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The HOPE technique opens up a multitude  
of new possibilities in pathology 

E. VOLLMER, J. GALLE, D. S. LANG, S. LOESCHKE,  
H. SCHULTZ, T. GOLDMANN 

Clinical & Experimental Pathology, Research Center Borstel, Germany 

Abstract 
Fixation of tissues with formalin results in well-preserved morphology but to a high degree leads to degradation of nucleic acids,  
which substantially constricts the spectrum of applicable molecular techniques. The novel HOPE-fixative with subsequent paraffin 
embedding, as an alternative to formalin, has been shown to result in a morphological preservation comparable to formalin-fixed,  
paraffin-embedded specimens. Due to a similar workflow like in formalin-fixation and paraffin embedding, the HOPE technique can be 
successfully established within any pathological institute. We have shown that DNA, RNA and proteins are protected in HOPE-fixed, 
paraffin-embedded tissues for at least eight years. Moreover, we described procedures which permit successful application of all common 
molecular techniques such as in situ hybridization targeting either DNA or RNA, immunohistochemistry without antigen retrieval and for 
formalin-refractory antigens, PCR, RT-PCR, Western blot, Northern blot, and transcription microarrays to HOPE-fixed, paraffin-embedded 
tissues. Furthermore, HOPE-fixed tissues can be used for the construction of tissue microarrays for enhanced high-throughput analyses on 
the molecular level. Using the HOPE technique as its crucial methodological base, ex vivo model systems could be established, e.g. for the 
simulation of early events in human infections and detection of chemotherapy resistances in human cancer. In addition to tissues,  
cell-culture preparations have been prepared utilizing the HOPE technique, which were then successfully applied to in situ hybridization 
targeting mRNA or immunocytochemistry with excellent preservation of morphological details. Taken together, the HOPE technique to date 
represents an alternative fixation that is, in contrary to other procedures, scientifically broadly analyzed. Therefore new possibilities are 
opened up especially within the rapidly growing field of molecular pathology.  
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 Introduction and General Remarks 

Any fixation of tissues produces artefacts. A long 
time ago Hippokrates discussed the biologic effects of 
mercury and alcohols as fixatives already in 400 B.C. 
With the invention of the microscope more attention 
was given to histological structures.  

Systematic studies of the fixatives used for such 
purposes began not until the second half of the 19th 
century. These fixatives mainly served for the structural 
preservation.  

Fixation with formalin and subsequent embedding in 
paraffin is well suited for this purpose and became a 
standard method. Since the development of monoclonal 
antibodies and their widespread use within diagnostics 
from the 1980s specific antigens have become 
detectable in tissue slices. The effect of fixation on the 
detection of antigens has been intensely discussed since 
then. Formalin fixed paraffin embedded (FFPE) 
material can be used for such immunohistochemical 
techniques only with limitations. A limited portion of 
antigenic epitopes is accessible for antibodies in FFPE.  

Therefore, the panel of antibodies available for the 
use in FFPE is substantially smaller than that available 
for fresh or frozen specimens, the latter resulting in a 
comparatively inferior morphology. This can be 
compensated only partly by the development of highly 
sensitive immunohistochemical techniques in 
combination with antigen retrieval techniques for FFPE.  

By the advent of biotechnologic techniques such as 
microarrays, proteomics, tissue arrays, etc., molecular 
diagnostics began to change the traditional workflow in 
pathology. As a prerequisite for molecular diagnostics 
the quality of nucleic acids and proteins within the 
specimens is becoming more and more important. FFPE 
materials constrict the application of molecular 
techniques since the preservation of nucleic acids and 
proteins is comparably low.  

