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Abstract
Laser Capture Micro-dissection (LCM) is a technique that is used to isolate specific tumor cells from a heterogeneous tumor
tissue sample.To aid in identifying and dissecting pure tumor cells from other parts of the tissues such as the stroma, tissues are
stained with Haematoxylin and Eosin. The cells are then used for protein, RNA or DNA extraction. However, the effect of Haematoxylin and Eosin or other different stains routinely used in the laboratories on the recovery, quantity and quality of proteins especially for down stream application such as 2-dimenssional gel electrophoresis (2-DE) and MS not known. This study, determined
the effect of Haematoxylin staining on the detection methods used in 1-D SDS-PAGE for protein quantification. A series of concentration of proteins were obtained from human pancreatic whole tissue and was run on a SDS-PAGE parallel with the proteins
obtained from Haematoxylin stained and unstained tissues.The protein band intensities were measured with a densitometer after
separately stained with SYPRO Ruby or CBB R-250.The protein band intensity ratios of the whole tissue and Haematoxylin stain/
Haematoxylin unstained tissue were calculated. According to the ratios,there was an intensity loss in the Haematoxylin stained
proteins when detecting through CBB R -250 but not from SYPRO Ruby. This was due to the structure and reactivity of these two
stains towards proteins in the presence of Haematoxylin. The study recommends the use of SYPRO Ruby instead of CBB R-250
to visualize proteins in 2-DE gels when tissues were stained with Haematoxylin.
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Introduction
Tissue heterogeneity is the major problem in the analysis of
cancer tissues and presents a main difficulty in identifying specific
cancer biomarkers. Many techniques have been developed to
overcome this problem and enrich for the cells of interest. One
of these technique is Laser Capture Microdissection (LCM) [1,2].
The technique consists of 3 steps:(I) preparation of tissue section,
(II) tissue sections staining with a suitable stain, and(III) manual
or automated dissection using system such ArcturusXT(Molecular
device, CA) and Leica (Leica, Milton Keynes, UK).
In cancer research, LCM in conjunction with many other
techniques such as genomic and proteomic has been used to
determine the gene or protein expression profiles of tumor cells
without the effect of normal or surrounding stroma cells. In the
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field of proteomic, it has been coupled with reverse phase array,
antibody array surface enhanced laser desorption/ionization-time of
flight mass spectrometry, and two-dimensional gel electrophoresis
(2D-PAGE). 2D-PAGE allows hundreds to thousands of proteins
to be analyzed simultaneously. These proteins can be isolated in
pure form from the resultant spots which later can be quantified
and further analyzed by mass spectrometry.
Although LCM in combination with 2D-PAGE analysis
of cancer tissue is promising technology especially in cancer
biomarkers research, there are certain limitations to this technology.
Firstly, collectingthe adequate number of cells to obtain enough
protein for 2D-PAGE analysis is time-consuming. Secondly, there
is a limited sensitivity of different stains to visualize the protein
spots in the gel. From our experience, we found that even though
enough cells were collected and there was enough protein for 2DPAGE analysis; the number of spots in the gel was less than that
obtained with pure E. coli proteins when using Coomassie blue
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stain (the commonly used stain in laboratory due to its affordable
cost compared to other stain). However, these differences were
not seen with SYPRO® Ruby stain. Although, SYPRO Ruby is a
very sensitive fluorescent stain which has many advantages over
other stains [3,4] and is relatively expensive for daily laboratory
use [3]. These advantages could not exclusively explain the huge
differences seen between the two stains. Thus, in this study we
have examined the effect of Haematoxylin (the commonly used
histological stain for tissue preparation for LCM)on second stains
such as Coomassie blue and SYPRO Ruby, which are used to
visualize protein spots in 2D-PAGE.

