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Abstract
The use of immunohistochemical techniques has enhanced the diagnostic intensities in pathology. The sensitivity and specificity of any immunohistochemical protocol mainly depends on the ability to unmask antigen from
formalin fixed tissue. Various combinations of antigen retrieval protocols
have been used to unmask antigen efficiently but none has been established as
a flawless one. These protocols either have one or the other lacunae, lacking
repeatability under same conditions. In our study, we tried to develop a standardized immunohistochemical protocol for the identification of blood and
lymphatic vessels in tissue sections of canine mammary tumour (CMT) using
recently identified markers. The combined effects of antigen retrieval (AR)
methods including pH shock by Heat-induced epitope retrieval (HIER) and
Protease-induced epitope retrieval (PIER) were found highly effective in retrieval of tedious antigens of lymphangiogenesis and angiogenesis. The use of
combined antigen retrieval technique for the unmasking of antigens from
over fixed, old formalin fixed paraffin embedded (FFPE) canine mammary
tumour sections resulted in efficient unmasking of epitopes when compared
with the individual antigen retrieval methods.
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1. Introduction
Growing interest in immunohistochemical procedure has led to the developDOI: 10.4236/jbm.2017.512006
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ment of a wide range of highly specific immuno-stains, thus offering a greater
role in pathological investigative studies [1]. Till now, the biggest deficiency in
immunohistochemistry has been how to maintain both good morphology and
the immuno-reactivity of antigens in tissue sections. Various techniques of unmasking and retrieving the antigens from tissue section have revolutionized the
patho-clinical diagnosis and have played a pivotal role in enabling immunohistochemistry as a major diagnostic tools in case of formalin-fixed, paraffin-embedded
tissues [2]. Antigen Retrieval (AR) techniques are aimed at significantly increasing the sensitivity of the immunohistochemical detection of epitopes in addition
to better morphologic details and more precise antigen localization [3] [4].
The antigen can be unmasked or retrieved by physical, chemical approaches
or by mixture of both [5]. In general, the principle of antigen retrieving involves
the breaking of protein cross-links, introduced by formaldehyde fixation
process, with the subsequent exposition of antigen sites to antibody [6].
AR procedures offer additional advantages such that with the lowering of the
threshold for detection of antigens, it allows the use of higher antibody dilutions,
which offers economic advantage, lowers the possibility of background staining,
and increases the labelling specificity. Furthermore, antigen retrieval, minimizing the occurrence of false negative results, thus raises the reproducibility of results and, adds to diagnostic accuracy [5] [7].
During the IHC, most of the antibodies require AR which is commonly done
either by using citrate or EDTA. A universal antigen retrieval solution is not
available [8] [9]. In some instances, for the same antibody citrate had been used
for AR [10] [11] [12] [13], while in few EDTA had been used for AR [14] [15]
[16]. In few other cases, in addition to citrate or EDTA treatment, enzymatic retrieval has also been used [11] [13] [17]. But there has been no standardized
protocol established so far for the antigen retrieval so far.
Standardization of IHC still remains a great challenge. The failure of antibodies to immunostain tissues does not necessarily reflect the absence of epitopes.
Lack of, or reduced, immunostaining can be accredited either to the inability of
the antibody to reach and recognize the epitope or due to variable conditions of
fixation and tissue processing [18].
The aim of the present study was to develop a standardized immunohistochemical protocol for the identification of blood and lymphatic vessels in CMTs which
can further substantiate to be beneficial in devising anti-angiogenic and anti-lymphangiogenic therapy for management of CMT. In the present study, we tried
combinations of AR methods including pH shock by Heat-induced epitope retrieval (HIER) and Protease-induced epitope retrieval (PIER) for retrieval of tedious antigen of lymphangiogenesis and angiogenesis and found highly encouraging results
for retrieval of antigens from longstanding formalin fixed samples.

2. Materials and Methods
2.1. Source of Samples
The present study was conducted on tissue samples of 45 confirmed cases of
DOI: 10.4236/jbm.2017.512006
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CMT available in the Department of Veterinary Pathology, College of Veterinary
Science, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana,
Punjab, India. These cases were presented to the Small Animal Clinics of the
Department of Teaching Veterinary Clinical Complex, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana.

2.2. Histopathology
After fixation in 10% neutral buffered formalin, the tissue samples were
processed and stained with routine H & E technique [19]. Multiple haematoxylin
and eosin (H & E) stained tissue sections from various sites in each case were
screened for the presence of lymphatic’s and blood vessels.

