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Differentiation between well-differentiated hepato-
cellular carcinoma (HCC) and nonmalignant le-
sions with increased cellular proliferation may be
difficult in needle biopsies. Based on recurrent
chromosome aberrations known for HCC, we devel-
oped a nonfluorescent in situ hybridization tech-
nique that allows combination with morphological
analysis in bright-field microscopy. Fourteen biop-
sies of HCC and 31 samples of regenerative nodules
(n � 10), chronic hepatitis (n � 10), fibrosis or
cirrhosis of unknown origin (n � 5), focal nodular
hyperplasia (n � 2), primary biliary cirrhosis (n �
2), steatosis (n � 1), and adenomatous hyperplasia
(n � 1) were analyzed with probes specific for the
centromeric regions of chromosomes 1, 6, 7, and 8.
After microwave pretreatment and in situ hybrid-
ization, signals were detected using a tyramine-
based system and AEC as substrate. Evaluation of
signals was done by conventional bright-field mi-
croscopy. Using this approach, aberrant counts
were seen for at least one chromosome in 12/14
cases of HCC. In contrast, none of the nonmalignant
lesions revealed aberrant counts for any of the chro-
mosomes analyzed. In conclusion, this new combi-
nation of in situ hybridization and tyramine ampli-
fication allows fast and reliable evaluation of
chromosome aberrations in a histomorphological
context similar to paraffin immunohistochemistry.
Registration of imbalances contributes to a reliable
differentiation between malignant and nonmalig-
nant lesions of the liver.
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The fast and reliable differentiation between malig-
nant and nonmalignant tumorlike lesions of the
liver is of the utmost importance for the further
treatment and surgical procedure of the patients.
However, even for the experienced pathologist, in
some cases, determining the correct diagnosis may
be extremely difficult and uncertain, particularly if
only small biopsies are available as the main source
for histological examination. In particular, differen-
tiation between well-differentiated hepatocellular
carcinoma (HCC) and benign alterations may be
impossible based on morphologic criteria alone (1).
Detection of chromosomal aberrations within

questionable tumors could contribute toward solv-
ing this problem. Because of the time and effort
required for conventional cytogenetics, this tech-
nique is usually not appropriate. The recently de-
veloped comparative genomic hybridization (CGH)
has revealed promising results (2, 4, 11, 13, 14), but
it is also of limited value because of the duration
and amount of tissue required. By contrast, fluores-
cence in situ hybridization (FISH) yields results that
are evaluable by simple counting of fluorescence
signals in conventional biopsies (12). A major lim-
itation of this approach is, however, that most pa-
thologists are not familiar with the morphology of
the tumor in histological sections counterstained
with fluorescent dyes. Furthermore, many histo-
morphological details remain undetected in the
dark field required for evaluation. In addition, epi-
fluorescence microscopy is based on expensive
technical equipment.
In this setting, we describe a new way to circum-

vent these limitations. A new combination of in situ
hybridization (ISH) and tyramine signal amplifica-
tion was established for the detection of chromo-
somal imbalances in liver tumors. It enables the
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determination of chromosomal imbalances by con-
ventional bright-field microscopy. We applied this
technique to 45 biopsy specimens of malignant and
nonmalignant tumor-like lesions in a blind study.

MATERIAL AND METHODS

Forty-five specimens of patients at Hannover
Medical School, Hannover, Germany were exam-
ined in this study. Age, gender, and histological
diagnosis are given in Table 1. Histological diag-
noses were obtained using hematoxylin and eosin–
stained sections as well as sections stained with
periodic acid–Schiff, Elastica van Gieson, silver, and
Prussian blue. In 14 cases, well-differentiated HCC
was seen, whereas in the remaining 31 patients,
nonneoplastic alterations were detected, in partic-
ular, regenerative nodules (n � 10), chronic hepa-
titis (n � 10), fibrosis or cirrhosis of unknown origin

(n � 5), steatosis (n � 1), focal nodular hyperplasia
(n � 2), primary biliary cirrhosis (n � 2), and ad-
enomatous hyperplasia (n � 1). As controls, 30
specimens of normal livers were used.

