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INTRODUCTION

There is abundant evidence that concurrent loss of both the com-
plete 1p and 19q chromosome arms is a specific molecular marker
for oligodendroglial tumors (27, 33, 36, 38, 45). It has been shown
that a balanced whole-arm translocation between chromosomes 1
and 19 leads to the formation of two derivative chromosomes, one
composed of 1q and 19p, the other of 1p and 19q. Subsequent loss
of the der (1, 19)(p10;q10) then results in the simultaneous 1p and
19q loss observed in oligodendroglioma with retention of the der
(1, 19)(q10;p10) seen in these cases (16, 20, 39). Clinically, mul-
tiple studies provided evidence that oligodendrogliomas featuring
combined loss of 1p/19q are associated with a more favorable
prognosis due to less aggressive tumor behavior and better respon-
siveness to therapy than infiltrating astrocytomas of comparable
grade (9, 13, 15, 30, 40, 41). Therefore, 1p/19q testing has become
an essential diagnostic tool in clinical neuropathology. It aims at
the identification of oligodendroglial tumors with 1p/19q loss prior
to therapy and helps substantiate the diagnosis in gliomas lacking
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Abstract

Recent studies imply the importance of rapid and reliable diagnostic assessment of 1p/19q
status in oligodendroglial tumors. To date, fluorescence in situ hybridization (FISH) is the
most commonly applied technique. FISH, however, has several technical shortcomings that
are suboptimal for diagnostic applications: results must be viewed in a fluorescence micro-
scope, results are usually evaluated by a single investigator only, and signal fading excludes
physical archiving. Also, in gliomas, the distinction of diffusely infiltrating tumor cells
from reactively altered normal tissue may be challenging in fluorescence microscopy.
Dual-color chromogenic in sifu hybridization (CISH) has started to replace FISH in some
diagnostic tests performed in pathology. Here, we present the first single institute experi-
ence with a side-by-side analysis of 1p/19q FISH and CISH in a series of 42 consecutive
gliomas. FISH and CISH produced identical results for 1p and 19q in 93% of cases
(n=39/42). Discrepant results were reevaluated by repeated FISH and a polymerase chain
reaction (PCR)-based microsatellite marker analysis for loss of heterozygosity. Reevalua-
tion confirmed CISH data in all three cases. We conclude that CISH is a reliable alternative
in 1p/19q testing in paraffin-embedded tissues likely to be more sensitive to detect 1p/19q
status than FISH analysis.

unequivocal features of oligodendroglioma. In the past, multiple
different techniques have successfully been used for the detection
of 1p/19q loss, that is, polymerase chain reaction (PCR)-based
microsatellite analysis (8, 18, 25, 26, 47), comparative genomic
hybridization (CGH) (6-8, 19, 23, 24, 28, 32, 41), multiplex
ligation- dependent probe amplification (MLPA) (11, 14, 21, 22),
real-time comparative quantitative PCR (10, 35, 47) and fluores-
cence in situ hybridization (FISH) (8, 25). From these techniques,
FISH has become by far the most frequently used technique in
clinical neuropathology as it allows for an on-slide analysis of
paraffin-embedded tissue, partially preserves tumor morphology,
and does not require leukocyte or normal tissue-derived DNA for
reference as does the PCR-based microsatellite analysis. However,
FISH analysis also has some major practical disadvantages, some
of which make routine 1p/19q testing especially in small, less
generously fitted neuropathology departments impossible. 1p/19q
FISH is expensive. It necessitates a fluorescent microscope. This
microscope has to be fitted with suitable filters to visualize the
fluorescence signal for each locus specific fluorescent probe. For
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documentation and archival storage, the microscope has to be
fitted with a digital camera that is incorporated into special
software allowing multicolor-overlay imaging. Because of its
dependence on a darkened surrounding, FISH analysis is some-
times tedious and time-consuming work. Therefore, hybridization
results are for the most part evaluated by a single investigator only.
Fluorescent signals tend to fade quickly when kept at room tem-
perature or exposed to daylight. This excludes physical storage.
Limited local digital storage capacities additionally hamper a
hard-copy archive of all hybridization results. Even more problem-
atic is the fact that tissue preservation in FISH is low or it may be
difficult and impossible to distinguish diffusely infiltrating tumor
cells from reactively altered normal tissue. This is especially chal-
lenging in low-grade lesions with only small diffusely infiltrating
tumor areas. Chromogenic in situ hybridization (CISH) has
become an attractive alternative to FISH due to its permanent
stain, which is more familiar to pathologists, and because it can be
viewed using light microscopy. Also, CISH allows simultaneous
multi-investigator evaluation of hybridization results on multi-
headed microscopes that are available in most diagnostic institu-
tions. Here, we evaluate the implementation of a novel CISH test
for the analysis of 1p/19q status in paraffin-embedded tissues. To
this end, we investigated a total of 42 paraffin-embedded gliomas
with previously FISH-established 1p/19q status implementing a
novel CISH assay.