2.3. Immunohistochemistry
For immunohistochemistry, 4 - 5 µm thick paraffin embedded tissue sections
were cut and collected on Superfrost/Plus, positively charged microscopic slides
(Fisher Scientific, USA) and immunohistochemical staining was performed by
using ImmPACTTM DAB Peroxidase Substrate Kit (Vector Laboratories, Burlingame CA USA). The sections were de-waxed and rehydrated by dipping in
EZ-ARTM Common Solution (BioGenex Laboratories Inc., San Ramon, California, USA), and heating at 70˚C for 10 minutes in EZ-RetrieverTM System (BioGenex Laboratories Inc., San Ramon, California, USA) and subsequent AR was
performed by heat using EZ-AR3 Solution (BioGenex Laboratories Inc., San
Ramon, California, USA) and later in EDTA buffer for 10 min each at 95˚C
(Table 1).
Following AR the sections were allowed to cool and brought to room temperature and were given three washings in PBS (pH 7.2 - 7.4) for 3 minutes each.
Sections were encircled with hydrophobic pen. The endogenous peroxidase was
quenched with a solution of 3% H2O2 in methanol for 15 min at room temperature in humid chamber, followed by thrice washing with PBS for 3 min each.
The sections were then incubated with ready to use power block (BioGenex Laboratories Inc., San Ramon, California, USA) to block non-specific protein
binding for 15 min at room temperature in a humidified chamber. Afterwards,
the sections were incubated with primary antibodies (Table 2) for 60 minutes at
Table 1. Methods used for epitope retrieval for immunohistochemical staining.
Sr. No Name of AR solution used

1.

DOI: 10.4236/jbm.2017.512006

Dilution used

Temp. & Time

Use

EZ-ARTM 3 is a citra based Ten-fold dilution in deionized water
95˚C for 10 min HIER
solution (10 X Concentrated)
(pH 6.0)

2.

Tris EDTA solution

3.

Pepsin

46

Prepared by mixing Tris-6.2 g and
EDTA-0.75 g in 1000 ml of distilled 95˚C for 10 min HIER
water (pH-9.0)
2.5 mg/ml of deionized water

37˚C for 3 min PIER
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Table 2. Antibodies used for demonstration of lymphangiogenesis and angiogenesis in CMT.
Sr. No.

Name of the
antibody

Company

1.

VEGF-Da

GeneTex International Corporation Taiwan

IgG

1:50

AR-3 & Tris EDTA solution

2.

VEGFR-3

GeneTex International Corporation Taiwan

IgG

Ready to use

AR-3 & Tris EDTA solution

3.

Podoplanin

GeneTex International Corporation Taiwan

IgG

1:50

AR-3 & Tris EDTA solution

4.

PROX 1a

Abgent Flanders Court, San Diego, CA

IgG

1:50

AR-3 & Tris EDTA solution

5.

LYVE-1a

a
a

Immuno
Dilution used
globulin class

Antigen retrieval

Novus Biologicals, Southpark Way Littleton, CO USA

IgG

1:50

AR-3 & Tris EDTA solution

6.

b

Laminin

Novus Biologicals, Southpark Way Littleton, CO USA

IgG

1:100

AR-3, Tris EDTA solution & Pepsin

7.

VEGFR-2

Novus Biologicals, Southpark Way Littleton, CO USA

IgG

1:500

AR-3 & Tris EDTA solution

8.

VEGF-Ca

GeneTex International Corporation Taiwan

IgG

1:25

AR-3 & Tris EDTA solution

b

lymphangiogenetic marker; bangiogenetic marker.

a

room temperature in humidified chamber.

