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ABSTRACT

ARTICLE HISTORY

Objective: The success of novel in situ Immunohistoproteomic approaches that employ
matrix-assisted laser desorption and ionization mass spectrometry imaging (MALDI-MSI)
heavily depends on good antigen retrieval efficacy.

Methods: We have optimized the effect of various antigen retrieval buffers on peptide
profiles acquired from formalin-fixed paraffin-embedded traction alopecia scalp tissue.
Heat-induced epitope retrieval (HIER) was performed using citrate, Tris, and Tris-EDTA
buffers under various conditions. MALDI-MSI analysis of the tissue was performed using
a high-throughput, state-of-the-art RapiFlex MALDI TOF/TOF tissue-typer equipped with
a smart beam laser.

Results: Background matrix peaks were found under most conditions except under
Tris-EDTA buffer. Trypsin digestion periods longer than overnight and possibly higher
concentrations are needed for citrate and Tris. The Tris-EDTA buffer performed best for
MALDI-MSI antigen retrieval at an incubation period of overnight at 60°C.

Conclusions: We have identified in this study that antigen retrieval conditions need to be
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optimized prior to the MALDI-MSI analysis of different tissue types.

Introduction

Heat-induced epitope retrieval (HIER) as an antigen
retrieval method allows for the detection of vari-
ous proteins in formalin-fixed paraffin-embedded
(FFPE) archival tissue [1-3]. FFPEs are stable for
long periods because of crosslinking that is usually
due to fixation via methylol adducts and methylene
bridges [4]. Although the underlying mechanism
for antigen retrieval is poorly understood, Vollert et
al. [5], hypothesized that formaldehyde scavenging
plays a pivotal role in epitope unmasking. The HIER
technique has been known to produce better sig-
nals and has been most commonly used [6].

The success of HIER is time, pH, and tempera-
ture dependent [7]. Heat induces reversal of pro-
tein chemical modifications resulting from formalin
fixation [8]. Time and heat are inversely correlated,
in which higher temperatures need less time for

reversal, and vice versa [8]. Not least, the type of buf-
fer used is also an important factor in the success of
antigen retrieval. The most common buffers avail-
able are: 0.01 M citrate buffer, pH 6.0; Tris buffer, pH
9.5-10.0; and 0.001 M Ethylenediaminetetraacetic
acid (EDTA), pH 8 [1]. Prior to the use of HIER, pro-
teolytic digestion (using enzymes such as trypsin,
DNase, and proteinase K) breaks protein cross-link-
ages thathave been commonly employed for antigen
retrieval [8]. It has been noted that a combination
of HIER with sodium citrate is the most commonly
used protocol [5]. However, falling off of tissue from
slide and tissue damage are common problems
encountered during direct boiling of tissues in buf-
fer [9]. Samples may still fall off, even after taking
care of other factors such as improper sectioning
and drying, insufficient fixation, unclean slides, and
poor adherence, which are known to contribute to
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FFPE sample fall off and damage [9]. These factors
require consideration prior to proteomic analysis
of FFPE samples with matrix-assisted laser desorp-
tion and ionization mass spectrometry imaging
(MALDI-MSI).

Protocols for imaging FFPE samples via MALDI-
MSI have been reported for citrate buffer [10,11],
Tris buffer [12,13], and enzymatic digestion [14]
only. There are limited studies that compare MALDI
imaging profiles of FFPE skin tissue sections under
various antigen retrieval buffer conditions. The
previous MALDI-MSI analyses on skin were using
frozen samples that required pre-analytical washes
in order to remove impurities [15-17]. The study
by Taverna et al. [18] is the only available study
performed on skin FFPE sections. The research-
ers performed antigen retrieval with Tris buffer
pH 8.0 at high temperatures. They did, however, dry
the sections for longer periods (overnight) at 60°C
after sectioning to prevent detachment. Hence, the
aim of this study is to determine and optimize the
most suitable antigen retrieval buffer (using HIER
method) for FFPE samples that are intended for
MALDI-MSI.

Material and Methods
Study samples and ethical clearance

Traction alopecia scalp biopsies were obtained
with ethical approval from the Faculty of Health
Sciences, University of Cape Town (HREC REF#
398/2012). Tissues were processed into FFPE and
were exposed to various antigen retrieval buffers
under various experimental conditions.

FFPE slide section preparation

Chemical fixation of tissue samples in 10% phos-
phate-buffered formalin solution for a period of
24 hours was the routine histological sample col-
lection protocol employed. The samples were then
passed through an increasing concentration of eth-
anol (70%, 96%, and 100%), followed by 3-xylene
washes at 40°C. Subsequently, the tissue was
immersed in molten paraffin and cooled for 1 hour
using an ice plate, before storage. For our study,
serial 10 uM FFPE sections were cut from a single
formalin-fixed paraffin wax embedded traction alo-
pecia tissue block. These sections were place on
indium tin oxide (ITO) coated glass slide (Sigma
Aldrich, St. Louis, MO, USA), with square surface
resistivity of 8-12 Q/sq. The glass slides were then
dewaxed using repeated (x3) immersion in xylene
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for 3 minutes followed by rehydration in decreas-
ing alcohol concentrations. Considering the vol-
atility and toxicity of these solvents, all processes
were carried out in an extracted Class Il biosafety
cabinet.