In Situ Hybridization
ISH for centromeric regions of chromosomes 1, 6,

7, and 8 (D1Z1, D6Z1, D7Z1, D8Z2) was performed
for all samples using probes purchased from Oncor
(Heidelberg, Germany). Thickness of sections was
set at 5 �m based on our own experience (12) and
the reports of other authors (8). This value was a
compromise with regard to an adequately pre-
served morphology and the effect of nuclei cutting
leading to a diminishing of the number of signals.
Tissues were mounted on Superfrost Plus slides
(Omnilab, Hannover, Germany).

Tissue sections were baked overnight at 56° C and
then deparaffinized by immersion in xylene for 20
minutes and in graded ethanol. Slides were then
bathed in citric acid solution (6 M) and heated in a
microwave oven at 900 and 600 W for 15 minutes
each. RNase A (0.1%) was added to the sections for
10 minutes and then rinsed in PBD (Oncor, Heidel-
berg, Germany). Incubation with 3% H2O2 for 10
minutes at room temperature followed and was
stopped by washing in PBD. Afterwards, slides were
washed in graded ethanol and air dried for 5 min-
utes. A half microliter of the probe was added to 10
�L of Hybrisol VI (Oncor, Heidelberg, Germany)
and pipetted onto the slide, covered with a cover-
slip, sealed with rubber cement, heated up to 92° C
for 12 minutes, and incubated overnight at 37° C in
a humidified chamber. Detection commenced with
rinsing in 0.25� standard saline citrate at 60° C for
5 minutes, followed by a short wash in PBD. Then,
30 �L horseradish peroxidase (HRP), diluted 1:30,
were added for 20 minutes at 37° C under a cover-
slip. Washing in PBD followed. 30 �L of biotin-
conjugated tyramine (DuPont NEN, Boston, MA)
were added, and the mixture was incubated for 20
minutes at 37° C. After rinsing in PBD, incubation
with anti-biotin horseradish peroxidase, diluted
1:30 in water, followed for 20 minutes under a cov-
erslip at room temperature. Rinsing was performed
again in PBD, followed by incubation for 10 min-
utes at room temperature with AEC�/substrate
Chromogen (DAKO, Hamburg, Germany). Speci-
mens were rinsed in deionized water. Counterstain-
ing was carried out with hemalaun for a few sec-
onds followed by rinsing in water. Glycerin gelatin
was added, and a coverslip was laid on the tissue.

Signals were evaluated using a standard micro-
scope (Axiophot, Zeiss, Oberkochen, Germany).
Only clearly detectable signals not connected to a
second signal were counted. For each case, �100
nuclei were evaluated.

TABLE 1. Clinical Data and Histological Diagnoses of the

Patients Examined

Patient Number Age Gender Histological Diagnosis

1 24 W Regeneration
2 57 W Regeneration
3 46 M Regeneration
4 53 M Regeneration
5 54 M Regeneration
6 38 M Regeneration
7 74 M Regeneration
8 88 M Regeneration
9 70 M Regeneration

10 72 M Regeneration
11 26 M Focal nodular hyperplasia
12 29 W Focal nodular hyperplasia
13 35 W Steatosis
14 59 W Fibrosis of unknown origin
15 35 W Steatosis with cirrhosis
16 34 W Cirrhosis (M. Wilson)
17 45 M Cirrhosis of unknown origin
18 32 W Cirrhosis (chronic hepatitis)
19 29 M Primary biliary cirrhosis
20 65 W Primary biliary cirrhosis
21 27 W Chronic hepatitis
22 66 W Chronic hepatitis
23 35 M Chronic hepatitis
24 44 W Chronic hepatitis
25 43 M Chronic hepatitis
26 38 W Chronic hepatitis
27 38 M Chronic hepatitis
28 28 M Chronic hepatitis
29 31 M Chronic hepatitis
30 27 M Chronic hepatitis
31 53 M Adenomatous hyperplasia
32 73 M HCC, well differentiated
33 68 M HCC, well differentiated
34 25 W HCC, well differentiated
35 76 M HCC, well differentiated
36 64 M HCC, well differentiated
37 61 M HCC, well differentiated
38 79 M HCC, well differentiated
39 57 M HCC, well differentiated
40 51 M HCC, well differentiated
41 64 M HCC, well differentiated
42 74 W HCC, well differentiated
43 64 W HCC, well differentiated
44 72 M HCC, well differentiated
45 69 M HCC, well differentiated
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RESULTS

Control Group
In these specimens, depending on the probe

used, 84–87% of the nuclei displayed two signals,
11–13% revealed one signal, and 2–3% showed
three or more signals. The standard deviations were
4.5–5.8%, 4.7–5.3%, and 0.9–1.7%, respectively. Re-
garding the recommendations of Ward et al. (10),
three standard deviations were added to the mean
values and defined monosomy for centromeric
probes 1, 6, 7, and 8 at 26, 27, 30, and 25%, respec-
tively. Trisomy was defined at values of 5, 6, 7, and
6% (data not shown).