3. Results
The use of single retrieval buffer, most commonly recommended for carrying
out immunohistochemistry i.e. citrate buffer (pH 6.0) did not yielded any significant results in antigen unmasking and most of the sections as stained with the
antibodies directed against podoplanin, LYVE-1, PROX 1, VEGFR-3, VEGFR-2,
laminin, VEGF-D and VEGF-C were either negative or mild in intensity. But
when the citrate treatment was followed by AR in Tris-EDTA (pH 9.0) buffer, a
significant increase in the intensity as well as positivity for the above mentioned
markers was observed except for VEGF-C and laminin. In addition to this,
another combined treatment of antigen retrieval comprising of citrate, Tris-EDTA
and pepsin resulted in complete loss of morphological details except for laminin.
The increase in positivity and intensity with a treatment of citrate followed by
Tris-EDTA was seen for podoplanin, LYVE-1, PROX 1, VEGF-D, VEGFR-3 and
VEGFR-2. However, the treatment of citrate followed by Tris-EDTA has a deleterious effect on the tissue as tissue gets off the slide due to extreme pH shock.
No increase in intensity or positivity was seen when treatment of citrate and
Tris-EDTA was carried out for laminin, but additional treatment with pepsin for
3 minutes at 37˚C yielded more desirable and good results. VEGF-C marker did
not show any reactivity with any of the above used protocols.
The comparison of these three different techniques for AR (Table 3) i.e. use of
citrate alone [Figure 1(a), Figure 2(a), Figure 3(a), Figure 4(a), Figure 5(a),
Figure 6(a), Figure 7(a), Figure 8(a)]; citrate and Tris-EDTA [Figure 1(b),
Figure 2(b), Figure 3(b), Figure 4(b), Figure 5(b), Figure 6(b), Figure 7(b),
Figure 8(b)]; citrate, Tris-EDTA and pepsin [Figure 1(c), Figure 2(c), Figure
3(c), Figure 4(c), Figure 5(c), Figure 6(c), Figure 7(c), Figure 8(c)] revealed
that, for markers viz. Podoplanin [Figure 1(b)], LYVE-1 [Figure 2(b)], PROX 1
[Figure 3(b)], VEGFR-3 [Figure 4(b)], VEGF-D [Figure 5(b)] and VEGFR-2
DOI: 10.4236/jbm.2017.512006
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[Figure 7(b)], both citrate and Tris-EDTA AR are very effective in unmasking
the epitope against these antibodies in canine mammary tumour whereas for
laminin marker, in addition to citrate and Tris-EDTA treatment, pepsin reaction
is essential to unmask antigen and thus enhance reactivity and increase intensity
[Figure 6(c)].
Table 3. Comparison between the three techniques of AR from 45 samples of CMT.
Name of the
antibody

Number of positive
% age of positive
Number of positive
% age of positive
Number of positive % age of positive
samples with citrate samples with citrate samples with citrate, samples with citrate,
samples with citrate samples with citrate
and Tris-EDTA
and Tris-EDTA
Tris-EDTA and
Tris-EDTA and
treatment only
treatment only
treatment
treatment
pepsin treatment
pepsin treatment

VEGF-D

3

6.67

33

73.33

0

0

VEGFR-3

6

13.33

39

86.67

0

0

Podoplanin

10

22.22

40

88.89

0

0

PROX 1

8

17.78

25

55.56

0

0

LYVE-1

5

11.11

28

62.22

0

0

Laminin

0

0

0

0

39

86.67

VEGFR-2

5

11.11

40

88.87

0

0

VEGF-C

0

0

0

0

0

0

Different antigen retrieval methods
Citrate followed by Tris-EDTA AR

Citrate followed by Tris-EDTA and pepsin

Podoplanin

Citrate

Figure 1(b). Marked immuno-staining of
tumour cells for podoplanin in CMT when
treated with citrate followed by Tris-EDTA
AR. Original magnification × 400x.

Figure 1(c). Loss of cellular details in CMT
for podoplanin when subjected to citrate,
followed by Tris-EDTA and pepsin treatment.
Original magnification × 400x.

Figure 2(a). Slight cytoplasmic
immune-reactivity for LYVE-1 in invading
cancer cells when treated with citrate AR
alone. Original magnification × 400x.

Figure 2(b). Marked immuno-staining of
tumour cells for LYVE-1 in CMT when treated
with citrate followed by Tris-EDTA AR.
Original magnification × 400x.

Figure 2(c). Loss of most of the cellular details
for LYVE-1 when subjected to citrate, followed
by Tris-EDTA and pepsin treatment. Original
magnification × 400x.

LYVE-1

Figure 1(a). Slight cytoplasmic
immuno-reactivity for podoplanin in invading
cancer cells in CMT when treated with citrate
AR alone. Original magnification × 400x.

DOI: 10.4236/jbm.2017.512006
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PROX 1

Continued

Figure 3(b). Marked nuclear staining in the
lymphatic endothelial cells in intratumoral areas
with PROX 1 when treated with citrate followed by
Tris-EDTA AR. Original magnification × 1000x.

Figure 3(c). Loss of cellular details in CMT
for PROX 1 when subjected to citrate,
followed by Tris-EDTA and pepsin treatment.
Original magnification × 1000x.

Figure 4(a). Very mild immuno-staining of
tumour cells in intratumoral area with
VEGFR-3 when treated with citrate AR alone.
Original magnification ×1000x.

Figure 4(b). Prominent cytoplasmic and mild
nuclear staining in the intratumoral area with
VEGFR-3 when treated with citrate followed
by Tris-EDTA AR. Original magnification ×
1000x.

