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Table 3 Paired Ki67 data before and afier letrozolehamoxifen therapy g 10 ar protein expression status in breast cancer cells/
stromal cells
Ki67 [Geometric mean (5% CI)J* A protein exp
Cancer cells Stromal cells
Negative Positive Negative Positive
Letrozole only
Pre 5.54 (2.54-12.08) 3156 (247-5.14) 364 (1.70-7.82) 31.92 (2.69-572)
Post 0.70 (0.33-1.49) 0.49 (0.31-0.75) 0.88 (0.38-2.04) 0.44 (0.29-0.68)
P-value® 0.0037 0.0001 0.0083 0.0001
Tamaxifen only
Pre 597 (3.17-11.24) 5.63 (4.18-7.58) 7.75 (4.46-1347) 4.67 (339-644)
Post 1.72 (0.75-3.97) 1.36 (0.88-2.09) 1.61 (0.76-3.39) 1.23 (0.77-1.95)
P-value" 0.0117 0.0001 0.0007 0.0001

* 95% CI: confidence Interval

® Wilcoxon signed rank test was used to compare paired Ki67 data within each group defined by aromatase expression status

major reason for this is that the low abundance of aroma-
tase in the breast requires sophisticated, time-consuming
and labor intensive methodology and relatively large
amounts of fresh tissue. This has precluded routine use in
large clinical trials. However the availability of an antibody
which can specifically detect aromatase in fixed archival
breast cancers has changed this. We can now report results
on the presence (and semi-quantitative levels) of aromatase
in mor material obtained from a randomized trial of
necadjuvant endocrine therapy (P024).

Before discussing the findings it is worth considering
methodological issues and potential limitations of the
study. Firstly, THC estimation of protein provides no
information on activity and protein may be present that is
deactivated or inhibited [20]. This certainly will be the case
in patients treated with aromatase inhibitors. For this rea-
son we have excluded outcome correlations with aromatase
status in “on trcatment” samples because we have not
validated relationships between aromatase activity and
expression in the presence of an endocrine agent. Secondly,
because aromatase is present in different comparuments of
the breast (and at different levels) complete assessment
requires quantification of multiple tissue types and an
estimate of the relative amounts of each compartment. In
this study, to simplify these confounders, we have not used
assessments in adipose and benign tissue of tissue sections
which were generally low in staining score and proportion,
Aromatase scores were highest in the malignant and stro-
mal compartments of breast cancers, However, these were
highly related in breast cancers suggesting a field effect of
rophic factors regulating aromatase. We have therefore
restricted our correlations to the status of the cancer cells
which were reliably present in all the samples eligible for
analysis and therefore more consistent to score,
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In terms of demographics we have combined the two
arms of the P024 trial for long term outcome analysis, not
discriminating between patients subsequently treated with
tamoxifen or letrozole since all patients received tamoxifen
as adjuvant therapy. This has formed a database which
represents the largest published series of breast cancers
assessed by aromatase THC, The results show that wumor
aromatase was positively and significantly related to
smaller tumor size and ER level/status. These findings
would be consistent with data published by members of the
group on aromatase activity [4] but not with others using
THC with a different antibody [7]. A significant inverse
correlation was observed with the proliferation marker,
Ki67. To the best of our knowledge there have been no
other published stdies relating tumor aromatase to
proliferation,

In terms of endocrine responsiveness, no significant
association was detected between tumor aromatase and
clinical response to either letrozole or tamoxifen. While
positive correlations have been reported between the pres-
ence of in vitro and in vivo aromatase activity and response
to aromatase inhibitors, these relationships were not strong
and were observed in advanced disease, not in the neoad-
juvant setting [18, 19] Other studies on response to
tamoxifen have been negative. Thus, the response to endo-
crine therapy does not appear to be strongly modulated by
whether the source of estrogen is autocrine or endocrine.

Despite a failure 1o observe significant relationships
between aromatase expression and clinical or biomarker
response to treatment in the neoadjuvant phase of the
study, significant associations were found between the
presence of tumor aromatase expression and long-term
outcome following neoadjuvant treatment. Thus, tumors
with positive aromatase scores had significantly greater
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Table 4 Univariate and multivariate analysis of pathological tumor size, node status, post-treatment Ki67, post-treatment ER and pre treatment

aromatase status®

A
Factor definitions No. of patients No. of evens/ Relapse-free survival

iR o Fos:of gy Univariable analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Tumor size* 138733 477N 2.7 (1.4-5.0) 0.002 282 (1.36-5.85) 0.006
(T1/2 vs. T3/4)
Node status 90/69 441159 39(1.8-84) 0.0005 344 (1.58-748) 0.002
(Yes vs. No)
Ki67 level, per 2.7 fold increase” 48174 14 (1.2-1.6) 0.0002 1.1 (1.02-1.09) 0.003
ER Allred® 16/157 48/173 24(1.0-5.3) 0.04 274 (1.1-6.67) 0.03
(0.2 vs, 3-8)
Aromatase status’ 37132 48/169 1.88 (1.01-3.47) 0.04 2.34 (1.2-4.58) 0.01
(not present versus present)
B
Factor definitions No. of patients No. of events/ Breast cancer-specific survival

in each No. of m . P i

group patients Univariable analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Tumor size 138133 24171 35(1.5-83) 0.004 3.42 (1.21-9.66) 0.02
(T1/2 vs. T3/4)
Node status 90/69 22/159 4.6 (1.4-15.8) 0.01 4.05 (1.14-14.38) 0.03
(Yes vs. No)
Ki67 level, per 2.7 fold increase 251174 1.4 (1.1-1.7) 0.009 1.05 (1.0-1.11) 0.06
ER Allred 16/157 251173 43 (1.6-11.7) 0.005 7.98 (2.58-24.7) 0.0003
(0.2 vs. 3-8)
Aromatase starus 37132 24/169 2,82 (1.2-6.63) 0.02 3.76 (1.42-9.98) 0.008

(not present versus present)

* The four elements of the preoperative endocrine relapse index (PEPI) score (pathological T and N stage, surgical specimen ER and Ki67 status

has been previously described [14]

" Surgical specimen Ki67 was analyzed as the natural log interval, or per 2.7 fold increase according to the original scale of percentage values

[14]

“ The ER analysis refers to the post-treatment values, before treatment all the tumors in this data set were ER positive. In the PEPI model, an

Allred cut off of 0 or 2 is used to define ER negative

¢ The aromatase expression status was defined as present or positive if any positive staining presented in invasive breast cancer cells. Table £A

and B shows the RFS data and BCSS data, respectively

RFS and BCSS. It is not possible to ascertain whether this
is directly caused by increased sensitivity to endocrine
therapy in the adjuvant setting, However, the lack of
association of response in the neoadjuvant situation would
not be compatible with this. Furthermore the positive
correlations with small clinical size and ER status levels
(favorable prognostic biomarkers) and the inverse corre-
lation with Ki67 (a poor prognosis biomarker) suggest that
aromatase positive tumors may be inherently less aggres-
sive. This is supported by data from multivariable analyses
in which mor aromatase scores predicted for long-term

outcome independently of other factors that have been
shown to be predictive for outcome in the post neoadjuvant
endoerine therapy setting. This finding also implies that the
most accurate models for the prediction of outcomes for
patients with ER+ disease may combine bascline prog-
nostic biomarker analysis, in combination with the “on-
treatment” predictive biomarker analysis derived from an
analysis of the mumor after several months of endocrine
treatment [14].

It is therefore suggested that routine THC measurements
of aromatase in breast cancer will not generally aid
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Fig. 2 Kaplan-Meier curves for mh.pu-ﬁ'u and breast cancer-
specific survival by an ion status in cancer
cells. {a) Relapse-free survival (RI-S) rur patients with aromatase
profein expression positive (green or Upper curve) versus negative
(red or lower curve) in cancer cells; (b) Breast cancer-specific
survival (BCSS) for patients with aromatase protein expression
positive (green or upper curve) versus negative (red or lower curve) in
cancer cells; Censorship observations are marked with open circles;
log rank tests were used to estimate the difference between Kaplan-
Meier curves for RFS and BCSS. 95% confidence intervals are
provided on cach curve

prediction of neoadjuvant response to endocrine therapy,
but may help identify ER positive tumors with favorable
long-term outcomes.
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Upon completion of this activity you will be able to

= apply the ASCO/CAP guidelines for HER2 testing of breast carcinomas.

= define the immunohistochemical reactivity rate for HERZ in breast
carcinoma that should trigger additional testing by FISH.

* analyze causes of discrepancy in HER2 testing of carcinomas by IHC.

» outline a protocol for single institutional guidelines for combined use
of IHC and FSH for HERZ testing in breast carcinomas, incorporating
quality assurance considerations.

Abstract
We assessed interinstitutional and interobserver

consisiency of human epidermal growth factor recepror

tvpe-2 (HER2) testing using immunohistochemical
analysis and fluorescence in situ hybridization
(FISH) in a set of 20 breast cancer samples among 10
institutions in Japan and a Herceptin adjuvant study
participating laboratory in Germany and identified
Jactors that may lead to discordant results.

