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1. Introduction

Currently, fluorescent in situ hybridization (FISH) is
widely used to assess the localization of genetic ele-
ments in tissues, nuclei of cultured cells, and spreads of
metaphase chromosomes. The advent of commercially
available probes and labelling kits for whole or partial
chromosome painting and pathogenetically important
gene loci has allowed FISH to enter routine work. Still,
however, FISH procedures vary grossly from labora-
tory to laboratory, and are far from optimal for many
questions in modern biology and medicine.

Here, a report on the 1st discussion workshop on
standardization of FISH-procedures held at Schloss El-
mau, Bavaria, October 9–10, 2002 is given. This meet-
ing was organised by Christoph Cremer (Heidelberg),
Michael Hausmann (Freiburg) and Hans J. Tanke (Lei-
den) as a satellite workshop to the 2nd Elmau confer-
ence on nuclear organization. The workshop was con-
vented to discuss recent developments, problems of
routine applications, and future requirements in the in-
triguing subject of specific fluorescence DNA labelling
especially in the interphase cell nucleus. The idea was
to bring together applicants of diagnostic routine, ap-
plicants in basic cytogenetic research, and developers
of FISH techniques. The 10 participants very lively
supported the discussion and elaborated some future
aspects for methodological research and requirements
to FISH probe manufacturers.
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2. Methodological developments

After opening remarks, Christoph Cremer gave an
overview over the principle of FISH. At a first glimpse,
such an introduction to a nowadays widely used tech-
nique appears to be superfluous. Nonetheless, in re-
ality the process to attach fluorescence labelled nu-
cleic acid sequences to their complementary counter-
parts in the genome is much more complex than text-
book figures tend to suggest. A better understanding
of the physics of FISH is therefore expected to con-
tribute to the further development of this technique for
practical applications. Such improvements appear to
be highly desirable. For example, under certain cir-
cumstances in routine use it may be a serious prob-
lem that FISH procedures take about two days inclu-
sive overnight hybridization of probe and target. The
application of chaotropic agents like formamide causes
a series of washing steps. This procedure may there-
fore considerably influence the chromosomal morphol-
ogy [14]. On the basis of systematic investigations of
the denaturation step of the chromosomal target in the
FISH protocol [12,15], a new FISH technique was de-
veloped omitting several complex steps in the protocol.
In this novel Fast-FISH protocol [3] chaotropic agents
for denaturation were omitted. Denaturation and probe
to target hybridization were only controlled by temper-
ature and duration of heat treatment, so that the whole
procedure was substantially accelerated [6,9].

Fast-FISH was applied for specific labelling with
centromere probes [3] and for chromosome painting
with repeat depleted probes [5]. The usefulness of Fast-
FISH was proven in hemato-oncology for the detec-
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tion of numerical aberrations in interphase cell nuclei
of CLL and AML patients [8] and for the detection of
dicentric metaphase-chromosomes after ionising radi-
ation exposure in biological dosimetry [6]. Neverthe-
less, in these Fast-FISH protocols using commercially
available centromere probes, labelling of minor bind-
ing sites could occur. In such cases it was shown that
this shortcoming was overcome by means of digital mi-
croscopy and appropriate procedures for image analy-
sis.

In a first conclusion, Christoph Cremer pointed out
the necessity of appropriate digital image analysis in
combination with the Fast-FISH procedure used. It
seems to be highly important to optimize not only the
FISH protocols but to adapt procedures of automated
microscopy and digital image analysis in order to in-
crease the contrast and FISH efficiency.