MATERIALS AND METHODS

Tissue samples

Formalin fixed paraffin-embedded (FFPE) tissue of 42 consecutive
brain tumor biopsies with previously established 1p/19q status by
FISH was available for a comparative analysis of CISH. All tumors
were classified and graded according to the guidelines of the World
Health Organization (31). In detail, we investigated 10 oligoden-
drogliomas WHO grade II (OII), 6 anaplastic oligodendrogliomas
WHO grade III (OIlI), 6 oligoastrocytomas WHO grade II (OAIl),
1 anaplastic oligoastrocytoma WHO grade III (OAIIl), 6 astrocy-
tomas WHO grade II (All), 10 anaplastic astrocytomas WHO
grade III (AIll), 1 pilocytic astrocytoma WHO grade I (PAI), 1
ependymoma WHO grade II (EII) and 1 glioblastoma WHO grade
IV (GBM). FISH analysis of 1p/19q was initiated in all cases
during diagnostic work-up and based on morphological features
resembling oligodendroglioma.

FISH

FISH analysis was performed on FFPE tissue. Tissue was cut at
S um. First and last sections of each analysis were stained with
hematoxylin and eosin (H&E) to delineate regions representing
tumor and normal tissue. Tissue preparation for dual-probe
hybridization was facilitated by ZytoLight FISH-tissue implemen-
tation kit according to manufacturers’ instructions (ZytoVision,
Bremerhaven, Germany). Dual-color probes ZytoLight SPEC
1p36/1g25 and ZytoLight SPEC 19q13/19p13 were used for
locus-specific 1p and 19q analysis, respectively, following manu-
facturers’ instructions (ZytoVision). Nuclei were counterstained
with 4,6-diamidino-2 phenylindole (DAPI).
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An Olympus BXS50 microscope equipped with single-pass
filters for ZyOrange, ZyGreen, and DAPI (ZytoVision), and a
dual-pass filter for ZyOrange/ZyGreen (ZytoVision) were used to
assess the number of FISH signals for each locus-specific fluores-
cent probe. Individual FISH status for 1p/19q was established
following the recommendation of the Research Committee of the
European Confederation of Neuropathological Societies (Euro-
CNS) (46). In short, target-to-control signal ratios were evaluated
for 100 individual, nonoverlapping nuclei. The cut-off of nuclei
that had to show deletion was set at 50% according to the exami-
nation guidelines of the International Society of Paediatric Oncol-
ogy (SIOP) Europe Neuroblastoma Pathology and Biology and
Bone Marrow Group (1) cited in (46).

CISH

Paraffin-embedded tissue was cut as described for FISH analysis
above. Tissue preparation for dual-color in situ hybridization was
done using the ZytoDot 2C CISH Implementation Kit following
manufacturers’ instructions. For 1p analysis, we implemented the
dinitrophenyl (DNP)-labeled 1p36-target probe and the digoxi-
genin (DIG)-labeled 1q25 reference probe. Accordingly, DNP-
labeled 19q13 target probe and DIG-labeled 19pl3-reference
probe were used for 19q testing. DNP-labeled target probes result
in light-red signals visualized by AP-Red Solution. DIG-labeled
reference probes result in dark-green signals visualized by HRP-
Green Solution. Implementation kit, dual-color probes for 1p and
19q, AP-Red Solution and HRP-Green Solution were provided by
ZytoVision. An Olympus BX50 microscope was used to assess
colored signals for each individual probe. The individual CISH
status for 1p/19q was established as outlined above for the FISH
analysis.

