

Transcription Factors:
FoxD3
Pax3
SOX9

Motor neuron progenitors
Islet-1/2
Nkx2.2
Olig1& 2
Pax6

Surface Molecules
ABCG2
CD133
CXCR4
FGF R4
Frizzled-9
Glut-1
Integrin β1
SSEA-1
Syndecan-1

Smooth muscle cells
α-smooth muscle actin
Calponin

Schwann cells
Glial-specific membrane glycoprotein 

Myelin differentiation
Krox-20
SOX10

Gliogenesis
GFAP
FABP-7

Neurogenesis
Mash1
Neurogenin1

Oligodendrocyte-type-2 astrocyte
(O-2A) precursors
A2B5
Nestin
PDGF Rα

Type 2 Astrocyte
A2B5
GFAP
Musashi-1
S-100β

Oligodendrocyte
Olig1 & 2
O1
O4
Myelination antigen

Type 1 Astrocyte
A2B5
FGF R3
GFAP
Ran-2
S-100β

Glial-restricted progenitors
A2B5
FGF Rs
Nestin

Neuron-restricted progenitors
E-CAM
MAP2
Nestin
Tuj1 (βIII tubulin)

Differentiated postmitotic 
neuronal cells
Neurofilaments
Neurotransmitter synthesizing 
enzymes
Synaptic proteins

Neural Stem Cells (NSCs)

Intracellular Molecules
FABP-7 Musashi-1 & -2
Nestin Nucleostemin
SOX1/-2 Vimentin
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• Activation/Repression of Signaling Pathway
– Luo, Y. et al. Functional SDF1 alpha/CXCR4 

signaling in the developing spinal cord. J
Neurochem. 2005, 93(2):452.

– Campos, L.S. et al. Beta1 integrins activate a MAPK
signalling pathway in neural stem cells that 
contributes to their maintenance. Development  
2004, 131(14):3433.

• Translocation
– Tsai, R.Y. et al. A nucleolar mechanism controlling 

cell proliferation in stem cells and cancer cells. 
Genes Dev. 2002,16(23):2991.

– Otero, J.J. et al. Beta-catenin signaling is required for 
neural differentiation of embryonic stem cells. 
Development  2004,131(15):3545.

Phospho-ERK1/ERK2 (T202/Y204) 

Nucleostemin/DAPI

Immunohistochemistry/Immunocytochemistry for Mechanism Studies

Quality | Selection | Performance | Results

Recap

• Specificity

• Ensure phenotype with multiple markers, positive and 
negative
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Techniques in Immunohistochemistry

IHC for stem cell research is no different IHC for stem cell research is no different 
from IHC for other tissues with regard to:from IHC for other tissues with regard to:

•Tissue fixation

•Staining techniques

•Using controls

•Analysis of staining

Brief Historic Overview of Histochemistry 
and Immunohistochemistry for Neuroscience Research

1941 Albert H. Coons and colleagues developed immunofluorescence technique. 
Albert H. Coons and N. H. Kaplan were the first to attach a fluorescent tag to an antibody 
to use it for the detection of antigens in tissues sections. 

1962 Falck and Hillarp developed a histochemical technique for cellular localization of monoamines.

1964 Dahlström and Fuxe applied histochemical technique developed by Falck and Hillarp to identify    
regions of catecholamine-containing cell bodies and traced the primary axonal projections of these 
cell groups to various brain regions. 

1966 Enzymatic tag technique has been developed by Graham and Karnovsky who suggested to use  
horseradish peroxidase for ultrastructural cytochemistry. 

1970 Sternberger developed peroxidase-antiperoxidase (PAP) technique.

1971 Hökfelt applied immunohistochemistry to visualize neurotransmitters in brain. 
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Fixation of cells and tissues for IHC

Purpose: to preserve tissue morphology and tissue antigenicity 

Formaldehyde
Fixation with formaldehyde is based on the formation of “protein-protein” and 
“protein-nucleic acid” cross-links involving methylene bridges (-CH2-).

Alcohols
Methanol and ethanol replace H2O molecules from tissues and cause 
precipitation of proteins at their isoelectric points by reducing dielectric constant 
of proteins.

