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Abstract

Background The choice of appropriate therapeutic plans for
primary endocervical adenocarcinomas (ECA) and endome-
trial adenocarcinomas (EMA) depends on the tumor’s site of
origin. Some panels of antibodies help to distinguish primary
ECA from EMA. However, unexpected expressions of those
markers often exist, which causes this diagnostic dilemma to
be still unresolved. In this study, we investigate five
commonly used monoclonal antibodies (p53, TTF1, CK7,
CK20, and CK34fE12) to evaluate their potential use in
distinguishing between these two gynecologic malignancies.
Methods A tissue microarray was constructed using paraffin-
embedded, formalin-fixed tissues from 35 hysterectomy
specimens, including 14 ECA and 21 EMA. Utilizing the
avidin-biotin (ABC) technique, tissue array sections were
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immunostained with the five aforementioned commercially
available antibodies.

Results  Immunohistochemical (IHC) expressions of p53,
TTF1, CK7, CK20, and CK34E12 were all nonsignificant
(P>0.05) in frequency differences between the immuno-
staining results (positive vs. negative) in tumors from both
the two primary adenocarcinomas (ECA vs. EMA).
Conclusion 1t is still uncertain which markers or panels
would be the most appropriate for making diagnoses;
hence, exploration of other useful markers, which make a
definitive distinction between ECA and EMA merits further
studies. This study, however, uncovered that the five
commonly used monoclonal antibodies (p53, TTF1, CK7,
CK20, and CK34E12) are of no beneficial value in distin-
guishing between primary ECA and EMA.
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Background

Although careful morphologic examination usually allows
for a confident diagnosis, the distinction between primary
ECA and EMA may be difficult with small biopsied or
curetted tissue specimens, based on hematoxylin and eosin
(H&E) staining. It is important to ascertain the site of origin
of these cancers, since the treatment plans may differ sub-
stantially [1, 2].

In our previous report, we discovered that five specific
markers, including PR, ER, Vim, CEA and p16INK4a and
their respective panels, are helpful in distinguishing
between these two gynecologic malignancies (ECA vs.
EMA) [3-5]. However, unexpected aberrant expressions of
these markers often occurred which were not characteristic
of either primary site [3, 4, 6-10]. Therefore, it is still
worthwhile to identify other novel discriminating markers
for the differential diagnosis between ECA and EMA. In
this extension study, we explore five other markers, includ-
ing p53, TTF1, CK7, CK20, and CK34pE12, that may
possibly assist in distinguishing between these two gyneco-
logic malignancies. These five markers are commonly used
to help make an accurate diagnosis of many other kinds of
tumors in pathological examinations. Our rationale for
using these markers as possible candidates for distinguish-
ing between ECA and EMA are summarized as follows: (1)
after reviewing the literatures on PubMed, we found that
p53 expression only correlates significantly with status
differentiation in EMA but not in ECA [11, 12]; (2) TTF-1
immunoreactivity has been reported in tumors other than
those originating in the lung or the thyroid, and the occa-
sional expression of this marker has been found in many
major histologic subtypes of gynecologic tumors [13]; (3)
the differential expression patterns of CK7 and CK20 have
been widely used in the discrimination between different
origins of specific adenocarcinomas, such as colon versus
lung, as well as colon versus ovary. Owing to the existing
limiting factor of the overlap in staining positivity, CK 7
and CK 20 have been reported to be of no use in discrimi-
nating primary ECA from EMA in only a small number of
cases [7, 9, 14]; and (4) CK34betaE12, which reacts with
cytokeratins 1, 5, 10, and 14, has diagnostic utility for pros-
tatic adenocarcinomas. However, its pathologic signifi-
cance in ECA and EMA has not been systematically
studied.

However, it was still interesting for us. In the current
extension study, our aim was to reappraise the expression

@ Springer

of these five commonly used markers in order to view their
potential diagnostic values in distinguishing between
doubtful cases of these two gynecologic malignancies
(ECA vs. EMA) by means of tissue microarray (TMA) and
immunohistochemistry (IHC) in Taiwanese women.