Microsatellite analysis for loss of
heterozygosity (LOH) on 1p and 19q

In cases of data discrepancy between FISH and CISH, microsat-
ellite analysis was implemented to verify 1p/19q status by an
independent molecular method. DNA extracted from leukocytes
was available for reference in all cases that needed microsatellite
analysis. To identify LOH on 1p we used the following tetranucle-
otide microsatellite markers: D1S1608 (1p36.31), D1S548
(1p36.23), D1S1597 (1p36.21), D1S1592 (1p36.13) and D1S1161
(1p35.1). For determining LOH on 19q, the tetranucleotide
markers D19S431 (19q12), D19S433 (19q12), D19S559
(19q13.2) and D19S601 (19q13.33) were implemented. Primer
sequences and PCR conditions were described elsewhere (17).
Amplified DNA was separated on 8% denaturizing urea gels
and visualized by silver staining. LOH was scored as previously
described (44).

RESULTS

FISH

In our series, oligodendrogliomas revealed combined 1p/19q
loss in 81% (n=13/16) with 80% (n=8/10) in OII and 83%
(n=5/6) in OIIIL, respectively. For one of the six OIIL, the 1p/19q
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status was not safely determinable due to unbalanced signal
counts. Oligoastrocytomas featured combined 1p/19q loss in 86%
(n=6/7) with 83% (n = 5/6) in OAII and 100% (n = 1/1) in OAIIL.
None of the investigated AIl (n=6) or AIll (n=10) harbored a
combined 1p/19q loss (n = 0/16). One AlII featured an isolated 1p
loss (10%, 1/10). One case each of PAI, EIl and GBM IV was
included in the series and all demonstrated retained 1p/19q status.
Table 1 provides detailed information regarding individual FISH
data of the investigated gliomas.

CISH

In a second step, all 42 glioma specimens were investigated by
CISH. To ensure an unbiased analysis the investigators were
blinded to the FISH results.

In the group of oligodendrogliomas, CISH revealed combined
1p/19q loss in 94% (n=15/16) with 90% (n=9/10) in OII and
100% (n = 6/6) in OIII, respectively. As by FISH, CISH demon-
strated combined 1p/19q loss in 86% of all oligoastrocytomas
(n=6/7), with 83% (n = 5/6) in OAIl and 100% (n = 1/1) in OAIIL
One of the investigated astrocytomas (n = 1/16, 6%) revealed com-
bined 1p/19q loss by CISH. CISH confirmed the isolated 1p loss
detected by FISH in one AIII (n = 1/10, 10%). The single PAI, EII
and GBM 1V all revealed retained copies of 1p and 19q. For
details, see Table 1.

FISH/CISH data side-by-side comparison

FISH and CISH produced identical results for 1p and 19q in 93%
of cases (n=39/42). Discrepant results affected tumor 1ID56140
(OII), ID56604 (OIII) and ID56134 (AIIl). While FISH analysis
was interpreted as retained 1p/19q for ID56140 (OII) and ID56134
(AIll), CISH demonstrated combined 1p/19q loss in both cases. In
ID56604 (OIII), 1p/19q status was not determinable by FISH but
revealed combined 1p/19q loss by CISH. For details, see Table 1.

Validation of discrepant CISH data by
repeated FISH analysis and PCR-based
microsatellite analysis

In an effort to clarify the 1p/19q status in the three discrepant
tumors, FISH was repeated. For one of the three tumors
(ID56140), leukocyte DNA was available and an additional PCR-
based microsatellite analysis for LOH was performed. The initial
FISH analysis of tumor ID56604 (OIII) was interpreted as unbal-
anced tetraploidy for 1p and 19q chromosomes. In detail, for 1p36
the majority of tumor cells revealed three signals, three to four
signals were detected for the reference probe 1q25. Two signals
were seen for the 19q13 target probe in the majority of tumor
cells, while again three to four signals were seen for the reference
probe 19q13. As the tumor featured a clear oligodendroglial mor-
phology, the investigator discussed the possibility of a reduplicated
hemizygous deletion and suggested a MLPA analysis to substan-
tiate this theory. While CISH analysis confirmed the FISH results
in a significant part of the tumor, it also identified a small tumor
area without signs of tetraploidy and clear 1p/19q loss (Figure 1).
In an effort to confirm the CISH results, we repeated the FISH
analysis focused on both the tumor in general and the tumor
area identified by CISH with the clear 1p/19q loss. FISH of the
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Table 1. Clinical and molecular data of all investigated gliomas. Abbre-
viations: CISH = chromogenic in situ hybridization; FISH = fluorescence
in situ hybridization.