We found a good agreement in
immunohistochemical HER2 scoring between
the coordinating institution and 10 participating
laboratories (x = 0.718) and excellent agreement for
FISH (x = 0.900). The results of a comparison between
10 Japanese laboratories and the German laboratory
was good for immunohistochemical studies (x = 0.713)
and excellent for FISH (x = 0.887). FISH retesting
of equivocal samples (2+ immunohistochemically)
improved agreement. Discrepancies benveen results
were attributed to the evaluation process in 33.0%
of the samples, staining procedures in 25.0%, and
a combination of the two in 41.7%. Evaluation of
samples according to the American Society of Clinical
Oncology/College of American Pathologisis guideline
increased the number of 2+ immunohistochemical
scores. By performing FISH retesting for these
samples, consistency among multiple institutions could
be archived. The quality of the staining procedwres
performed and the consistency of evaluations require
regular assessment,
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The human epidermal growth factor receptor type-2
(HER2) gene encodes a protein (185 kDa) that is a cell surface
receptor with tyrosine kinase activity,! Amplification of the
HER2 gene and/or overexpression of its protein product has
been shown in 25% to 30% of breast cancers.?? Moreover,
HER2 status is an important factor in predicting prognosis®*
and selection of systemic therapies for treamment.** Overall,
HER2 gene amplification is associated with a poor clinical
outcome,* and, accordingly, HER2 status has been added
to the risk category of the St Gallen consensus recommenda-
tion.'® Overexpression of HER2 protein is also associated
with resistance to endocrine therapy that may be specific
to selective estrogen receptor modulator therapies, such as
tamoxifen, but not to aromatase inhibitors.3¢!! In contrast,
HER2 overexpression correlates with a response to treatment
with anthracyclines and taxanes.™

Accumulating evidence indicates that trastuzumab
{(Herceptin) is effective not only for the treatment of meta-
static breast cancer but also for early breast cancer with HER2
overexpression. International clinical trials'*'¢ have revealed
that trastuzumab treatment for primary breast cancer in the
adjuvant setting reduced the risk of recurrence and mortal-
ity. Based on the results of these mals, trastuzumab has been
included in the National Comprehensive Cancer Network
guidelines and the St Gallen consensus recommendations,
In 2006, the European Medicine Agency and the US Food
and Drug Administration approved trastuzumab for primary
breast cancer in the adjuvant setting. With these approv-
als, an increased number of patients may be able to receive
treatment with trastuzumab based on HER2 testing results,

Am J Clin Patho! 2008:130:883691 883
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Misdiagnosis of HER2 overexpression can result in the loss of
opportumity for patients to receive the benefits of trastuzumab
treatment or in patients being overtreated. Therefore, accuracy
in HER2 testing is of significant clinical benefit,

It has been reported that the efficacy of trasuzumab
depends on the extent of HER2 overexpression: A tumor with
a 2+ immunchistochemical score has a response rale of 0%,
whereas & tumor with a 3+ immunchistochemical score has
a response rate of 35%.'7 Although the significance of accu-
rate HER2 testing has been emphasized, HER2 testing is not
subject to external quality assurance in all countries, despite
the fact that evaluation of HER2 serves as a major conclusive
factor in the decision to treat with trastuzumab.

HER?2 gene amplification was first examined by using
Southem blotting in the early phase of a clinical study by
Slamon et al.? An aliernative method for HER2 detection is
fluorescence in situ hybridization (FISH). In the early phase
of a validaton study, HER2 protein overexpression was
examined immunohistochemically using anti-HER2 mono-
clonal antibodies 4D5 and CBI1 (denoted the Clinical Trial
Assay).'s HER2 detection using a polyclonal antibody can
be more sensitive but is less specific than using a monoclonal
antibody. Although immunchistochemical analysis is now
relatively inexpensive and universally available in research
laboratories, it does not produce results as reliably consis-
tent as those observed with FISH. In 3 clinical studies, the
population of patients with tumors categorized as 2+ immu-
nohistochemically varied from 12.7% to 39.5%, and the rate
of HER2 gene amplification in tumors scored 2+ immunohis-
tochemically varied from 17.9% to 48.1%.'61%19 Although
these data may represent a significant diversity in breast
cancer tissue samples with regard 1o HERZ, it is important to
consider the sensitivity and specificity of immunohistochemi-
cal and FISH analyses.

No assessment system for the standardization of immuno-
histochemical or FISH analysis of HER2 has been established
in Japan thus far. However, in other countries, a standardization
process is in place, ie, the Nordic Immunohistochemical Quality
Control (http://www.nordigc.org/news.htm), United Kingdom
National External Quality Assessment Service (htp:/mwww,
uknegas,org.uk/), the College of American Pathologists (CAP;
hittp://www.cap.org/apps/cap.portal), and the Royal College of
Pathologists of Australia Quality Assurance Program (http:/
www.rcpagapa.netcore.com.au/index html).

To investigate the consistency of HER2 testing in
Europe, Dowsett et al? conducted an intenational ring study
with 5 pathologists, each from a different country, applying’
immunochistochemical analysis and FISH to 20 slide sets. We
conducted a Japanese ring study with 10 participating labo-
ratories, responsible for diagnosing approximately 80% of
breast cancer samples in Japan, and | laboratory in Germany
that participated in the Herceptin adjuvant (HERA) trial.

884 AmJ(lin Pathol 2008130883881
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Materials and Methods

Participants

To compare and assess immunchistochemical and FISH
analyses of HER2 expression by different laboratories, 7
institutions in Japan (Tokai University School of Medicine,
Isehara; The Cancer Institute Japanese Foundation for Cancer
Research, Koto; Niigata Cancer Center Hospital, Niigata;
the Saitama Cancer Center, Kita-adachi; Tohoku University
School of Medicine, Sendai; Kitakyushu Municipal Medical
Center, Kitakyushu; and the National Defense Medical
College, Tokorozawa), 3 commercial laboratories (SRL,
Tachikawa; BML, Kawagoe; and Mitsubishi Chemical
Medience, Itabashi), and 1 laboratory that was a site for
a HERA trial (Institut fiir Pathologie, Klinikum Kassel,
Targos Molecular Pathology, Kassel, Germany) participated
in this ring study IFigure 1L The study was coordinated by
the Tokai University School of Medicine and approved by
the institutional review board of Tokar University.

Sample Selection and Distribution

We selected 20 cases of invasive breast cancer from
the surgical pathology files of Tokai University Hospital.
The breast cancer tissue samples had previously been tested
and were selected to represent a relatively higher propor-
tion of equivocal cases for the purpose of assessment. All
of the specimens had been fixed with formalin (12-48
hours) and embedded in paraffin blocks. Tissue sections,

Study | interinstitutional consistency

Coordinator Select cases and blocks
(Tokai University) —— -
Send slides of

5 cases at a time
Test IHC (n= 20)

ABCDEFGHI[[J]

Test FISH (n = 20)
Return results
Coordinator
e Collects data
(Tokal University’ Analyzes resuilts
Reports back
Study Il interobserver consistency to centers

Seven pathologists (Tokal, A, D, F, G, I, J)
evaluated same IHC slides

WFigure 18 Study designs for studies | and Il. Study |
examined interinstitutional consistancy, and study |
examined interobserver consistency of HER2 testing.
Institutions A-H participated in immunchistochemical analysis
(IHC) and fluorescence in situ hybridization (FISH) analysis,
and institutions | and J evaluated IHC results.
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4 10 6 um thick, were mounted on silane-coated slides. A
set of 5 cases, with 2 unstained slides for each case, was
sent every 2 weeks to participants for immunohistochemi-
cal and FISH analyses. The slides for FISH analysis were
sent after receiving the results of the immunohistochemical
analysis to avoid bias from the FISH results. In this way, an
identical series of 20 cases was evaluated independently for
immunohistochemical and FISH detection of HER2 expres-
sion. Of the 10 participating, B institutions performed HER2
testing by immunochistochemical analysis (HercepTest,
DakoCytomation, Carpinteria, CA) and FISH (PathVysion,
Vysis, Downers Grove, IL) analyses; 2 participants per-
formed immunchistochemical analysis only.

Study Design and Data Analysis

This study was designed to examine interinstitutional
consistency (study I) and interobserver consistency (study
IT) in the analysis of tissue samples. Sample selection and
distribution of sections for study 1 was described in the
preceding section, with the evaluated results analyzed by
the study coordinator. For study I1, the goal was to examine
interobserver consistency. Seven pathologists each evaluated
one set of 20 cases that were stained at the Tokai University
School of Medicine, the same set of 20 cases evaluated
in study 1. To evaluate the significance of the assessment
system proposed by the American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP)
guidelines for interobserver consistency in immunohis-
tochemical analysis, evaluation systems described in the
manufacturer’s protocol (study I1A) and those of the ASCO/
CAP guideline were compared (study I1IB).

The results were estimated by concordance rate and
¥ value. A x value of more than 0.75 represented excel-
lent agreement, values from 0.4 to 0.75 represented fair to
good agreement, and values less than 0.4 represented poor
agreement beyond chance. Concordance rates between the
coordinating laboratory and participating Japanese labora-
tories and between the HERA laboratory and the Japanese
laboratories were evaluated.

Immunohistochemical Analysis and FISH

Immunochistochemical detection kits for HER2 contain-
ing the same lot of polyclonal antibody (HercepTest) were
distributed to all participating laboratories, Sections were
stained according to the manufacturer’s protocols. Staining
results were evaluated using the criteria 0, 1+, 2+, and 3+
according to the HercepTest kit instructions, which were the
standardized criteria at the time, for studies I and IIA Hm-
age 11 In study IIB, the ASCO/CAP guidelines were used
as the staining criteria.”!

For FISH detection of HER2, HER2/CEP17 probe
kits (Vysis) were distributed and used according to the

© American Society for Clinical Pathology
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manufacturer's protocol. Signal numbers for the HER2
gene (labeled with SpectrumOrange, Vysis) and the CEP]7
gene (labeled with SpectrumGreen, Vysis) were counted in
more than 20 tumor cells from each site, and the ratio of the
HER2/CEP17 signal numbers was calculated. The results
were interpreted as positive when the signal ratio of HER2/
CEP17 was equal or greater than 2.0 and negative when it
was less than 2.0 according to the manufacturer’s protocol.