Methods
Study materials

The study material consisted of slides and selected forma-
lin-fixed, paraffin-embedded tissue blocks from 35 hyster-
ectomy specimens retrieved from the archives of the Tissue
Bank of the Clinical Trial Center at Chung-Shan Medical
University Hospital. These endocervical or endometrial
specimens were accessioned between 2004 and 2008. The
cases studied included endometrioid type endometrial ade-
nocarcinomas (n = 21) as well as endocervical type endo-
cervical adenocarcinomas (n=14). Two board-certified
pathologists (C.-P. Han and L.-F. Kok) carefully reviewed
all the H&E stained slides for these cases. A slide with a
representative tumor was selected from each case, and the
tumor area of interest was circled. In the next step, the area
corresponding to the selected area on the slide was also cir-
cled on the block with an oil marker. All of the donors’ tis-
sue blocks were sent to Bio-Chiefdom International Co.
Ltd, Taiwan for TMA slide construction. They were cored
with a 1.5-mm diameter needle and transferred to a recipi-
ent paraffin block. The recipient block was sectioned at
5 um, and transferred to silanized glass slides.

Immunohistochemical staining

Using the avidin—biotin complex (ABC) technique, slides
were stained with monoclonal antibodies, whose main char-
acteristics are summarized in Table 1. Briefly, formalin-
fixed and paraffin-embedded tissue array specimens with
1.5-mm, 5 um individual cores were deparaffinized in
xylene, rehydrated through serial dilutions of alcohol and
washed in PBS (pH 7.2), the buffer which was used for all
subsequent washes. Slides were stained with the following
monoclonal antibodies: 1:100 dilution; p53 (NCL-p53-
DO7, Leica Microsystems), 1:100 dilution; TTF1 (NCL-
TTF-1 SPT24, Leica Microsystems), 1:100 dilution; CK7
(NCL-L-CK7-560, Leica Microsystems), 1:100 dilution;
CK20 (NCL-L-CK20-561, Leica Microsystems), 1:200
dilution; CK348E12 (NCL-CK34BE12, Leica Microsys-
tems), prediluted, low pH antigen retrieval (Table 1). Nega-
tive controls were obtained by leaving out the primary
antibody. Appropriate positive controls were performed.
These slides were mounted with gum for examination, and
images were captured by the Olympus BX51 microscopic/
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Table 1 Antibodies used in this study

Antigen Clone Product code Antibody class  Supplier Dilution  Antigen retrieval
pS3 Mouse Monoclonal, DO-7 NCL-p53-DO7 1gG2b Leica Microsystems  1:100 Citrate

TTF1 Mouse Monoclonal, SPT24 NCL-TTF-1 IgG1 Leica Microsystems  1:100 Citrate

CK7 Mouse Monoclonal, RN7 NCL-L-CK7-560  IgGl1 Leica Microsystems  1:100 RE7113

CK20 Mouse Monoclonal, PW31 NCL-L-CK20-561 IgGl Leica Microsystems  1:50 RE7113
CK348E12 Mouse monoclonal, 34betaE12 NCL-CK34BE12  IgGl Leica Microsystems  1:200 Citrate

(CK 1/5/10/14)

DP71 Digital Camera System for study comparison
(Table 2).

Scoring of immunostaining

In this study, the tissue microarray (TMA) slides were
simultaneously reviewed and scored in agreement by the
aforementioned pathologists, using the Olympus BXS51
two-headed microscope. Despite numerous scoring meth-
ods found in literature, both nucleic and cytoplasmic THC
scoring algorithms have not yet been optimized and stan-
dardized. Some computer-based programs have been spe-
cifically designed for the quantitative analysis of THC.
However, the accuracy of computer-based programs has
not significantly improved clinical outcome measures
compared with the conventional analysis by pathologists
[15-18]. As a result, we interpreted the expressions of

Table 2 Immunohistochemical staining results

ECA (%) EMA (%) P value
p53 Score 0-3 9/14 (64.3)  12/21(57.1)  0.673

Score 4-12 5/14 (35.7)  9/21 (42.9)

Median (range) 1.50 (0-6)  3.00 (0-12)  0.182°
TTF1 Score 0-3 13/14(92.9)  19/21 (90.5)  1.000

Score 4-12 1/14 (7.1) 221 (9.5)

Median (range) 0.00 (0-4)  0.00 (0-6) 0.720P
CK7 Score 0-3 0/14 (0) 0/21 (0) -

Score 4-12 14/14 (100.0) 21/21 (100.0)