Antigen retrieval

The FFPE tissue sections that were placed on poly-
L-lysine and ITO-coated slides were then dewaxed
and cleared prior to boiling in the appropriate buf-
fer (10 mM citric acid (pH 6), 10 mM Tris (pH 8),
and 10 mM Tris-1 mM EDTA (pH 9)) in a pressure
cooker for 90 seconds as well as at 60°C overnight.
These slides were then allowed to stand and cool
for another 20 minutes before washing with dis-
tilled water. Controls were samples digested with
trypsin as well as undigested samples.

Sample digestion for MALDI-MSI

Antigen-retrieved tissue sections were left to dry at
room temperature. The digestion solution (tissue
culture grade trypsin solution containing 50 mM
ammonium bicarbonate, pH 8 and 5 ng/uL in 50%
acetonitrile) was aerosolized into ca. 20 uM droplets
and automatically sprayed on the tissue using opti-
mized trypsin deposition settings on a TM-Sprayer
system (HTX Technologies, LLC, Carrboro, NC, USA).
The solvent flow rates, nozzle velocity, temperature,
and number of passes were methodically altered
and optimized to get a standardized spray method.
Ten coatings were applied for a spray duration of 15
seconds and a drying time of 30 seconds between
each coating. The slide containing the digested tis-
sue was then incubated at 100% humidity for 15
hours at 37°C.

MALDI-MSI

The digested tissues were coated with matrix
(a-cyano-4-hydroxycinnamic acid (HCCA) at 7 g/L
in 60% acetonitrile and 0.2% trifluoroacetic acid)
using optimized HCCA settings on a TM-Sprayer
system (HTX Technologies, LLC, Carrboro, NC,
USA). The matrix solution was sonicated for 5 min-
utes and centrifuged at 10,000 x g for 8 minutes
before transferring it to the TM-Sprayer system.
Bruker peptide calibration standard II was used for
external calibration. For accurate positioning on the
Bruker MALDI plate adaptor for glass slides (MTP
Slide Adaptor II), high definition image of the slide
was acquired using a slide scanner (MF500 Reflecta
High-Resolution Tissue Scanner). The Imaging anal-
ysis of the tissue was performed by rastering at 200

27



Pumza S. Magangane, Nonhlanhla P. Khumalo, Henry A. Adeola

x 200 um2 pixel sizes. MALDI-MSI was performed
using a RapiFlex MALDI Time of Flight (TOF)/TOF
tissue typer (Bruker) equipped with a smart beam
laser and controlled by the FlexControl 3.0 software
package. The mass spectrometer was operated
using positive polarity in reflectron mode and spec-
tra were acquired in the range of m/z 600-3,500.
MALDI parameters were set as follows: 8.00 kV lens
voltage, 25-22.45 kV acceleration voltage, 13.35 kV
final acceleration, and 26.71 kV reflector voltage,
with up to 400 Da suppression. The folded regions
of the tissues were not imaged.

Spectra acquisition

Spectra acquisition of the spotted arrays was carried
out using the FlexImaging 2.0 (Bruker Daltonics)
software package. The spectra were acquired by fir-
ing a 337 nm laser (20 pM laser spot size) at a rate
of 50 shots per raster spot. A mass spectrum was
acquired for each set of spatial coordinates based on
2,500 shots per pixel area accumulated in a random
walk mode. A total of 1,600 spectra were acquired
at each spot position in a customized spiral raster
pattern in 200-shot increments at a laser frequency
of 200 Hz. The customized raster pattern was used
to sample the entire spot area. Acquired spectra
were baseline-corrected and analyzed in flexAnaly-
sis 3 (Bruker Daltonics). Ion images were assembled
using the FlexImaging 2.0 software package.

Results

During our initial HIER optimization (dewaxing
FFPE samples and boiling for 90 seconds), we
observed that irrespective of the buffer system
(citrate, pH 6; Tris, pH 8; and Tris-EDTA, pH 9)
used, the tissue sections fell off from the glass slides
during or after boiling. We observed that HEIR using
citric acid buffer (pH 6) caused tissue damage and
loss after 3 hours of digestion at 37°C. Therefore,
we only proceeded with Tris and Tris-EDTA which
could withstand 60°C overnight. We optimized
by reducing the temperature (between 30°C and
80°C), but incubating for longer periods (1 hour to
overnight). This approach was found to be better
than boiling for 90 seconds. We observed that Tris
and Tris-EDTA buffers were optimal at 60°C over-
night, and this did not lead to loss of tissue or falling
off the glass slide.