Acetone
Acetone causes irreversible precipitation of tissue proteins. Used in combination 
with alcohols and formaldehyde. 

Perfusion fixation
•is the best way to preserve the morphology of the neuronal tissue and tissue  
antigens.
•can be done either manually (using gravity or hand-held syringes) or using 
automated perfusion systems .

Immersion fixation
•done on samples (e.g. human tissues and tissue slices used for 
electrophysiological recording) which cannot be fixed by perfusion. 

•used to fix cultured cells. 

•can be done at room temperature.  

Post-fixation
•this is an immersion fixation of tissues previously fixed by perfusion fixation. 
This type of fixation is done when perfusion fixation alone is not enough to 
preserve tissue antigenicity. 

Tissue fixation

Tissue sectioning

Slide-mounted cryostat sections (2-20 um)
Can be mounted onto gelatinized slides for better adhesion during
the incubation and washing steps in IHC experiments.

Free-floating unmounted tissues
•Tissue slices (50-200 um) 

•Whole mount embryos 
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Preparing tissue blocks for cryostat sectioning
When mounting brain tissues onto cryostat chucks for cutting it is advisable to draw a 
diagram outlining the distribution of tissues on the chuck.

Tissue arrays for cryostat sectioning
When performing qualitative or quantitative IHC simultaneous staining of                  
multiple tissues it is advisable to avoid inter-experimental inconsistencies in IHC 
labeling. 

To do this, tissues have to be mounted onto the same chuck for simultaneous 
sectioning. 

The mounting can be done in the form of tissue arrays using gelatin as a tissue support 
and array grid.

Alternatively, Arraying Can Be Done 
Using Irrelevant Tissues (e.g., Liver, 
Heart) From the Same Animal to Make 
a Grid
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Freezing of tissues for sectioning on the 
cryostat

Must be quick to avoid formation of ice crystals, which expand 
and damage cells.

•Liquid nitrogen

•Isopentane

•Carbon dioxide gas

•Dry ice/Ethanol

Primary Antibodies for IHC

Polyclonal: rabbit, chicken, guinea pig, goat, sheep 

Antiserum
•Is a mixture of antibodies produced by many B cell clones which have different 
specificities and affinities towards target antigens. 

•High possibility of cross-reaction with irrelevant molecules resulting 
in high background and non-specific labeling.

Affinity-purified
•interact predominantly with target proteins of interest. 

•produce low non-specific background. 

•consistent cell and tissue labeling.

Primary Antibodies for IHC

Which antibodies are better for IHC, monoclonal or polyclonal?

Antibodies must be specific and have minimal cross-reactivity 
with irrelevant tissue targets. 

Typical working dilution range

affinity-purified polyclonal antibodies: 0.1 to 15 µg/mL 

monoclonal antibodies: 1 to 25 µg/mL 
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Detection methods in IHC
Fluorescence

Goat-anti-VR1
+

Anti-goat-AMCA

Chicken-anti-BDNF
+

Anti-chicken-FITC

Biotinylated Goat anti-Trk A
+

Streptavidin-Rhodamine Red X

Chromogenic

•Utilize enzymatic reactions (e.g. HRP, Alkaline Phosphatase) 
to convert soluble substrates (e.g. DAB, AEC, BCIP/NBT) into 
insoluble color precipitates at the sites of antigen localization 
within the tissue. 

•Chromogenic detection is considered to be more sensitive than 
that of fluorescence, but is less convenient than the latter 
because it includes  more incubation and blocking steps.

•Chromogenic detection allows for the detection of multiple antigens, 
only if they are confined to different parts of the cell and tissue because 
overlapping colors may obscure each other.

Detection methods in IHC (continued)

IHC controls

“Immunocytochemical interpretations are 
only as good as their controls”

Mark C. Willingham
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Auto-Background Control 

IHC controls (continued)

Bright field             Fluorescence (red)      Fluorescence (green)

Background staining can be caused by a non-degradable pigment 
Lipofuscin in neuronal cells

“No Primary” Antibody Control
Purpose: To determine whether staining is generated by detection reagents 
alone, and to find out if (i) ) it can be considered negligible, (ii) it does not obscure 
specific staining, and (iii) it does not resemble a specific staining. 
Procedure: Tissue is incubated with antibody diluent alone, which 
does not have primary antibodies. 