Results

Interinstitutional Consistency

The results of study I are shown in FTable 18 and FTable
20 Of 20 samples analyzed immunohistochemically, 14
(70%) tumors were grouped in the same category when the
results were categorized into 2 groups as 0, 1+/2+ and 3+;
and 8 (40%) of 20 scores were consistent when the results
were categorized as negative (0, 1+), equivocal (2+), and
positive (3+) (Table 1). The recorded immunohistochemical
results were in good agreement between the participating
Japanese laboratories and the coordinating laboratory (x
= (.718), and agreement was also good between partici-
pants and the HERA laboratory (institution E in Table 1)
(x = 0.713). For FISH analyses, results for 17 (85%) of
20 samples were consistent for all participants (Table 2).
Discrepancies in results were mainly observed for samples
with a HER2/CEP17 signal ratio close to 2.0. The FISH
results were in excellent agreement between participants and
the coordinator (x = 0.900) and between participants and the
HERA laboratory (institution E in Table 2) (x = 0.887).

FISH Retesting for Cases Immunohistochemically
Scored as 2+ Increased Agreement

To verify the algorithm for “Indication of Trastuzumab
and HER?2 Testing,"* simulation analyses were performed.
Initially, analysis of study I was conducted to determine
whether retesting of FISH for cases scored immunchis-
tochemically as 2+ would improve agreement. There were
11 cases that were determined 1o be 2+ by at least | institu-
tion. When these cases were retested by FISH. agreement
in scoring improved in 8 of the 11 cases. In the remaining 3
cases, scores were lowered or unchanged ETable 30. A sec-
ond analysis was used to validate whether the 2 trees of algo-
rithms are acceptable from the perspective of clinical ben-
efit. According to the distribution of results organized into
the FISH tree EFigure 21, 46.7% of cases had indications for
trastuzumab treatment. Based on the distribution of results
into the immunohistochemical analysis tree (Figure 2),
45.6% had indications for trastuzumab treatment. Retesting
samples by FISH closed the gap further, demonstrating that

Am J Clin Pethol 2008;130:883-891 B8S
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EImage 18 Scoring criteria for Immunohistochemical examination. A, Carcinoma cells lack positive reactivity for HER2 protein
(score 0; x100). B, A weakly positive reaction is found, but they are not completely bound to the cell mambrane (score 1+;
x100). C, Weak to moderate, complete mermbrane staining is detected in >10% of tumor cells (score 2+; x100}. D, Strong,
completa membrane staining Is observed in >10% of tumor cells (score 3+ in studies | and 11A) and in >30% of tumor cells
[score 3+ in study |IB) (»100).

retesting by using FISH can minimize the prescription of
treatment that will have no effect or 100 much of an effect,
depending on the type of cancer present.

Interobserver Discrepancies and Their Causes

To analyze the cause of discrepancies that occur in
evaluating the pathology of tissue samples, interobserver
consistency was examined in study I1. By using the evalua-
tions provided by each of the 7 pathologists on the Japanese
Pathology Board for Optimal Use of Trastuzumab for 1
set of the 20 cases, in which the variable factor of staining
procedures had been excluded, we examined interobserver

BB6 Am J(lin Pathal 2008,130:883-691
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discrepancy. Nine of the evaluations were inconsistent,
with discrepancies between immunohistochemical scores
of 2+ and 3+ in 2 samples (cases 4 and 6) Mmage 20 and
berween immunohistochemical scores of 2+ and 1+ in 7
samples (cases 3, 5, 7, 9, 10, 18, and 15; srudy I1A) FTable
41 The analysis of discrepancies from study I suggested
that a complexity of factors, including interobserver diver-
sity and staining procedures (Table 4, study I), accounted
for the differences. However, of the 12 samples in which
the results were not consistent in study I, 3 (25%) showed
complete agreement in study IIA, and interinstitutional
concordance was lower in study I. We hypothesize that

® Amarican Socisty for Clinical Pathology
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KTable 18
Analysis of Interinstitutional Concordance by Immunohistochemical Scoring Results

Institution
Case No. Coordinator A B C D E F G H 1 I Concordance (%)
n 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 2+ 3+ 100
12 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 100
13 3+ 3+ 3+ 3+ 3+ 3+ 2+ 3+ 3+ 3+ 3+ 100
19 3+ 2+ 3+ 3+ 3+ 3+ 2+ 3+ 3+ as 3+ a1
20 3+ 3+ 3+ 3+ 3+ 3+ 24 3+ 3+ 3+ 3+ a1
4 3+ 2+ 3+ 2+ 3+ 2+ 2+ 3+ 2+ 2+ 24 64
8 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 2+ 291
6 2+ 3+ 3+ 3+ 2+ 3+ 2+ 2+ 2+ 2+ 2+ 64
5 2+ 2+ 2+ 3+ 3+ 2+ 2+ 2+ 2+ 2+ 2+ B2
7 i 2+ 2+ 1+ 2% 2+ 2+ 2+ 1+ 2+ 2+ 1+ 73
] 2+ 2+ 2+ 2+ 2+ 2+ 2+ 1+ 2+ 2+ 1+ 82
10 2+ 1+ 1+ 2+ 0 2+ 1+ 1+ 2+ 1+ 1+ B4
18 1+ 24 1+ 24+ 2+ 2+ 1+ 1+ 1+ 2+ 1+ 55
15 1+ 1+ 1+ 2+ 1+ 1+ 1+ 1+ 2+ 2+ 1+ 73
3 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 0o 100
18 1+ 1+ 1+ 2+ 0 1+ 0 1+ 1+ 1+ 0 9
2 1+ 1+ 1+ ¢} 1+ 1+ 0 14 1+ 0 o} 100
14 1+ 1+ 1+ 1+ 0 1+ 0 0 0 0 0 100
1 [} ] 1+ 0 0 1] 1+ 1+ 0 (1] 0 100
17 0 o 0 1] 0 1+ 1] o 0 o 1] 100
" Dand |- were considered negative; 2+, equivocal; and 3-, positive
ITable 20
Analysis of Interinstitutional Concordance by Fluorescence In Situ Hybridization Results”

Institution

Case No. Coordinator A B C 1] E F G H Concordance (%)
1" 71 74 3.8 187 8.3 49 10.0 6.2 73 100
12 46 9.4 4.5 13.9 4.4 48 7.8 4.2 6.8 100
13 73 9.8 9.6 141 B4 7.4 10.3 42 52 100
19 67 6.3 8.1 1.5 39 55 8.0 133 62 100
20 8.6 7.7 5.8 74 54 686 8.7 45 45 100
4 6.1 89 4.7 10.7 5.6 652 7.9 39 53 100
8 32 49 27 125 24 5.0 a4 54 27 100
& 6.5 4.4 4.4 209 5.4 3.9 48 3.9 27 100
5 25 41 3.5 247 2.5 28 1.6 16 1.8 67
Z 25 22 21 18 1.9 1.3 26 3.0 18 BB
9 1.3 1.2 1.3 15 1.5 1.0 1.5 12 1.5 100
10 1.6 1.2 1.4 20 1.2 1.0 1.0 14 1.3 B2
18 1.2 1.2 1.2 1.0 1.2 1.2 1.7 1.0 11 100
15 1.3 1.3 1.3 10 1.0 08 1.4 14 1.0 100
3 1.3 02 1.2 1.0 1.3 1.0 14 1.5 1.2 100
16 1.4 1.2 1.0 1.1 1.2 1.1 1.2 1.5 1.1 100
2 1.8 1.3 1.0 1.0 15 1.1 11 1.0 1.2 100
14 1.8 1.4 1.1 1.3 1.0 1.2 1.3 11 11 100
1 Tad 14 1.2 10 14 11 1.9 12 as 100
17 1 | 12 1.1 10 1.0 11 1.1 11 ne 100

* Dats gre given 25 the HER2'CEP1 7 ratio. A ratio <2.0 was considersd negative, and a ratio 22.0, positive.

staining procedures were the cause. In 4 of 12 cases, the
interobserver discrepancy present in study [LA was identical
to the concordance found in study 1. For these cases, inter-
observer discrepancy was considered to be the cause. In the
other 5 of 12 cases, both interobserver and interinstitutional
discrepancies suggest that staining procedures and interob-
server discrepancies are possible causes.