The presence of background peaks was found
in samples that were measured directly on the
RapiFlex instrument without proteolysis, antigen
retrieval method, or matrix coating (Fig. 1). Similar
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trends were found for samples that were digested
without carrying out the antigen retrieval step
(Fig. 2a). The background matrix peaks interfered
with the few peptide signals present. For samples
that were digested and antigen retrieved using the
Tris buffer (pH 8) at 60°C overnight, we observed
that there were also background peaks, and poor
peptide intensity during MALDI-MSI (Fig. 2b). We
identified good peptide signals and increased inten-
sity in matrix-coated samples that were digested
and antigen retrieved using the Tris-EDTA (pH 9)
buffer system. There was minimal background
matrix signal and the signal-to-noise ratio was
higher for samples that were antigen retrieved
using Tris-EDTA (pH 9) (Fig. 2c).

Discussion

We investigated the efficacy of different antigen
retrieval buffer using HIER for skin FFPE samples
that are intended to be analyzed on an MALDI-
MSI instrument. Furthermore, we identified the
best buffer system and condition for good antigen
retrieval for FFPE samples. Due to the tendency for
tissue damage or falling off during HIER optimiza-
tion (for most buffer systems), a study has described
an improved HIER method that involves the use of
overlapping another plain glass slide with an inter-
vening gap between the slide and the tissue [9]. In
our study, we eliminated this problem by reducing
the temperature and incubating for longer periods.

As found in the samples that were measured
directly on the RapiFlex instrument without prote-
olysis, antigen retrieval method, or matrix coating,
background matrix peaks have been found to inter-
fere with good signals of small molecules/drugs
(<1,000 Da) during MALDI TOF analysis [19-21].
However, alteration of the type of matrix applied
can improve the signal [19,20]. Also as found here,
background matrix peaks tend to affect samples
processed without an antigen retrieval step, lead-
ing to fewer peptide signal present. It is estab-
lished that antigen retrieval step is very essential
for MALDI-MSI because it frees the proteins from
formaldehyde, for detection [5]. In addition, anti-
gen retrieval improves the number of peptide
signals as well as the intensity of the signals [22].
We found poor peptide signals and background
peaks signals in FFPE sample antigen retrieved in
Tris buffer (pH 8) at 60°C overnight. Wisniewski
(2013) optimized Tris buffer (pH 8.0) for diges-
tion of FFPE samples using the filter-aided sample
preparation workflow [23]. Tris-EDTA buffer (pH
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9) has previously been successfully used for anti-
gen retrieval (at 95°C for 20 minutes) and high
throughput analysis of a tissue microarray con-
struct [24,25]. Similarly, we found good peptide
signals and increased intensity in samples that
were digested and antigen retrieved using the Tris-
EDTA (pH 9) buffer system. Efficacious antigen
retrieval has always been a very crucial step for
getting good in situ spatial distribution of peptides
on FFPE slide tissues. We investigated the efficacy
of different antigen retrieval buffer using HIER for

A

skin FFPE samples that are intended to be analyzed
on an MALDI-MSI instrument. Furthermore, we
identified the best buffer system and condition for
good antigen retrieval for FFPE samples.

In conclusion, FFPEs represent a readily
available treasure chest for genomic and pro-
teomic materials that can shed better light on the
pathogenesis of various disease. The advent of new
high-end instruments further improves that depth
of information that can be acquired from FFPEs to
an extent that was never thought possible. Here,
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Figure 1. Background matrix peaks in FFPE skin samples. Matrix was applied without antigen retrieval or tissue
digestion (a). Spectra were collected from the largest piece of tissue on the glass slide (Broken red circle) and
spectra were acquired using the RapiFlex MALDI-TOF/TOF instrument. Background matrix peaks were found on the

spectra generated (b).
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Figure 2. Prepared slides for MALDI-MSI and spectra for different antigen retrieval buffers. Background matrix
peaks were found for samples that were digested without carrying out an antigen retrieval step (a). Peptide signals
were very low due to matrix signal interference (Broken blue circle on Y-axis). For samples that were digested and
antigen retrieved using Tris buffer (pH 8) at 60°C overnight, we observed that there was limited extraction of pep-
tides and we could observe poor peptide signal due to background matrix peak interference during MALDI-MSI (b).
Tris-EDTA buffer (pH 9) demonstrated the best-extracted peptide signals with minimal background matrix peaks (c).
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we have highlighted the need to determine the
best antigen retrieval method prior to MALDI-MSI
analysis of FFPE tissues. A limitation of our study is
that the experiment was only performed on a sin-
gle type of tissue. The MALDI-MSI analysis is poised
to reveal a robust detail of in situ differential pro-
teomic profiles of FFPE tissue samples in the future,
and hence, selecting the most appropriate antigen
retrieval methods is essential.
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