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Abstract:

Background: The optimal immunohistochemical staining condition is associated with the accuracy of evaluating 

an expression of tissue proteins.  Objective: To standardise the immunohistochemical staining conditions of EN1 

protein expression in invasive breast carcinoma.  Methods: This study was to retrieve engrailed 1 (EN1) protein 

in the breast carcinoma tissue sections by using 1x10 mM sodium citrate buffer solution of pH 6.0 with a mi-

crowave antigen retrieval at 650, 700, and 750 watts for 5, 10, 15, and 20 minutes.  Anti-human EN1 mouse 

monoclonal primary antibody (1 ํAb) concentrations of 1.0, 2.5, 5.0, and 10.0 µg/mL were used for determining 

EN1 protein expression in the nuclei.  Results: The results showed that normal mammary epithelial cells and 

malignant cells in the same tissue section microscopically revealed the greatest contrast between their nuclear 

immunoexpression of EN1 protein and nonspecific background immunostaining after microwaving.  Conclusion: 

An expression of EN1 gene is distinctly detectable in the FFPE-TS-PIBC by MAR with SCBS at 700 watts for 10 

minutes and using a 1 ํAb concentration of 10.0 µg/mL.
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นิพนธ์ต้นฉบับ

สภาวะที่เหมาะสมของการย้อมอิมมูโนฮีสโตเคมีส�ำหรับโปรตีนเอนเกรล 1
เจตนา  เรืองประทีป1   รุจินี  ปดิฐพร1   ปุณยนุช  จินดาธรรมานุสาร2 และ ภัสรา  อาณัติ1 
1ภาควิชาพยาธิวิทยา วิทยาลัยแพทยศาสตร์พระมงกุฎเกล้า  2หน่วยโลหิตวิทยาและมะเร็งวิทยา กองกุมารเวชกรรม โรงพยาบาลพระมงกุฎเกล้า

บทคัดย่อ

ความเป็นมา สภาวะที่เหมาะสมของการย้อมอิมมูโนฮีสโตเคมี เกี่ยวข้องกับความถูกต้องในการประเมินการแสดงออกของโปรตีนใน

เนื้อเยื่อ  วัตถุประสงค ์เพื่อวางมาตรฐานของการย้อมอิมมูโนฮีสโตเคมีในการประเมินการแสดงออกของโปรตีนในเนื้อเยื่อ  วิธีการ การ

ศึกษานี้ได้ท�ำการคืนสภาพโปรตีนเอนเกรล 1 (อีเอน 1) ในเนื้อเยื่อมะเร็งเต้านมชนิดคาร์ซิโนมาโดยใช้สารละลายบัฟเฟอร์โซเดียมซิเตรต

ที่มีความเข้มข้นหนึ่งเท่าของ 10 มิลลิโมลาร์และมีค่าพีเฮช 6.0 พร้อมกับให้ความร้อนจากเตาไมโครเวฟที่ก�ำลังไฟฟ้า 650, 700 และ 

750 วัตต์ โดยแต่ละค่าของก�ำลังไฟฟ้าจะใช้เวลาอบนาน 5, 10, 15 และ 20 นาที จากนั้นประเมินการแสดงออกของโปรตีนอีเอน 1 ที่

นิวเคลียสของเซลล์ด้วยสารละลายแอนติบอดี้ที่ระดับความเข้มข้น 1.0, 2.5, 5.0 และ 10.0 ไมโครกรัม/มิลลิลิตร  ผลการวิจัย พบ

ว่าการใช้คลื่นไมโครเวฟที่ก�ำลังไฟฟ้า 700 วัตต์ นาน 10 นาที และความเข้มข้นของสารละลายแอนติบอดี้ต่อโปรตีนอีเอน 1 ที่ระดับ 

10.0 ไมโครกรัม/มิลลิลิตร มีความเหมาะสมที่สุดส�ำหรับการแยกความแตกต่างของการแสดงออกของโปรตีนอีเอน 1 ในนิวเคลียสของ

