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High-throughput tissue microarray allows many clinical specimens to be analyzed simultaneously on a single
slide. One potential limitation of tissue microarray is the correct representation of each tumor with the small
tissue core. Because tumors from different organs have different levels of heterogeneity, it requires a validation
study for each one of them. We compared immunostaining of Ki-67, estrogen receptors, and p53 in whole
sections of 45 cases of high-grade serous ovarian carcinoma with six core samples from those sections with
regard to the number of tissue cores needed to reliably represent a whole section. Staining for Ki-67 was graded
high or low by automated image analysis of 10 high-power fields; staining for estrogen receptor and p53 was
scored on a 0-to-3 scale. Correlation coefficients for whole-section vs core stains were 0.86 for Ki-67, 0.93 for
estrogen receptors, and 0.82 for p53. A total of 54 (6.6%) of the cores were inadequate for scoring. The
probability that results from one core would correctly represent all three markers in the whole section was 91%;
that for two cores was 96%; and that for three cores was 98%. Our results show that analysis of a single
readable core matched the staining pattern of a whole section more than 90% of the time, and analysis of two
cores increased that value to more than 95%, demonstrating that ovarian carcinoma tissue microarray is a
reliable technique to analyze the expression of markers.
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The introduction of tissue microarray technology by
Kononen et al in 19981 has greatly facilitated the
retrospective study of large sets of formalin-fixed,
paraffin-embedded tissues. With this high-through-
put technology, hundreds of samples can be arrayed
in a single paraffin block that can then be analyzed
with a variety of techniques, including immunohisto-
chemical analysis and fluorescence in situ hybridi-
zation. In contrast to traditional methods, which
require processing hundreds of slides, tissue micro-
array technology allows large numbers of specimens
to be processed under identical conditions, which
greatly reduces the time, cost and amount of
archival tissue required for analysis. Tissue banks
linked to comprehensive clinical databases, pro-
cured through patient consent and protected by
stringent ethical criteria, will be one of the most

crucial resources for discovering and validating
various potential biomarkers. One of the potential
disadvantages of tissue microarray analysis is that a
single small core may not accurately represent the
entire tumor. Several previous studies in breast
carcinoma demonstrate that the analysis of two or
three cores provides a good tumor representation.2

Whether such small tissue cores can adequately
represent the patterns of whole sections in highly
heterogeneous tumors such as human ovarian
cancer remains unclear. We addressed this issue by
comparing immunohistochemical staining for the
proliferation marker Ki-67, the estrogen receptor
(ER), and p53 between whole sections of specimens
of high-grade serous ovarian carcinoma and tissue
cores obtained from those sections and arranged in a
tissue microarray.

Materials and methods

Formalin-fixed, paraffin-embedded tissue blocks
from 45 consecutive cases from 1990 to 1994 of
high-grade serous carcinoma of the ovary were
selected. The tissue blocks had been stored under
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ambient conditions at approximately 241C. Four
sections were removed from each block: one for each
of the three markers to be tested (Ki-67, ER, and p53)
and one for hematoxylin- and- eosin (H&E) staining
before the tissue microarray blocks were created.
The H&E-stained sections were reviewed by a
pathologist to identify representative areas of tumor
from which to acquire the cores for microarray
analysis. Histological diagnosis was based on the
Gynecologic Oncology Group criteria.3 Tissue mi-
croarray blocks were constructed by taking six core
samples from the identified areas of paraffin-
embedded tumor tissues and assembling those cores
on a recipient paraffin block. Creation of the blocks
was done with a precision instrument (Beecher
Instruments, Silver Spring, MD, USA) that uses two
separate core needles for punching the donor and
recipient blocks and a micrometer-precise coordi-
nate system for assembling the microsamples on a
block (Figure 1a). For each case, six 1mm in
diameter and 0.4-mm in depth cores, were collected
and placed in the same recipient block. The final
tissue microarray consisted of two blocks, one
containing 150 spots (Block 1) and the other 120
spots (Block 2), with samples spaced 0.5mm apart
(Figure 1b). Sections (5 mm) were obtained from each
block and stained with H&E to confirm the presence

of tumor and to assess tumor histology (Figure 1c).
Three consecutive sections from each tissue micro-
array block were subjected to immunostaining
(Figure 2).