IgG Control
Purpose: To ensure that what appears to be a specific staining was not caused 
by a non-specific interaction of immunoglobulin molecules with the tissue.
Procedure: Tissue is incubated with antibody diluent, 
supplemented with a non-immune immunoglobulin of the same 
isotype as primary monoclonal antibodies (e.g.IgG1, IgG2A, IgG2B, IgM). 

IHC controls (continued)

Absorption Control
Purpose: To demonstrate that antibodies bind to specific tissue targets.
Procedure: Before adding to tissues, antibodies are pre-incubated with
immunogens to neutralize antibodies. Neutralized (or pre-absorbed) 
antibodies are expected to produce no staining on cells and tissues.

IHC controls (continued)

Absorption control using peptide immunogen

HRP-DAB detection of 
phospho-MSK1 on the 
cryostat section of rat DRG

Tissue section was incubated with anti
phospho- MSK1 antibodies  pre-absorbed 
with S212 phosphorylated peptide
immunogen.
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Absorption control using protein immunogen

Absorption control
Antibodies to GDNF were pre-absorbed 
with R&D Systems recombinant rat 
GDNF (512-GF-010). 

Specific staining
Immunofluorescence labeling for 
GDNF (outlined by the yellow loop) in 
rat spinal cord dorsal horn using R&D 
Systems goat anti human/rat GDNF 
antibodies (AF212).

IHC controls (continued)

Anti-TrkA antibodies were raised against the recombinant (truncated) rat TrkA
extracellular domain. The truncated molecule has a lower molecular weight 
than that of a naturally occurring receptor. Lysate of rat thymus was run on 
the gel as a negative control.

IHC controls (continued)
Immunoprecipitation/Western Blotting Control

IHC controls (continued)
Immunoprecipitation/Western Blotting Control

Continuous Epitope
Epitope-forming parts of the antigen are contiguous within the 
polypeptide/protein chain. Antibodies recognize denatured proteins 
with continuous epitopes.
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IHC controls (continued)

Discontinuous Epitope
Epitope-forming amino acid residues of the antigen are not 
contiguous within the polypetide/protein chain. Antibodies may not 
recognize denatured proteins with discontinuous epitopes. 

Immunoprecipitation/Western Blotting Control
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Specific Staining 
HRP-DAB detection of phospho-MSK1on the cryostat section 
of rat DRG (arrows point at labeled nuclei) using R&D Systems 
rabbit  anti human/mouse phospho-MSK1 (S212) affinity 
purified antibodies (AF1036). 

Absorption control 
Tissue section was incubated with anti phospho- MSK1 antibodies  
pre-absorbed with S212 phosphorylated peptide immunogen. Note 
that labeling of cell nuclei was completely  abolished. 

Absorption control using peptide immunogen

Absorption control using protein immunogen

Immunofluorescence labeling for GDNF (outlined by yellow 
loop) in rat spinal cord dorsal horn using R&D Systems goat 
anti human/rat GDNF antibodies (AF212). 

Absorption control. Antibodies to GDNF were pre-absorbed 
with R&D Systems recombinant rat GDNF (512-GF). Note 
appearance of bright non-specific speckles throughout the 
tissue. 
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The mechanism underlying protein-induced background staining is not completely understood, but is hypothesized to be caused by the 
formation of a “tissue-protein-primary antibodies”  sandwich.

For this reason protein absorption controls may not abolish or eliminate specifi c staining, but rather cause strong non-specifi c background 
staining. In addition, protein absorption controls are costly because they require large amounts of proteins. 

Immunoprecipitation/Western Blotting Control

Purpose: To demonstrate that antibodies bind protein of appropriate molecular weight.

Procedure: Determine molecular weight of the protein antibodies bind to in tissue lysate.

Do you know that molecular weight of the target protein determined by Western blotting may be different 
from the predicted molecular weight?

Due to post-translational modifi cations of proteins their molecular weight may be “larger” than that of predicted one based on 
amino-acid sequence. For example, predicted molecular weight of Trk A is about 80 kDa, but on Western blots it is detected as a 
140-145 kDa protein because it has numerous N-linked extracellular glycosylation sites. 

