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The field of molecular pathology has advanced over the 
past 15 years with the integration of laser-based microdis-
section systems and a variety of associated biological 
assays and analysis methods (Bonner et al. 1997; Emmert-
Buck et al. 1996; Burgess and Hazelton 2000; Iyer and 
Cox 2010; Craven and Banks 2001; Mustafa et al. 2008; 
Lawrie and Curran 2005; Charboneau et al. 2002; Gil-
lespie et al. 2004; Bichsel et al. 2001; Callagy et al. 2005; 
Kurihara et al. 2002). The ability to dissect either 

morphologically defined cells or discrete geographic 
regions of a tissue section under microscopic visualization 
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Summary

Laser-based tissue microdissection is an important tool for the molecular evaluation of histological sections. The technology 
has continued to advance since its initial commercialization in the 1990s, with improvements in many aspects of the process. 
More recent developments are tailored toward an automated, operator-independent mode that relies on antibodies as 
targeting probes, such as immuno–laser capture microdissection or expression microdissection (xMD). Central to the 
utility of expression-based dissection techniques is the effect of the staining process on the biomolecules in histological 
sections. To investigate this issue, the authors analyzed DNA, RNA, and protein in immunostained, microdissected samples. 
DNA was the most robust molecule, exhibiting no significant change in quality after immunostaining but a variable 50% to 
75% decrease in the total yield. In contrast, RNA in frozen and ethanol-fixed, paraffin-embedded samples was susceptible 
to hydrolysis and digestion by endogenous RNases during the initial steps of staining. Proteins from immunostained tissues 
were successfully analyzed by one-dimensional electrophoresis and mass spectrometry but were less amenable to solution 
phase assays. Overall, the results suggest investigators can use immunoguided microdissection methods for important 
analytic techniques; however, continued improvements in staining protocols and molecular extraction methods are key to 
further advancing the capability of these methods. (J Histochem Cytochem 59:591–600, 2011)
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is aiding in the discovery of molecular changes in histo-
logical sections, enabling researchers to ask questions that 
were not technologically feasible in the past. More 
recently, users have begun employing immunohistochemi-
cally stained tissue to guide the dissection process. Sev-
eral such approaches are in use or in development, 
including visual immunoguided dissection (immuno–laser 
capture microdissection [LCM]), computer-based stain 
recognition software programs, and expression microdis-
section (xMD) (Fig. 1) (Fend et al. 1999; Eltoum et al. 
2002; Tangrea et al. 2004; AutoScanXT Software, Molec-
ular Devices, Sunnyvale, CA). Immunoguided microdis-
section adds the advantages of increased yield, automation, 
and the ability to isolate cells or subcellular structures 

based on functionality/expression rather than purely mor-
phological recognition. Moreover, immunohistochemistry 
(IHC) can define specific cells or subcellular structures 
with more precision than standard histochemical staining, 
offering a finer dissection resolution on the order of ~1 
micron in size or less. As an example, xMD uses the 
3,3′-diaminobenzidine (DAB) chromogen, used in peroxi-
dase-based IHC, to absorb infrared laser energy, which 
results in focal heating of an ethylene vinyl acetate (EVA) 
polymer film in contact with the stained cells (Tangrea et 
al. 2004). This novel technology provides a high-through-
put, user-independent method for biomolecular studies of 
specific antigen-expressing cells or subcellular structures.

Originally developed in the 1940s and then refined by 
the incorporation of enzymes in the 1960s, IHC is a valu-
able tool for histopathological analysis (Nakane and Pierce 
1966, 1967; Nakane 1968; Avrameas and Uriel 1966; Coons 
et al. 1941). Despite some additional modifications made 
over the years such as the integration of biotin-streptavidin 
and other labeling enzymes, the technique has remained 
true to its initial intent, which is to improve visualization of 
specific antigens within the two-dimensional histology of a 
tissue section (Cordell et al. 1984; Green 1990; Burnett  
et al. 1997). From a cell procurement standpoint, standard 
IHC methods can now be successfully adapted to new 
immuno-based dissection techniques; however, to date, 
there has been little assessment of the effects of immunos-
taining on biomolecule status or recovery. Our recent expe-
riences developing and employing immuno-based dissection 
methodologies have suggested that the IHC process can 
negatively affect some biomolecules in tissue sections. To 
understand this more thoroughly, a variety of tissues 
(mouse, rat, human) and organs (liver, kidney, prostate, 
brain, ovary, lymph node) were selected to test the standard 
IHC protocol and assess biomolecular recovery. Basic 
quantitative and qualitative downstream analysis methods 
were employed to systematically evaluate the retrieval of 
each type of biomolecule (DNA, RNA, protein) following 
IHC. The study highlights the robustness of DNA and pro-
teins and the labile nature of RNA.