เซลล์เยื่อบุผิวของต่อมน�้ำนมปกติและเซลล์มะเร็งที่อยู่ในชิ้นเนื้อเยื่อเดียวกัน  สรุป การแสดงออกของโปรตีนอีเอน 1 สามารถตรวจ

พบได้โดยการย้อมอิมมูโนฮีสโตเคมี 

ค�ำส�ำคัญ:	 l เงื่อนไขที่เหมาะสม  l อิมมูโนฮีสโตเคมี  l โปรตีนเอนเกรล 1  l มะเร็งเต้านมชนิดคาร์ซิโนมา

เวชสารแพทยทหารบก 2560;70:193-202.
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Introduction

Engrailed 1 (EN1) gene is located on chromosome 

2q14.2 and has a role in controlling development of the 

central nervous system1-4.  This gene is expressed in 

the nuclei of human epidermal neural crest stem cells5. 

In 2014, EN1 gene has been reported to show gain in 

a human basal-like breast carcinoma cell line.  Overex-

pression of this gene is also associated with promoting 

survival and resistance to chemotherapy of basal-like 

breast cancers6.  Immunohistochemistry (IHC) is rou-

tinely used for the identification and demonstration of 

cellular prognostic and predictive biomarkers in human 

cancer tissue sections.  These biomarkers are specific 

tumour antigens which are expressed de novo or 

upregulated in certain cancers7.  The IHC has been 

applied for the evaluation of therapeutic response in 

invasive breast carcinoma according to the immuno-

histochemical expression of oestrogen receptor (ER), 

progesterone receptor (PR), human epidermal growth 

factor receptor 2 (HER2), and Ki67 proteins in the 

cancer tissues8.  Since IHC is based on the specific 

interaction between antibodies and tissue antigens, 

formalin fixation of the tissues is associated with the 

formation of cross-linked antigenic proteins leading to 

variations in the reproducibility of immunohistochemi-

cal reactivity8-12.  The formalin-induced cross-linkages 

can be reversed by placing the formalin-fixed tissue 

sections in different types of buffer solutions and heat-

ing to temperatures between 80 and 125 ํC.  This anti-

gen retrieval (AR) technique is most commonly used 

in pathology service and research.  The current popu-

lar heat-induced antigen retrieval (HIAR) devices are 

microwave oven and pressure cooker.  In addition, the 

most widely used HIAR solution is citrate buffer pH 

6.0.  Hence, any newer immunohistochemical anti-

bodies will require standardisation before they are used 

for an immunostaining procedure.  The optimal AR 

protocol and antibody concentration are primarily 

established to achieve the reproducible and reliable 

results of immunoexpression8-26.

The aim of this study was to standardise the 

immunohistochemical staining conditions of EN1 protein 

expression in invasive breast carcinoma.  The objective 

was to determine the optimal HIAR and primary antibody 

concentration for immunoreactivity of EN1 protein in 

formalin-fixed, paraffin-embedded (FFPE) tissue sections 

of primary invasive (infiltrating) breast carcinoma (PIBC) 

using a domestic 750-watt microwave oven with 

sodium citrate buffer solution. 

Materials and Methods

The FFPE-PIBC tissue block, which is stored in room 

temperature since 2014, was derived from Anatomical 

Pathology Division, Army Institute of Pathology, Bang-

kok, Thailand.  It contained both normal mammary 

epithelial cells (NMECs) and malignant cells (MCs). 

There was ethical approval for the use of this tissue 

block [Institutional Review Board of the Royal Thai Army 

Medical Department (IRB, RTA.MD.) 307/2560].

The unstained sections of 3 µm FFPE-PIBC tissue 

were mounted onto Shandon SuperfrostTM Plus posi-

tively charged microscopic slides (6776214, Thermo 

Scientific).  After melting paraffin at 60 ํC in an air 

incubator for 24 hours, all sections were applied for 

deparaffinization in 2 changes of xylene and rehydration 

in 99%, 99%, and 95% ethyl alcohol for 3 minutes each. 