Median (range) 8.00 (4-12)  8.50 (4-12) 0.537°
CK20 Score 0-3 14/14 (100.0) 20/21 (95.2)  1.000*

Score 4-12 0/14 (0) 1/21 (4.8)

Median (range) 0.00 (0-2)  0.00 (0-6) 0.491°
CK34BEI12 Score 0-3 8/14 (57.1)  13/21(61.9)  1.000*

Score 4-12 6/14 (42.9)  8/21 (38.1)

Median (range) 2.00 (0-12)  2.50 (0-6) 0.535°

Using a score of =4 points as a cut-off, the immunostains are defined
as “negative” for scores from 0 to 3 and “positive” for scores from 4 to
12 points

# Chi-square test with continuity correction or the Fisher exact test

® Mann—Whitney U test using exact significance

p53, TTF1, CK7, CK20, and CK34$E12 by using the Ger-
man semi-quantitative scoring system in considering the
staining intensity and area extent. The intensity of marker
expression was quantified using the following scores:
0 = negative, 1 = weakly positive, 2 = moderately posi-
tive, 3 = strongly positive. The extent of marker expres-
sion was quantified by evaluating the percentage of the
positive staining areas in relation to the whole cancer area
in the core, where a score of 0 points was given for 0%
reactivity, 1 point was assigned for 1-10% reactivity, 2
points were assigned for 11-50% reactivity, 3 points were
given for 51-80% reactivity, and 4 points were given for
81-100% reactivity. The final immunoreactive score was
determined by multiplying the intensity of positivity and
the area extent of positivity scores, yielding a range from
0 to 12. The threshold for differentiating between final
positive and negative immunostaining was set at 4 for
interpretation. In this study, this optimal cut-off value was
determined by using receiver operating characteristic
(ROC) curve analysis [19, 20]. The scoring results can be
expressed by dividing cases into scores of 0-3 (essentially
negative) and 4-12 (at least moderately positive in at least
11-50% of cells). This method of assessment has been
widely accepted and used in previous studies [3-9, 21—
25].

Statistical analysis

A Chi-square or Fisher’s exact test was performed to test
the frequency difference of immunostaining (positive vs.
negative) between each immunohistochemical biomarker
and the two groups of adenocarcinomas (ECA vs. EMA),
where a negative staining was classified as having an
immunostaining score of 0-3, and a positive staining was
classified as having an immunostaining score of 4—12. The
Mann—Whitney U test, a nonparametric analysis technique,
was used to test the immunostaining raw scores between
the two adenocarcinomas, given the fact that the analytical
IHC scores were not normally distributed. All analyses
were performed using SPSS statistical software (SPSS,
Inc., Chicago, IL, USA). All tests were two-sided and the
significance level was 0.05.
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Results

We have already reported that five immunomarkers (ER,
PR, Vim, CEA, and p16™%4?) showed significant frequency
differences between ECA and EMA tissue immunostaining
(P <0.05) [3-5]. In this extension study, H&E and immu-
noreactivities for p53, TTF1, CK7, CK20, and CK34$E12
in representative cases of ECA and EMA are identified in
Fig. 1. Using a score of =4 points as a cutoff, the THC
scores were expressed by dividing cases into scores of 0-3
(negative) and 4-12 (positive). All of the markers p53,
TTF1, CK7, CK20, and CK34SE12 showed nonsignificant
frequency differences in ECA and EMA tissue immuno-
stains (P > 0.05). The THC staining results for these five
markers are presented as follows: (1) The p53-marker
stained positive in 5 out of 14 (35.7%) ECA tumors with a
median staining score of 1.50 and a range of 0-6. The p53-
marker stained positive in 9 out of 21 (42.9%) EMA tumors
(P =0.673) with a median staining score of 3.00 and a
range of 0-12 (P =0.182). (2) The TTF1-marker stained
positive in 1 out of 14 (7.1%) ECA tumors with a median
staining score of 0.00 and a range of 0—4. The TTF1-marker
stained positive in 2 out of 21 (9.5%) EMA tumors
(P =1.000) with a median staining score of 0.00 and a
range of 0-6 (P = 0.720). (3) The CK7-marker stained pos-
itive in 14 out of 14 (100%) ECA tumors with a median
staining score of 8.00 and a range of 4-12. The CKT7-
marker stained positive in 21 out of 21 (100%) EMA
tumors (P > 0.05) with a median staining score of 8.50 and
a range of 4—12 (P = 0.537). (4) The CK20-marker stained
positive in 0 out of 14 (0%) ECA tumors with a median
staining score of 0.00 and a range of 0-2. The CK20-
marker stained positive in 1 out of 21 (4.8%) EMA tumors
(P =1.000) with a median staining score of 0.00 and a
range of 0-6 (P=0.491). (5) The CK34pE12-marker
stained positive in 6 out of 14 (42.9%) ECA tumors with a
median staining score of 2.00 and a range of 0-12. The
CK20-marker stained positive in 8 out of 21 (38.1%) EMA
tumors (P =1.000), with a median staining score of 2.50
and a range of 0-6 (P = 0.535).