Materials and Methods
Tissue Specimens

Human, mouse, and rat tissue specimens were used in the 
study and included the following tissue types: prostate 
(human), ovarian (human), brain (rat and mouse), lymph 
node (human), kidney (mouse), and liver (mouse). 
Biomolecular recovery from formalin-fixed paraffin-
embedded (FFPE), ethanol-fixed paraffin-embedded 
(EFPE), and snap-frozen tissue was examined. Mouse 
samples were purchased from Pel-Freeze Biologicals 
(Rogers, AR). Rat tissue was obtained according to National 

Figure 1. Schematic representation of immunoguided micro-
dissection technologies. LCM, laser capture microdissection.
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Institutes of Health (NIH) guidelines. All human specimens 
were collected under an institutional review board (IRB)–
approved protocol and subsequently anonymized.

Immunohistochemistry
A standard IHC protocol using the DAKO Envision+ stain-
ing kit (DAKO, Carpinteria, CA) or Invitrogen Histostain 
Plus DAB kit (Invitrogen, Carlsbad, CA) was used for IHC 
reactions according to the manufacturer’s instructions. For 
the FFPE tissue, an antigen retrieval step using heat-
induced epitope retrieval preceded IHC. Briefly, following 
dewaxing and rehydration, FFPE tissues were incubated for 
20 min in a hot DAKO Antigen Retrieval solution (DAKO). 
EFPE tissue were dewaxed and rehydrated prior to IHC but 
not subjected to antigen retrieval. Frozen tissues were fixed 
in 70% ethanol for 2 min prior to IHC. Primary antibodies 
for cytokeratin AE1/AE3 (Invitrogen/Zymed, Carlsbad, 
CA; DAKO), histone H1 (Neomarkers, Fremont, CA), 
CD31 (BD Pharmigen, San Diego, CA), desmin (Invitrogen/
Zymed), and PCNA (Invitrogen/Zymed) were used at a 
1:50 dilution with Zymed Antibody Dilutent Solution 
(Invitrogen/Zymed). Primary and secondary antibody incu-
bation times were 30 min each at room temperature, unless 
otherwise stated.

DNA Analysis
For DNA quantity and quality measurements, a 12.5-mm2 
diameter circle was dissected from frozen ovarian carci-
noma tissue using the Veritas LCM machine (Life 
Technologies, Carlsbad, CA). DNA from dissected tissues 
was purified using the QIAamp DNA Micro Kit (Qiagen, 
Valencia, CA) according to the manufacturer’s instructions. 
Purified DNA was quantified using a NanoDrop UV spec-
trometer (Thermo Scientific, Waltham, MA) at 265 nm. To 
test DNA integrity, PCR amplification was completed with 
three different sets of primers for β-globin amplicons of 
various sizes (152 bp, 268 bp, and 676 bp), as described 
previously (Gillio-Tos et al. 2007). PCR products were run 
on a 2% agarose gel and stained with ethidium bromide.

All other DNA analysis studies, such as DNA methylation, 
are described elsewhere (Grover et al. 2006; Hanson  
et al. 2006; Rodriguez-Canales et al. 2007). Briefly, immunos-
tained tissue was microdissected via xMD or LCM and then 
digested with proteinase K overnight. Following lysis and 
enzyme inactivation at 95C, the DNA was bisulfite modified 
with the EZ DNA Methlyation Gold kit (Zymo Research, 
Orange, CA) according to the manufacturer’s instructions.

RNA Analysis
RNA quality and quantity were determined using the 
Agilent BioAnalyzer (Santa Clara, CA) according to the 

manufacturer’s instructions. Commercially available HeLa 
cell total RNA (Invitrogen) and total human heart RNA 
(Ambion/Applied Biosystems, Austin, TX) were used for 
the RNA quality studies. RNA extraction from the tissue 
specimens was completed using either the Qiagen RNeasy 
mini kit (Qiagen) or Arcturus Picopure kit (Life Technologies) 
according to the manufacturer’s instructions. RNA samples 
were quantified by NanoDrop UV spectrometer, and subse-
quent TaqMan analysis was carried out on an Applied 
Biosystems 7500 Fast Real-Time PCR System (Applied 
Biosystems, Foster City, CA) according to the manufac-
turer’s instructions.