Materials and Methods
Study Design
In this study, we have used pancreatic cancer tissue to
examine the effect of Haematoxylin stain on other stains as
mentioned above. Also,1D-PAGE was used instead of 2D-PAGE
analysis, due to the ease of determining the bands intensities.
Tissues from pancreatic cancer without sectioning or staining were
used as control and compared to tissues sections that were stained
with Haematoxylin or unstained.
Tissue and Protein Preparation
(a) preparation from whole pancreatic tissues
Pancreatic cancer tissues were homogenized using lysis
buffer (7Murea, 2M thiourea, 1% MEGA-10,1% Octyl-β-Dglucopyranoside, 40mM Tris, 50mMDTT, 2mMtributylphosphine).
The homogenate was centrifuged (1000rpm for 5 min);and protein
concentration in the supernatant was determined using Amido
black protein assay (sample # 1).
(b) Protein preparation from stained and unstained tissue
section
Sections(8µM thick) were prepared from pancreatic tissues
using a cryostat and mounted in a clean glass slides. Slides were
stainedwith hematoxylin (Sample # 2) then scraped or scraped
without staining (Sample # 3) in Eppendorf tubes for protein
preparation. The tissue sections for sample #2were stained with
Haematoxylin before scraping as follow: 100% acetone- (15s),
Haematoxylin(15s), protease inhibitor containing water (15s),
75% ethanol (15s), 95% ethanol (15s), absolute alcohol(15s),
Xylene(15s). All solutions were prepared in water containing
protease inhibitor. Both scraped stained and unstained tissue
sections weremixed in lysing buffer, homogenized and vortexed
at 37oC for 30min.The protein concentrations in the supernatants
were determined with Amido black assay.
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Gel Electrophoresis
The proteins extracted from whole, not sectioned or stained
tissues (sample # 1); sectioned and stained with hematoxylin
tissues (sample # 2); or section but not stained tissues (sample #
3) were separated intoa 10% SDS-PAGE. Twenty micrograms of
theBovineSerum Albumin (Pierce Chemical Company, Rockford,
IL, USA) were used as the standardmarker. The gels were run at
200V and stained with CBB R-250 for 2hrs and then de-stained
for 4-6 hrs or were stained with SYPRO® Ruby. They were
visualized through Kodak-Digital Science Image Station 440CF (Eastman Kodak Company, Scientific Imaging Systems,
Rochester, NY, USA) and the intensities of some of the clear bands
were measured (by selecting the band area).A graph was drawn by
using the concentrations of whole tissuesextracted protein series
as the x-axis and the bands intensities as the y-axis.The bands’
intensities obtained from Haematoxylin stained and unstained gels
were plotted in the graph for thecomparison [5].

Results

Effect of Hematoxylin in Protein Detection Using CBB
R-250
The band’s intensities of the Haematoxylin stained tissue
and the unstained tissue sections with respect to the whole tissue
standard series are shown in Figure 1.The proteins were stained
withCBB R-250.Thirty micrograms of Haematoxylin stained
tissue gave lower intensity than the 30 µg of the whole tissue.
The calibration curve for the intensity of thebands of the protein
from whole tissuevs. concentration series of the proteins from
whole tissue is shown in Figure 2. The intensities of the 30µg of
proteins obtained from Haematoxylin stained and unstained tissues
(10µg) were compared with the calibration curve. Proteins from
the Haematoxylin stained tissue (30 µg) gave a lower intensity
compared to theunstained and whole tissues.

Figure 1: 1-DE SDS-PAGE of proteins extracted by different protocols
using CBB R-250 as the protein staining. Lane 1: 20µg from whole tissue,
lane 2: 30 µg from whole tissue, lane 3: 60 µg from whole tissue, lane 4:
20 µg from Haematoxlin stained tissue slide sections, lane 5: 20 µg from
unstained tissue slide sections: lane 6: 20 µg of standard BSA.
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Figure 2: Comparison of the band intensities of proteins from whole
tissue, stained and unstained Haematoxlin tissue sections using CBB
R-250. 1-DE SDS-PAGE of proteins extracted by different protocols
using CBB R-250 as the protein staining. Lane 1: 10 µg of protein from
unstained tissue sections, lane 2: 30 µg of protein from haemotoxyline
stained tissue sections, lane 3: 60 µg of protein from whole tissue, lane 4:
30 µg of protein from whole tissue, lane 5: 20 µg of protein from whole
tissue, lane 6: 10 µg of protein from whole tissue, lane 7: 5 µg of protein
from whole tissue, lane 8: 0 µg protein.

Figure 3: Calibration curve of the intensity of a particular band for the
homogenized whole tissue series vs. the loaded whole tissue proteins to
the gel. ■-intensity for the 10 µg unstained tissue, ▲- intensity for the 30
µg Haematoxlin stained tissue, (stained with CBB R -250.).

