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Abstract

Over the past 15 years, laser-based microdissection has improved the precision by which scientists
can procure cells of interest from a heterogeneous tissue section. However, for studies that require
a large amount of material (e.g., proteomics) or for cells that are scattered and difficult to identify
by standard histological stains, an immunostain-based, automated approach becomes essential. In
this chapter, we discuss the use of immunohistochemistry (IHC) and immunofluorescence (IF) to
guide the microdissection process via manual and software-driven auto-dissection methods.
Although technical challenges still exist with these innovative approaches, we present here
methods and protocols to successfully perform immuno-based microdissection on commercially
available laser dissection systems.
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1. Introduction

Immunohistochemistry (IHC) was developed over 60 years ago for in situ measurements of
proteins in histological sections (1). Based on the recognition of target cell antigens by
specific primary antibodies, IHC has become a staple for molecular analysis of tissue
sections in the research laboratory and clinic. The more recent integration of this commonly
used technique with laser microdissection has resulted in a powerful combination that is
enabling new studies and is amenable to further automation to improve dissection
throughput (2-5).

The first such method developed was called immunoguided laser capture microdissection or
immuno-LCM (4) (Fig. 1a). This approach combines immuno-stained tissue with LCM,
allowing the investigator to select specific cell types by visually aiming a laser at stained
target cells. This procedure is helpful for identifying cell populations that would otherwise
not be recognized by standard histological stains, such as hematoxylin and eosin (H&E), and
to subsequently dissect a specific subset of cells using a molecular marker. Immuno-LCM
can now be performed in an automated fashion using newly developed software packages
available for several commercial dissection instruments. These instruments identify target
cells by image processing and then automatically dissect the tissue using a motorized stage
and a coordinate system. Both manual and automated immuno-LCM can utilize either IHC
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or immunofluorescence (IF) to guide the dissection process (4-5, 11). As a specific example
of an automated immuno-LCM system, the ArcturusXT (Life Technologies) incorporates an
image analysis software package called AutoScanXT, which specifically identifies stained
areas with minimal supervision by the investigator (Fig. 1b). The use of image analysis
software improves the speed of the microdissection process by selecting targets based on a
threshold set by the instrument’s operator.

This chapter provides the materials, protocols, and related references that will permit
investigators to successfully perform immunoguided microdissection. However, the reader
should note that these technologies and associated molecular analysis methods are not static,
but are being continually refined and improved. In particular, on-going studies to assess the
effects of immunostaining and microdissection on biomolecular recovery and methods to
improve extraction techniques are currently areas of active investigation by our group and
others (6—11). Moreover, there are often subtle differences in the dissection conditions that
are required for each tissue type and target cell. Nonetheless, the protocols described below
are amenable to most dissection studies and serve as a good starting template.

2. Materials

2.1. Immunohistochemistry

The following materials are for an IHC protocol that we use to label epithelial cells using
monoclonal antibodies against cytokeratins.

1. IHC horizontal staining tray (Thermo Scientific, Waltham, MA).

2. Vertical staining tubs and racks (Simport).

3. Rice steamer (Black & Decker), used for antigen retrieval.

4. Citrate buffer, pH 6.0 (DAKO Carpinteria, CA) for antigen retrieval, stored at 4°C.
5

Phosphate-buffered saline (PBS): 150 mM NacCl, 25 mM NaPOQy, pH 7.4. Stored at
room temperature.

6. DAKO Envision* IHC Kit (DAKO) provides the peroxidase blocking solution
(0.03% H»05), the secondary antibody polymer (either mouse or rabbit or dual),
and the 3,3’-diaminobenzidine (DAB) substrate solution (see Note 1).

7. Mouse Anti-Cytokeratin AE1/AE3 diluted 1:50 in Zymed Antibody Diluent
(Invitrogen, Carlsbad, CA). Reagents stored at 4°C, but the dilution is made fresh
prior to staining and used at room temperature (see Note 2).

8. DAB Enhancer (Invitrogen) stored at room temperature.
9. Deionized water (diH,0). Stored at room temperature.

10. Graded alcohols (70, 95, and 100% ethanol). Stored at room temperature.

Lseveral companies offer similar IHC products.
Cytokeratin AE1/AE3 is presented as an example; however, numerous primary antibodies against particular antigens of interest can
be utilized. The antibody dilution needs to be determined empirically by the user for proper staining and can vary from 1:25 to

1:2,000.
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11. Xylenes for drying and dewaxing formalin-fixed, paraffin-embedded (FFPE) tissue.
Stored at room temperature.

2.2. Immunofluorescence

1. Reagents from IHC protocol described above, plus secondary Goat Anti-Mouse
antibody with Alexa Fluor® 488 (Invitrogen).