Discussion

Distinguishing between ECA and EMA before planning the
patient treatment is clinically important. When there is
doubt and indistinguishable primaries, immunohistochem-
istry (IHC) may be of assistance. However, IHC should
always be interpreted along with the gross and microscopic
histomorphology. In general, panels of antibodies should be
used rather than relying on a single antibody, as there is no
single antibody that is totally specific for any one neoplasm
[3-9, 21-25]. McCluggage et al. [8] proposed that the con-

@ Springer

ventional 3-marker IHC panel (ER, Vim and CEA) gener-
ally allows confident preoperative distinction between a
primary endometrial and endocervical adenocarcinoma [8].
We also reported previously that the five immunomarkers
(ER, PR, Vim, CEA, and p16™X4) show significant fre-
quency differences (P <0.05), and the pl16™*_marker
does not add value to the 4-marker panel (ER, Vim, CEA,
and PR) performance in distinguishing between primary
ECA and EMA [3-5]. However, immunoprofiles are not
always definitive in all cases, and a result overlap may
exist. Unexpected “aberrant” expressions can often occur,
which causes this diagnostic dilemma to be still unresolved
[3,4,6-9, 14, 21-25].

ECA and EMA have not been studied in large numbers
for the possible application of the five monoclonal anti-
bodies directed against p53, TTF1, CK7, CK20, and
CK34pEI12. In this extension study, we evaluated these
five commonly used markers for their possible use in the
distinction between these two gynecologic cancers (ECA
vs. EMA) by means of TMA and IHC techniques in Tai-
wanese women. As there is limited information in litera-
ture, our negative results and findings can still be helpful in
the referral and management of such cases worldwide for
the following reasons: (1) The role of p53 in EMA has
been investigated extensively, and many studies have
reported a significant survival disadvantage in patients,
whose tumors demonstrate p53 over-expression [11, 12,
26]. Staining for p53 seems to offer additional prognostic
information for EMA but not so in ECA. Based on our
data, pS3 was positive in 5 out of 14 ECA and 9 out of 21
EMA. The data for p53 expression did not show a signifi-
cant frequency difference between ECA and EMA
(P > 0.05). (2) Thyroid transcription factor-1 (TTF-1) has
been widely used as a relatively specific marker for the
diagnosis of lung and thyroid carcinomas, but there have
been reports of TTF-1 immunoreactivity in tumors other
than those originating in the lung or thyroid. Based on our
data, TTF1 was essentially negative in the majority of
EMA (19/21) and ECA (13/14) cases, except for 1 out of
14 (7.1%) ECA and 2 out of 21 (9.5%) EMA were posi-
tive. Although the data do not show a significant frequency
difference between ECA and EMA (P > 0.05), the occa-
sional expression of TTF-1 in both gynecologic tumors
should be kept in mind when evaluating neoplasms of
uncertain origin. This immunostaining may also lead to an
erroneous interpretation or conclusion of an ECA or EMA
lesion to be a primary lung cancer metastasis. On the other
hand, the evaluation of adenocarcinomas involving the
lung in patients with a history of a gynecologic malig-
nancy should also take this immunostaining into consider-
ation [13, 27-29]. (3) It is known that staining for CK7 and
CK20 can aid in differentiating between primary endome-
trial or endocervical adenocarcinomas from secondary
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Fig. 1 H&E and immunohistochemical stains for p53, TTF1, CK7,
CK20, and CK34fE12 identified in ECA and EMA. al H&E stain of
endocervical type endocervical adenocarcinoma. a2 H&E stain of
endometrioid type endometrial adenocarcinoma. bl A representative
case of ECA showing a positive p53 IHC result, which was determined
by multiplying the intensity of 2 points and the extent of 3 points,
yielding a final score of 6. b2 A representative case of EMA showing
a positive p53 IHC result, which was determined by multiplying the
intensity of 3 points and the extent of 2 points, yielding a final score of
6. c1 A representative case of ECA showing a positive TTF1 IHC re-
sult, which was determined by multiplying the intensity of 2 points and
the extent of 2 points, yielding a final score of 4. ¢2 A representative
case of EMA showing a positive TTF1 IHC result, which was deter-
mined by multiplying the intensity of 3 points and the extent of 2
points, yielding a final score of 6. d1 A representative case of ECA
showing a positive CK7 IHC result, which was determined by multi-
plying the intensity of 2 points and the extent of 4 points, yielding a