In a second plenary talk Michael Hausmann ad-
dressed the influence of thermal denaturation and
FISH on the chromosomal morphology [14]. He pre-
sented temperature dependent hyperchromicity mea-
surements at 256 nm and 313 nm which were per-
formed to analyze the thermal denaturation behav-
iour with and without formamide of metaphase chro-
mosome suspensions [12]. Absorbance changes were
measured between 20◦C and 95◦C with a tempera-
ture gradient of 1◦C/min using an appropriately de-
signed computer-controlled photometer device. The
denaturation profiles or melting profiles (= first deriv-
ative of the absorbance curve) resulted in a highly
variable peak pattern indicating complex conformation
changes. The influence of formamide on the denatu-
ration behaviour depended on the duration of the for-
mamide exposure. To further analyse the influence of
thermal denaturation on the chromosomal morphology,
a non-enzymatic, low temperature FISH (LTFISH)
procedure was developed and applied to metaphase
spreads [4,14]. Low temperature means in this con-
text that the usually applied denaturation procedure of
the chromosomal target DNA by heat treatment and
formamide was completely omitted so that the com-
plete hybridization reaction took place at 37◦C. For
the DNA probe pUC 1.77 specific for the chromosome
region 1q12, LTFISH was performed. After 15 hours
hybridization time, the chromosomal morphology was
analysed by scanning near-field optical microscopy
(SNOM) [10] and compared with the chromosomal
morphology after (a) labelling of all centromeres us-
ing the same chemical treatment in the FISH procedure
but with the application of target denaturation and af-
ter (b) labelling using a standard FISH protocol inclu-

sive thermal denaturation of the DNA probeand the
chromosomal target. Depending on the applied FISH-
procedure, SNOM images showed substantial differ-
ences of the chromosome morphology. After LTFISH
the chromosome morphology appeared to be much bet-
ter preserved than after standard FISH. The applica-
tion of the LTFISH chemical treatment accompanied
by heat denaturation had a very destructive influence
on the chromosomal morphology [14].

LTFISH unfortunately does not work for any given
FISH probe. Therefore, further developments towards
FISH procedures without target denaturation were per-
formed. Using a specific combination of homopurine
or homopyrimidine oligo probes, genome loci may
be labelled by means of triple strand binding of the
probe [2]. Although these developments are in the very
beginning and only preliminary results were presented,
this new technique called COMBO-FISH (COMBi-
natorical Oligo FISH) appeared to be a promising
methodological advance towards the long term but still
elusive goal of carrying out FISH in high-resolution
microscopy of vital cells [11]. COMBO-FISH might
be useful not only for better specimen preservation
but also for improved specificity in Fast-FISH appli-
cations including heat denaturation: the human DNA
sequence data base allows the computer selection of
a number of non-repetitive oligo sequences for any
given small genome region down to the level below
100 kb. Such regions are small enough that all fluores-
cence photons emitted from the various labelled oligo
nucleotides bound to the complementary genome sites
would merge into one diffraction limited light micro-
scopic signal [2,11].

3. Open questions

After these introductionary talks, several subjects of
discussion were defined:

• the usefulness of the so called standard protocols
with probe and target denaturation;

• alternative approaches with “in vivo” labels main-
taining cell vitality (e.g., GFP-labelling, sequence
specific proteins, COMBO-FISH, etc.);

• applied microscope systems (sensitivity, resolu-
tion, etc.);

• computer image analysis (automation vs. manual
operation);

• requirements for standardization or optimization.
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In this context the central question was discussed, how
much optical resolution is required or what is the use-
ful scale for specimen analysis. The researcher needs
a preservation of the nano-structure to such an extent
necessary to the biomedical question to be answered.
For example, if the cell-by-cell transcription potential
of a given gene is to be monitored by the analysis of
its compaction, even a relatively modest conservation
of the nanostructure might be sufficient. In any case a
sensitive labelling and the best microscopic resolution
are desirable. On the other hand, the requirements for
clinicians can be summarized with the words “robust”
and “fast” which includes the demand of high repro-
ducibility and easy handling.

4. Problems of clinical routine

A typical problem in clinical routine is the conflict
between protocol optimization and protocol standard-
ization which was described by examples from the
institute of pathology, Kassel. A new commercially
available probe kit for the gene Her2/neu was applied
in routine pathology. Since it was an FDA approved
probe kit, the protocol was standardized in all exper-
imental details and could not be modified in order to
optimize the protocol for certain types of specimen.
However, the critical step that is not standardized is
the pre-treatment and fixation. All pathological insti-
tutes have their own, for many years established pro-
cedures for fixation (e.g., formalin, buffered formalin,
alcohol, Bouin’s solution, etc.) which are variable fac-
tors, which are of different quality, and which are vari-
able concerning the subsequent FISH procedure. Care
must be taken that the fixative is in good condition and
not degraded as it can easily be the case with formalde-
hyde fixatives; naturally, the tissue slice should be of a
size that allows good penetration of the fixative; con-
centration of cross-linking fixatives and times of incu-
bation should not be too long, otherwise penetration of
probes will be hampered. In direct dependency of fix-
ation are other conditions of pre-treatment, in particu-
lar protein digestion. The type of enzyme and incuba-
tion time are critical. Further hydrolysis with HCl may
be necessary. If the protocol would not be standard-
ized, several parameter would be open for optimization
with reference to the fixation and pre-treatment proto-
col. However, the FDA-approval stands against such an
optimization.