Protein Analysis
1D-PAGE of frozen immunostained human prostate tissue 
scrapes was completed on 4% to 20% Tris-Glycine gels 
(Invitrogen) at 125 V for 1.5 hr. The 1D-PAGE gels were 
stained using Microwave Blue (Protiga, Frederick, MD) 
according to the manufacturer’s instructions. For 2D-PAGE 
analysis, eight frozen mouse liver sections were immunos-
tained for smooth muscle actin via a peroxidase-based 
staining method. Following staining, the tissues were 
scraped from the glass slides and placed in ToPI-PAGE 
Buffer (ITSI Biosciences, Johnstown, PA) with protease 
inhibitor cocktail (GE Healthcare/Amersham Biosciences, 
Piscataway, NJ). Eight unstained frozen mouse liver sec-
tions were used as a control sample. 2D-PAGE analysis was 
completed with the Ettan IPG Phor system (GE Healthcare) 
and the pH 3–10 gel strip according to the manufacturer’s 
instructions.

For Western blot analysis, frozen mouse liver, kidney, and 
brain tissue were cryo-sectioned at 10 µm onto charged glass 
slides. The sections were fixed briefly in 70% ethanol. The 
unstained sections were then scraped and transferred to an 
Eppendorf tube. The stained sections went through an immu-
nohistochemistry protocol for mouse anti–histone H1 (1:50 
dilution; Abcam) as described above. The stained and 
unstained sections were then placed in a SDS Tris-Glycine 
sample buffer with β-mercaptoethanol and heated to 95C for 
10 min. For the microdissected Western blot, a circular tissue 
area of 12.5 mm2 was dissected via LCM on the Arcturus XT 
machine (Life Technologies). Following dissection, the films 
were removed from the LCM caps and placed in the SDS 
Tris-Glycine buffer with β-mercaptoethanol. Multiple caps 
were combined to generate the sample areas, either 50 mm2 
or 25 mm2. The microdissected samples were gently heated 
at 60C for 10 min to prevent melting of the LCM film during 
lysis. The samples were centrifuged at full speed for 10 min, 
and then the supernatant was loaded onto a 4% to 20% Tris-
Glycine gel. The samples were electrophoresed at 125 V for 
1.5 hr. The separated proteins were then transferred to a 
PVDF membrane via the iBlot system (Invitrogen) according 
to the manufacturer’s instructions. A rabbit anti–proliferating 
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cell nuclear antigen (PCNA) antibody (1:200 dilution; 
Abcam) was used to probe the PVDF membrane using the 
TMB Western Blot Kit (KPL, Inc., Gaithersburg, MD) for 
blocking and detection according to the manufacturer’s 
instructions. 3T3 cell lysate (ProSci Incorporated, Ponway, 
CA) was used as a control for PCNA as recommended by the 
antibody manufacturer.

For mass spectrometry, microdissected cells were lysed in 
50 µL of trifluoroethanol (TFE)/50 mM ammonium bicar-
bonate (1:1, v:v) and then sonicated in a water bath for 20 
min (Wang et al. 2005; Liebler and Ham 2009). Samples 
were reduced with dithiothreitol (10 mM) at 50C for 15 min 
followed by alkylation with iodoacetamine (20 mM) in the 
dark at room temperature for 15 min. The buffer was adjusted 
to 250 µL (containing 10% TFE and pH adjustment for tryp-
sin to 8.0) and tryptic digestion performed at 37C overnight. 
The digests were resuspended in 5% acetonitrile, 0.1% for-
mic acid for liquid chromatography/mass spectrometry (LC/
MS/MS) analysis. Tryptic peptides were injected into a Nano 
LC 1D Proteomics HPLC system (Eksigent, Dublin, CA) 
coupled online to an (LTQ)-Orbitrap mass spectrometer 
equipped with a Nanomate nanoelectrospray ionization 
source (Advion, Ithaca, NY). Upon injection, all peptide 
samples were desalted and preconcentrated online with a 
nano-C18 precolumn (300 mM × 5 mm) and then separated 
using a 75 mm × 10 cm BetaBasic-18 PicoFrit analytical col-
umn (New Objective, Woburn, MA) connected to the nano-
spray source. A linear gradient was developed using a 400-nl/
min flow rate. LC mobile phases were A: 95% water/5% ace-
tonirile/0.1% formic acid and B: 20% water/80% acetoni-
trile/0.1% formic acid. Retained analytes were eluted by 
increasing the acetonitrile concentration to 60% or 1.25% per 
min. All 1D LC/MS/MS experiments were operated such that 
spectra were acquired for 60 min in the data-dependent mode 
with dynamic exclusion enabled. The top five peaks in the 
400- to 2000-m/z range of every MS survey scan were frag-
mented. Survey spectra were acquired with 60,000 resolu-
tions in the Orbi-mass analyzer and fragmented in the LTQ 
ion trap. The spectra were analyzed using MASCOT search-
ing engine against the Swissprot database. The precursor ion 
tolerance was set to 0.1 Da, whereas fragment ion tolerance 
was 0.8 Da. Candidate peptides were required to possess 
tryptic termini at both ends and allowed a maximum of one 
missed cleavage. A final list of protein identifications was 
created adhering to the parsimony principle, reporting a mini-
mal number of protein identifications from a pool of uniquely 
identified peptides.