@ Amencan Society for Clinical Pathology

Significance of ASCO/CAP Guideline

To study the significance of the ASCO/CAP interpretive
criteria, we conducted study IIB. The vanable factor is the
only evaluation system in swudy II; therefore, we can ana-
lyze the significance of the proposed criteria in comparison
with previous criteria and the ASCO/CAP guidelines while
excluding the influences of staining procedures. Revised
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KTable 38
Analysis of FISH Retesting for Samples With Immunohistochemical Scores of 2+
Institution

Coordinator A B C D E F
CaseNo. THC FISH [IHC  FISH THC FISH THC FISH THC FISH e FISH IHC  FISH
&) 3+ 71 3+ 1.4 3+ 38 3+ i8.7 3= 83 3- 49 3+ 10.0
12 3+ 4.6 3+ 9.4 3+ 45 2+ 139 3+ 44 3+ 48 3+ 7.8
13 3+ 73 3+ 58 3+ 96 3+ 141 3+ Ba 2+ 74 3+ 103
1 3+ 6.7 34 6.3 34 B1 3+ 11.5 3+ 38 3+ 55 2+ 8.0
20 3+ 66 34 7.7 3+ 59 3+ 74 3+ 54 3+ 56 2+ 6.7
4 3+ g1 2+ BS 3+ 47 2+ 107 3+ 56 2+ 52 2+ 78
B 3+ 3.2 3+ 4.9 3+ 2.7 3+ 125 3+ 24 3+ 5.0 3+ 44
] 2+ 6.5 3+ 44 3+ a4 3+ 209 24 54 3+ 39 2+ 46
5 2+ 25 2+ 4.1 2+ 35 3+ 247 3+ 25 24+ 26 2+ 18
£ 2+ 25 2+ 22 1+ 2.1 2+ 18 2+ 19 24 13 24 28
9 2+ 1.3 2+ 1.2 2+ 1.3 2+ 1.5 24+ 15 2+ 1.0 2+ 1.5
10 2+ 1.6 1+ 1.2 1+ 1.4 2+ 20 0 12 2+ 1.0 1+ 1.0
18 1+ 1.2 2+ 1.2 1+ 1.2 2+ 1.0 2+ 1.2 24+ 1.2 1+ 1.7
15 1+ & ] 14 1.3 1+ 1.3 2+ 1.0 1+ 1.0 1+ 0.9 1+ 14
3 1+ 1.3 1+ 08 1+ 1.2 1+ 1.0 1+ 1.3 1+ 1.0 1+ 14
16 1+ 1.4 1+ 1.2 1+ 1.0 2+ Tt 0 1.2 T+ 1.1 e} 1.2
2 1+ 1.8 14 1.3 1+ 1.0 1] 1.0 1+ 1.5 T+ 141 1] 1.1
14 1+ 1.8 1+ 14 1+ 11 1+ 13 4] 1.0 1+ 1.2 0 1.3
1 0 1.2 0 1.4 1+ 1.2 [+] 1.0 0 14 (v] 11 1+ 18
17 0 11 1] 1.2 o 1.1 o 1.0 0 10 1+ 1.1 4] 1.1
FISH, &1 in sita b [HC,

* Data are given for HC as immunohistochemical scores (0 and 1+, negatve. ‘4 , equivocal; 3+, positve) and for FISH aa the HERZ/CEP 1 7 rano (<2.0, negative; 22,0, positivel

assessments by at least 1 pathologist were detected in 3 cases
FTable 58 As a result, concordance between sample designa-
tions increased, decreased, and remained unchanged for the 3
cases, respectively. It is noteworthy that most of the changes
were from an immunohistochemical score of 3+ to 2+,

T

T

|+ (n=84)| |-(n=298)] |3-r(n m)||:+(n=4s;|1+m{n 73)|

Indication no Indication
(n = 84 [46.7%]) flin = 56 [S3.3%])

(n=82)

nﬂ

(n=73)

...nm.nn

nommn
jin = 98 [54.4%

EFigure 28 Simulation analysis for retesting fluorescence in
situ hybridization (FISH) samples for immunohistochemical
analysis (IHC) scores of 2+ according to the HER2 testing

algorithm. MBC, metastatic breast cancer.

888 AmJ(Clin Pathol 2008,130:883-891
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The FISH results were reviewed according to the ASCO/
CAP cnteria, and interpretations of equivocal (1.8-2.2)
were frequently identified in discrepant cases according to
manufacturer’s criteria (cases S and 7).

Hmage 28 {Case 4) Immunohistochemical features.
Tumor cells with vaned intensity for HER2 protsin are
heterogeneously distributed (x100).

© Amarican Sociaty for Clinical Pathology



Institution

G H Concordance (%)
THC FISH THC FISH HC ICH2+FISH
3+ 6.2 3+ 7.3 100
3+ 42 34+ 6.8 100
3+ 4.2 3+ 5.2 100
3+ 133 3+ 6.2 B9 100
3+ 45 3+ 45 B9 100
3+ 3.8 2+ 53 58 100
3+ 54 3+ 27 100
2+ 3.9 2+ 27 56 100
2+ 186 2+ 18 78 67
1+ 3.0 2+ 1.8 78 67
1+ 1.2 2+ 15 89 100
1+ 1.4 2+ 1.3 56 89
T+ 1.0 1+ 11 56 100
1+ 1.4 2+ 1.0 78
1+ 1.5 1+ 1.2 100 B89
1+ 1.5 1+ b es 100
1+ 1.0 14 1.2 100
0 11 o 11 100
1+ 1.2 0 0S8 100
o 11 0 [15:] 100
Discussion

Accuracy in HER2 testing is very important for the
treatment of patients, Large clinical trials such as the North
Central Cancer Treatment Group, National Surgical Adjuvant

Anatomic Pathology / Oaomia Asmioie

Breast and Bowel Project, and HERA require a standard-
ization of HER2 testing, thus emphasizing global quality
control. The present Japanese ring study demonstrates good
agreement for immunohistochemical detection of HER2 and
excellent agreement for HER2 detection using FISH despite
a higher proportion of equivocal ratings (2+). Agreement
levels between participants and the coordinator (x values
for immunohistochemical analysis and FISH of 0.718 and
0.900, respectively) and the HERA laboratory (x values for
immunohistochemical analysis and FISH of 0.713 and 0.887,
respectively) were almost identical.

In the present study, an attempt was made to exclude
variable factors in the technical procedures by use of a detec-
tion kit containing the same lot of antibody for immunohis-
tochemical analysis and FISH probes and also the use of the
same protocols. However, the tissue processing (eg, fixation
of tumor samples, absorbance, tissue embedding) before
immunohistochemical analysis was conducted in different
laboratories in different countries and was not controlled.
Therefore, tissue preparation variables, if present, were main-
tained in this study. Irrespective of these variable regional
factors, however, agreement was obtained during analysis
of pathology between laboratories in Japan and Germany. In
a previous study, Dowsett et al* conducted an international
ring study with 5 participants from different countries—the
Netherlands, Canada, France, Belgium, and Germany—using
20 sets for immunchistochemical analysis and FISH. The

ETable 48
Interobserver Discrepancies in Immunohistochemical Results and Causes of Discrepant Results”

Study 1 Study 11

Tnstitution Institution
Case Concordance Concordance
No. Coordinator A D F G 1 J (%) Coordinator A 1] F G 1 J (%)
1" 3+ 3+ 3+ 3+ 3+ 3+ 3+ 100 3+ 3+ 3+ 3+ 3+ 3+ 3+ 100
12 3+ 3+ 3+ 3+ 3+ 3+ 3+ 100 3+ 3+ 3+ 3+ 3+ 3+ 3+ 100
13 3+ 3+ 3+ 3+ 3+ 2+ 3+ 100 3+ 3+ 3+ 3+ 3+ 32+ 3+ 100
18 3+ 3+ 3+ 2+ 3+ 3+ 3+ 88 3+ 3+ 3+ 3+ 23+ 3+ 3+ 100
20 3+ 3+ 3+ 2+ 3+ 3+ 3+ 88 34 3+ 3+ 3+ 3+ B3+ 3+ 100
4 3+ 2+ 3+ 2+ 3+ 2+ 2+ b7 3+ 2« 2+ 3+ 2+« 2+ 3+« bHF
8 3+ 3+ 3+ 3+ 3+ 3+ 2+ B 3+ 3+ 3+ 3+ 3+« 3+ 3+ 1007
B 2+ v 2+ 2+ 24 2+ 2+ B6* 2+ 2+ 2+ 24 2+ 2+ 3+ i
5 2+ 2+ 3+ 2+ 2+ 24 2+ B8F° 2+ 2+ 1+ 2+ 2+ 24 2+ 86
7 2+ 2+ 2+ 2+ 1+ 2+ 1+ 78 2+ 1+ 2+ 2+ 2+ 2+ 2+ @86
9 24 24 2+ 2+ 1+ 2+ 1+ 2+ 2+ 2+ 2+ 1+ 2+ 2+ 86
10 2+ 1+ 0 1+ 1+ 1+ 1+ 86! 2+ I+ 1+ 2+ 1+ 2+ 2+ M
18 1+ 2+ 2+ 1+ 1+ 2+ 1+ &7 1+ 1+ 1+ 1+ 1+ 1+ 2+ @gg
15 1+ T+ 1+ 1+ 1+ 2+ 1+ B6* 1+ 2+ 1+ 1+ 1+ 1+ 1+ 86
3 1+ 1+ 1+ 1+ 1+ i+ 0 100 1+ T+ 1+ 1+ 1+ 1+ 2+ 88
16 1+ 1+ 0 ] 1+ 1+ 0 100 14 1« 1+ 1+ 0 Q 1+ 100
2 1+ 1+ 1+ 0 1+ 0 0 100 1+ 0+ 0O 0 0 (4] 4] 100
14 1+ 1+ 0 0 4] 1] (4] 100 1+ 1+ 1+ 1 0 1] 1+ 100
1 0 0 0 1+ 14+ o] 0 100 ] ] 0 ] 4] 0 4] 100
17 0 1] 0 0 ¢] o] 0 100 0 0 0 0 o o] o] 100

Dnu ae given as mummuhumhemmi scores (0 and |+, negative, 2+, equivocal; 3+, positive)

1 Id:nnn-! cmnhn:n: between stu:llu land 11
! Different concordance between studies 1 and Tl

@ American Socigty for Clinical Pathology

v i study 11, with lower concordance in study [
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FTable 51
Significance of Assessment According to the ASCO/CAP Guidelines”
Institution

Case No, Coordinstor A 1] F G 1 J Concordance (%)
tudy 1A
4 3+ 2+ S 3+ 2+ 2+ 34+ 57"
8 3+ 3+ 344 3+ 3+ 3+ kEe 100°
B 2+ 2+ 2+ 2+ 24 2+ 3+t B8

Study lIB
4 3+ 2+ 2+ 3+ 2+ 2+ 244 7’
8 3+ 3+ 24! 3+ 3+ 3+ 2+ 71*
-1 2+ 2+ 2+ 3+ 24 2+ 2+ B8

J\SICQCA!‘, Amencan Society of Chmeal Oncology/College of Amencan Pathologiats

* For smudy T1A, tmmunohistochemical staining results were evaluated by wsing the entenia 0, 1+, 2+, and 3+ (0 2ad |+, negative, 2+, equivocal, 3=, positive) according to the
Hm‘.q:‘fu!lhlmm Tn study ITH, the ASCO/CAP guidelines were used as the evaluation eniteria. Auodmgmﬁenscofargmhm.hmmﬂmmun

d.* and the from 3+ to 2+ are mereased !

concordance rate for immunohistochemical analysis was 45%
(9720) in categories of negative, equivocal, and positive; and
for FISH, the rate was 80% (16/20). In our Japanese ring
study, despite the increased number of participants (11 includ-
ing the coordinator), the concordance rate was similar to that
in the study by Dowsett et al.??

