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Abstract

Introduction: Epstein-Barr virus encoded RNA (EBER) in situ hybridization (ISH) is a method for the 
identification of Epstein-Barr virus (EBV) infection in tissue sections. In our experience, the currently available 
automated EBER ISH staining protocol using the Bond-Max immunostainer is not suitable for xenograft tissue 
sample due to high background staining which impairs the interpretation of the staining. Methods: Here we 
describe a modified automated EBER ISH staining protocol for xenografts which involves the substitution of 
reagents for detecting the EBER probe. Results: This modified protocol significantly improved the quality 
and speed of the staining.  Conclusion: The method described here will be useful for EBER ISH staining of 
xenograft tissue samples. 
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1 Introduction

EBV is among one of the viruses which is classified as 
carcinogenic. It is known to be highly associated with human 
cancers such as Burkitt’s lymphoma and nasopharyngeal 
carcinoma (SARID and GAO, 2011). EBV-positive cancers 
have been shown to be associated with the latent phase infection 
of the virus which can be further classified into latency type 
I, II and III depending on the gene expression pattern (KANG 
and KIEFF, 2015; THOMPSON and KURZROCK, 2004).

EBERs (EBER-1 and EBER-2) are small, non-coding RNAs, 
which are expressed in all forms of EBV latent infections, 
making them a sensitive target for the detection of EBV 
infection (IWAKIRI and TAKADA, 2010; KHAN, COATES, 
KANGRO et al., 1992). EBER ISH is widely accepted as a gold 
standard test to detect latent EBV infection in tissue sections 
(GULLEY, 2001; GULLEY and TANG, 2008). This method 
allows the identification of EBV in tissue sample by utilizing a 
specific probe which targets the EBER transcripts in latently 
infected cells of the tissue sections.

EBER ISH is routinely performed as a chromogenic ISH 
(CISH) whereby an immunoenzymatic technique is used for 
visualization of the labelled target. Currently, we are using the 
Bond Polymer Refine Detection kit (Leica Microsystem) on 
a Bond-Max immunostainer (Leica Microsystem) to perform 
fully automated EBER ISH which allows processing of 
30 slides per run. In principle, fluorescein (FITC)-conjugated 
oligonucleotide probes which binds to the EBER transcripts 
(target RNA) (Figure  1A,  B) in the tissue sections were 
detected using a pre-diluted mouse anti-FITC antibody 
(Figure 1C). Using Bond Polymer Refine Detection system, 
this antibody is detected using rabbit anti-mouse antibody 
(post primary) (Figure 1D). Next, a polymer system which 
consists of horseradish peroxidase (HRP) polymer conjugated 
anti-rabbit antibody is used to detect the post primary reagent 
(Figure 1E). Finally, 3,3’ diaminobenzidinetrahydrochloride 

(DAB) is used as a substrate-chromogen to visualize the 
localized targets, which appear as brown end products.

In order to perform a fully automated EBER ISH staining, 
we initially followed the standard protocol (ISH A) which 
was optimized by the manufacturer for human tissue samples. 
However, we noticed high non-specific background staining 
when we applied the same protocol for our xenograft tissue 
samples, which were tumour tissue or cancer cell lines of 
human origin grown in mice. This was due to cross-reactivity 
of the reagents in the detection system with the mouse 
immunoglobulins which impaired the interpretation of the 
staining. The aim of this paper is to describe an improved fully 
automated staining protocol for EBER ISH immunostaining 
on xenograft tissue samples.

2 Materials and Methods

Tissue sections were prepared from formalin-fixed, 
paraffin-embedded (FFPE) xenograft tissue of nasopharyngeal 
carcinoma cell lines, C17 and HK1, grown in immunodeficient 
NOD-scid gamma (NOD.Cg-Prkdcscid Il2rgtm1Wjl / SzJ) mice. 
C17 is an EBV positive nasopharyngeal carcinoma cell line 
(BUSSON, GANEM, FLORES et al., 1988) and HK1 is an 
EBV negative nasopharyngeal carcinoma cell line (HUANG, 
HO, POON et al., 1980). All mice were housed, maintained 
and used in accordance with the institutional guidelines and 
protocols which were approved by the Animal Care and Use 
Committee (ACUC), Ministry of Health, Malaysia.

Details for equipment setup and reagents used are listed 
in Table 1.

Xenograft tissue samples which have been processed into 
FFPE tissue blocks using standard fixation and embedding 
techniques were sectioned at 3 µm thickness, prepared on 
positively charged slides (Leica Bond Plus Slides, Leica 
Microsystems) and assigned for specific probes for testing.
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The protocol described here is based on the ISH A protocol 
by the manufacturer which have been modified and optimized 
for EBER ISH staining of xenograft tissue samples and was 
designated as protocol ISH A-X. This protocol involves 
step elimination and substitution of reagents for detecting 
the EBER probe. As represented in Figure  2, fluorescein 
(FITC)-conjugated oligonucleotide probes which binds to 
EBER transcripts (target RNA) were directly labelled with 
HRP-conjugated anti-FITC antibody.

The complete procedures for this protocol were summarized 
in Table 2.

After staining, samples were dehydrated by passing in 2x changes 
of absolute alcohol (1 min), followed by clearing in xylene 
(3 min) and finally, the slide samples were mounted with cover 
slips using mounting media. All images were captured using a 
Nikon ECLIPSE Ti-E microscope (Nikon Instruments, Tokyo, 
Japan) equipped with 12-bit colour camera QICAM Color 

Fast 1394 (QImaging, Surrey, Canada) and image acquisition 
software NIS Elements (version 4.2, Nikon Instruments).