They were subsequently washed in running tap water 

for 5 minutes.  The deparaffinized and rehydrated FFPE-

TS-PIBCs were submerged by 1x 10 mM sodium citrate 

buffer solution (SCBS) of pH 6.0 and were performed 

on HIAR with a domestic 750-watt Samsung® microwave 

oven (GE711K) at 650, 700, and 750 watts for 5, 10, 15, 

and 20 minutes.  The 10mM SCBS of pH 6.0 was pre-

pared from the mixture of 2.94 grams of Tri-sodium 



เจตนา เรืองประทีป และคณะ

Royal Thai Army Medical Journal Vol. 70  Vol. 4  October-December 2017

196

citrate (dihydrate), 1,000 mL of distilled water, 1N HCl 

for adjusting the final pH to 6.0, and 0.5 mL of TWEEN® 

20 (P9416, Sigma®).  Mouse and Rabbit Specific Horse-

radish Peroxidase (HRP) / 3,3’-Diaminobenzidine (DAB) 

[Avidin-Biotin Complex (ABC)] Detection Immunohis-

tochemistry Kit (ab64264, abcam®) was used for deter-

mining EN1 protein expression in each individual slide.

For elimination of endogenous peroxidase activity, 

the sections were incubated with 200 µL of Hydrogen 

Peroxide Block in a humid chamber at room temperature 

for 10 minutes.  Then they were incubated with 200 

µL of Protein Block to reduce non-specific binding of 

primary antibody and Biotinylated Goat Anti-Polyvalent 

in a humid chamber at room temperature for 10 minutes. 

The sections were subsequently treated with 200 µL 

of anti-human EN1 mouse monoclonal primary antibody 

(clone number 1F5) (ab119111, abcam®) (1° Ab) con-

centrations of 1.0, 2.5, 5.0, and 10.0 µg/mL.  The 50 mM 

Tris buffered saline (TBS) of pH 7.6 [BioUltra, 10 Tablets 

(For 500 mL/Tablet), 94158, Sigma®] solution was used 

as a diluent of primary EN1 antibody.  The negative 

control sections were applied to 200 µL of TBS with no 

primary antibody (NPA).  All sections were incubated 

overnight in a humid chamber at 4 ํC.  The overnight 

incubated sections were reacted with 200 µL of Bioti-

nylated Goat Anti-Polyvalent (secondary antibody) in a 

humid chamber at room temperature for 10 minutes. 

These sections were subsequently applied to 200 µL of 

Streptavidin Peroxidase in a humid chamber at room 

temperature for 10 minutes.  All tissue sections were 

further incubated with 200 µL of DAB Substrate/Chro-

mogen working solution for the development of final 

brown product in a humid chamber at room temperature 

for 10 minutes.  This working solution was prepared 

from the mixture of 50x DAB Chromogen and DAB 

Substrate at a 1:50 ratio.  Afterwards counterstaining 

was performed with Modified Haematoxylin Solution 

(Progressive Stain) (PATH.1, C.V. Laboratories, Thailand) 

for one minute.  The immunostained tissue sections 

were subsequently dehydrated through 95%, 99%, and 

99% ethyl alcohol then 2 changes of xylene for 3 minutes 

each.  They were finally covered by Fisher ChemicalTM 

PermountTM Mounting Medium (SP15-500, Fisher Sci-

entific®).

An evaluation of immunohistochemical staining was 

performed on Nikon Eclipse E400 light microscope first 

using 4x objective lens (magnification of 40x) in order 

to scan and locate the histopathological appearances. 

