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The last few years have witnessed a better understanding of
molecular events that cause gynecological cancers and new
insights are changing the practice of gynecologic oncology.
The implementation of new concepts into daily clinical
practice may improve treatment received by patients, and,
more importantly, it could influence their survival and quality
of life, which should be our final endpoint. The aim of this
special issue was to synthetize several advances in gyne-
cological cancer, both molecular aspects and their clinical
application. We have included six research papers, half of
which focused on basic research aspects and the other half
focused on clinical management and usefulness.

U. Andergassen et al. report in 235 breast cancer samples
that glycosylation patterns identified by immunohistochem-
istry could be used as a marker of early tumorigenesis
since glycosyltransferases are related to smaller breast cancer
tumors as well as well-differentiated ones.The Chinese group
of X. Zhao et al. studied levonorgestrel effects on endometrial
cancer, which is a topical subject, considering the increasing
social demand for fertility preservation management for
gynecological cancers. They found a time-dependent inhi-
bition of cell proliferation with an increase of apoptosis in
both human endometrial stromal cells and glandular cells
by means of the upregulation of Cx43 expression in the
gap junctional intercellular communication. Another basic
research article focuses on the study of microvessel density
and its survival implications among women with uterine

leiomyosarcoma. M. Bobiński et al. did not find among
their 50 patients studied a significant correlation between the
microvessels density and patients’ overall and 2-year survival.
Their conclusions suggest that additional mechanisms apart
from angiogenesis should be considered and studied in future
research on uterine leiomyosarcoma.

A. Wong and J. Ngeow reviewed the influence of
pathological features in the risk assessment of hereditary
endometrial cancer syndromes. Specifically they studied the
microscopic features as well as immunohistochemical and
polymerase chain reaction based tests for DNA mismatch
repair and PTEN gene mutations to establish a more targeted
and cost-effective approach to those patients with hereditary
syndromes.With the aim of solving the unanswered question
of the early diagnosis of ovarian cancer, A. Barua et al.
examined the feasibility of using interleukin-16 targeted
ultrasound imaging for the detection of ovarian tumors.
They found significant enhanced ultrasound signal intensity
among ovarian cancers compared to other ovarian patholo-
gies, both in early and in late stages of the disease. These
findings could improve the early diagnosis of ovarian cancer
by ultrasonographic scan. Another article includes novel
information on the clinical usefulness of immunochemistry
in the differential diagnosis of an uncommon disease, specifi-
cally the complete mole. S. Sasaki et al. studied the staining of
p57kip2 in 14 cases of gestational trophoblastic disease. They
demonstrated its usefulness for the differential diagnosis
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between complete and partial mole which is much cheaper
than the current gold standard DNA analysis.

To conclude, we consider the current special issue a
good opportunity to update our knowledge on the latest
research of two very common cancers such as breast and
endometrial cancer. Interesting articles on uterine sarcoma,
ovarian cancer, and gestational trophoblastic disease may aid
the practicing gynecologic oncology in decision making.

Ignacio Zapardiel
Shalini Rajaram

Elisa Piovano
Marco Petrillo
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Uterine leiomyosarcomas (LMS) are rare tumors typically presenting rapid growth and unfavorable outcome. Nowadays the results
of uterine LMS treatment do not meet expectations. Angiogenesis is one of processes investigated to be target for future treatment.
The aim of the research was to assess microvessels density (MVD) in tumor samples collected from 50 patients with histological
confirmed uterine leiomyosarcoma and to investigate statistical relations between MVD, patients survival, and FIGO stage of
tumor. The assessment was carried out using immunohistochemistry methods with anti-CD34 antibody. No significant difference
in MVD between FIGO stages was observed. Furthermore, contrary to many other malignancies, we found no significant relation
between MVD and patients overall and 2-year survival. Results obtained in the study suggest that processes on vascular mimicry
and mesenchymal to epithelial transition (MET) may play important role in development of LMS. No statistical relation between
MVD and survival leads to conclusion that not only angiogenesis but other mechanisms as well should be taken into consideration
in planning future research.

1. Introduction

Angiogenesis is one of crucial processes in the development
of various types of tumor. The correlation between this
process and patients outcome has been investigated in many
gynecological and nongynaecological malignancies [1, 2].
Recently many studies investigating potential role of angio-
genesis in tumors diagnostics, prognostication, and therapy
were released. During last few years many antiangiogenic
agents were developed; therefore better understanding of
angiogenesis and its role in tumors’ biology seems to be
necessary for the introduction of new therapeutic strategies.