Sample tracking was based on coordinate posi-
tions for each tissue spot in the tissue microarray
block; the spots were transferred onto tissue micro-
array slides for staining. The sample tracking system
was linked to a Microsoft Excel 2000 spreadsheet
(version 9.0). The array was read according to the
given tissue microarray map; each core was scored
individually and the results were entered into the
spreadsheet. All 45 cases showed at least two
readable cores, considered necessary to be included
in the study. Findings from whole sections were
scored separately, and those scores were entered
into the spreadsheet as well.

Immunohistochemical Analysis

The tissue microarray slides were subjected to
immunohistochemical staining as follows. After
initial deparaffinization, endogenous peroxidase
activity was blocked with 0.3% hydrogen peroxide.
Deparaffinized sections were microwaved in 10mM
citrate buffer (pH 6.0) to unmask the epitopes. The
slides were then incubated with monoclonal anti-
bodies against p53 (DAKO clone DO-7 in a 1:100
dilution for 60min at room temperature); Ki-67
(DAKO, in a 1:100 dilution for 60min at room
temperature); or ER (Novocastra, in a 1:50 dilution
for 60min at room temperature). This was followed
by incubation with biotin-labeled secondary anti-
body (DAKO EnVision) for 30min and then with a
1:40 solution of streptavidin:peroxidase for 30min.
Slides were then stained for 8min with 0.05% 30,3-
diaminobenzidine tetrahydrochloride and then
counterstained with hematoxylin, dehydrated, and
mounted. Colon carcinoma, normal endometrium
and normal lymph node were used as a positive
control for p53, estrogen receptors and Ki-67,
respectively. Negative controls were made by repla-
cing the primary antibody with phosphate-buffered
saline. All controls gave satisfactory results. At least
10% of the core had to contain tumor to be scored.

The immunostained slides were reviewed by a
pathologist (DR), who followed the tissue micro-
array map to record a score for each sample. That
reviewer was blinded to all sample identifiers; any
scoring discrepancies among cores and between
cores and whole section were resolved by a second
pathologist (JL). Ki-67 staining was graded by
automated image analysis (Nikon Eclipse TE 2000-
U with Meta Vue System software, Meta Series
version 6.1); an index value of more than 15% was
considered high, and an index value of 15% or less
was considered low.4 Staining for p53 and ER was
graded as follows: 0, negative (no cells stained); 1,
weakly positive (o10% of cells stained); 2, moder-
ately positive (10–50% of cells stained); or 3,
strongly positive (4 50% cells stained).5

Figure 1 (a) Tissue microarrayer device. (b) Overview of tissue
microarray block. (c) Overview of H&E–stained tissue microarray
slide.
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Statistical Analysis

We assessed the validity of the tissue microarray
technique in terms of the percentage of cores in
which the findings matched those of the corre-
sponding whole section. A positive grade of a core

and a positive score of a whole section (or a score of

‘high’ for Ki-67) was considered a match, regardless

of grade number (1, 2, or 3). A negative grade (ie, a

grade of 0) matched a negative grade or a ‘low’ Ki-67

score. Cores that were lost during processing and

Figure 2 Staining for p53, Ki67, and ER of the whole sections (�20) were compared with that of the cores (� 4)
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cores that contained no tumor were considered
mismatches. When considering the validity of
findings from a single core for predicting whole-
section results, the percentage of matching was
simply the proportion of matches among all of the
cores. For considering the validity of findings from
two or more cores, when the grade of a whole
section was positive (or had a high Ki-67 score), the
result from the tissue microarray was considered a

match if any one of the two or more cores was
graded positive. On the other hand, when the grade
of a whole section was negative (or had a low Ki-67
score), the result from the tissue microarray was
considered a match only if all of the cores were
graded negative. The percentage of matching was
then calculated as the number of matches divided by
the total number of cores analyzed. We assessed the
validity of using 1, 2, 3, 4, 5, or 6 cores. The

Table 1 Summary of cases analyzed

Case
no.