Results and Discussion
DNA Analysis

The status of DNA in immunostained histological sections 
depends heavily on the upstream tissue processing steps. In 

general, snap-frozen tissue sections contain high-quality, 
relatively intact DNA that is amenable to a full range of 
analysis techniques, including Southern blots, PCR, and 
array-based technologies (Frost et al. 2001; Reynolds and 
Diehl 1993). EFPE tissue also has relatively large, intact 
DNA, although the quantity recovered is reduced compared 
to frozen tissue specimens (Gillespie et al. 2002). In contrast, 
FFPE tissue contains fragmented DNA due to the effects of 
formalin fixation; however, these samples can be analyzed 
by PCR, sequencing, and arrays if the conditions are adapted 
for smaller sized DNA pieces (Wood et al. 2010).

Overall, the data indicate that DNA is the most robust 
biomolecule for use with the new expression-based dissec-
tion systems and is affected the least by the IHC process. 
DNA remains stable during IHC, and the quality is essen-
tially the same before and after the staining process. Using 
PCR amplification of β-globin, the integrity of DNA was 
not affected by IHC; however, DNA quantity was dimin-
ished (Fig. 2). Evaluating the DNA quantity recovered from 
frozen immunostained breast, ovarian, and prostate tissue, 
the amount recovered was diminished by ~50% to 75% of 
the amount recovered from unstained tissue from the same 

Figure 2. DNA analysis following immunostaining. (A) DNA 
concentrations following immunohistochemistry (IHC) of frozen 
ovarian carcinoma. DNA was purified prior to determination of 
concentration. Control is unstained tissue. (B) PCR amplification 
of a 676-bp amplicon of β-globin from immunostained frozen 
ovarian tissue. DAB, 3,3′-diaminobenzidine; H&E, hematoxylin and 
eosin.
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case. The reduction in DNA from tissue sections after IHC 
is more pronounced after staining of nuclei, such as with 
anti–histone H1, when compared to cytoplasmic staining 
with cytokeratin AE1/AE3 (Fig. 2A). This effect is most 
likely due to problems in DNA recovery as opposed to DNA 
damage because the quality of the DNA was not affected 
during the staining process, suggesting that the higher con-
centration of DAB stain in the local vicinity of the genomic 
DNA interfered in subsequent extraction steps.