One actual example for such a need of molecular 
diagnostics is the therapy of breast cancer with the 
humanized anti-Her2 antibody herceptin (trastuzumab). 
For successful medication of the patients with this 
innovative drug adequate diagnostic procedures are 
necessary, which either test the overexpression of the 
Her2-protein by immunohistochemistry, or the 
amplification of the Her2-gene by fluorescent in situ 
hybridization (FISH). These diagnostic procedures 
might be problematic with FFPE materials due to the 
low preservation of proteins and nucleic acids, which is 
why intense discussions have been raised in order to 
reach at least some standardization. However, this 
standardization of the detection procedures applied to 
FFPE materials could not raise the quality of nucleic 
acids and proteins and is therefore of limited help and 
perspective. Beyond this, the fixation itself should be 
highly standardized too. The increasing demand for 
such molecular procedures, for example with regard to 
other members of the EGF-R family like Her1, 
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detection of Her2/Her3 heterodimers, etc., unavoidably 
leads to the need of an adequate fixation of the tissues. 
Another aspect is scientific projects, which also at least 
partly are constricted by the low preservation of proteins 
and nucleic acids in FFPE-materials. Utilization of 
frozen tissues is only a partial substitute mainly due to 
the low morphologic quality. An alternative procedure 
should ensure three objectives: preservation of nucleic 
acids and proteins, preservation of morphologic details 
and a high level of standardization. 

Considering these aspects a fixation procedure 
which preserves nucleic acids facilitating the application 
of molecular techniques such as RT-PCR, DNA and 
RNA in situ hybridization, Northern blot, or 
microarrays, will be of high value for modern pathology 
in diagnostics as well as scientific research. 

 Applications and Experiences 

The HOPE technique is based on a novel 
hyperosmolar protection solution composed of amino 
acids and organic buffers. Acetone is the only 
dehydrating agent followed by pure paraffin [1]. 
Therefore working conditions are very similar to FFPE. 
It has been shown that high molecular DNA and RNA 
can be extracted from HOPE-fixed tissues [2–4].  
A result of an RT PCR-experiment using RNA from 
HOPE-fixed, paraffin-embedded lung tissues is 
exemplified in Figure 1. 

Experiments using RNA from FFPE tissues work on 
residues of RNA, which do not necessarily resemble the 
natural situation of the original RNA population, found 
in the native tissue. We therefore developed a 
procedure, which enables RNA in situ hybridization 
experiments in HOPE-fixed materials [3].  
The procedure utilizes randomly primed double 
stranded digoxygenated DNA-probes and due to the 
omission of signal enhancement the protocol is 
relatively short. This technique was successfully applied 
in several studies targeting even weakly transcribed 
molecules such as interleukins, etc. [5–17].  

Preservation of morphologic details is good, as is the 
generation of unambiguously detectable signals. 
Negative controls remained negative as controls with 
irrelevant probes. These studies were verified by  
RT-PCR experiments throughout. Due to its high 
reliability all other signal enhancing procedures such as 
catalyzed reporter deposition (CARD) or in situ PCR 
have now become dispensable [3]. It is possible to apply 
this technique to paraffin blocks, which are eight years 
old; that is the time-span we have collected HOPE-fixed 
materials yet. 

Immunohistochemical assessment of biological 
parameters has become an integral part of pathology. 
Cell proliferation is often measured in tumors and  
the determination of hormone receptors is mandatory in 
the reporting of breast cancer. Finally, there are  
FDA-approved immunohistochemical assays, which are 
decisive for adjuvant therapy, e.g. the HercepTest.  
To our knowledge, however, there are no assay systems 
available applicable to routinely formalin-fixed and 
paraffin embedded material without antigen retrieval, 

which often leads to a loss in the morphological quality 
and the repeated heating and cooling are difficult to 
standardize. It is worthwhile to mention that concerning 
FFPE the tissue preparation steps up to the paraffin 
block are not standardized at all concerning e.g. the 
concentration of formalin, the fixation time etc. 
Therefore, we analyzed the immunohistochemical 
assessment of cell proliferation using the common  
MIB-1 antibody against the Ki-67 antigen, the 
detectability of estrogen- and progesterone-receptors 
and of FDA-approved assays we applied the 
HercepTest [18]. Formalin-fixed and correspondingly 
HOPE-fixed paraffin embedded tissues of mammary 
carcinoma specimens were investigated. The assessment 
of all these important biomarkers in paraffin sections 
requires cooking when formalin-fixation is used, 
whereas we achieved excellent immunostainings for 
these biomarkers investigated in HOPE-fixed paraffin 
sections without antigen retrieval [18].  