Markers analyzed

Ki-67 Estrogen receptor p53

Grade in whole
section

No. of cores Grade in whole
section

No. of cores Grade in whole
section

No. of cores

Pos Neg No
tumor

Lost
core

Pos Neg No
tumor

Lost
core

Pos Neg No
tumor

Lost
core

1 H 4 0 2 0 3 6 0 0 0 3 2 2 2 0
2 H 6 0 0 0 0 0 6 0 0 3 6 0 0 0
3 L 0 6 0 0 3 6 0 0 0 0 0 6 0 0
4 H 6 0 0 0 0 0 6 0 0 0 0 6 0 0
5 L 0 6 0 0 1 6 0 0 0 2 5 0 0 1
6 H 6 0 0 0 1 6 0 0 0 3 6 0 0 0
7 H 6 0 0 0 1 6 0 0 0 2 6 0 0 0
8 H 6 0 0 0 1 5 0 0 1 2 5 0 0 1
9 L 0 6 0 0 2 6 0 0 0 0 0 6 0 0
10 H 5 0 1 0 0 0 3 0 3 2 3 0 0 3
11 H 6 0 0 0 1 6 0 0 0 3 6 0 0 0
12 H 6 0 0 0 1 6 0 0 0 0 0 6 0 0
13 L 0 6 0 0 2 5 0 1 0 2 5 0 1 0
14 H 6 0 0 0 1 5 1 0 0 0 0 6 0 0
15 L 0 6 0 0 3 6 0 0 0 0 0 6 0 0
16 H 4 0 0 2 2 6 0 0 0 2 6 0 0 0
17 H 5 0 1 0 0 0 6 0 0 0 0 5 1 0
18 L 0 6 0 0 0 0 6 0 0 3 6 0 0 0
19 H 6 0 0 0 0 0 6 0 0 0 0 6 0 0
20 L 0 6 0 0 1 6 0 0 0 0 0 6 0 0
21 L 0 5 1 0 0 0 6 0 0 0 0 5 1 0
22 H 6 0 0 0 0 0 6 0 0 3 6 0 0 0
23 H 6 0 0 0 2 6 0 0 0 3 6 0 0 0
24 L 0 6 0 0 0 0 6 0 0 3 6 0 0 0
25 H 6 0 0 0 1 3 3 0 0 3 6 0 0 0
26 H 6 0 0 0 0 0 6 0 0 3 6 0 0 0
27 L 0 6 0 0 0 1 5 0 0 0 0 5 1 0
28 L 0 6 0 0 0 0 6 0 0 0 0 6 0 0
29 H 6 0 0 0 0 0 6 0 0 3 6 0 0 0
30 H 2 0 4 0 2 2 0 4 0 3 2 0 4 0
31 H 6 0 0 0 3 5 0 1 0 0 0 6 0 0
32 H 4 0 2 0 2 5 0 1 0 2 4 0 2 0
33 H 4 2 0 0 0 1 5 0 0 3 6 0 0 0
34 L 0 6 0 0 1 6 0 0 0 2 6 0 0 0
35 L 2 4 0 0 0 0 6 0 0 2 6 0 0 0
36 H 2 4 0 0 2 6 0 0 0 0 0 6 0 0
37 H 6 0 0 0 2 6 0 0 0 0 0 6 0 0
38 H 6 0 0 0 0 0 6 0 0 2 6 0 0 0
39 H 6 0 0 0 2 6 0 0 0 0 0 6 0 0
40 H 6 0 0 0 3 5 0 1 0 0 0 6 0 0
41 H 4 2 0 0 2 5 0 1 0 3 6 0 0 0
42 H 6 0 0 0 0 0 6 0 0 0 0 6 0 0
43 L 6 0 0 0 2 6 0 0 0 3 6 0 0 0
44 L 0 6 0 0 0 0 2 0 4 3 2 0 0 4
45 L 0 6 0 0 1 5 0 1 0 0 0 6 0 0

Pos, positive; Neg, negative; H, high; L, low.
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correlation between the average stain score of all
cores in a particular case and that of the correspond-
ing whole section was measured with the Pearson
correlation coefficient, with grade considered a
continuous variable. SAS software was used for
the statistical analysis (SAS Language Reference,
version 8, SAS Institute Inc., Cary, NC, USA, 1999).