Despite the diminished recovery, DNA from immunos-
tained tissue is amplifiable by PCR, with no obvious differ-
ence in performance between IHC-stained and unstained 
samples (Fig. 2B). Beta-globin PCR amplicons of various 
sizes (152 bp, 268 bp, and 676 bp) were produced from puri-
fied frozen ovarian tumor DNA samples, thus indicating that 
the quality of DNA recovered from immunostained tissue is 
sufficient for successful amplification, including relatively 
large amplicons of up to 676 bp in length. These results are 
consistent with several other studies in our group (Eberle  
et al. 2010; Grover et al. 2006; Hanson et al. 2006). For 
example, it was previously shown that xMD samples could 
be evaluated for DNA methylation status via pyrosequencing 
(Grover et al. 2006; Hanson et al. 2006), demonstrating that 
DNA recovered from immunostained EFPE samples, both 
stromal and endothelial cells, produced accurate genomic 
sequencing after bisulfite modification and PCR amplifica-
tion. Similarly, our laboratory used immuno-LCM to recover 
stromal cells for DNA methylation analysis of EFPE human 
prostate tissue in an epigenetic, anatomical mapping project 
(Rodriguez-Canales et al. 2007), and no significant adverse 
effects from IHC on the quality of the DNA recovered were 
observed. Finally, we were able to establish an optimized 
protocol for antigen retrieval (AR) and IHC of FFPE speci-
mens suitable for immuno-LCM and DNA methylome analy-
sis using a high-throughput array (Eberle et al. 2010). DNA 
from microdissected cells of immunohistochemically or 
hematoxylin and eosin (H&E)–stained tissue sections showed 
identical DNA quality and a strong correlation (r = 0.94–
0.98) for CpG target methylation of 1505 sites in a series of 
five paired lymphoid samples (Eberle et al. 2010). Taken 
together, these results demonstrate the ability to successfully 
analyze DNA recovered from immunostained tissue sections. 
To date, the main drawback is the reduced DNA yields from 
these samples, a difficulty that can be mitigated by the use of 
PCR to amplify recovered DNA and one that is counterbal-
anced by the increased speed and/or precision of probe-based 
dissection.

RNA Analysis
Similar to DNA, RNA is generally of high quality in frozen 
tissue sections and is fragmented in both FFPE and EFPE 
samples (Benchekroun et al. 2004; Okello et al. 2010; 
Farragher et al. 2008; Penland et al. 2007; von Ahlfen et al. 

2007; Perlmutter et al. 2004). However, in contrast to 
DNA, the stability of RNA during the immunostaining pro-
cedure is markedly reduced in frozen and EFPE samples 
due to endogenous tissue RNases that become active during 
the staining process. The conundrum for investigators is 
that aqueous buffer conditions used for immunostaining are 
also favorable for RNase activity, making it difficult to 
simultaneously stain tissue and protect the RNA. Numerous 
attempts by our group and others to address this challenge 
have met with only limited success (Brown and Smith 
2009; von Smolinski et al. 2006). For example, modifying 
the IHC process by shortening the incubation steps and 
decreasing the time for IHC to as little as 15 min, compared 
to the standard 90-min protocol, did not significantly 
improve yields. In parallel with shortening incubation 
times, RNase inhibitors such as RNase OUT or ribonuclea-
side vanadyl complex were also added to the incubation 
solutions and evaluated. Other approaches tested included 
using RNA-preserving products such as RNAlater ICE, 
RNase Away, and pretreatment of the tissue with acetone, 
as well as protein cross-linkers and cysteine-cysteine 
reducing agents to decrease endogenous RNase activity. 
Overall, these approaches and those reported by other 
groups provided only minimal positive benefit in preserv-
ing RNA quality and quantity during IHC and have not 
proven universally successful with a broad range of anti-
bodies and tissue types. At present, most studies of RNA 
after immunostaining are limited to RT-PCR analysis of 
small amplicons or alternatively are performed on tissues 
with low levels of endogenous RNase activity such as brain 
(Macdonald et al. 2008; Fassunke et al. 2004; Jin et al. 
2001; Fend et al. 1999).

A systematic analysis of RNA during IHC illustrates that 
significant degradation occurs throughout the entire pro-
cess. Moreover, because IHC methods were developed for 
tissue staining and visualization, many standard reagents 
are not RNase free, an issue that needs to be considered 
when using commercial immuno-based kits for studies that 
include a subsequent RNA analysis component. For exam-
ple, as shown in Figure 3A, HeLa cell line total RNA incu-
bated with primary antibody solution resulted in degradation 
of the 18s and 28s rRNA bands within 20 min, indicating 
the primary antibody solution itself demonstrated RNase 
activity. Next, the effects of endogenous tissue RNases dur-
ing each wash and incubation step of IHC were assessed. As 
seen in Figure 3B, significant degradation of RNA by 
endogenous RNases occurs continuously over time, and 
within 5 min, there is no visible rRNA. RNA displayed 
signs of degradation as early as the initial wash step with 
PBS, and additional hydrolysis was observed at each subse-
quent IHC stage. In an attempt to reduce RNA fragmenta-
tion, we performed immunostaining of a tissue section with 
diethylpyrocarbonate (DEPC)–treated water in place of 
standard RNase-free PBS. The 18s and 28s bands of rRNA 
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were retained after IHC; however, the procedure failed to 
stain the tissue due to the inability of the primary antibody 
to bind its antigen in a non-buffered solution (data not 
shown). This result again highlights the difficulty in identi-
fying experimental conditions for tissue sections that are 
favorable for immunostaining but at the same time unfavor-
able for RNase activity.