Quantity and intensity of positively stained cells 
there was almost equal comparing the established 
protocols for FFPE using antigen retrieval and the 
HOPE-protocol without the latter. Moreover, the 
HOPE-fixed specimens required only 1/3rd of the 
primary antibodies as well as 1/3rd of the respective 
detection system.  

The formalin-fixed specimens without antigen 
retrieval remained staining negative. Immunohisto-
chemistry with HOPE-fixed materials to date has been 
utilized in numerous studies [6, 8, 17, 19, 20] in 
different tissues including even fragile tissues like 
vitrectomy specimens [21] in both animal and human 
tissues. Two examples of immunohistochemical results 
without antigen retrieval obtained in HOPE-fixed 
tissues using antibodies with diagnostic and therapeutic 
relevance respectively which both require antigen 
retrieval in FFPE-tissues are displayed in Figure 2  
(Ki-67) and Figure 3 (EGF-R).  

Due to the excellent preservation of antigens, highly 
standardized tissue sampling and the well-preserved 
morphology the HOPE technique fulfill the increasing 
demands in the expanding field of molecular 
diagnostics. The application of the HOPE technique for 
cytospin preparations of cultured cells showed that 
immunocytochemistry and RNA-in situ hybridization 
can be performed with these specimens after 
development of a suitable modified fixation protocol. 
Preservation of morphology was eminent as was the 
generation of signals [17]. Currently a technique is 
under development to endure HOPE-fixation and 
paraffin embedding with broncho-alveolar-lavage 
specimens in order to enhance the capabilities available 
to date in pneumology. 

As a subsequent element of a comprehensive panel 
of molecular techniques we developed protocols for 
Western blots with HOPE-fixed tissues [22]. In a 
comparison of FFPE, frozen material and HOPE-fixed 
tissues it turned out that the detection of epitopes was 
equal in HOPE-fixed and frozen samples, while FFPE-
tissues could not successfully be used for Western blot. 
The protocol used contains only slight modifications in 
comparison to the one for frozen materials. 



The HOPE technique opens up a multitude of new possibilities in pathology 17

Figure 2 – Photomicrograph ( 400) of an
immunohistochemical detection of Ki-67 in

human non small cell lung cancer tissues. This
experiment was performed by the use of tissue

microarrays from HOPE-fixed specimens.
MIB-1antibody was used like described above

together with the LSAB procedure without
any antigen retrieval

×

-

Figure 3 – Photomicrograph ( 400) of an
immuno histochemical detection of

Epithelial Growth Factor-Receptor (EGF-R)
in human non small cell lung cancer tissues
using tissue microarrays from HOPE-fixed

specimens. Anti EGF-R antibody clone 2-1E1
(Zytomed Systems, Germany) received as a

ready to use antibody was diluted in
Tris-buffer and applied for h in
a moist chamber without any antigen
retrieval. Detection was achieved by
application of the LSAB procedure

×
-

-
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Figure 1 Photograph of an agarose gel
electrophoresis separating products from an
RT-PCR reaction using cDNA synthesized

from total RNA extracted from human lung
cancer tissue specimens that were previously

HOPE-fixed and paraffin embedded (12).
RT-PCR was targeting a 247 bp fragment

of human glyceraldehyde-3-phosphate
dehydrogenase transcript. Lanes 1, 6, 11,

and 16 show directly HOPE-fixed samples,
the other lanes (2 5, 7 10, 12 15, 17 20) are

samples from according tissues which had
been stimulated in the STST ex vivo model
for 16 h and HOPE-fixed afterwards

( neg control without template
+ positive control from frozen tissue.
The molecular weight marker (M) used

with these 2% agarose gels was
pBR 322-Msp1

–

– – – –
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–) – ative ;
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To further extend the panel of techniques on the 
RNA-level we showed that HOPE-fixed tissues could 
be used for Northern blot-hybridization and 
transcription microarrays [2].  