Uterine sarcomas are very rare mesenchymal tumors;
thus the number of reports concerning the biology is limited.
The most common histological type of uterine sarcoma is
leiomyosarcoma (LMS). These tumors usually present rapid
growth and poor clinical outcome [3].

The activity of tumor’s angiogenesis can be assessed
by measuring microvessels density in its tissue. The CD34

glycoprotein is widely used as a marker of blood ves-
sels’ endothelial cells. Besides endothelium CD34 is also
expressed in a membrane of steam cells, hemopoietic cells,
and osteoclasts. Furthermore its expression was found in a
few malignancies, that is, gastrointestinal stromal tumors,
Kaposi sarcoma, and lymphoblastic leukemia [4].

The aim of this study was to assess microvessels density
(MVD) in tumors tissues of uterine leiomyosarcomas using
immunohistochemical staining with anti-CD34 antibody.
Furthermore we aimed to indentify statistical relations of
tumors MVD with overall survival (OS) and FIGO stage of
the disease.

2. Materials and Methods

2.1. Patients and Tumor Samples. The retrospective study
was performed using clinical data, follow-up, and paraf-
fin samples of uterine leiomyosarcomas diagnosed among
patients operated on in the 1st Department of Gynaecological
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Table 1: FIGO stages among patients.

FIGO stage Number of patients
IA 10
IB 23
II 6
III 5
IV 6

Oncology and Gynaecology, Medical University in Lublin,
Poland, from 2000 to 2013. Fifty patients were included to the
study group. Mean age was 52,84 years (median: 51,50 y., SD:
12,36 y., min: 29 y., and max: 76 y.). FIGO stages among the
patients are shown in Table 1. Histological diagnosis was than
confirmed by two independent, experienced pathologists
based on WHO criteria.

Forty-six patients (92%) underwent total hysterectomy
and bilateral salpingo-oophorectomy (as first line or “second
look” therapy); in two cases (4%) no surgical treatment
was available and procedures were limited to collecting
excisions, one patient (2%) had total hysterectomy without
adnexectomy, and in one case (2%) retroperitoneal tumor
was resected. Adjuvant treatment was provided to 9 patients,
chemotherapy in 2 cases (4%), radiotherapy in 6 (12%), and
radiochemotherapy in 1 case (2%).

2.2. Immunohistochemical Procedure. For immunohistochem-
ical staining the most representative samples of tumors were
chosen. Samples with extensive necrosis were excluded to
avoid misinterpretation of vessel density, since areas close to
necrosis are usually highly vascularized.

Tissue specimens have been cut into 3 𝜇m slides and
fixed on silanized glass slides. Specimens were cleaned from
paraffin and antigens were unmasked (using DAKO EnVi-
sion FLEX Retrieval Solution Low pH (50x) in DAKO PT
Link, Pretreatment Module for Tissue Specimens (DAKO,
Denmark)). Afterwards endogenous peroxidase was blocked
by washing with hydrogen peroxide for 5min. CD34 glyco-
protein was marked by using specific antibodies (primary
antibody: Monoclonal Mouse Anti Human CD34 Class II
Clone QBEnd 10, secondary antibody: Dako EnVision+
System/HRP Labeled Polymer Anti Mouse). To gain colorful
reaction, specimens were washed with DAB (diaminoben-
zidine) (DAKO, Denmark); afterwards cellular nuclei were
stained with Meyer’s hematoxylin.

2.3. MVD Assessment. MVD was estimated by counting
vessels containing CD34 positive cells in 10HPF (high power
field, magnification: 200x). MVD was expressed in absolute
values as a number of CD34 positive cells in a field of
15,7mm2. Figure 1 presents microscopic view of LMS tissue
stained with antibody against CD34.

2.4. Statistical Analysis. The distribution of results was tested
with Kolmogorow-Smirnowwith Lilliefors’ modification and
Shapiro-Wilk tests and assessed as nonnormal. To assess

Table 2: MVDCD34 depending FIGO stage.