?

Hypothetical mechanism underlying formation of non-specifi c 
tissue staining when using proteins for absorption control

Example of Immunoprecipitation/Western Blotting Control
Anti-TrkA antibodies were raised against the recombinant 
(truncated) rat TrkA extracellular domain. As it can be seen on the 
blot, the truncated molecule has a lower molecular weight than 
that of a naturally occurring TrkA receptor. Lysate of rat thymus 
was run on the gel as a negative control. 
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Antibody

Antigen  
(native conformation)

Antibody

Antigen  
(denatured)

Continuous Epitope
In the primary structure of the protein epitope-forming parts are adjacent (contiguous within the 
polypetide/protein chain). It is very likely that antibodies bind denatured proteins with continuous 
epitopes. In these cases it is easy to confirm antibodies’ specificity. 

Discontinuous Epitope
Epitope-forming parts of the protein are separated in its primary structure, but brought together 
when the protein is folded (secondary and tertiary structure). Treatment of tissue lysates with SDS 
for immunoprecipitation/Western blotting controls may change the location of residues within the 
discontinuous epitope hindering its recognition by the antibody. This may result in detecting no 
bands of proteins of expected molecular weight suggesting that antibodies lack IHC specificity. 
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Possible Source Test or Action

Lack of antigen Check protein expression by in situ hybridization (although in some rare cases translation may be 
blocked even though mRNA is detected) 

Antibodies do not work due to improper 
storage

Aliquot antibodies into smaller volumes sufficient to make a working solution for a single experiment. 
Store aliquots in a freezer (-20 to -70°C) and avoid repeated freeze-thaw cycles 

Inactive primary antibodies Replace with a new lot of antibodies

Inadequate tissue fixation Try different fixative

Tissue overfixation Reduce duration of immersion or postfixation. If immersion fixation cannot be avoided (for example, 
collection of postmortem tissues or biopsies in pathology lab) antigens may be unmasked by treatment 
with antigen-retrieval reagents

Incompatible secondary and primary antibodies Use secondary antibody that will interact with the primary antibody. For example, if primary antibodies 
were raised in rabbits, use anti-rabbit secondary but not anti-mouse or anti-goat 

Inactive secondary reagents Replace with new reagents

Antigen was destroyed before incubation with 
primary antibody

Quenching of endogenous peroxidase was done prior to the addition of primary antibodies. Block 
peroxidase after incubation with primary antibody

Quick Troubleshooting Guide

Problem: Lack of Staining

Possible Source Test or Action

High concentration of primary and/or secondary 
antibodies and/or reagent 

Determine optimal concentration for each component of immunohistochemical reaction: primary 
antibodies; secondary antibodies; enzymes catalyzing formation of color precipitates 

Long incubation time Determine optimal incubation time for each component of immunohistochemical reaction: primary 
antibodies; secondary antibodies; enzymes; chromogenic substrates 

Non-specific binding of primary and/or 
secondary reagents to tissues 

Treat tissues to reduce or block non-specific binding of immunohistochemical components to tissues, for 
example, by Avidin-Biotin Blocking Reagents 

Problem: Overstaining

IHC Resources
1. Pearse, A.G. E. (1980). “Histochemistry Theoretical and Applied”, Churchill Livingstone.

2. Barker, K. (1988). “At the bench: A Laboratory Navigator”, Cold Spring Harbor Laboratory Press. 

3. Techniques in Immunocytochemistry (1990, Volume 2, Editors G.R. Bullock and P. Petrusz). Academic Press.

4. Techniques in Immunocytochemistry (1989, Volume 4, Editors G.R. Bullock and P. Petrusz). Academic Press.

5. Immunochemistry 1 & 2 (1997, Editors A.P. Johnstone and M.W. Turner). IRL Press.

6. Immunohistochemistry II (1993, IBRO Handbook Series: Methods in the Neurosciences. Volume 3, Editor A.C. Cuello). John Wiley & Sons.

7. Antigen Retrieval Techiques: Immunohistochemistry and Molecular Morphology (2000, Analytical Morphology and Molecular Pathology 
Series, Editors S-R Shi, J. Gu and C.R. Taylor). A BioTechniques Books Publication (Eaton Publishing).
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