adenocarcinomas of colorectal origin [7, 9, 14, 30]. Based
on our data, CK7 was positive in all 14 (100%) ECA and
in 21 (100%) EMA cases, and CK20 was positive in 0 out
of 14 (0%) ECA cases and 1 out of 21 (4.8%) EMA cases,

final score of 8. d2 A representative case of EMA showing a positive
CK7 IHC result, which was determined by multiplying the intensity of
3 points and the extent of 4 points, yielding a final score of 12. el A
representative case of ECA showing a negative CK20 IHC result,
which was determined by multiplying the intensity of O points and the
extent of O points, yielding a final score of 0. e2 A representative case
of EMA showing a positive CK20 IHC result, which was determined
by multiplying the intensity of 3 points and the extent of 2 points,
yielding a final score of 6. f1 A representative case of ECA showing a
positive CK34SE12 THC result, which was determined by multiplying
the intensity of 3 points and the extent of 4 points, yielding a final score
of 12. £2 A representative case of EMA showing a positive CK34E12
THC result, which was determined by multiplying the intensity of 3
points and the extent of 2 points, yielding a final score of 6. All photo-
micrographs including al—f2 were taken with medium-powered fields,
%200

which displayed a positive score of 6 points. The expres-
sion status of both CK7 and CK20 did not show significant
frequency differences between ECA and EMA (P > 0.05).
Our results also exhibited a reproducibility of the same

@ Springer



322

Arch Gynecol Obstet (2010) 281:317-323

Fig. 1 continued
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differential expression of the CK7+/CK20— immunophe-
notype as that of other female genital tract tumors. (4) The
NCL-CK34pE12 marker is intended for the qualitative
identification of human high molecular weight cytokera-
tins 1, 5, 10, and 14. It has often been used to stain basal
cells in prostatic glands, while the loss of basal cells is a
characteristic diagnostic criterion for a prostate adenocar-
cinoma. It can also be used to differentiate in situ cancers
of the breast. Lobular carcinoma in situ (LCIS) exhibits
perinuclear staining with CK345E12. Ductal carcinoma in
situ (DCIS) does not stain for CK34SE12 [29, 31]. Based
on our data, CK34$E12 was positive in 6 out of 14
(42.9%) ECA and 8 out of 21 (38.1%) EMA. CK34fE12
expression did not show a significant frequency difference
between ECA and EMA (P > 0.05).

In summary, for all the antibodies tested (such as p53,
TTF1, CK7, CK20, and CK34fE12) in this extension
study, there was no significant difference in immunostain-
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ing between cervical and endometrial adenocarcinomas.
However, it is still uncertain which markers or panels
would be more appropriate in practice; hence, investigating
other useful markers that will help to make a definitive dis-
tinction between these two gynecologic malignancies (ECA
vs. EMA) still merits further study.

Conclusion

According to our data, when histomorphological and clini-
cal doubt exists as to the primary site of origin, appropriate
panels of antibodies can help to make an accurate diagno-
sis. In spite of the limited number of cases, the negative
findings of this extension study still provide a valuable ref-
erence and encourage us to further investigate other mark-
ers and panels for making a definitive diagnostic distinction
between primary ECA and EMA.
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