2.3. Immuno-LCM
1. CapSur® Macro LCM caps (Life Technologies, Carlsbad, CA).

2. LCM machine; ArcturusXT, Veritas, or PixCell 11 (Life Technologies).

2.4. LCM Image Recognition Software
1. CapSur® Macro LCM caps (Life Technologies).

2. LCM machine; ArcturusXT (Life Technologies) with optional AutoScanXT
software.

3. Methods

Described below are protocols for tissue immunostaining, immuno-LCM, and immuno-
LCM using the AutoScanXT software. The initial immunostaining step is essential to
successful microdissection using these approaches. A strong staining with minimal
background enables precise procurement of the targets of interest.

It is important to note that downstream molecular analysis must be considered when
utilizing these immuno-stained microdissection methods. DNA is the most robust
biomolecule following IHC; however, yields are typically reduced; yet the overall quality of
the DNA is unaffected (6, 11-14). RNA is the most susceptible to the staining process and is
often degraded in the initial staining steps (6, 15). If RNA were the downstream molecule of
interest, it would be necessary to shorten the staining protocol times significantly and add
RNase inhibitors. However, it is highly dependent on the abundance of the RNA of interest
and it has been our experience that only small RNA targets are recoverable following
standard IHC. Better results for RNA extraction have been obtained with the use of modified
protocols for immunofluorescence staining (16, 17). On the contrary, proteins are analyzable
via SDS-PAGE and mass spectrometry methods, but mild lysis buffer methods, such as 2D-
PAGE, presents a challenge to recover the protein content of the tissue as harsher buffers
and treatments are more effective (6, 15). Despite these few caveats, the combination of
immunoguided dissection tools with the burgeoning field of molecular biology enables
researchers to pursue tissue-based scientific questions that would otherwise not be feasible.

3.1. Immunohistochemistry: Frozen Tissues

1. Atissue specimen is sectioned utilizing a cryostat machine (Leica) at 8-um thick
sections. The tissue is then placed on positively charged glass slides. Tissue
sections can be stored at —80°C for several days prior to microdissection.
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To begin IHC, place the tissue slides in a 70% ethanol bath for 2 min at room
temperature. Then transfer the slides to a diH,O bath.

Proceed with the endogenous peroxidase block from the DAKO Envision+ kit, for
10-40 min at room temperature (see Note 3).

Wash the slides in PBS bath (3%, 2 min each wash).

Incubate slides with diluted primary antibody for 30 min at room temperature (see
Note 4).

Wash the slides in PBS bath (3%, 2 min each wash).

Incubate slides with pre-diluted DAKO Envision+ secondary antibody for 30 min
at room temperature.

Wash the slides in PBS bath (3%, 2 min each wash).

Apply DAKO Envision™ DAB solution for 5 min at room temperature.
Wash in diH,0 bath (3%, 2 min each wash).

Apply the Zymed DAB Enhancer for 3 min at room temperature.
Wash in diH,0 bath (3%, 2 min each wash) (see Note 5).

Dehydrate the sample in graded alcohols (ethanol 70, 95, and 100%) for 2 min each
followed by xylenes for 3%, 2 min each.

3.2. Immunofluorescence: Frozen Tissue

1.

Section the tissue specimen using a cryostat (Leica) at 8-um thickness and place the
section on positively charged glass slides. Tissue sections can be stored at —80°C
for several days prior to microdissection.

To begin IHC, place the tissue slide in a 70% ethanol bath for 2 min at room
temperature. Then transfer the slide to a diH,O bath.

Wash the slides in PBS bath (3%, 2 min each wash).

Incubate slide with diluted primary antibody for 30 min at room temperature (see
Note 4).

Wash the slides in PBS bath (3%, 2 min each wash).

Incubate slide with secondary antibody with Alexa Fluor 488 for 30 min at room
temperature.

Wash in diH,0 bath (3%, 2 min each wash).

3The incubation time is dependent on the amount of endogenous peroxidase present in the tissue. Some tissues display more activity
than others and thus longer blocking times may be required as determined by the user.

The primary antibody incubation is highly dependent on the relative abundance of the target antigen and the kinetics of the antibody—
antigen interaction. A separate protocol that is commonly used is incubation with the primary antibody overnight at 4°C.

No counterstain, such as hematoxylin, is used when performing the immuno-stain procedure for the microdissection methods
described, as it will decrease the signal-to-noise between the desired stained areas of the tissue and the undesired background.

Methods Mol Biol. Author manuscript; available in PMC 2016 March 17.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tangrea et al.

8.

Page 5

Dehydrate the sample in graded alcohols (ethanol 70, 95, and 100%) followed by
xylenes for 2 min each.

3.3. Immunohistochemistry: Formalin-Fixed Paraffin-Embedded Tissues

1.

3.4. Immuno-LCM

1.