n ID Age Sex Tissue 1p 19q
FISH CISH FISH CISH
1 55380 26 f ol DEL* DEL DEL DEL
2 56120 32 f ol DEL DEL DEL DEL
3 56172 51 m Ol DEL DEL DEL DEL
4 57154 51 m ol DEL DEL DEL DEL
5 56426 27 m Ol DEL DEL DEL DEL
6 55312 20 f Ol RETt RET RET RET
7 52750 42 f ol DEL DEL DEL DEL
8 57168 45 m ol DEL DEL DEL DEL
9 56140 21 m Ol RET DEL RET DEL
10 57434 28 m ol DEL DEL DEL DEL
11 55576 40 m Ol DEL DEL DEL DEL
12 55584 47 m Ol DEL DEL DEL DEL
13 57152 29 f ol DEL DEL DEL DEL
14 57160 65 f Ol DEL DEL DEL DEL
15 55396 43 f ol DEL DEL DEL DEL
16 56604 66 f ol ND#+ DEL ND#+ DEL
17 55416 45 m OA I DEL DEL DEL DEL
18 55514 39 f OA Il DEL DEL DEL DEL
19 56106 45 f OA Il DEL DEL DEL DEL
20 57156 37 m OA I DEL DEL DEL DEL
21 56878 70 f OA Il DEL DEL DEL DEL
22 56098 74 f OA Il RET RET RET RET
23 55404 45 m OAIll DEL DEL DEL DEL
24 56240 29 f All RET RET RET -
25 57158 13 f All RET RET RET RET
26 57164 39 m All RET RET RET RET
27 57172 28 m All RET RET RET RET
28 57176 48 f All RET RET RET RET
29 57178 39 f All RET RET RET RET
30 52984 82 m Alll RET RET RET RET
31 57162 54 m Alll RET RET RET RET
32 56928 57 m Alll DELS DELS RETS RETS
33 57166 41 f Alll RET RET RET RET
34 56966 40 m Alll RET RET RET RET
35 57170 46 m Alll RET RET RET RET
36 56882 46 m Alll RET RET RET RET
37 57174 32 f Alll RET RET RET RET
38 55568 23 f Alll RET RET RET RET
39 56134 38 f Alll RET DEL RET DEL
40 52946 35 f PA | RET RET RET RET
41 56930 15 m Ell RET RET RET RET

42 57436 73 GBM RET RET RET RET

3

*DEL = deleted; loss of copy number.

TRET = retained copy numbers.

#ND = data were not suitable to unequivocally decide on 1p/19q status
in this glioma as data suggested an unbalanced tetraploidy.

80f note, separately performed polymerase chain reaction (PCR)-based
microsatellite loss of heterozygosity analysis additionally confirmed
CISH and FISH data for case # 32 (ID56928).

Grey shading highlights cases with discrepant FISH/CISH results.
Reevaluation data of these cases and their illustration in respective
figures are summarized in Table 2.
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Table 2. Reevaluation of gliomas with discrepant FISH/CISH data. Abbreviations: CISH = chromogenic in situ hybridization; FISH = fluorescence in
situ hybridization; LOH = loss of heterozygosity; RET = retained copy numbers; DEL = deleted, loss of copy number; ND = data were not suitable to
unequivocally decide on 1p/19q status in this glioma as data suggested an unbalanced tetraploidy.