The goal for this study was to identify causes of discrep-
ancies in HER2 detection in breast cancer samples. By using
interinstitutional and interobserver conditions for analysis of
the same series of tumors, we tried to pinpoint factors that
contribute to discrepant results. Interinstitutional discrepan-
cies in immunohistochemical analysis were identified in 6
samples categorized as 2+ and 3+ and also in § samples
categorized as 2+ and 1+. In both cases, discrepancies were
related to technical and evaluation methods, In these 12
samples, interobserver study showed that 3 samples (3/12
[25%)) were 100% consistent when the pathologists evalu-
ated szctions stained by the same method. Based on these
conclusions, discrepancics in results from the interinstitu-
tional study were assumed to be related to tissue process-
ing and staining procedures. Interobserver diversities were
identified in 4 samples (4/12 [33%]), and the percentage of
discord in the interinstitutional study was the same. Thus,
it was assumed that interobserver diversity was the major
cause of subsequent discrepancies. The remaining 5 samples
(5/12 [42%)]) were discordant owing to complex causes of
technology and evaluation because interobserver discrep-
ancy was present, and the interinstitutional concordance
rate was lower or higher than the interobserver concordance
rate. Table 4 shows that the’ staining procedure was most
frequently identified as the cause of discrepancy between
cases scored immunohistochemically as 2+ vs 3+, and that
technical methods and interobserver diversity were more
frequently identified for differences between cases scored
immunohistochemically as 1+ vs 2+,

890 Am.JClin Fathol 2008;130:883-691
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Discrepancies between immunohistochemical evalua-
tions of 1+ and 2+ are clinically critical; therefore, assessment
of both staining procedures and evaluation methods should be
well controlled. To our knowledge, this is the first ring study
designed to clarify the cause of discrepancies in HER2 analy-
sis by immunohistochemical analysis and FISH by minimiz-
ing variable factors.

The ASCO/CAP “Guideline for HER2 Testing in Breast
Cancer™' recently proposed the category of “‘equivocal” for
tumors identified with an immunohistochemical designa-
tion of 2+ and a FISH ratio of 1.8 to 2.2. For these samples,
reexamination by FISH is recommended. In addition, the cri-
terion for immunohistochemical results of 3+ was redefined
“as uniform intense membrane staining of >30% of invasive
tumor cells.” The present study IIB clearly showed that the
new definition increased the proportion of cases designated
immunohistochemically as 2+, which would be subsequently
examined by FISH according to the ASCO/CAP guidelines.
As shown in the simulation analysis, retesting by FISH of
samples scored 2+ immunohistochemically increased the
concordance rate. Thus, the currently proposed ASCO/CAP
guideline can improve evaluation consistency among multiple
institutions and provide more reliable identification of the
most appropriate patients for trastuzumab treatment.

We assessed the quality and consistency of HER2 testing
performed by laboratories in Japan that are responsible for
evaluating approximately 80% of breast cancer tissue samples
submitted for pathology studies. We found good to excellent
agreement among the participants and in comparison with
results from a HERA laboratory in Germany. This is the first
ring study to evaluate the causes of discrepancies in analysis
of breast cancer pathology with regard to HER2 expression by
comparing interinstitutional and interobserver results with an
effort to minimize technical variables.

@© Amarican Socisty for Clinical Pathology
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Vasohibin-1 is a recently identified negative feedback inhibitor or
suppressor of angiogenesis induced by vascular endothelial growth
factor (VEGF)-A. The status of vasohibin-1 in human breast carcinoma
has not been examined. We examined 151 breast specimens including
98 cases of | ive ductal carci (IDC), 12 of ductal carcinoma
in situ (DCIS), 16 of fibroadenoma (FA), six of inflammatory lesion,
nine of fibrocystic change and seven of non-pathological breast tissue.
We im localized hibin-1 and compared its immunoreactivity
to that of VEGF-A, basic fibroblastic growth factor (bFGF), VEGF
receptor 2 (Flk-1), CD31, CD34 and Ki-67/MIB-1. The correlation of
vasohibin-1 immunoreactivity with overall survival (0S), and disease-
free survival (DFS) of the patients with breast carcdinoma was also
evaluated. In addition, we evaluated Ki-67 and CD31, and Ki-67 and
vasohibin-1 double-immunostaining for further characterization of
nmascularlxxﬂon Vasohibin-1 was detected in endothelial cells of
- anditsi ity was significantly higher in IDC
and inflammatory lesions than the other types (P < 0.001). In addition,
a significant positive correlation was detected between vasohibin-1
and VEGF-A. bFGF or Flk-1 (P <0.001). There was also positive
hibin-1 and OS (P = 0.004) and between
umhihind and DFS r s 0.001) in cardinoma cases. Results of
d the ratio of Ki-67-positive
cells iti dothelial cells (46.5%) was
sigmﬁcantly higher than thuu among CD31-positive cells (23.5%),
This is the first study demonstrating the status of vasohibin-1 in
human breast lesions, which indicates that vasohibin-1 Is associated
with neovascularization and may especially play important roles in
the regulation of intratumoral angiogenesis in human breast cancer,
{Cancer Sci 2009; 100: 88-94)

Elin: 1

Angiogcncsis or the formation of new blood vessel
networks, not only plays a pivotal role in human normal
development, but also in pathophysiological conditions such as
inflammatory diseases and neoplasms. Angiogenesis is generally
regulated by an in sirw balance between stimulatory and
inhibitory factors of angiogenesis."¥ However, this “angiogenic
homeostasis” may be disrupted in pathological conditions such
as cancer and dystegulated or excessive production and/or secretion
of angiogenesis inducers result in excessive formation of abnormal
blood vessels. In general, various biological phenomena in
physiological conditions are under stringent control by numerous
negative feedback systems as seen in endocrine mechanisms the
including hypothalamic—pituitary-adrenal system to maintain
their homeostasis. However, little has been known about such
negative feedback mechanisms of angiogenesis in both
physiological and pathological conditions.

Vasohibin-1 has been very recently identified as one of the first
established negative feedback regulators of angiogenesis.™®
This interesting factor was identified as one of vascular endothelial
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growth factor (VEGF)-induced genes with anti- ang:ogcmc pro?;
erties in endothelial cells (EC) using cDNA microarray anal

Vasohibin-1 was suhsequenl.ly demonstrated to be apectﬁcally
expressed in EC in response to angiogenic stimulators such as
VEGF and basic fibroblastic growth factor (bFGF).%% Vaschibin-
1 is also abundantly present in human placenta and feus™ in
which angiogenic events markedly occur in vivo. VEGF-A is the
most potent factor for angiogenesis among known VEGF family
members, stimulating protease synthesis, migration and prol-
iferation of EC.” In addition, the great majority of VEGF-A-
mediated signals are transduced via VEGF receptor 2 (Flk-1)®
and protein kinase C§ (PKC4), one of the signals located in
important downstream intrasignaling pathway of Flk-1, and they
also induced vasohibin-1 expression markedly.”’ Yoshinaga
et al. demonstrated that the VEGF-A-mediated induction of
vasohibin-1 was preferentially mediated via the Flk-1 signaling
pathway in human endometrial carcinoma.” However, the status
of vasohibin-1 in other human malignancies has not been exam-
ined in detail.

Therefore, in this study, we first immunolocalized vaschibin-1
in human breast disorders including breast cancer in order 1o
examine whether this factor is expressed in endothelial cells or
not in human breast tissues. We then correlated the findings with
various clinicopathological factors of the cases including micro-
vessel density (MVD)"™" in order to correlate the status of
vasohibin-1 with vascularity of the lesions. We also correlated
vaschibin-1 immunoreactivity with neovascularization or prolif-
erating endothelial cells using double immunostaining of Ki-67
in order to further characterize vasohibin-1 expression and its
clinical and/or biological significance in human breast disorders.