Results

Results are shown in Table 1. All 45 cases had at
least two readable cores (mean, five readable cores
per case). Overall, the mean percentage of cores lost
in processing was 2.3% (range, 2–5 cores per slide),
and the mean percentage of cases in which no tumor

was present was 4.3% (range, 1–10 per slide). In all,
6.6% of the cores were inadequate for staining
(Table 2). Averaging over the three markers, the
probability that findings from one core would
represent those of the whole section was 91%; that
of two cores was 96%; and that of three cores was
98% (Figure 3). The addition of a fourth, fifth, or
sixth core produced negligible improvement.

Because of the variable amount of tissue in donor
blocks, cores could be placed at different depth
levels on the recipient tissue microarray block.
Therefore, we investigated the number of sections
that are needed to obtain more than 90% of scorable
cores from a tissue microarray block. For that
purpose, we sectioned one of the two tissue
microarray blocks (block 2) and counted the number

Table 2 Summary of microarray cores

Ki-67 Estrogen receptor p53

Block 1 Block 2 Block 1 Block 2 Block 1 Block 2

No. of scorable cores 148 120 146 116 145 116
(99%) (100%) (97%) (97%) (97%) (97%)

Mean 99% 97% 97%

No. of cores lost in processing 2 0 4 4 5 4
(1%) — (3%) (3%) (3%) (3%)

Mean 0.7% 3% 3%

No. cores without tumor 5 7 1 10 5 7
(3%) (5%) (1%) (8%) (3%) (5%)

Mean 4% 4% 4%

Block 1 contained 150 samples; Block 2 contained 120 samples.

Figure 3 Average probability that 1–6 cores will correctly represent the staining of a whole section.
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of cores present in every 10th section (Figure 4).
Section number 1 was obtained after discarding the
first nine sections (facing of the block). Subse-
quently, more than 70 sections were obtained before
the number of cores started to drop.

Ki-67

According to whole-section analysis, Ki-67 staining
was high in 29 cases (64%); the correlation between
the whole-section results and tissue microarray
results was high. When high Ki-67 was scored as 1
and low Ki-67 staining as 0 and the value averaged
across cores, the Pearson correlation coefficient
between whole-section results and tissue microarray
results was 0.86. Findings in some cores showed
discrepancies with the whole-section results in four
cases (cases 33, 35, 36, and 41) (Table 1).

Estrogen Receptor

The ER was expressed in whole sections in 27 cases
(60%) and tended to be distributed nonuniformly in
nuclei. Findings from tissue microarray agreed well
with those from whole sections. In 11 cases, the
whole-section grade was 1 (weak-positive) but the
tissue microarray cores were, on average, positive; in
four of those 11 cases, the cores also showed a
nonuniform staining pattern. In one case the whole
section was averaged as negative and one core out of
six as positive. All of the other negative-staining
cases matched in terms of cores vs whole sections.
The Pearson correlation coefficient between the
average staining across the cores and that of the
whole sections was 0.93.

p53

Whole-section immunostaining revealed p53 ex-
pression in 26 cases (58%); in those cases, staining
tended to be homogeneously distributed throughout
the sections. Core results in one case (case 1) were
discrepant with whole-section results, but the
Pearson correlation coefficient for the average stain-
ing among cores vs that of the whole sections was
0.82. None of the cores showed positive expression
on a negative whole section.

Discussion

Tissue microarray technology had its beginnings in
1986 when Battifora introduced the multitumor
(sausage) tissue block.6 In that method, devised as
a control for immunohistochemical staining, large
fragments of fresh tissue are processed together as a
roll in a less organized fashion than tissue micro-
array. In 1998, Kononen et al1 described the modern
tissue microarray. This technique involves making a
hole in the recipient tissue microarray block,
acquiring a cylindrical core sample from a donor
tissue block, and depositing that core into the
recipient block. This process is repeated with a
precision instrument to array hundreds of tissue
specimens.