𝑁 Mean value ± SD Median Min–max 𝑃

FIGO IA 10 849,40 ± 342,75 771,50 379–1594

0,923
FIGO IB 23 1059,74 ± 751,89 742,00 139–2917
FIGO II 6 721,17 ± 411,44 729,00 67–1226
FIGO III 5 733,40 ± 361,70 776,00 139–1044
FIGO IV 6 933,50 ± 529,71 1024,00 126–1454

Figure 1: Colorful reaction with antibody against CD34 glycopro-
tein. Cellular nuclei stained with hematoxilin. The arrow shows
CD34 positive microvessel. Magnification: 200x.

the correlation between MVD, FIGO, and overall sur-
vival Mann-Whitney test was used. To investigate relations
between MVD and OS the group was divided into two
subgroups, with high and low MVD, using median as the
cut-off point. Differences in survival functions were analyzed
with log-rank test (Mantel-Cox).

3. Results

CD34 positive vessels were observed in all the cases.
MVDCD34 was ranged between 67 and 2917. Mean MVDCD34
was 929,26, median 766, and SD 592,03.

Microvessels density in several FIGO stages is presented
in Table 2 and Figure 2.

No significant difference in MVDCD34 between FIGO
stages was observed (P = 0,923).

TheMVDCD34 values in groups of patients withOS longer
and shorter than 2 years are presented in Table 3 and Figure 3.

No significant differences in MVDCD34 in groups of
patients with OS longer and shorter than 2 years were
detected.

No significant differences in OS depending on MVDCD34
among patients with uterine leiomyosarcoma were detected
(P = 0,814) (see Figure 4).

4. Discussion

4.1. MVD and Treatment Outcome in Uterine Sarcoma.
Microvessels density is considered to be a marker of angio-
genesis. The process of angiogenesis is crucial for tumors
development. To asses MVD in tumors tissues manymarkers
were used, that is, CD34, CD31, CD105, and von Willebrand
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Table 3: MVDCD34 values in a groups of patients with OS longer and shorter than 2 years.

𝑁 Mean ± SD Median Min–max 𝑃

Survival ≤ 2 years 14 818,21 ± 491,71 861,00 67–1454 0,779
Survival > 2 years 36 972,44 ± 627,73 754,50 139–2917
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Figure 3: The MVDCD34 values in a groups of patients with OS
longer and shorter than 2 years.

factor [5–7]. However, it is still not proven which marker
is the most suitable for such research. The undisputed
advantage of glycoprotein CD34 is its high sensitivity and
specificity, especially in endothelial cells staining.

In many malignancies MVD was found to be correlated
with both overall and disease-free survival. In the studies car-
ried on patients suffering from endometrial cancer, colorectal
cancer, and lung cancer it was considered to be independent
prognostic factor, where higher MVD was correlated with
poorer outcome [8–10].

Taking into consideration typical limitations of sarcoma
research such as small study groups, lack of prospective
study, and not-standardized therapeutic strategies, only a few
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Figure 4: The Kaplan-Meyer survival functions of patients with
uterine leiomyosarcoma by MVDCD34.

studies treating vascularity in uterine sarcoma have been
published so far.

Poncelet et al. [6] investigated MVD in uterine leiomyo-
sarcoma using antibodies against von Willebrand factor,
CD34, and CD31 and concluded that MVD assessed only
with antibodies against vonWillebrand factor has prognostic
value in this type of malignancy. Interestingly, lower MVD
was correlated with poorer outcome. Interestingly there
was no such relation with MVD assessed with antibodies
against CD34 and CD31. Importantly, it occurs that MVD
in sarcomas tissues was lower than in healthy myometrium.
However, it is worth underlining that in cited research only
12 cases of LMS were analyzed.

Another research focused on MVD in leiomyosarcoma
was conducted on a group of 66 patients byAvdalyan et al. [5].
They used antibodies against CD31 and concluded that MVD
in tumor tissue does not affect survival but it does when it is
assessed in peritumoral area.

In our research no statistical relation betweenMVDCD34+
and survival parameters was found. This fact combined with
positive correlation with poorer prognosis and MVD in
peritumoral area reported by Avdalyan et al. [5] may lead
to the conclusion that there is a need to investigate other
processes thatmay play an important role in the development
of LMS. The role of vascularity in LMS tissue seems to be
difficult to define. Recently, in a few centers sarcomas are
investigated using xenografts and this method seems to be
promising andmay allow clarifying their role in angiogenesis
in these rare tumors [11].
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4.2. Angiogenesis as theTherapeutic Target inUterine Sarcoma.
Nowadays most of drugs used in chemotherapy express
their activity by blocking cells division or inducing apoptosis
in dividing cells. These therapies are efficient against cells
that are dividing quickly, but it is widely known that many
tumors (e.g., uterine sarcomas) have heterogenic histology
and include, for example, steam like cells (cancer cells that
express some features of steam cells, i.e., ability for self-
renewal) with quite stable cell cycle that divide very seldom
(tumorigenic cells) [12].The presence of such cell populations
in tumors’ tissues is considered to be responsible for presence
of recurrence.