For FFPE tissue, an antigen retrieval step is typically required prior to incubation
with antibodies (18). A number of antigen retrieval approaches are possible,
including the use of heat induced epitope retrieval (HIER) (19) and the use of
enzymes, such as trypsin or pepsin (20-26). HIER will be described here (see
Notes 6 and 7).

For HIER, a citrate buffer (300 ml) is pre-heated in a rice steamer for 40 min.

The FFPE tissue is dewaxed in xylenes 3x, 2 min for each incubation. The tissue is
then rehydrated through graded alcohols (100, 95, and 70% for 2 min each) to
diH»O prior to placement in the hot citrate bath.

Place the rehydrated tissue slides in the hot citrate bath for 25 min.

Remove entire citrate bath containing the slides from the streamer and allow
cooling at room temperature for 25 min.

Proceed with the IHC protocol (Subheading 3.1) as stated above beginning with
step 3.

These instructions assume the use of a PixCell 11 instrument, although they are
easily adaptable to other products in the LCM line by Life Technologies.

Following immunohistochemistry (Subheadings 3.1 and 3.3), the dehydrated tissue
is placed on the platform of the PixCell Il device and the vacuum is applied (see
Note 8).

A CapSure® Macro LCM cap (Life Technologies) is placed over the dehydrated
tissue via the loading arm.

The IR laser is tested in an open area of the cap to obtain a laser shot “ring”. Adjust
the parameters of the laser for optimal lifting. For example, for a 30-um laser spot
size, the ranges of typical parameters are: 20-30 mW power and 5-6 ms duration.

Under microscopic visualization, locate the immuno-stained cells of interest and
fire the laser over the desired area.

When the dissection is complete, remove the cap from the slide and proceed with
downstream molecular analysis.

6Antigen retrieval is highly dependent on the antigen of interest and the amount of fixation. Therefore, a number of strategies and
garameters may need to be tested by the user to identify the ideal protocol.

Immunofluorescence is also possible on FFPE tissue, although it is not discussed in detail here. The formalin fixative increases
background autofluorescence of the sample, which makes the technique challenging. For a robust protocol of immunofluorescence on
FFPE, refer to method described by Robertson et al. (28).

Immunofluorescent-stained slides may also be used for immuno-LCM. This is especially useful for proteomic studies (29). The Life
Technologies microdissection device for this approach requires fluorescent capabilities.
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3.5. LCM Image Recognition Software

1. The AutoScanXT Software Module from Life Technologies is an image analysis
program that automatically identifies immuno-stained regions of interest as defined
by the user (27) (see Note 9). AutoScanXT provides three levels of analysis: pixel,
texture, and morphology. In this protocol, we will focus on the pixel analysis tool.

2. Following immunostaining, the dehydrated tissue is placed on the platform of the
ArcturusXT device.

3. The operator utilizes the ArcturusXT software field of view to select a tissue area of
interest and the appropriate magnification. Once selected, a CapSure® Macro LCM
cap (Life Technologies) is then placed automatically over the dehydrated tissue.

4. Select the “AutoScanXT” icon located on the Select Tool Panel of the ArcturusXT
operating software.

5. Select “Acquire Image” and a static image is captured of the area of interest (see
Note 10). A new analysis file will need to be created and named by the user.

6. In the pixel analysis settings, regions of interest (ROI) are selected on the static
jpeg image by the user and highlighted by red circles. Likewise, background areas
are also selected by the user and highlighted by blue squares on the jpeg image
(Fig. 2a) (see Note 11).

7. The AutoScanXT software then “learns” what the desired ROIs are and highlights
the area to be dissected as indicated by empty red circles (Fig. 2b). A list of the
identified regions selected by the program is then generated in the “Regions” tab
(see Note 12).

8. The user verifies if this is the desired area of interest to be dissected and if so can
“harvest” the area (see Note 13). At this point, the ArcturusXT machine
automatically dissects the highlighted area (Fig. 2c, d) (see Note 14).

9. When the dissection is complete, move the cap to the quality control (QC) station
and proceed with downstream molecular analysis.
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Schematic representation of immunoguided microdissection techniques. Initial
immunostaining step represented by the antibody complex attached to a labeling enzyme
(circles).
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Fig. 2.
AutoScanXT software guided dissection of a cytokeratin AE1/AE3 IHC-stained prostate

tissue. (@) Screen capture of the static jpeg image where ROIs (circles) and background
(squares) as determined by the user. Inset highlights the symbols used to select the ROIs and
background. The symbols are enhanced in the inset for visualization purposes. (b) Screen
capture of the ROIs (circled areas) selected by the AutoScanXT analysis module. (c) Image
of the LCM cap showing the dissected epithelial cells. (d) Image of the remaining tissue
following AutoScanXT-directed dissection. All images captured at 100x magnification.
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