TABLE 2. Results of the In Situ Hybridization Performed

for Chromosomes 1, 6, 7, and 8 in Cases with Normal

Histology or Non-Neoplastic Diseases

Patient
Number

Chromosome

Number of
Signals/Nuclei (%)

1 2 �3

1 cen1 4 93 4
cen6 9 91 0
cen7 7 93 0
cen8 11 89 0

2 cen1 7 92 1
cen6 15 85 0
cen7 12 85 3
cen8 5 93 2

3 cen1 3 97 0
cen6 18 82 0
cen7 16 84 0
cen8 n.s.p.

4 cen1 n.s.p.
cen6 17 83 0
cen7 16 84 0
cen8 19 81 0

5 cen1 15 85 0
cen6 23 77 0
cen7 16 84 0
cen8 15 83 2

6 cen1 5 94 1
cen6 12 87 1
cen7 8 90 2
cen8 7 92 1

7 cen1 6 92 1
cen6 9 89 1
cen7 8 89 2
cen8 7 92 1

8 cen1 7 92 2
cen6 8 84 2
cen7 13 84 3
cen8 9 91 1

9 cen1 18 78 4
cen6 2 97 1
cen7 n.s.p.
cen8 10 86 4

10 cen1 11 89 0
cen6 9 91 0
cen7 8 92 0
cen8 7 93 0

11 cen1 8 92 0
cen6 9 91 0
cen7 10 89 1
cen8 8 92 0

12 cen1 7 93 0
cen6 4 96 0
cen7 2 97 2
cen8 6 93 1

13 cen1 6 94 0
cen6 15 82 3
cen7 13 83 5
cen8 11 89 0

14 cen1 20 80 1
cen6 18 82 0
cen7 20 80 0
cen8 5 95 0

15 cen1 18 81 1
cen6 14 86 0
cen7 15 83 0
cen8 7 89 0

16 cen1 11 89 0
cen6 18 82 1
cen7 20 79 0
cen8 15 82 0

17 cen1 14 86 0
cen6 12 88 0
cen7 9 91 0
cen8 15 85 1

18 cen1 2 98 0
cen6 16 83 1
cen7 7 92 1
cen8 15 83 1

19 cen1 6 94 1
cen6 11 89 0
cen7 11 88 2
cen8 6 94 5

TABLE 2. Continued

Patient
Number

Chromosome

Number of
Signals/Nuclei (%)

1 2 �3

20 cen1 23 77 0
cen6 16 84 0
cen7 25 74 0
cen8 17 83 0

21 cen1 6 94 0
cen6 9 91 0
cen7 20 80 0
cen8 15 85 0

22 cen1 8 92 0
cen6 8 92 0
cen7 1 99 0
cen8 4 96 0

23 cen1 16 84 0
cen6 19 81 0
cen7 27 73 1
cen8 14 86 0

24 cen1 n.s.p.
cen6 n.s.p.
cen7 10 90 0
cen8 13 87 0

25 cen1 7 93 0
cen6 8 91 1
cen7 11 89 0
cen8 12 88 0

26 cen1 8 91 1
cen6 13 86 1
cen7 12 88 0
cen8 12 88 0

27 cen1 17 82 1
cen6 16 84 0
cen7 14 86 0
cen8 15 85 0

28 cen1 16 84 0
cen6 16 83 1
cen7 7 93 0
cen8 12 87 0

29 cen1 17 82 0
cen6 15 85 1
cen7 n.s.p.
cen8 17 83 0

30 cen1 13 85 0
cen6 14 85 1
cen7 n.s.p.
cen8 12 86 0

31 cen1 18 81 1
cen6 19 81 0
cen7 13 86 1
cen8 15 85 0

n.s.p. � not successfully performed.
In none of these samples aberrant counts in the sense of a monosomy

or trisomy were detectable.
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Nonneoplastic Specimens
In the 31 nonneoplastic biopsy specimens ana-

lyzed, the mean value for two signals per nucleus
was 87% (Table 2, Fig. 1), 12% revealed one signal,
and 1% of nuclei showed three or more signals. The
standard deviations were 5.3%, 5.4%, and 1.0%, re-
spectively. In none of these specimens was the di-
agnostic threshold for monosomy or trisomy
reached.