Tumor development depends on oxygen and other sub-
stances’ supply. This fact leads to concept of using inhibition
of angiogenesis as antitumor therapy.

Interestingly many old, well-known drugs were found to
have antiangiogenic activity (i.e., acetylsalicylic acid, thalido-
mide, and gold based antirheumatic drugs) [13].

During last few years many interesting ideas of antiangio-
genic therapy were introduced. A few trials were conducted
with uterine LMS as well.

In the phase II trial investigated activity of thalidomide in
LMS it was concluded that it has no antitumor activity in this
type of malignancies [14].

Acetylsalicylic acid (aspirin)widely using cyclooxygenase
(COX) inhibitor is another agent that is tested to assess its
antiangiogenic activity. The mechanism of COX inhibitors
influence on angiogenesis is based on decreasing expression
of proangiogenic factors such as VEGF-A and VEGF-C in
tumor cells. Promising results were achieved using high dose
of aspirin to inhibit growth of sarcoma cells cultures among
mice [15]. In the research cited above except from inhibition
of tumors growth lower MVD was noted as well.

Among novel antiangiogenic agents sunitinib was con-
sidered to be one of the most promising agents. Sunitinib
is multitarget tyrosine kinase inhibitor that expresses activ-
ity against, for example, VEGF receptors, PDGF receptors,
and stem cell factor receptor (KIT). Molecules mentioned
above play an important role in tumors angiogenesis and
development. Unfortunately, in latest research sunitinib was
considered to be inactive in uterine LMS [16].

Trials aimed to assess activity of antiangiogenic drugs in
LMSmostly have notmet the expectations.The extrapolation
of these conclusions may support results obtained in the
presenting study.

The fact that MVD does not affect OS in uterine sarcoma
may lead to deduction that LMS present special features
that allow them to develop in a different way than other
malignancies where relation between MVD and OS was
observed.

This observation may be explained by phenomenon of
“vascular mimicry” and “mesenchymal to epithelial transi-
tion” (MET).

4.3. Vascular Mimicry in LMS. Vascular mimicry is the
formation of vascular-like structures but unprovided with
endothelial cells. Walls of these structures are built of tumor
cells that are suspected to present some antigens typical for
endothelial cells (i.e., CD31). Interestingly, red blood cells

have the ability to pass thoughmimicry structure similarly to
passing through microvessels [17]. The presence of mimicry
was observed in a few types of mesenchymal tumors, for
example, rhabdomyosarcomas, esophageal stromal tumors,
and it was linked with poor prognosis [18].

The process of vascular mimicry is still not fully under-
stood and its role in development of LMS remains unclear.
However, the lack of difference inMVDbetween tumors with
various prognosis and clinical stages demands explanation
and investigating presence of mimicry in this tumor seems
to be promising way of further research.

4.4. MET in Sarcomas. Another recently described process
that may be suspected to play a role in development of
LMS’ vascularity is “mesenchymal to epithelial transition.”
Simplifying, it is the process of acquiring by mesenchymal
tumor cells characteristics typical for epithelial cells. The
presence of this process in LMS was already noted [19].

Possible ability of LMS cells to present endothelial-like
phenotype could be important in understanding biology of
these tumors. Glycoprotein CD34 is the one of epithelial
markers that were observed among mesenchymal cells that
undergone MET [20].

Assuming that at least part of tumors cells is able to dif-
ferentiate into epithelial-like cells may explain its resistance
for antiangiogenic therapy.This assumption allows supposing
that even if its vascularity is affected by therapy, tumor has
ability to build new endogenous vascular system to supply
itself with necessary substances.