ID Age Sex Tissue 1p 199 Urea gel FISH R Figure
FISH CISH FISH CISH 1p 19q 1p 19q

56140 21 m ol RET DEL RET DEL LOH LOH DEL DEL Figure 2

56604 66 f Ol ND DEL ND DEL - - DEL DEL Figure 1

56134 38 f Alll RET DEL RET DEL - - DEL DEL -

Reevaluation by repeated FISH analysis confirmed CISH data in all three gliomas with initially discrepant FISH/CISH results. Of note, CISH and
repeated FISH results could additionally be confirmed for case ID56140 by independent polymerase chain reaction (PCR)-based microsatellite loss of
heterozygosity analysis. Representative CISH and validation data are illustrated in Figures 1 and 2 as indicated in the table.

CISH-pre-identified tumor area confirmed combined 1p/19q loss,
whereas in other parts of the tumor it showed signal numbers
reported for the initial FISH analysis (Figure 1). Repeated FISH
analysis revealed combined loss of 1p and 19q in the other two
discrepant tumors (ID56140 and ID56134). In line with this, mic-
rosatellite analysis also indicated a LOH 1p19q. Figure 2 summa-
rizes CISH, repeated FISH and microsatellite analysis for tumor
ID56140 (OII). Following thorough reevaluation of the tumors

with discrepant FISH results the rate of identical FISH/CISH data
changed from 93% (n = 39/42) prior to validation to 100% (n = 42/
42) following data validation.

DISCUSSION

The present study investigated the feasibility of a novel CISH-
based 1p/19q assay in a large series of gliomas that had been

ID56604
. b ™ . wp
" r *’é > 4 L] - .'
T oA (W
"‘ : W Vg 4 o
- Mgy .
s
1 p unbalanced tetraploidy "y .:‘ J ‘." -
§ -
% %

Figure 1. Chromogenic in situ hybridization
(CISH) and repeated fluorescence in situ
hybridization (FISH) analysis in tumor ID56604
(OlIl). Upper panel: overview of a tumor area
suggestive for an unbalanced tetraploidy by
CISH analysis (A), magnification x200. Insets
to the right: CISH analysis (upper panel) and
FISH analysis (lower panel) identify a high
number of tumor cells harboring three signals

for the target probe 1p36 (red in both FISH
and CISH) and three to four signals for the
control probe 1925 (green in both FISH and
CISH). Magnification x400, inset in FISH
analysis x1000. Lower panel: overview of a
CISH-identified tumor area with clear
evidence of 1p loss (B), magnification x200.

1 p copy loss

314

Insets to the right: CISH analysis (upper
panel) and FISH analysis (lower panel) in the
CISH-preselected tumor area confirm 1p loss
in the majority of tumor cells. Tumor cells
show two signals for reference probe 1925
and one signal for the target probe 1p36 in
both the FISH and CISH analysis.
Magnification x400, inset in FISH analysis
x1000.
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Patient ID 56140

1p 19q
&
CISH ’ '
FISH
Leu Tu
*
LOH
*
D1S1161 D19S431

Figure 2. Validation of chromogenic in situ hybridization (CISH) results
by repeated fluorescence in situ hybridization (FISH) and loss of hetero-
zygosity (LOH) analysis in tumor ID56140 (Oll). Upper panel: representa-
tive high-magnification illustrations of CISH analysis for 1p (left) and 19q
(right). Majority of tumor cells harbor one signal of the target probes on
1p and 19q (red signals) and two signals for the reference probes 1q
and 19p (green signals). Magnification x1000. Middle panel: high-
magnification illustrations of repeated FISH analysis in single tumor cells
in CISH-preselected tumor area. Of note, as in CISH analysis, tumor
cells harbor one signal for target probes on 1p and 199 (red) and two
signals for reference probes 1g and 19p (green) confirming CISH analy-
sis data. Magnification x1000. Lower panel: polymerase chain reaction
(PCR)-based microsatellite loss of heterozygosity analysis for 1p (left)
and 19q (right) confirms CISH and FISH data of loss of chromosomal
material on 1p and 19q. Microsatellite markers D1S1161 and D19S431
amplify a polymorphic chromosomal DNA fragment within the com-
monly deleted target zone on 1p and 19q. Leu: patient’s leukocyte DNA
serves as indicator of heterozygosity for the investigated microsatellite
marker. Tu: patient’s tumor DNA with evidence for loss of one allele on
1p and 19q (*) illustrated by a significant decrease in allele signal
intensity. The second allele remains detectable at lower intensity and is
not completely lost due to the presence of non-tumorous cells within
the biopsy (leukocytes, astrocytes, microglia, neurons) that are not
affected by 1p/19q loss.