Materials and Methods

Breast tissue specimens. We retrieved 151 Japanese female
cases of breast tissues from surgical pathology files of Tohoku
University Hospital (Sendai, Japan). These subjects were operated
on between 1995 and 1998 at the Department of Surgery,
Tohoku University Hospital. The median age of the patients
was 48 years (range, 15-81). The protocol for this study was
approved by the Ethics Committee at Tohoku University School
of Medicine (Sendai, Japan). The relevant clinicopathological
information including age, histological type, stage classification,
histological grade for invasive ductal carcinoma (IDC), grading
scheme for ductal carcinoma in siru (DCIS) (van Nuys
classifications!"? for DCIS and Tlmic) are summarized in
Table 1. Histological findings were 98 cases of IDC including
eight cases of Tlmic, 12 of DCIS, 16 fibroadenoma (FA), six of

*To whom correspondence should be addressed.
E-mail; nahanisikenta@yahoo.co.jp
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Table 1. Clinicopathelogical characters of examined cases

Histological type

DC 98

(T1mic) 8

Dcis 12

FA 16
Inflammatory lesion 6

Fibrocystic change 9
Non-pathological breast tissue 7

Age, years (range)

All cases 48 years (15-81)
[+] 53 years (28-81)
DCIs 47 years (40-81)
FA 39 years (15-52)
Inflammatory lesion 49 years (35-70)

Fibrocystic change 47 years (39-48)
Non-pathological breast tissue 40 years (34-48)
UICC stage grouping
Stage 0 12
Stage | 38
Stage Il 36
A 23
ne 13
Stage Il 18
1 A 8
e 1]
mc 4
Stage IV 3
Histological grade (for IDC)
G1 34
G2 42
G3 14
Van Nuys scheme (for DCIS and T1mic)
Group 1 8
Group 2 12

DCIS, ductal carcinoma in situ; FA, fibroadenoma; 1DC, invasive ductal
carcinoma; UICC, International Union Against Cancer staging.

inflammatory lesion, nine of fibrocystic change and seven of
non-pathological breast tissue taken from the lumpectomy
specimen for breast cancer operation. In the nine cases of
fibrocystic change, we evaluated vessels in the areas adjacent to
adenosis or ductal hyperplasia. Stage grouping was based on
TNM Classification of Malignant Tumors Sixth Edition by the
International Union Against Cancer (UICC).”* The tumor grade
was determined according to the criteria of Elston and Ellis."

Immunohistochemistry. We performed immunohistochemical
staining for vasohibin-1, Flk-1, CD31, Ki-67, VEGF-A and FGF-2.
The specimens had been fixed in 10% formalin, embedded in
paraffin, cut into 4-um thick sections and placed on glue-coated
glass slides. Sections were deparaffinized in xylene, and hydrated
with graded alcohols and distilled water. Endogenous peroxidase
activity was blocked by 3% hydrogen peroxidase for 10 min at
room le . Antigen retrieval was performed using Autoclave
(TOMY SX-500 HIGH PRESSURE STEAM § TOMY
SEIKO CO., LTD, Tokyo, Japan) in 10 nmol ethylene diamine
tetra acetate (EDTA; pH 8) for vasohibin-1 and in citrate buffer
for Flk-1, CD31, Ki-67 and FGF-2, heated at 121°C for 5 min,
and for VEGF-A using microwave in citrate buffer for 15 min.
Sections were subsequently imcubated for 30 min at room
temperature (RT) in a blocking solution of 10% rabbit serum
(Nichirei Biosciences, Tokyo, Japan) for vasohibin-1, Flk-1,
CD31, CD34 and Ki-67, and a blocking solution of 10% goat
serum (Nichirei Bioscience) for VEGF-A and FGF-2, and then
immunostained for 16 h at 4°C with primary antibodies. The
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primary antibodies of vasohibin-1, Flk-1, CD31, Ki-67, VEGF-1 were
mouse monoclonal antibodies, whereas the primary antibody
against FGF-2 was a rabbit polyclonal antibody, and were used
as follows: antihuman vasohibin-1 monoclonal antibody™'¥
diluted at 1:3200; anti-VEGFR-2 (Flk-1; Santa Cruz Bio-
technology, Santa Cruz, CA, USA) diluted at 1:3200; anti-CD31
(Dako, Denmark) diluted at 1:40; anti-CD34
(Nichirei Bioscience) diluted at 1:100, Ki-67 (Dako) diluted
1:300; anti-VEGF-A (Laboratory Vision, Fremont, CA, USA)
diluted at 1:50; and anti-FGF-2 (Santa Cruz Biotechnology)
diluted at 1:100. Antihuman vasohibin-1 monoclonal antibody
(mAb) was raised against the synthetic fragment (Gly286-
Arg299) of human vasohibin-1 as described by Watanabe
et al.®) The specificity and sensitivity of this mAb was confirmed
by both western blotting and immunohistochemical analysis.™
For vasohibin-1, Flk-1, CD31, CD34 and Ki-67 immuno-
histochemistry, secondary antibody reactions were performed
using biotinylated rabbit antimouse antibody (Nichirei Bio-
science) at a dilution of 1:100 for 30 min at RT and peroxidase-
conjugated avidin (Nichirei Bioscience) was used according to
the manufacturer’s instructions. Envision (Dako) was used for
immunostaining of VEGF-A and FGF-2. Reacted sections were
visualized using 3,3'-diaminobenzidine-tetrachloride (DAB)/30%
H,0, in 0.05 mol/L. Tris buffer (pH 7.6) and counterstained
with hematoxylin—eosin (HE) for nuclear staining.

Double staining procedure. For the guantification of prolifer-
ating endothelial cells, Ki-67/CD31 and Ki-67/vasohibin-1
double-labeling immunohistochemical staining was performed.
A mAb directed against Ki-67 (Dako) was diluted at 1:300
following antigen retrieval using Autoclave in a citrate buffer,
and incubated for 30 min at RT in a blocking solution of 10%
rabbit serum (Nichirei Bioscience). A secondary antibody
reaction was performed using biotinylated rabbit antimouse
antibody (Nichirei Bioscience) at a distribution of 1:100 for
30 min at RT. Peroxidase-conjugated avidin (Nichirei Bioscience)
was subsequently used in this study. DAB was used 1o visualize
the binding of the first antibody. Antigen retrieval was then
performed using a microwave for 15 min in 10 nmol EDTA
(pH 8) for vasohibin-1 and in a citrate buffer for CD31. The
reacted sections were then incubated for 30 min with antibodies
against vasohibin-1 diluted at 1:3200 and CD31 (Dako) diluted
at 1:40. Following the reaction with biotinylated rabbit antimouse
antibody (Nichirei Bioscience) diluted at 1:100 as a secondary
antibody and alkaline phosphatase-conjugated avidin (Nichirei
Bioscience), an alkaline phosphatase substrate kit IIT (Vector
Laboratories, Burlingame, CA, USA) was employed./'®!"

Immunohistochemical analysis. Two of the authors (K. T. and
Y. M.) independently evaluated the immunohistochemical staining
of the tissue sections. They were blinded to the clinical course of
the patients and the average of numbers counted by the two
investigators was used for subsequent analysis. We used Olympus
(Tokyo, Japan) BX30 and 20X objectives for the analysis.

The number of microvessels was counted within the tumor of
IDC and FA, whereas in DCIS, the number of vessels in the
stroma among intraductal components was evaluated. In inflam-
matory lesions, fibrocystic change and non-pathological breast
tissues, the greatest number of vessels in the tissue sections was
determined as MVD.1%111530 Micrgvessels were identified based
on the architecture, lumen lined by endothelial cells, comple-
mented by positivity of the endothelial cells with anti-CD31
afier scanning the immunostained section at low magnification
(%40 and x100)."%'" The areas with the greatest number of
distinctly highlighted microvessels were selected, and counted at
one higher power (x200)."%""" Any immunostained endothelial
cells or clusters separated from adjacent vessels were counted as
a single microvessel, even in the absence of vessel lumen. Each
single count was defined as the highest number of microvessels
identified at the “hot spot". Vasohibin-1- and Flk-1-positive signals
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Fig. 1. Representative illustrations of histological and immunchistochemical findings of breast carcinoma cases examined. (A,B) Two invasive
ductal carcinoma (IDC) cases stained positively for CD31 and vaschibin-1, whereas (C) a ductal carcinoma in situ (DCIS) case stained positive only

for CD31 and not for vasohibin-1. (Original magnification, x200.)

were counted in the hot spot in which the highest number of
anti-CD3 |-positive vessels was identified. We also counted the
average of vasohibin-1-positive vessels in 10 representative
fields per case (x200). We defined vasohibin-1-positive ratio as
the number divided by the number of vaschibin-1-positive vessels
by that of CD31-positive vessels in the hot spot. An evaluation
of Ki-67 immunoreactivity was performed at high power field
(x400) and used as a marker of cell proliferation. More than 500
tumor cells from each of three different representative fields
were evaluated and the labeling index was subsequently obtained.
VEGF-A immunoreactivity was evaluated using grading, inter-
preting both relative immunointensity and the proportion of
tumor cells associated with an unequivocal positive reaction.®'*
Relative immunointensity was graded 0 (no staining) to 3 (strong
staining), percentage of cells staining positive as 0 (no tumor
cells positive), 1 (positive staining in <10% of the tumor cells),
2 (positive staining in 10-50% of the tumor cells) and 3 (positive
staining in >50% of the tumor cells).”®"" A semiquantitative
method was used to evaluate the degrees of FGF-2 immunos-
taining ranging from 0 (no expression), 1 (weak), 2 (moderate) to
3 (highest level of expression).™ The ion of proliferating
endothelial cells (CD31 and vasohibin-1-positive vessels) was
defined as the number of endothelial cells with Ki-67-stained
nuclei divided by the total number of endothelial cells.
Analyzes of OS and disease-free survival (DFS) curves were
performed by employing the Kaplan-Meyer method. The segre-
gation point of the parameter at 21 for vaschibin-1-positive
vessels was determined by the Cox proportional hazards regression
model. The values of survival rates represented estimated survival
rates, Factors independently associated with OS and DFS -
vasohibin-1, MVD, VEGF-A and Ki-67 — were identified by
multivariate analyses using multiple regression analysis.