Effect of Haematoxylin in Protein Detection Using
SYPRO Ruby
Figure 3 shows a comparison between theintensities of the
proteins from Haematoxylin stained tissues(lane 7) and the proteins
from unstained tissues(lane 8) with respect to proteins from
whole tissue standard series (lane 1-6). There was no significant
difference between the band’s intensities of the lanes 5, 7 and
8 (each lane was loaded with 30 µg of protein). The calibration
curve of the intensity of the protein bandsvs. concentrations of
the whole homogenized tissue when stained with Syproruby is
shown in Figure 4.The Intensities of the proteins (30 µg) from
the homogenized Haematoxylin stained and the homogenized
unstained tissueswerecompared with the calibration curve of the
homogenized whole tissue concentration series. There was no
significant difference between the intensities of the whole tissue
homogenized proteins, homogenized Haematoxylin stained tissue
and the homogenized unstained tissue sections [6].
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Figure 4: Comparison of the band intensities of proteins from whole
tissue, stained and unstained Haematoxlin tissue sections using syproruby.
1-DE of the proteins obtained from homogenized tissue, Haematoxlin
stained tissue and unstained tissue sections using syproruby as the staining
method. Lane 1: 0 µg of protein, lane 2: 5 µg of protein from whole tissue,
lane 3: 10 µg of protein from whole tissue, lane 4: 20µg of protein from
whole tissue, lane 5: 30µgof protein from whole tissue, lane 6: 60µg of
protein from whole tissue, lane 7: 30µg of protein from Haematoxlin
stained tissue sections, lane 8: 10µgof protein from unstained tissue
sections
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Table 1 gives the mean value of the ratiosbetween the band’s
intensities taken from the two gels (CBB R-250 and Sypro ruby).
This value was calculated to determine the effect of Haematoxylin
on the band intensities of the proteins with respect to CBB R-250
and syproruby. The mean ratio between the intensities of the
protein bands obtained from the whole tissue and the Haematoxylin
stained tissue was close to 4. The ratio between the homogenized
unstained and the homogenized Haematoxylin tissue was 2.55.
But when syproruby was used, the mean ratio for both was around
1. The intensity ratio between the unstained/whole tissue with
respect to the CBB R-250 and syproruby was around 1.
Intensity ratio of the protein
bands

CBB R-250

Syproruby

Whole tissue/Haematoxlin
stained tissue sections

3.81 ± 1.38

1.17 ± 0.25

Unstained tissue sections/
Haematoxlin stained tissue
sections

2.55 ± 0.59

0.99 ± 0.14

Whole tissue /unstained tissue
sections

1.49 ± 0.50

1.19 ± 0.26

Table 1: Intensity ratio of the protein bands using CBB R -250 and
syproruby for different tissue sections.