previously tested for 1p/19q by FISH in a diagnostic setting. For
the vast majority of the gliomas tested, FISH and CISH generated
identical results (39/42, 93%). This high concordance rate does not
surprise as the locus-specific CISH probes for 1p and 19q were
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deliberately designed to hybridize to nearly identical chromosomal
sites as the commercially available FISH probes (Figure 3). Iden-
tical locus-specific hybridization probes exclude the possibility of
discrepant test results due to different hybridization sites. This
should facilitate exchange of both assays. The fact that validation
of discrepant findings by repeated FISH analysis and independent
molecular testing for 1p/19q loss in our series substantiated the
CISH results in all three cases suggests a superiority of CISH-
based testing in almost 10% of cases. This superiority likely roots
in the main practical advantage of CISH—data analysis imple-
menting the light microscope. The investigator obtains all visual
information in one picture and can better appreciate the tumor
morphology and easily and quickly identify areas of special inter-
est, that is, areas with clear oligodendroglial morphology in a
mixed glioma or solid tumor areas in low-grade gliomas. Alterna-
tively, one could argue that a sampling error, that is, using a
different tissue block for analysis or using slides cut deeper into
the tissue block, may account for the varying results. However, to
avoid this issue it was made sure that the tissue slides used for
FISH and CISH were cut from the same tissue block for all cases.
Also, none of the tissue blocks had been recut for other purposes
between the FISH and CISH analyses. Thus, FISH and CISH tissue
slides were separated only by a few micrometers necessary to recut
the tissue block. Also, H&E-stained slides prior to FISH and CISH
analysis did not show significant differences in tumor morphology
or content. The second major advantage of CISH is the permanent
color stain. Dual colors visualized under the light microscope are
more familiar to histopathologists and a permanent stain allows
archiving of test results without the need for time- and computa-
tional space-occupying digital fixation of test results in clinical
practice. Also, as CISH results can be viewed under the light
microscope, simultaneous multi-investigator evaluation of hybridi-
zation results is possible. As CISH does not require access to a
fluorescence microscope equipped with hardware and software for
FISH analysis, it is far more cost-effective and will make 1p/19q
testing available also to less generously equipped neuropathologi-
cal institutions in the near future. It is these advantages coupled
with high concordance rates that have led to the introduction of
CISH assays in a continuously increasing number of tests in
pathology that had formally been done by FISH. The most promi-
nent among these is the evaluation of the HER2 status in breast
cancer (2-5, 34, 37). But to investigate chromosomal aberrations
in pancreatic carcinoma, CISH also yielded similar results as the
concurrently performed FISH analyses (12, 42) and proofed a
useful tool even in small samples including tissue microarrays
(43). Also, the detection of gene rearrangements in Ewing sarcoma
by dual-color break-apart CISH is possible and a common practice
in pathology (29).

In conclusion, the present study identified a novel CISH-based
assay as a promising and suitable alternative for FISH to analyze
the 1p/19q status in gliomas. Our results indicate that 1p/19q CISH
is a safe and easy to handle technique that is likely more sensitive
to detect 1p19q status than FISH analysis.
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Figure 3. Comparison of locus-specific CytoDot2C and CytoLight
probes by Zytovision for 1p (A) and 19q (B). The target regions are
depicted in the colors displayed by the respective detection systems. A.
The probes for 1p36 deletion (red/orange) map to the smallest region of
consistent deletion (SRD) and cover identical regions in chromogenic in
situ hybridization (CISH) and fluorescence in situ hybridization (FISH).
The reference probes target the same region in 1925.3 with the CISH
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~ 480 kb
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probe covering a shorter sequence localized in the centre of the FISH
probe target sequence. B. The probes for 19q13 deletion (red/orange)
map to the region of common deletion in gliomas at 19g13.32 and cover
identical regions in CISH and FISH. The reference probes target the
same region in 19p13.3 with the CISH probe covering a shorter
sequence localized in the centre of the FISH probe target sequence.
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