Statistical analysis, such as the one-factor ANova and simple
regression analysis, were performed using StatMate I for
Windows ver. 3.18 (ATMS, Tokyo, Japan). The results were
considered significant at P < 0.05.

Results

MVD. The representative findings of immunostaining for HE,
CD31 and vasohibin-1 are illustrated in Fig. 1. The average
number of microvessels detected by CD31 was 24.6£ 8.3 in
IDC, 21.7£11.7 in DCIS, 26.31%15.7 in FA, 3421154 in
inflammatory lesions, 20.6 £ 14.4 in fibrocystic change and
136 £ 10.3 in non-pathological breast tissue, respectively.
Statistically significant differences of MVD among the lesions
were detected only berween IDC and non-pathological breast
tissue (P = 0.001).

Vaschibin-1 immunohistochemistry. Vasohibin-1 immunoreactivity
was detected only in endothelial cells (Fig. 1). Vasohibin-1-
positive microvessels in the hot spot were 20.9% 7.7 in IDC,
5355 in DCIS, 461 4.1 in FA, 23,71 9.7 in inflammatory
lesions, 4.6 6.3 in fibrocystic change and 1.3+ 1.8 in non-
pathological breast tissue. There were statistically significant
differences between IDC and four other histological types of
breast tissues examined (DCIS, FA, fibrocystic change and
non-pathological breast tissue; P < 0.001) (Fig. 2A). The ratio
of vasohibin-1/CD31*! was 0,857 £ 0.193 in IDC, 0.279 % 0.308
in DCIS, 0.183 +0.146 in FA, 0,713+ 0.200 in inflammatory
lesions, 0.237+0.332 in fibrocystic change and 0.112£0.136
in non-pathological breast tissue. There were significant
differences between IDC and all other histological types
(P < 0.001) (Fig. 2B). The average number of vasohibin-1-positive
vessels per 10 fields (x<200) were 1532 6.1in [DC, 44 +4.1 in
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Fig. 2. Analysis of vasohibin-1 immunohistochemistry according to histological subtypes. (A) Number of vaschibin-1-positive vessels in the
‘hatspot’, (B) Vasohibin-1-positive ratio defined as the vasohibin-1-positive vessels/CD31-positive vessels. (C) Average of vasohibin-1-positive vessels
in 10 different fields. The lower boxes are the statistical analysis compared with invasive ductal carcinoma (IDC) cases.

DCIS, 29426 in FA, 15.7+5.0 in inflammatory lesions,
3.1+4.1 in fibrocystic change and 0.7 + 0.7 in non-pathological
breast tissue. There were also statistically significant differences
between IDC and four histological types (DCIS, FA, fibrocystic
change and non-pathological breast tissue, P < 0.001). No sign-
ificant differences were detected between IDC and inflammatory
lesions (P =0.781) (Fig. 2C).

Correlation between vasohibin-1-positive vessels and Ki-67
labeling index in carcinoma cells. A significant positive correlation
was detected between the number of vasohibin-1-positive vessels
and Ki-67 labeling index in breast tumor cells (P < 0.001).

Correlation between vasohibin-1-positive vessels and VEGF-A
status in carcinoma cells. The number of vasohibin-1-positive
vessels was 5.8 £ 5.5 in VEGF-A of score 0, 11.0 £ 9.4 of score
2, 15.1 £10.0 of score 3, 17.5+ 10.1 of score 4, 22.1 £ 8.9 of
score 5 and 22.7+5.7 of score 6. There was a statistically
significant association between vasohibin-1 in the vessels and
VEGF-A scores in carcinoma cells (P < 0.001) (Fig. 3A).

Correlation between vasohibin-1-positive vessels and FGF-2 in
carcinoma cells. The number of vasohibin-1-positive vessels was
6.3 % 6.1 in FGF-2 of score 0, 19.1 £ 6.5 of score 1, 21.9+7.2
of score 2 and 26.8 £ 8.4 of score 3. A statistically significant
association was detected between vasohibin-1 immunoreactivity
in the vessels and FGF-2 scores in carcinoma cells (P < 0.001)
(Fig. 3B).

Carrelation between vaschibin-1 and Flk-1 in microvessels in breast
carcinoma. A significantly positive correlation was detected
between vasohibin-1 and Flk-1 positive ratios in microvessels
(P < 0.001) (Fig. 3C).

Correlation between vasohibin-1 and clinical stage of breast
carcinoma cases. The number of vasohibin-1-posilive vessels was
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53+5.5 in TNM Stage 0, 19.6 £ 6.7 in Stage [, 187286 in
Stage IT A, 22,1 £8.3 in Stage IT B, 23.8% 5.8 in Stage III A,
28.7+75 in Stage Il B, 23.0+7.5 in Stage III C and
21.2£5.6 in Stage IV. Statistically significant differences were
detected only between IDC and DCIS (P <0.001) with no
significant differences among the different stages of IDC.

Correlation between vasohibin-1 and histalogical grades of breast
carcinoma cells. The number of vaschibin-1-positive vessels among
different groups of carcinoma cases and histological grade was
184475 in grade I, 20.8+7.0 in grade II and 28.0£8.0 in
grade [II. There were statistically significant differences of
vasohibin-1 density between grade I and ITI, and grade IT and I1I
cases (P < 0.001) with no significant difference between grade [
and I cases (P = 0.14684).

Correlation between vasohibin-1 and overall survival or DFS in
breast carcinoma patients. Patients were tentatively classified into
two different groups according to the number of vasohibin-1-
positive vessels: 0-20 and 21 or more. The 10-year overall
survival rates were 0.932203 and 0.72549 among these two
groups, respectively. (The total 10-year overall survival rate in
this cohort of patients was 0.838836.) Statistically significan
differences in the 0-20 and 21 or more groups was P =0.004
(Fig. 4A). The 10-year DFS were 0.92736 and 0.708333,
respectively, in these two groups. Statistically significant
differences were also detected in the 0-20 and 21 or more
groups was at P < 0.001. (The total 10-year DFS rate was 0.81777;
Fig. 4B.) The following variables were included in the multivariate
analysis of OS: vasohibin-1, MVD, VEGF-A and Ki-67. This
multivariate analysis demonstrated that vaschibin-1 was associated
with VEGF-A (P = 0.038) and Ki-67 (P <0.001), but was not
associated with MVD (P = 0.083). The multivariate analysis of
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Fig. 3. (A) Resuh of the correlation between vaschibin-1-positive vessels and vascular endothelial growth factor (VEGF)-A expression in the tumor
cells, (B) Result of the correlation between vasohibin-1-positive vessels and fibroblastic growth factor (FGF)-2 expression in the tumor cells. (Q)

Correlation between vasohibin-1 and Flk-1 in the 'het spot’.

months

(A) 0s Kapian-Meier
0.6
0.5 G
0.4
—0—0-20
E T|| o ——
0.2
0.1
‘n A
] 20 40 60 8o 100 120
Vasohibin-1 positive vessels 10 year 05
0-20 0.932203
- 0.72549

(8) DFS Kaplan-Meler
o: F=g‘ﬂ—a ; B—a
N s
0.7 ]
0.6
83 —o=21-
- =0-0-20
0.3
0.2
0.1
° L L L " L )
0 20 40 60 80 100 120
months
Vasohibin-1 positive vessels 10 year DFS
0-20 0.927356
21- 0.708333

Fig. 4. Summary of analysis of (A) overall survival and (B) disease free survival in relation to the status of vasohibin-1 expression, Patients were
tentatively classified into two different groups according to the number of vasohibin-1-positive vessels: 0-20 and 21 or more.

DFS also revealed that vasohibin-1 was associated with VEGF-
. A (P =0.004) and Ki-67 (P < 0.001), but was not associated
with MVD (P=0.081).

Double immunostaining with Ki-67 in microvessels. Ki-67/
vasohibin-1 double immunostaining analysis demonstrated that
Ki-67 labeling index of vasohibin-1-positive vessels was 46.5%
(33.3-62.5%), whereas that of CD31-positive vessels was 23.5%
(12.7-37.5%) (Fig. 5A,B).

Discussion

One of the most important functions of vasculature in general
is to supply nutrients the distal organs. Three major types of
regulation occur in the maintenance of vasculature: (i) vasodilation;
(ii) changes in capillary permeability; and (iii) growth and
development of new vessels, also known as angiogenesis.?
Angiogenesis is a pivotal event in various biological processes
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under both physiological and pathological conditions. Physiological
conditions include embryonic development, reproduction and
wound healing, and pathological conditions include cancers and
inflammatory conditions.” In situ balance between angiogenesis
stimulators such as VEGF and bFGF and inhibitors such as
thrombospondin-1 (TSP-1) and pigment epithelium derived
factor (PEDF) is generally considered to regulate the process of
angiogenesis.”" Negaltive feedback regulation is considered one
of the most important physiological mechanisms with which
bodies are endowed, and has been demonstrated to be involved
in a wide range of biological phenomena.”™ This regulation is
most effectively performed through the factors produced in
endothelial cells but the endothelium-derived negative feedback
regulators of angiogenesis have not been elucidated. Vasohibin-
1 is therefore the first secretory anti-angiogenic factor from
endothelial cells themselves induced by VEGF in EC.5+%
The other anti-angiogenic regulator has been very recently
identified and termed vasohibin-2 but this factor lacks the
property of VEGF-A or bFGF inducibility in contrast o vasohibin-
1.%% Vasohibin-1 immunoreactivity was exclusively detected in
endothelial cells in the present study, which is also consistent
with results of previous studies of endometrial carcinoma™ in
lung carcinoma™ and ischemic retina.®” This is the first study
to examine the status of vasohibin-1 in human breast disease
in which angiogenesis also plays important roles in both
physiological and pathological conditions.