The discussion showed that clinical routine has to
consider especially legal problems which exist with

the consequences of a diagnosis. Therefore, existing
standardized protocols cannot be changed, although
the results may be of poor quality as compared to an
optimized protocol. In order to overcome such prob-
lems, the so far subjective specimen inspection should
also be optimized by computer image analysis. This
would have the advantage that the subjective judge-
ment “good quality” – “poor quality” would become
measurable by the quantification of image parameters.

For instance, images can be calibrated according to
intensity and size of fluorescence sites, chromatic ef-
fects due to specimen thickness, instrumentation para-
meter, etc. For this purpose C. Cremer suggested the
application of appropriate standards manufactured by
nano-lithography. This would allow the comparability
of results obtained in different laboratories with differ-
ent instrumentation equipment and variable specimen
pre-treatment.

5. Future requirements for research

(a) Instrumentation: So far the commercially avail-
able microscopes are general purpose instruments in
routine applications. High resolution systems have
been only built in a very few laboratories that are ex-
tremely specialized for research purposes as, for in-
stance, to measure the degree of chromatin condensa-
tion at small sites in the interphase cell nucleus [1].
The discussion showed that in the future also commer-
cial instruments may reach a level towards a more spe-
cial purpose design. Typical features for optimization
are resolution, speed, automatization, specimen acces-
sibility, sensitivity, robustness, software handling, etc.
These features have to be optimized according to the
individual needs of the user and not in general for all
instruments. For instance, for clinicians the factor ro-
bustness may be of prominent importance whereas res-
olution may be of lower importance in many appli-
cations. On the other hand the cytogeneticist who is
working in basic research, often needs the best resolu-
tion that can be obtained for his specimens and does
not require the same robustness for the instrument as
his collegue in clinical routine.

(b) FISH protocols: A general standardization of
FISH protocols appears to be impossible. For re-
searchers new developments towards “vital” FISH
labelling are of high interest. Nevertheless,in vivo
approaches are not necessary in general. Such devel-
opments are presently not of major importance for di-
agnostics, although there is still some need for gentle
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FISH procedures. Concerning the cost of FISH in rou-
tine, it is important to develop “easy” techniques with
simplified steps in the protocol, to increase the sensi-
tivity for microscopic inspection, and to accelerate the
procedure. Protocols for clinical routine should also
consider legal problems. Here, the leading companies
for FISH probes have the task to make the clinical stud-
ies and to obtain appropriate permissions, for instance,
FDA-approval.

6. Conclusion

Apart from further increasing the robustness and
ease of use to enhance the applicability of FISH, future
developments of FISH procedures should consider the
importance of three-dimensional structure, especially
under the aspect of the functional correlation of nu-
clear architecture and genetic activity. Clearly, a com-
promise must be found between the preservation of
cellular nanostructure, and the accessibility for probes.
To this end, it will be vital to define the resolution that
is sensible in assessing nuclear structures. Develop-
ment of innovative light microscopy methods has im-
proved the possible resolution down to a few tens of
nanometers [1,7,13], but it is questionable if such high
resolutions can provide more information in biological
specimens when using the presently available standard
FISH techniques.

This first discussion workshop on standardization of
FISH has shown that although FISH has become a rou-
tine technique there is need for further methodological
developments. This includes

(a) novel techniques for basic research (e.g., FISH
in vital cells);

(b) improved standardization for clinical routine
(such a standardization might be possible not
only on the level of the FISH procedure itself but
also on the level of the resulting images, where
specific problem-related image quality might be
standardized);

(c) developments in instrumentation and image
analysis software with respect to special condi-
tions of FISH protocols (acceptance of FISH re-
sults depending on image quality).

To continue the discussion, a second workshop will be
held in July 2003; it should bring together scientists,
clinicians and members of companies for FISH probe
production and companies for microscopic instrumen-
tation.
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