Discussion
The data from this study showed that Haematoxylin stain
affects proteins when it was visualized in gel using CBB R-250
stain.However, this effect was not seen with SYPRO Ruby. We
hypothesized that the observed effect of Haematoxylin may be due
to structure and reactivity of these stains towards [7,6].
Pure Haematoxylinis a colorless solution [8] and it is
activated to Haematein by a mordant. The Haematoxylin-mordant
complexes are positively charged and behave as a cationic dye
at low pH. The most common mordents are aluminum, iron or
tungsten.The cationic stain-mordant complexes are attracted to
negatively charged sites in the staining process [9]. Under suitable
conditions, the complexes will stain cationic proteins such as
histones associated with nucleicacids [10-13] and nucleoproteins
that carry lysine and arginine residues [12,14-16]
Anions of CBB formed in acidic conditions combines with the
protonated amino groups of the proteins by electrostatic attraction
(arginine, lysine, tyrosine, and histidine residues) [17,18]. Sypro
ruby dye interacts strongly with lysine, arginine, and histidine
residues. It closely resembles CBBstaining through basic amino
acids side chains [19]. Although the binding of sypro ruby and
CBB are the same, the sypro ruby has a significant sensitivity
towards protein staining against the CBB because of its structure.
Syproruby has a ruthenium atom. This can react with amino acids
such as cysteine through ligand exchange. This atom is also able
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to form η6-complexes with derivatives oftryptophan amino acids
(Figure 1)[18].
When staining, CBB R-250 binds through arginine, lysine,
tyrosine, and histidine residues in proteins [17,18]. Meanwhile,
sypro ruby binds through the same amino acids[19].When
staining with Haematoxylin,it binds to nucleoproteins with lysine,
arginine residues or other parts having suitably spaced carboxyl
and hydroxyl groups[11,16]. Haematoxylin masked these binding
sites; hence, the results presented in this paper show that the band’s
intensities for the Haematoxylin stained homogenized tissue
and the unstained homogenized tissue are not similar (Figures
2&3). According to Table 1,the ratio between the whole tissue
homogenized proteins and the homogenized Haematoxylin stained
tissue band’s intensitieswas around 4. The ratio betweenthe protein
band’s intensities of the homogenized unstained tissue sections and
the homogenized Haematoxylin stained tissue sections was 2.55.
When detecting with CBB R-250, the Haematoxylin stained tissue
had a low intensity compared to the whole homogenized tissue
and the homogenized unstained tissue. However, syproruby had
no effect on the Haematoxylin stain tissue. The ratio between the
intensities of the protein bands of the homogenized whole tissue
and the homogenized Haematoxylin stained tissue was close to
1. The ratio between the homogenized unstained tissue sections
and the Haematoxylin stain tissue was also close to 1 (Table 1).
This may be due to the special type of interaction between the
syproruby and the amino acids through metal-ligand interaction.
These interactions did not interfere with the Haematoxylin
staining. Thus, the effect of Haematoxylin on syproruby detection
was much lower than the CBB detection. Finally,it should be
emphasized that when the tissues were stained with Haematoxylin
before running the gels, it was better to use sypro ruby to visualize
the proteins instead of CBB because it allowedthe visualization of
more proteins and trace amounts of proteins in 1-D.
The work from Craven et al. and De Souza et al. showed
that there was no effect on the protein recovery when stained with
Haematoxylin & Eosin. Nevertheless, there was an effect on the
proteins’ quality [1,20]. This finding contradicts our results and
may be due to several reasons. In our work we focused on the
proteins’ intensity instead of the proteins’ recovery. Craven et al.
and De Souza et al. also used silver staining instead of sypro ruby to
detect the proteins and the stain differentiation was longer(Craven
et al. - 70% ethanol for 30s, 100% ethanol for 1min, xylene for
2 X 5 min), (De Souza- 70% ethanol for 30s, 100% ethanol for
1min, xylene for 5min). In our protocol, we used a shorter stain
differentiation time (75% ethanol 15s, 95% ethanol 15s, absolute
alcohol 15s, xylene 15s). It is better to use a short differentiation
time in LCM for the visualization of proteins.
Mouledous et al. work indicates that the fixing of the tissue
had no effect on the recovery of protein. However, syproruby
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affects Haematoxylin and eosin. This contradicts our results,
which indicates that Syproruby does not influence the intensity
of the proteins stained with Hematoxylin. Although both works
concluded that there was no effect on the fixation, they haddifferent
fixation procedures [21].
Ahram et al obtained results like ours showing that
Haematoxylin did not influence the qualitative and quantitative
determination of proteins. Eosin however had an effect on the
proteins’ separation. The detection was done by aminoacyl silver
staining [22].Our work is the first work looking at the effect of
Haematoxylin on the detection of syproruby& CBB R-250.
In the future, it would be appropriate to test the effect of
other types of tissue staining methods like Haematoxylin, eosin,
methylene blue, Wright-Giemsa and toluidine blue on the detection
methods of syproruby and CBB R-250.Becausesyprorubyis
expensive it using other types of staining methods instead of
Haematoxylin such as CBB R-250may give better results.This will
be more economically advantage. Furthermore, it is important to
assess the effect of these stains on the recovery and quantity of
proteins.
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Tumor tissues staining for LCM with Haematoxylin resulted
in the proteins’ bands intensity drop when later visualized through
CBB R-250 in gels. However, there was no intensity drop in the
proteins’ bands when visualized through SYPRO Ruby. SYPRO
Ruby should therefore be used in conjunction with Haematoxylin.
This is more important when using LCM because the amount
of proteins that could be visualized in 1-D and 2-D gel will be
higher, especially in the presence of trace amounts of proteins in
the sample. Therefore, the study recommends assessing the effect
of tissue stains on the recovery and quantity of proteins for down
stream applications such as protein extraction for 2-D analysis.
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