Breast cancer has also been considered an angiogenic-dependent
disease as in other human malignancies and angiogenesis has
been demonstrated to play an essential role in breast cancer
development, invasion and metastasis.®**¥ MVD assessed by
CD31, CD34 and Factor VIII is generally considered as a gold-
standard surrogate marker of tumor angiogenesis and has been
also proposed by some investigators to identify patients at hiFh
risk of recurrence more precisely than classical indicators.!'%!"

In this study, we first examined how the vasohibin-1 expression
was correlated to the MVD status, Vasohibin-1 immunodensity
tended to be concordant with MVD in human breast tissues but
they were not always parallel. The vasohibin-1 immunodensity
was significantly higher in IDC than in DCIS but there was no
difference of MVD between these two lesions. In addition,
results of double immunostaining analysis which could simulta-
neously demonstrate two different proteins in the same cells,
demonstrated the significant positive correlation between Ki-
67-positive proliferating vascular endothelial cells, which may
represent neovascular formation”®'” and vaschibin-1-positive
endothelial cells. Indeed, the Ki-67 labeling index among
vasohibin-1-positive endothelial cells was significantly higher
than Ki-67 in all CD31-positive endothelial cells. These results
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will clearly indicate that vasohibin-1 is considered a more
appropriate biomarker for intratumoral neovascularization
compared to CD31, which may detect all the vasculature including
both resting and proliferating endothelial cells.

Results of our study also demonstrated the positive correlation
between vasohibin-1 and VEGF-A or bFGF in carcinoma cells
or Flk-1 in intratumoral endothelial cells, which also suggest that
the vaschibin-1 in vasculature in human breast carcinoma is induced
by VEGF-A, bFGF/Flk-1 signaling pathway. PKC3 was reported to
play an important role in an induction of vasohibin-1 in endothelial
cells.” Therefore, vasohibin-1 is supposed to be induced in the
downstream of VEGF-A, bFGF/Flk-1 signaling pathway. Further
investigations are necessary to reach the final conclusion.

The expression of vasohibin-1 in EC was proposed to be
regulated either positively or negatively by certain factors at the
transcriptional level, and this may influence the process of
angiogenesis.”’ Another in vive study also demonstrated the
significantly positive correlation between vasohibin-1 and Flk-1
expression in vasculature of human endometrial carcinoma.®
Significantly higher vasohibin-1 immunodensity in IDC than
DCIS in our present study of human breast also indicate that the
anti-angiogenic compensatory mechanism may be operational in
invasive breast carcinoma, possibly in response to induction of
angiogenesis by various factors related to carcinoma invasion
into the surrounding stroma.

Results of several recent studies demonstrated the possible
correlation between VEGF status in carcinoma cells and clinical
outcome in breast cancer patients. VEGF was proposed to be
correlated with worse DFS and overall survival rates especially
in the patients with early-stage breast cancer.*” VEGF expression
in carcinoma cells was also reported as an independent prognostic
marker in both node-positive and node-negative breast cancers.®
Many previous immunohistochemical studies of MVD assessed
by CD31, CD34 or Factor VIIT antigen in human breast cancer
demonstrated that high MVD in invasive ductal carcinoma is
usually correlated with a greater likelihood of metastatic disease,™
shorter relapse-free intervals and reduced overall survival in
patients with node-negative breast cancer.""” We therefore exam-
ined whether vasohibin-1 immunoreactivity is correlated with
OS and DFS of the patients. Results of our study demonstrated
that the cases with a higher number of vasohibin-1-positive vessels
tended to be associated with better and statistically significant
OS. In addition, a statistically negative or inverse correlation
was detected between vasohibin-1 immunodensity and DFS. These
results all suggest that an evaluation of the number of vasohibin-
1-positive vessels may become one of the prognostic markers
for metastasis and prognosis but it awaits further investigations
to establish this approach as a surrogate marker such as MVD.
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Recently, newer targeted therapies toward the control of
tumor neovascularization such as anti-VEGF therapy have been
developed in phase II and I1I clinical trials and demonstrated
the clinical effects such as reduction of tumor angiogenesis
and inhibition of solid wmors proliferation, either alone or in
combination with chemotherapy.®*™" In our present slunly.
vasohibin-1 immunohistochemical staining was dem
reasonably reflect the status of angiogenesis, and vasuh:hm-
itself may be considered for anti-VEGF and anti-angiogenesis
drugs to control tumor angiogenesis in future.
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Abstract

Previous epidemiologic and in vitro studies have indicated a
potential involvement of estrogens in the pathogenesis of
h colon carci but the precise roles of estrogens

have r 1 largely unk Therefore, in this study, we
first measured intratumoral cnncem.rntinm of utmgms in 53
colon carci using liquid chr graphy-electr
ionization tand mass ctr try (LC-ESI-MS). Tlsaun

concentrations of total esl:rogen [estrane (E,) + estradiol] and
E, were sugmﬁcn.nlly (2 .0- and 2.4-fold, respectively) higher in
car than in plastic
mucosa (r = 31), nnd higher intratumoral concentrations of
total estrogen and E; were significantly associated with
adverse clinical outcome. Intratumoral concentration of total
estrogen was significantly associated with the combined status
of steroid sulfatase (STS) and estrogen sulfotransferase (EST),
but not with that of aromatase. Thus, we subsequently
r.xmmru:d the STS/EST status in 328 colon carcinomas using
histoch ry. Immunoreactivities for STS and EST
were detected in 61% and 44% of the cases, respectively. The
—/+ group of the STS/EST status was inversely associated with
Dukes’ stage, depth of invasion, lymph node metastasis, and
distant metastasis and positively correlated with Ki-67
labeling index of the carcinomas. In addition, this ~/+ group
had significantly longer survival, and a multivariate analysis
revealed the STS/EST status as an independent prognostic
fnctor. Results from our present study showed that the STS/
EST status of carcinoma tissue determined intratumoral
estrogen levels and could be a significant prognostic factor
in colon carcinoma, suggesting that estrogens are locally
produced mainly through the sulfatase pathway and play
important roles in the progression of the disease. [Cancer Res
2009:69(3):914-22)

Introduction

Colon cancer is the third leading cause of cancer-related deaths
in both men and women in the United States (1). Although the

. Note: Supplementary data for this article are avallable at Cancer Research Online
(hezp://cancerres.aacrjournals.org/).

Requests for reprints: Takashi Suzuki, Department of Pathology, Tohoku
University 5chool of Health Sciences, 2-1 Seiryo-machi, Aoba-ku, Sendal, Miyagi
980-8575, Japan. Phone: §1-22-717-8050; Fax §1-22-717-805); E-mail t-suzukig
patholo2 med tohoku ac jp.

£2009 American Association for Cancer Research,

doi:10,1158/0008-54T2LCAN-05-0906

recent advances in chemotherapy have prolonged the survival of
patients with advanced disease (2), the results are still unsatisfac-
tory and further researches are required to understand the disease
and to improve the outcome. A number of observational studies
(3-5) and a randomized trial (6, 7) have shown that hormone
replacement therapy affects the incidence of colon carcinoma and
the recurrence of colorectal adenoma (8) in postmenopausal
women. In addition, the great majority of colon carcinomas express
estrogen receptor (b (ERR; ref 9), and some colon carcinoma cells
are responsive to estrogens (10-12). These findings all suggest a
possible involvement of estrogens in the pathogenesis of human
colon carcinoma.

It is well known that estrogens are locally produced from
circulating inactive steroids in estrogen-dependent tumors, such as
breast carcinoma, through sulfatase and aromatase pathways (ref
13; Supplementary Fig. S1). The sulfatase route synthesizes estrone
(E;) from circulating estrone sulfate (E,-S) by steroid sulfatase
(STS) or inversely inactivates E; into E;-S by estrogen sulfotrans-
ferase (EST). E; is subsequently converted to a potent estrogen,
estradiol (E,), by reductive 17p-hydroxysteroid dehydrogenases
(17PHSD). In the aromatase pathway, aromatase produces E, and
E, from circulating androstenedione and testosterone, respectively
(13, 14). In breast carcinoma, STS activity is 50 to 200 times greater
than aromatase activity (15), and expressions of STS and EST are
both reported as significant prognostic factors (16) whereas
aromatase is not (17).

In colon carcinoma, expression of 173HSDs has been previously
examined, and colon carcinoma mainly expresses 17RHSD type 2
and type 4, which metabolize E, to E, (18, 19). It has been also
shown that colon carcinoma tissue has sulfatase (20, 21) and
aromatase activities (18). However, to the best of our knowledge,
intratumoral concentrations of estrogens and their clinical
significance have not been reported. Therefore in this study, we
first measured tissue concentrations of estrogens in 53 colon
carcinoma tissues and correlated these findings with immunor-
eactivities for STS, EST, and aromatase. The result showed a strong
association between the intratumoral estrogen concentrations and
STS/EST status, so we subsequently examined the STS/EST status
in 328 colon carcinomas to obtain better understanding of the role
and significance of estrogenic actions in colon carcinoma.

Materials and Methods

Patients and tissues. Fifty-three specimens (28 men and 25 postmen-
opausal women) of colon carcinoma tissues were obtained from patients
who underwent surgery from 2000 to 2008 in the Department of Surgery at
Tohakn University Hospital, Sendai, Japan (mean age, 70.3 y; range, 45-93 y).
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