In contrast to frozen and EFPE tissue samples, FFPE 
specimens may be uniquely applicable for immunoguided 
mRNA studies in the future, especially when high-through-
put methods such as auto-recognition dissection software or 
xMD are employed to procure a sizable number of cells. In 
fact, this may prove to be a particularly important and valu-
able capability of probe-based microdissection. Traditionally, 
investigators have analyzed RNA in FFPE tissue by starting 
with relatively large amounts of non-microdissected tissue—
multiple serial microtome sections, for example, thereby cre-
ating enough medium- and large-size mRNA fragments for 
successful analysis (Roberts et al. 2009). However, this strat-
egy is problematic for standard dissection studies because 
there are practical limitations to the number of cells that can 
be procured. The potential advantage of FFPE specimens for 
immunoguided microdissection is that endogenous tissue 
RNases may become entrapped in a meshwork of crosslinked 
proteins during formalin fixation, possibly rendering them 
inactive, allowing for improved RNA preservation during 
IHC. Because expression-based dissection technologies 
enable one to dissect significantly more cells (an order of 
magnitude or more) than typical phenotype-based microdis-
section, we propose that it may allow for RNA to be obtained 

from FFPE tissue, making this a promising approach for 
future gene expression studies of archival pathology 
specimens.

Protein Analysis
In the present study, our focus was on the recovery and 
analysis of proteins from immunostained frozen tissue sec-
tions using 1D-PAGE, Western blot, 2D-PAGE, and mass 
spectrometry. Overall, the data show that IHC affects sub-
sequent protein recovery for some but not all methods. At 
the outset, we were concerned that the exogenously added 
primary and secondary antibodies used for immunostaining 
would be major contaminants and interfere with down-
stream methods, perhaps requiring an antibody removal 
step prior to analysis. However, this was not the case, and 
the primary and secondary antibodies used for IHC were 
not problematic, suggesting the mass amount of antibody 
that binds to tissue during IHC is less than expected (data 
not shown).

We initially analyzed frozen human prostate tissue using 
1D-PAGE and found that proteins can be successfully ana-
lyzed by denaturing electrophoresis and are of generally 
good quality following immunostaining (Fig. 4A). However, 
the quantity of recovered protein varies depending on the 
method used for immunostaining, colorimetric versus fluo-
rescent. Other laboratories have had similar observations 
and switched from a horseradish peroxidase–based approach 
to an alkaline phosphatase system (Lu et al. 2008). At pres-
ent, use of fluorescent staining and auto-recognition soft-
ware is the preferred staining approach (Fig. 4A); however, 
colorimetric staining is effective for many xMD-based 
studies, and efforts to replace DAB with immunogold tar-
geting or other nanoparticles are in progress.

In addition, we evaluated the immunostaining effect on 
various frozen mouse tissue specimens (liver, kidney, and 
brain) for Western blotting analysis. All three tissues were 
subjected to colorimetric IHC staining for histone H1, a ubiq-
uitous nuclear marker. Following IHC, the tissue was lysed 
and probed via Western blot for PCNA (Fig. 4B). Although a 
PCNA band was detected, a somewhat diminished signal was 
observed in the IHC-stained tissue samples as compared to 
unstained tissue (Fig. 4B, top). This decrease was observed 
even though equal amounts of protein were loaded within 
each tissue group. To investigate further, we LCM dissected 
mouse liver specimens that were either unstained or immu-
nostained (Fig. 4B, bottom). Interestingly, the microdissected 
samples did not exhibit as pronounced a difference in band 
intensity between stained and unstained tissue when com-
pared to the scraped tissue samples. This phenomenon may 
be due to the accessibility of the lysis buffer to the microdis-
sected tissue on the LCM capture film. The data show that 
Western blotting is possible with immunostained tissue, 
although the user may need to adjust the amount of protein 

Figure 3. RNA analysis following immunostaining. (A) An agarose 
gel of 5 µg HeLa total RNA (lane 1) and 5 µg HeLa total RNA 
incubated with primary antibody for anti–cytokeratin AE1/AE3 
for 20 min (lane 2). (B) A BioAnalyzer image of total RNA from 
a frozen tissue section (lane 1), after three quick washes in PBS 
(lane 2), after antibody solution for 5 min (lane 3), after 5-min 
3,3′-diaminobenzidine (DAB) incubation (lane 4), and after 2-min 
DAB enhancer incubation (lane 5).
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lysate loaded onto the 1D-PAGE gel to detect a band, espe-
cially when targeting low abundant proteins.