Well-Differentiated HCC
Evaluation of HCC revealed very different results.

In these samples (Table 3, Fig. 2), one signal was
seen in 4.2 to 66.9% of cells (mean: 18.2%, standard
deviation: 14.1%). Two signals were seen in 32.8 to
92.3% (mean: 69.6%, standard deviation: 16.4%),
and three signals occurred in 0 to 62.8% (mean:
12.2%, standard deviation: 16.6%). Chromosome 1
was found to be aberrant in 11 samples; chromo-
some 6, in 6 samples; chromosome 7, in 5 samples;
and chromosome 8, in 7 samples. Four chromo-
somes were found aberrant in 2 samples, 3 chro-
mosomes were aberrant in 4 samples, 2 chromo-
somes were aberrant in 4 samples, and only 1
chromosome was found aberrant in 2 samples. Two
samples revealed no aberrant counts at all (Table
3).

Statistical Evaluation
The number of aberrations found in nonmalig-

nant lesions and HCC samples was statistically dif-
ferent, with high significance (P � .01, Mann-
Whitney U test). Specificity of ISH in detecting HCC
was 100%, and sensitivity was 80%. Positive predic-
tive value was 100%, and the negative predictive
value reached 91%.

DISCUSSION

The new technique described in this study em-
ploys results obtained by CGH (4, 13, 14). Even in
well-differentiated HCC, numerous recurrent aber-

rations have been found (2). In contrast, benign
tumors such as hepatocellular adenomas did not
reveal these chromosome alterations (11). Based on
these data, we used a combination of in situ hy-
bridization and immunohistochemistry to detect
these aberrations in a simple way. The results ob-
tained by this approach allowed the correct detec-

FIGURE 1. In situ hybridization performed for chromosome 8 in
Patient 12 with focal nodular hyperplasia (A; original magnification,
100�). In most nuclei, two signals can be detected, although only one
or no signal is seen in some of the nuclei because of cutting artifacts
(B; original magnification, 400�).

TABLE 3. Results of the In Situ Hybridization in the

Samples with Well Differentiated HCC Performed for

Chromosomes 1, 6, 7, and 8

Patient Number Chromosome
Number of signals/nuclei (%)