The tissue microarray technique has been vali-
dated for several different tumor types, but not for
human ovarian carcinoma.2,7–13 Even though a few
studies have used tissue microarray to analyze
ovarian carcinoma,14,15 uncertainty has remained as
to whether this technique is useful in such hetero-
geneous tumors.16,17

Most validation studies have found that analysis
of three 0.6-mm cores produces higher concordance
rates than use of one core and that use of three cores
also reduces the problems of higher case loss that is
seen with two cores.2,7,18 In our study, the addition
of a fourth core did not improve concordance. The
statistical methods used have also varied from study
to study, with some using kappa analysis19 and
others using regression analysis,20 or resampling
methods.21 We decided to present our findings as
‘percentage of cores matching the whole section’ 2 as
we believe this to be a simple, easily understood
method. According to this method, the chance of
correctly representing the whole section with only
one core was 91%, that with two cores was 97%,
and that with three cores was 98%. Thus, results
obtained with whole sections correlated well with
those from cores, reaching greater than 95% repre-
sentation—the commonly accepted limit of statisti-
cal significance—with use of two 1-mm cores.

Previous studies have also used a variety of
markers. We selected Ki-67, ER, and p53 as markers
because they are used routinely in human ovarian
carcinomas; moreover, Ki-67 and ER tend to be
distributed heterogeneously and p53 homoge-
neously in serous carcinomas.22 The observation
that in four cases (cases 33, 35, 36, and 41) Ki-67, 2
cases (case 33 and 27) ER and one case (case 1) p53
in some of the cores did not match the findings from
the whole section reflects the heterogeneity of the
tumor across the whole section.23 Proportions of
immunostain expression for the three markers (Ki-
67:64% ER:60%, p53:58%) greatly correspond with
those described in literature.5,24,25 The final score for
the whole-section analysis represents an average
across different tumor areas; if we were to compare
that average with the average findings from all six
cores in every case, concordance would reach 100%.

Figure 4 Percentage of usable cores as a function of section
number in the tissue microarray.
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Thus, regardless of the complexity of the immuno-
histochemical pattern in the whole section, we
found strong correlations between full sections and
1-mm cores in tissue microarrays. If the analysis of a
0.6-mm core (representing 2 or 3 high-power fields)
can be considered to quantitatively represent 0.3%
of an entire representative section, then two 1.0-mm
cores, as was done in this study, represent approxi-
mately 1% of a representative whole tumor section,
covering twice the area of that reported in most of
the published validation studies.2

The percentage of the missing cores also varies
among studies, with reported values ranging from 3
to 17%.18,20,26 The most important factor in mini-
mizing core loss is the technical expertise of the
individual constructing the array block and the
slides. Using high-quality paraffin to construct
the blank (dummy) block, avoiding sudden changes
of temperature that will affect the tissue microarray
block, and optimizing the size, separation, and depth
of the cores can also prevent such losses. By
addressing all of these aspects, we were able to
obtain 90% scorable cores on the first acquired
section. We found that it was important to calibrate
the tissue microarrayer before constructing the block.
The donor and recipient needles must be perfectly
aligned to prevent gaps from surrounding the cores.
Because tissue heterogeneity is a major concern in
the use of tissue microarrays, representative areas of
the tumor should be selected carefully. Incorrect
sampling is still possible, however, and is more likely
in infiltrative lesions than in solid tumors. (Only one
case in our series [case 30] was an infiltrative lesion.)
Overall, 96% of the cores were correctly sampled.
Therefore tumors with an infiltrative pattern might
be more accurately assessed with a higher number of
cores than would be used for solid tumors.

To assess which sections of the tissue microarray
block were most suitable for analysis, we counted
the number of cores (regardless of the presence of
tumor) in every tenth section. We found that
acquisition of 4-mm-deep cores from the donor
tissue resulted in more than 90% of cores being
present in 70 sections.

Conclusions

Despite the variability of antigen expression be-
tween cores, analysis of the three markers in a single
readable core matched the findings of a whole
section more than 90% of the time. Analysis of
two cores raised this representation to more than
96%. Tissue microarray is a powerful and valid
technique for analyzing large numbers of human
ovarian carcinomas. We conclude that analysis of
two 1-mm cores provides sufficient information to
achieve results similar to those from whole sections
in human ovarian carcinoma; if any result from the
two cores remains controversial, use of a third core
may be helpful in resolving the discrepancy.
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