The Northern blot hybridization targeted two splice 
variants of human HMGB1 (1.4 kb and 2.4 kb) in total 
RNA extracted from HOPE-fixed breast cancer tissues, 
which both were unambiguously detected as was 
GAPDH. RNA integrity as judged on gel was high with 
clear 18S and 28S rRNA bands visible on the image. 
The same holds true for transcription microarray, which 
also displayed to well preserved RNA in HOPE-fixed 
tissues and was carried out without any specialized 
protocol. 

Due to the high molecular weight DNA extractable 
from HOPE-fixed materials we were able to 
demonstrate by utilizing real time RT-PCR that the 
detection of infectious agents like Mycobacterium 
tuberculosis is clearly enhanced with an at least  
100-fold increased sensitivity if comparing HOPE-fixed 
tissues to FFPE [16]. 

Moreover subtyping of the mycobacteria was clearly 
achieved in HOPE-fixed samples by spoligotyping, 
which was not successful with FFPE. HOPE-fixed 
materials were used for quality control in a German 
reference testing of PCR targeting mycobacteria [23]. 

According to the detection of infectious agents a 
methodological similar approach like the one used for 
RNA in situ hybridization was developed for DNA  
in situ hybridization and successfully applied for the 
detection of Chlamydiae in HOPE-fixed tissues [24].  

This in situ hybridization was found to display 
higher sensitivity than PCR from the same materials 
although being highly specific. Partly, this work has 
been performed using an ex vivo infection model with 
human lung tissues. This way of cultivating human lung 
tissues for short term with subsequent HOPE-fixation 
has been initially described during the development of 
the RNA in situ hybridization procedure [3].  

It was designated Short Term Stimulation of Tissues 
(STST). In this functional human model comparatively 
small tissue samples (approx. 0.5 g) are being cultivated 
for 16 hours with and without various stimuli.  
After HOPE-fixation the effects of such stimulation 
experiments can be analyzed on the molecular level, 
and, moreover, these analyses can be performed in situ. 
Besides infectious processes this model has served for 
studying the effects of the treatment of human non-
small cell lung cancer tissues with bacterial 
oligonucleotides (CpG) [6]. This combination of human 
tissue culture and the HOPE technique with its 
widespread possibilities for read out serves as our 
central model in the investigation of lung diseases. 

We recently showed that laser microdissection and 
pressure catapulting (LMPC) could be performed with 
HOPE-fixed tissues [25]. This study also describes a 
protocol for downstream real time RT-PCR, which 
showed the clearly superior results, obtained with 
HOPE-fixed specimens in comparison to FFPE.  
These RT-PCR analyses were performed without any 
RNA amplification procedure. This results in higher 
specificity and reproducibility if compared to protocols, 

which have to use such techniques due to degradation 
within FFPE specimens.  

Tissue microarrays have been constructed from 
HOPE-fixed tissues using the MTA1 tissue microarray 
device (Alphametrix, Rodgau, Germany) and it turned 
out that all molecular techniques described above for 
HOPE-fixed sections can also be applied to these tissue 
microarrays. This enables high throughput molecular 
studies in paraffin embedded tissues [26, 27].  
Two examples of immunohistochemical stainings with 
tissue microarrays of HOPE-fixed tissues are shown in 
Figures 2 and 3. 

 Conclusions 

Taken together, the HOPE technique enables the 
successful application of all common molecular 
techniques with enormously enhanced results when 
compared to FFPE. Moreover, the HOPE technique is 
highly standardized and leads to high inter specimen 
comparability. An automated system for HOPE-fixation 
and paraffin embedding will be available in 2006. 
HOPE fixed specimens display an excellent formalin-
like morphology. 

We conclude that the HOPE technique is an ideal 
alternative fixation for modern pathology. 
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