1 2 �3

32 cen1 3 66 31
cen6 38 61 1
cen7 11 87 2
cen8 9 33 58

33 cen1 22 75 3
cen6 16 82 2
cen7 24 65 12
cen8 12 84 4

34 cen1 11 88 1
cen6 17 82 1
cen7 16 79 4
cen8 7 92 1

35 cen1 17 70 12
cen6 5 44 51
cen7 21 78 1
cen8 4 56 40

36 cen1 4 49 47
cen6 n.s.p
cen7 13 78 9
cen8 12 87 1

37 cen1 19 51 30
cen6 8 61 31
cen7 13 58 29
cen8 9 84 7

38 cen1 29 71 0
cen6 67 33 0
cen7 12 87 1
cen8 17 81 3

39 cen1 7 82 10
cen6 n.s.p
cen7 n.s.p
cen8 10 90 0

40 cen1 59 41 0
cen6 50 50 0
cen7 49 51 0
cen8 60 40 0

41 cen1 9 80 11
cen6 16 66 17
cen7 9 65 27
cen8 16 69 15

42 cen1 19 77 4
cen6 16 83 1
cen7 15 84 1
cen8 15 82 3

43 cen1 26 65 9
cen6 12 81 8
cen7 12 87 1
cen8 5 45 50

44 cen1 15 75 10
cen6 20 78 2
cen7 19 76 5
cen8 7 30 63

45 cen1 15 72 13
cen6 17 83 0
cen7 16 81 3
cen8 14 77 9

Aberrant counts are written in bold. In two samples, marked in grey,
ISH failed to detect aberrations.
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tion of well-differentiated HCC in 80% of cases. The
correct negative predictive value reached 91%.
Most important, in none of the samples analyzed
was a false-positive result found. These findings in
well-differentiated HCC are very similar to those
found in an earlier study of our group using the
FISH technique (12). In that study, aberrant counts
were detected in 13/14 cases. The hepatocellular
adenomas analyzed in parallel revealed no aberra-
tions in any samples for probes specific for centro-
meres of 1, 6, 7, and 8. This agrees with the results
on the nonmalignant lesions of this study. Although
these alterations of liver architecture are assumed
to be associated with an increased rate of cell pro-
liferation, a normal distribution of signals was
found in all samples examined. In particular, per-
centages of nuclei bearing more than two signals in
the nonmalignant lesions differ significantly from
HCC.

However, normal counts were also detected in
2/14 HCC samples analyzed and in 1/13 HCC ex-
amined in the FISH study (12). This was also seen in
the CGH studies mentioned above, supporting the
assumption that chromosomal aberrations proba-
bly occur as later steps in the development of HCC
at least in some of the tumors. The assumption is
also emphasized by the observation that these ab-
errations are also found in a variety of other neo-
plasms as well-known changes (5). Some investiga-
tors have discussed them as a consequence of
genetic instability caused by mutations at an earlier
level (3). The basic events leading to these findings
are still not defined and require further, more so-
phisticated evaluation.

As reported repeatedly, FISH is more sensitive
than ISH (7). Earlier attempts to improve ISH using
immunohistochemistry approaches instead of ra-
dioactivity were hampered by either low sensitivity
or background staining, making it difficult to eval-
uate signals. These problems have now been cir-
cumvented by changes in the experimental set-up
reported here and in variant forms by other inves-
tigators, too (7, 9). Differences in these experimen-
tal approaches are found mainly in the pretreat-

ment steps and in the method of detection of the
hybridized nucleic acids. Vos et al. (9) used proteo-
lytic enzyme digestion as pretreatment, with the
disadvantage of testing an optimized digestion
time. Tanner et al. (7) preferred a combination of
enzymatic digestion and microwave heating and
found that this testing was no longer necessary.
This was also seen in our study using microwave
heating alone. Signal detection was performed by
Vos et al. (9), with tyramine amplification similar to
our protocol. Tanner et al. (7) used repeated incu-
bations with labeled antibodies to enhance signal
intensity.

The signals found with the combination of tech-
niques used in this study are easy to count and
differ clearly from the spots seen as background
staining in the cells examined. The evaluation of
signals is even more simple than in FISH because
hybridized biopsies can be examined using simple,
standard microscopes. Moreover, counting of sig-
nals by ISH is made easier by counterstaining cells
with hemalaun, a stain well known in immunohis-
tochemistry. In many samples, the strong signals
and the standard counterstaining give an excellent
overview, allowing a first impression of the results
and a very fast detailed evaluation of specimens.
However, it has to be kept in mind that evaluation
of signals is hampered in general by cutting arti-
facts based on truncation of nuclei. This effect leads
to a decrease in signal number, with two signals in
approximately 80–85% of the nuclei instead of 95%
normally found in preparations of intact nuclei (6,
8, 15). In particular, detection of monosomy may be
difficult, with thresholds at nearly 30%. Therefore,
to exclude monosomy based on low hybridization
efficiency leading to false-positive results, we rec-
ommend the additional evaluation of an internal
standard, such as nonneoplastic cells situated near
or in the tumor.

In conclusion, this ISH technique yields reliable
results and can contribute to the differentiation
between well-differentiated HCC and nonmalig-
nant lesions. Results are obtained within 24 hours
with minimum effort and require only standard
microscope techniques.
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Errata

In the Modern Pathology November 2001 article “Low Expression of p27 Protein
Combined with Altered p53 and Rb/p16 Expression Status Is Associated with Increased
Expression of Cyclin A and Cyclin B1 in Diffuse Large B-Cell Lymphomas” (Mod Pathol
2001;14(11):1105–1113), author Panagiotis Kanavaros’s name was misspelled in the
article and in the Table of Contents.

In the Modern Pathology January 2002 article “Extranodal Follicular Dendritic Cell
Sarcoma of the Head and Neck Region: Three New Cases, with a Review of the Literature”
(Mod Pathol 2002;15(1):50–58), author Jungsil Ro, M.D.’s name was mistakenly omitted.
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