Figure 4(c). Marked immuno-reactivity but
loss of structural and cellular details of tumour
cells with VEGFR-3 when subjected to citrate,
followed by Tris-EDTA and pepsin treatment.
Original magnification × 1000x.

Figure 5(b). Moderate granular cytoplasmic
immuno-staining of neoplastic cells with
VEGF-D when treated with citrate followed by
Tris-EDTA AR. Original magnification ×
1000x.

Figure 5(c). Marked immuno-reactivity of
tumour cells but loss of structural and cellular
details, with VEGF-D when subjected to
citrate, followed by Tris-EDTA and pepsin
treatment. Original magnification × 1000x.

Figure 6(b). Absence of immuno-staining of
blood vessels in intratumoral area with
laminin when treated with citrate followed by
Tris-EDTA AR. Original magnification ×
1000x.

Figure 6(c). Marked immuno-staining of
blood vessels in intratumoral area with
laminin when subjected to citrate, followed by
Tris-EDTA and pepsin treatment. Original
magnification × 1000x.

VEGF-D

VEGFR-3

Figure 3(a). Mild nuclear staining of
intratumoral lymphatics with PROX 1 when
treated with citrate AR alone. Original
magnification × 1000x.

Laminin

Figure 5(a). Slight immuno-staining of
tumour cells in intratumoral area with
VEGF-D when treated with citrate AR alone.
Original magnification × 1000x.

Figure 6(a). Absence of immuno-staining of
blood vessels in intratumoral area with
laminin when treated with citrate AR alone.
Original magnification × 1000x.

DOI: 10.4236/jbm.2017.512006
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VEGFR-2

Continued

Figure 7(b). Prominent cytoplasmic and
nuclear staining in the intratumoral area with
VEGFR-2 when treated with citrate followed
by Tris-EDTA AR. Original magnification ×
1000x.

Figure 7(c). Marked immuno-reactivity but
loss of structural and cellular details of tumour
cells with VEGFR-2 when subjected to citrate,
followed by Tris-EDTA and pepsin treatment.
Original magnification × 1000x.

Figure 8(a). Absence of immuno-staining in
intratumoral area with VEGF-C when treated
with citrate AR alone. Original magnification
× 100x.

Figure 8(b). Absence of immuno-staining of
in intratumoral area with VEGF-C when
treated with citrate followed by Tris-EDTA
AR. Original magnification × 100x.

Figure 8(c). Marked loss of cellular details in
intratumoral area with VEGF-C when
subjected to citrate, followed by Tris-EDTA
and pepsin treatment. Original magnification
× 400x.

VEGF-C

Figure 7(a). Very mild immuno-staining of
tumour cells in intratumoral area with
VEGFR-2 when treated with citrate AR alone.
Original magnification × 1000x.

4. Discussion
Dogs with spontaneously arising CMT’s are considered a promising animal
model of human breast cancer [20] [21] and hence may prove useful for designing trials related to anti-angiogenic and anti-lymphangiogenic therapies. To be
used in such comparative oncology studies, blood and lymphatic vessels in
CMTs must be identified and differentiated from each other unambiguously.
The ideal immuno-histochemical marker for these purposes should have a higher sensitivity and specificity, high repeatability, show low background staining,
detect and differentiate both canine blood and lymphatic vessels during disease
progression [22].
Till now only few studies have used angiogenic markers in study of CMT’s but
to the best of our knowledge, no studies relating to lymphatic vessels in CMT’s
have been documented [23]. Further, no standardized method has been designed
till now for AR for the above mentioned markers of angiogenesis and lymphangiogeneisis in CMT’s.
One of the basic and important aims of immunohistochemistry is efficient retrieval of antigen. Most of the pathologists use formaldehyde as universal fixative
for tissue samples in diagnostic pathology as it’s inexpensive and produces good
morphological details. The major effect introduced by aldehyde fixation is the
DOI: 10.4236/jbm.2017.512006
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cross-linking of protein amino acid residues by methylene bridge [24] thus altering the protein secondary, tertiary and quaternary structures, hence lowering
the accessibility of antigen sites [25]. Further, aldehyde fixation induces formation of cage-like calcium complexes which require chelating agents like EDTA
for reversal conformation of antigens. Thus, the biggest challenge of IHC is to
develop standardized methods that perfectly reverse the conformational changes
produced during aldehyde fixation and approximately 85% of Antigens fixed in
formalin require some type of AR to optimize the immunoreactions [26] [27].
Most of our CMT samples were very old and over fixed and only a meagre
samples exhibited AR through normally followed AR solution i.e. citrate buffer
[Figure 1(a), Figure 2(a), Figure 3(a), Figure 4(a), Figure 5(a), Figure 6(a),
Figure 7(a), Figure 8(a)] [10] [17]. Further longer fixation times are tend to
decrease immuno-reactivity and might require longer, harsher AR methods, increased antibody concentrations or longer primary antibody incubation times to
achieve a similar degree of immuno-reactivity [26] [27]. So in order to achieve
higher AR percentage, we tried the various combinations [Table 3, Figures
1(a)-8(c)].
In the past studies most of the research workers have either used cooker or
microwave for AR but in our study we had used a dedicated standard equipment