Then the 10x and 40x objective lens (magnification of 

400x) was subsequently applied for more detailed 

information on the staining27,28.  The immunostaining 

results were assessed by Chetana Ruangpratheep (a 

Thai board-certified pathologist).  The nuclear immu-

noreactivity of EN1 protein was evaluated from both 

NMECs and MCs of each PIBC tissue sections.  An 

interpretation was based on the histochemical scoring 

(H-score) assessment incorporating both the staining 

intensity (i) and a percentage of stained cells at each 

intensity level (P
i
).  The i values were indicated as 0 

(no evidence of staining), 1 (weak staining), 2 (moder-

ate staining), and 3 (strong staining).  The P
i
 values 

varied from 0% to 100%.  The final H-score was derived 

from the sum of i multiplied by P
i
 as this equation: (0 

x P
0
) + (1 x P

1
) + (2 x P

2
) + (3 x P

3
).  This score, therefore, 

was in the range of 0 to 30029-31.  The most optimal 

immunostaining condition was considered according 

to the H-scores of NMECs and MCs with the quality 

of nuclear immunoexpression in both cells.

Results

The different microwave antigen retrieval (MAR) 

conditions and concentrations of EN1 antibody yielded 

various H-scores of EN1 immunoexpression in NMECs 

and MCs.  The immunoexpression of both cells was 
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inversely related to the power and time of MAR.  The 

NMECs utterly showed poor immunoreactivity accord-

ing to the higher heating power with the longer dura-

tion of MAR and the lower concentration of primary 

EN1 antibody.  Similarly, an obvious decrease in EN1 

immunoreactivity was present in MCs (Table 1).  After 

microwaving at 700 watts for 10 minutes and using a 

10.0 µg/mL of 1° Ab, NMECs and MCs microscopi-

cally revealed the greatest contrast between their 

nuclear immunoexpression of EN1 protein (H-scores of 

300 and 140, respectively) and nonspecific background 

immunostaining (Figure 1).

Discussion

Immunohistochemistry (IHC) is a simple technique 

for demonstrating the presence and location of EN1 

protein in the formalin-fixed, paraffin-embedded tissue 

sections of primary invasive (infiltrating) breast carci-

noma (FFPE-TS-PIBC).  Although 10% neutral buffered 

formalin solution is a common tissue fixative reagent 

used in the diagnostic histopathology laboratory32, it 

leads to poor immunohistochemical reactivity due to 

the cross-linking of cellular proteins with the reduction 

in the recognition of antigenic epitopes and an inefficient 

antibody binding33,34.  Hence, AR is an essential step 

in immunohistochemical staining of FFPE tissue sec-

tions26.  The reliable and reproducible immunoexpression 

of each antigenic protein depend on the optimal pro-

tocol of AR and the optimal concentration of each 1° 

Ab8,11,12.  HIAR is commonly used for recovery of anti-

genicity by disruption to cross-linkages between for-

malin and protein35-39.  Microwave heating is the most 

popular AR method in many pathological laboratories 

because of a cost-effective, uncomplicated application. 

There are different brands of domestic microwave oven 

used in the previous studies, i.e. Toshiba (operating at 

a frequency of 2.45 GHz with the highest power setting 

of 720 W, model ER-855BT)35, Emerson (operating at a 

frequency of 245 MHz with the highest power setting 

of 600 W, model MT3410TG, North Bergen, New Jersey)40, 

Philips (Mod AVM 600/WH, maximum output 900 W)41, 

Philips (M742, The Netherlands; Bauknecht MCID 1125 

Duo, Germany)42, Hitachi (600W, MR-6000AL, Tokyo, 

Japan)43, Sharp (900 W, 2450 MHz, model R-4A46)17, and 

Panasonic (1,000 W, NN-S65B)44.  The aforementioned 

microwave ovens yielded various immunoreactivities 

according to the retrieval medium, the time of exposure 

to microwave irradiation, and the dilution of 1° Ab. 

This study applied a domestic 750-watt Samsung® 

microwave oven (GE711K) instead of a laboratory oven 

for HIAR of EN1 protein in FFPE-TS-PIBC because it is 

affordable and has the heating power control expressed 

in watts.