Staining of tissue sections were assessed by evaluating the 
expression of the probes. Firstly, RNA integrity was assessed 
based on the expression of RNA Positive Control probe. 
Next, tissue sections hybridized with RNA Negative Control 
Probe were assessed for non-specific probe hybridization. 
Lastly, tissue sections were assessed for EBER positivity.

3 Results and Discussion

Based on the results, tissue samples which were hybridized 
with RNA Positive Control Probe showed positive staining for 
both protocol (Figure 3A, E). This indicate that the samples 
have well-preserved RNA.

Tissue samples hybridized with RNA Negative Control 
Probe and stained following ISH A protocol showed high 
non-specific background staining (Figure 3B). In contrast, 

Figure 1. Steps involved in chromogenic ISH using Bond Polymer Refine Detection. (A, B) Target RNAs are labelled with FITC 
conjugated oligonucleotide probe; (C) Mouse anti-FITC antibody is used to label FITC conjugated probe; (D) Post primary is used 
to label mouse anti-FITC antibody; (E) HRP-polymer is used to label post primary.

Table 1. List of equipment setup and reagents.
Equipment setup

Bond-Max Immunostainer with research module (Leica Microsystems)
Bond Slide Tray (Leica Microsystems)
Bond Universal Covertile (Leica Microsystems)
Bond Titration Container (Leica Microsystems)
Bond Titration Container Inserts (Leica Microsystems)
Bond Reagent Tray (Leica Microsystems)

Reagents
Bond Polymer Refine Detection (Leica Biosystem, DS9800)
Bond ready-to-use ISH EBER Probe (Leica Biosystem, PB0589)
Bond ready-to-use ISH RNA Positive Control Probe (Leica Biosystem, PB0785)
Bond ready-to-use ISH RNA Negative Control Probe (Leica Biosystem, PB0785)
Bond ready-to-use Primary Antibody Anti-Fluorescein antibody (Leica Biosystem, AR0833)
Polyclonal Rabbit anti-FITC/HRP (DAKO, 1:50, P5100)
Bond Enzyme Pretreatment Kit consist of Bond Enzyme Concentrate (Proteinase-K) and Bond Enzyme Diluent (Tris-
buffered saline) (Leica Biosystem, Enzyme 1 concentration, AR9551)
DAKO Antibody Diluent (DAKO, S0809)
Bond Wash Solution 10x Concentrate (Leica Biosystem, AR9590)
Bond Dewax Solution (Leica Biosystem, AR9222)
Absolute ethanol (Merck Millipore, 1009832511)
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Figure 2. Modified protocol for EBER ISH. (A, B) Target RNAs are labelled with FITC conjugated oligonucleotide probe; (C) HRP 
conjugated rabbit anti-FITC antibody is used to label FITC conjugated oligonucleotide probe.

Figure 3. Example of xenograft tissue sections stained using ISH A and ISH A-X protocol. (A-C) C17 xenograft tissue sections 
stained using ISH A protocol; (D) HK1 xenograft tissue section stained using ISH A protocol; (E-G) C17 xenograft tissue sections 
stained using ISH A-X protocol; (H) HK1 xenograft tissue section stained using ISH A-X protocol.

tissue samples stained following ISH A-X protocol showed 
absolute negative staining with no background staining 
observed (Figure 3F).

EBV positive tissue samples hybridized with EBER 
Probe showed positive staining for both staining protocol 
(Figure 3C, G). However, it was noted that tissue sample 

stained following ISH A protocol showed high non-specific 
background staining making positive interpretation of the staining 
difficult (Figure 3C). In addition, EBV negative xenograft tissue 
(HK1) also showed high non-specific background staining 
which may lead to false positive interpretation (Figure 3D). 
On the contrary, tissue samples stained following ISH A-X 

Table 2. Procedures for ISH A and ISH A-X protocols.
ISH A ISH A-X

Pre-treatment step

1. Baking (60 °C, 30 min)
2. Dewaxing (2x at 72 °C, 1x at ambient temperature).
3. Rehydration (3x with absolute alcohol, 4x of wash solution at ambient temperature).
4. Enzymatic retrieval (Enzyme 1 solution, 37 °C, 10 min, 3x of wash solution at ambient 
temperature).

Hybridization 5. Hybridization with probe (37 °C, 2 h)
6. Post hybridization washing (10x of wash solution at ambient temperature).

Peroxidase blocking 7. Peroxide block (1x, 5 min, 3x wash solution at ambient temperature).

Detection

8. Anti-FITC antibody (Leica Biosystem) 
(1x, 15 min, 3x wash solution at ambient 
temperature).

8. Anti-FITC/HRP antibody (DAKO) 
(1x, 20 min, 4x wash solution, 1x 
deionized water at ambient temperature).

9. Post Primary (1x, 8 min, 3x wash solution 
at ambient temperature). omitted

10. HRP-Polymer (1x, 8 min, 2x wash 
solution, 1x deionized water, at ambient 
temperature).

omitted

Chromogen visualization 11. DAB (10 min, 3x wash solution at 
ambient temperature).

9b. DAB (8 min, 3x wash solution at 
ambient temperature).

Counterstaining Haematoxylin (5 min followed by final wash in a sequence of 1x deionized water, 1x wash 
solution and 1x deionized water).
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protocol showed no background staining which results in 
excellent demonstration of EBV positive cells only (Figure 3G). 
EBV negative xenograft tissue stained with ISH A-X protocol 
also showed absolute negative staining with no background 
staining observed (Figure 3H).

In conclusion, we described here an improved EBER ISH 
automated staining protocol for xenograft. This protocol 
involved substitution of reagents for detecting the EBER 
probe which has significantly improved the quality and speed 
of the staining. The method described here will be useful for 
EBER ISH staining of xenograft tissue sample of equivalence.
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