i.e. EZ-Retrieval system, wherein a combination of fixed temperature for a stipulated time was applied (Table 1) to retrieve antigens. The combination of heat
and microwave along with AR solution resulted in higher antibody affinity. The
heat causes unmasking of epitopes, which was earlier induced by formalin fixation of tissues [28]. Microwave further cause denaturation of the secondary and
tertiary structures of proteins [29] and can alter the non-covalent bonding of
proteins [7], resulting in higher antibody binding. Hopwood et al. [30] reported
that the mechanism of microwave AR is exclusively due to heat. On the contrary,
Stone et al. [31] demonstrated that the retrieving effect is caused solely by the
microwave oscillating electromagnetic field. Thus, a combined effect of heat and
microwaves may have led to higher antibody reactivity in our study.
Use of enzymatic treatment enhanced immunoreactivity for lamnin [32]
[Figure 6(c)]. Enzymatic treatment causes the disruption of the crosslinks between the epitopes and the fixative molecules, which have modified the structures of the protein [33]. The enzymatic treatment immuno-reactivity is further
enhanced by presence of number of lysine, arginine or asparagine amino acid
residues [33], and since laminin is rich in such amino acid residues [34], higher
immuno-reactivity was observed with pepsin treatment. No retrieval of laminin
antigen was possible by either use of citrate [Figure 6(a)] alone or citrate followed by EDTA buffer [Figure 6(b)], as was also described by Yamashita et al.
[35] On contrary, van Hecke [36] reported some of antigens may be destroyed
by this enzymatic treatment and will not show any reactivity, as happened with
the Podoplanin [Figure 1(c)], LYVE-1 [Figure 2(c)], PROX 1 [Figure 3(c)],
VEGFR-3 [Figure 4(c)], VEGF-D [Figure 5(c)] and VEGFR-2 [Figure 7(c)] in
DOI: 10.4236/jbm.2017.512006
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our study.
Ehara et al. [37] suggested that for most Antigens, HIER with sodium citrate
buffer will give satisfactory results and good cell morphology when compared
with buffers with higher pH such as Tris-EDTA. Kim et al. [38] stated that the
basic buffer solution like Tris-EDTA seems to be more efficient in retrieving antigens than citrate buffer. Further, as reported by Shi et al. [39] that some antigens will be retrieved with low pH solutions, others with only high pH solutions;
a third group will be retrieved with solutions with a wide pH range.
Most of our samples didn’t yielded any significant AR for lymphangiogenesis
and angiogenesis markers with sodium citrate buffer alone [17] [Figure 1(a),
Figure 2(a), Figure 3(a), Figure 4(a), Figure 5(a), Figure 6(a), Figure 7(a),
Figure 8(a)]. Shi et al. [40] compared the retrieval of antigen in sections fixed
for shorter periods (6 hours) and longer periods (30 days) and found that as the
tissue is fixed for longer periods, the antigen unmasking becomes difficult, thus
compelling us to try different combinations of antigen retrieval in our study as
most of our samples were over-fixed. We used a combination of citrate and
Tris-EDTA [Figure 1(b), Figure 2(b), Figure 3(b), Figure 4(b), Figure 5(b),
Figure 6(b), Figure 7(b), Figure 8(b)] and subjected our antigens to harsher
acidic and basic pH treatment as suggested by Hayat [8], and van Everbroeck et

al. [41] that sometimes multiple AR methods in combinations are needed to optimize the immuno-detection of antigens [Table 3, Figures 1(a)-8(c)].

5. Conclusion
Efficient AR is overseen by many factors and sometimes single AR does not yield
substantial results, so a combination of antigen retrievals can lead to efficient
AR. Further as most of our markers for study of lymphangiogenesis and angiogenesis in CMTs have not been utilized too much in animal pathological studies till now, we suggest that during the retrieval of these antigens from CMTs
tissues especially old or over fixed tissues, combination of antigen retrievals as
suggested in the methodology should be vexed. The immuno-staining intensity
for these over fixed, old samples will go on decreasing when compared with the
freshly fixed samples.
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