The most pronounced difficulty observed for protein stud-
ies after immunostaining is with methods that require solub-
lization of the protein content in a relatively gentle extraction 
buffer, solution phase immunoassays or 2D-PAGE as exam-
ples, as the proteins appear compromised to some extent. The 
first dimension of 2D-PAGE uses a mild lysis buffer to main-
tain the pI of the proteins for isoelectrical focusing, and the 
mild buffer is unable to solubilize the majority of proteins 

following IHC. As shown in Figure 4C,D, the amount of 
detectable proteins in IHC-stained frozen mouse liver tissue 
was only a small fraction of that observed when an unpro-
cessed section was evaluated.

In contrast to solution phase assays, mass spectrometry 
appears to be an effective analysis system for immunogu-
ided dissection studies. An important advantage here is that 
harsh chemicals and treatments are typically used to disso-
ciate and digest proteins into peptide fragments, allowing 
the proteome to be studied following IHC. Thus, proteins 

Figure 4. Protein analysis following immunostaining. (A) 1D-PAGE of frozen human prostate tissue either without staining or following 
immunofluorescence (IF) or immunohistochemistry–3,3′-diaminobenzidine (IHC-DAB) staining. (B) Western blots of frozen mouse tissue 
samples before and after IHC-DAB (top) or mouse liver tissue microdissected before or after IHC-DAB (bottom). The total area of laser 
capture microdissection (LCM) dissected tissue is listed where appropriate. In both Western blots (top and bottom), the stained tissue 
was targeted via IHC-DAB for anti–histone H1, and the Western membrane was probed for proliferating cell nuclear antigen (PCNA) 
with a detected molecular weight of 29 kDa. (C) Silver-stained mouse liver lysate 2D-PAGE. (D) Silver-stained mouse liver lysate following 
immunostaining.
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that are not easily recovered in mild solutions can be 
resolved after digestion to peptides. The results to date indi-
cate there is little difference (<10%) in mass spectrometry 
results between unstained tissue and immunostained tissue 
for nuclei (anti–histone H1) or blood vessels (anti-CD31) 
from microdissected, frozen rat brain tissue (Fig. 5). These 
results suggest that mass spectrometry is the method of 
choice for proteomic analysis of immunostained tissue.

Future Directions
The field of molecular pathology is continually advancing 
due to improvements in analysis technologies. Laser-based 
dissection, automated immunostaining, multiplex fluores-
cent probe systems, layered expression scanning (LES), and 
spectral imaging all offer new possibilities for the study of 
histological sections (Gannot et al. 2007; Grogan 1992). 
Importantly, the capability of each new approach must be 
matched to the specific needs of a given study, and investiga-
tors must consider the strengths, weaknesses, and optimal 
use of the methodologies. Next-generation, target-based 
microdissection technologies have the potential to advance 
the molecular pathology field by improving dissection speed 
and precision; however, they also have limitations and draw-
backs depending on the biomolecule(s) to be analyzed.

The present study assessed biomolecule status in immu-
nostained sections and identified assay methods that can be 
used in the near term, as well as areas where improvements 
in protocols or strategy are needed. We found that DNA and 

proteins are more easily recovered following IHC, whereas 
RNA degrades quickly during the initial staining steps, and 
thus the success of downstream analysis methods is highly 
dependent on the integrity of the biomolecules after 
immunostaining.

The current data sets also highlight an important aspect 
of all microdissection-based work—namely, it is preferable 
to compare “like versus like” in studies of dissected cell 
populations whenever possible. In other words, studying 
two cell types from the same histological section will cor-
rect for molecular changes and normalize technical artifacts 
associated with tissue and slide handling as the cells have 
gone through identical processing conditions. Looking for-
ward, continued improvement of these and other method-
ologies likely will further the vital role of tissue-based 
analysis in many aspects of biomedical research, including 
gene discovery efforts, clinical assays, and the study of tis-
sue from animal model systems.
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