Basically, microwaves are electromagnetic waves 

with frequencies between 300 MHz and 300 GHz, cor-

responding to wavelengths between 1 m and 1 mm, 

respectively.  All domestic microwave ovens operate at 

2.45 GHz, corresponding to a wavelength in vucuo of 

12.2 cm45.  The possible mechanisms of MAR are (a) 

breaking the formalin-induced cross-links between epi-

topes and unrelated proteins, (b) extraction of diffusible 

blocking proteins, and (c) precipitation of proteins and 

rehydration of the tissue section allowing better pen-

etration of antibody and increasing accessibility of epi-

topes46.  SCBS of pH 6.0, which was used in this study, 

is the most popular solution for HIAR47,48 and probably 

causes the dissociation of Ca2+ complexes by high con-

centrations of H+ ions and/or the breaking up of cross-

links from formalin fixation49.  However, SCBS is pre-

viously reported that it more often produces poor 

immunostaining intensity and low number of positive 

cells.  The 1 mM ethylenediaminetetraacetic acid (EDTA) 

of pH 8.0 is the most efficient AR solution for numerous 

1° Ab because it independently achieves good inten-

sity of intranuclear, intracytoplasmic, or membrane-bound 
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Table 1  Immunostaining H-scores of normal mammary epithelial cells and cancer cells according to MAR at (A) 

650, (B) 700, and (C) 750 watts for 5, 10, 15, and 20 minutes with EN1 antibody concentrations [Ab] of 1.0, 2.5, 

5.0, and 10.0 µg/mL
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(A)

Figure 1 Immunoexpression of EN1 protein in (A) normal mammary epithelial cells (NMECs) and (B) malignant 

cells (MCs) according to MAR at 700 watts for 10 minutes and EN1 antibody (1° Ab) concentrations of 1.0, 2.5, 

5.0, and 10.0 µg/mL

(B)
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immunoexpression of the target protein in the tissue 

section42.  On the other hand, SCBS yields a higher 

nuclear immunostaining intensity of ER, PR, and Ki67 

proteins and there is least background staining40.  Re-

garding nuclear expression of EN1 protein5, SCBS was 

used as AR solution in this study.  If IHC without AR 

is performed, no positive staining is usually seen40.  This 

study utterly applied MAR with NPA instead because 

the heating power and time of MAR and the concentra-

tion of 1° Ab were determined their optimal conditions 

of IHC.

For the formalin-fixed tissues, a higher temperature 

during HIAR causes pronounced breakage of the cross-

links but tissue deterioration may also be developed34,50,51. 

The longer times of microwave heating, up to a maxi-

mum of 20 minutes possibly give a better immunostain-

ing intensity.  However, this likely leads to nonspecific 

background staining and some degradation in tissue 

architecture and morphology40.  Hence, this study 

revealed that poor immunoexpression of both NMECs 

and MCs was correlated with the higher heating pow-

er with the longer duration of MAR and the lower 

concentration of 1° Ab.  Since the FFPE tissue block 

used in this study was stored in room temperature for 

3 years prior to the immunostaining, immunoreactivity 

might be affected by antigenic degradation during tis-

sue storage.  However, the effect on immunohisto-

chemical staining of stored FFPE tissue sections depends 

on the types of antigen52.

The immunohistochemical reactivity is actually 

influenced by many factors.  The optimisation is the 

most important procedure for achieving the maximum 

immunostaining result12,25,26,52.  This study first shows 

the optimal immunohistochemical staining conditions 

for the evaluation of EN1 gene expression in the FFPE-

TS-PIBC based on HIAR with a domestic 750-watt Sam-

sung® microwave oven and 1x 10 mM SCBS of pH 6.0.

Conclusion

An expression of EN1 gene is distinctly detectable 

in the FFPE-TS-PIBC by MAR with SCBS at 700 watts 

for 10 minutes and using a 1° Ab concentration of 10.0 

µg/mL.
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