5. Conclusions

The fact that no relevance between MVD, OS, and FIGO
stage exists in uterine sarcoma leads to conclusion that
process of angiogenesis in these rare tumors demands further
research. The efficiency of experimental antiangiogenic ther-
apy remains unsatisfactory. Vascular mimicry and MET may
play important role in these tumors andmay occur promising
prognostic factors and therapeutic targets. Future research on
LMS should take into consideration possibility of presence of
multipotential, steam-like tumors.
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Background. Glycosylation is the most frequent posttranslational modification of proteins and lipids influencing inter- and
intracellular communication and cell adhesion. Altered glycosylation patterns are characteristically observed in tumour cells.
Normal and altered carbohydrate chains are transferred to their acceptor structures via glycosyltransferases. Here, we present the
correlation between the presence of three different glycosyltransferases and tumour characteristics. Methods. 235 breast cancer
tissue samples were stained immunohistochemically for the glycosyltransferases N-acetylgalactosaminyltransferase 6 (GALNT6),
𝛽-1,6-N-acetylglucosaminyltransferase 2 (GCNT2), and ST6 (𝛼-N-acetyl-neuraminyl-2,3-𝛽-galactosyl-1,3)-N-acetylgalactosamine
𝛼-2,6-sialyltransferase 1 (ST6GALNac1). Staining was evaluated by light microscopy and was correlated to different tumour
characteristics by statistical analysis. Results. We found a statistically significant correlation for the presence of glycosyltransferases
and tumour size and grading. Specifically smaller tumours with low grading revealed the highest incidences of glycosyltransferases.
Additionally, Her4-expression but not pHer4-expression is correlated with the presence of glycosyltransferases. All other investi-
gated parameters could not uncover any statistically significant reciprocity. Conclusion. Here we show, that glycosyltransferases
can identify small tumours with well-differentiated cells; hence, glycosylation patterns could be used as a marker for early
tumourigenesis. This assumption is supported by the fact that Her4 is also correlated to glycosylation, whereas the activated form
of Her4 does not show such a connection with glycosylation.

1. Introduction

Glycosylation is the most common posttranslational modi-
fication of proteins and lipids, creating structural diversity
[1]. The addition of carbohydrate chains influences diverse
mechanisms such as cell-cell adhesion [2, 3], communication
of cells with their environment [4], or antigen recognition
by the immune system [5]. There are two major forms of
glycosylation: first, the so-called N-glycosylation. During
this process, oligosaccharide precursor chains are covalently
linked to Asparagine-residues of proteins. The second form
is called O-glycosylation. Here, in a first step, GalNAc
residues are attached to Serine- orThreonine-residues under
the control of ppGalNac-transferases [6–8]. These carbohy-
drate residues are later modified in a tissue-specific manner
[9, 10].

Cancer cells and tissues are often characterized by an
altered glycosylation pattern [11, 12]. As early as 1985, it
was shown that cancer tissues stain positive with antibodies
against abnormal carbohydrate chains [13]. Many of these
tumour associated carbohydrate antigens (TACAs) are well
known and described, for example, T-, Tn-, sTn-, and the
Lewis-antigens [14, 15], and have been studied extensively
in cell culture models [16, 17]. TACAs seem to regulate
cellular functions such as signal transduction, antigenicity,
interaction with immune effector cells, and cell-cell adhesion
[18–22]. Taken together, altered glycosylation seems to con-
tribute to tumourigenesis and tumour progression [23] and
hence might offer new targets for diagnosis, prognosis, and
therapeutic strategies [24–26].

In breast cancer, altered glycosylation has been linked to
a worse prognosis and a shortened overall survival before
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[27]. The most frequent alterations of glycosylation in breast
cancer are shortenedO-glycans [28] and increased sialylation
[29]. Moreover, altered glycosylation effects the morphologi-
cal transformation of tumour cells which can ultimately lead
to metastasis formation [6].

The main reason for the occurrence of altered glycosyla-
tion is a change in the expression of glycosyltransferases—the
responsible enzymes for glycosylation [30, 31].These enzymes
are located in the membranes of the endoplasmic reticulum
and the Golgi apparatus and transfer carbohydrate chains to
acceptormolecules.They are categorized in different subfam-
ilies with regard to the respective transferred carbohydrate.
Although the families share almost no sequence homologies
and do not have comparable exon-intron-structures, protein
domain structures are rather similar: they mostly have an
N-terminal cytoplasmatic tail, a signal anchor domain of
16–20 amino acids, an extended stem region, and a cat-
alytic C-terminal domain [32, 33]. Expression profiling of
glycosyltransferases has been studied extensively [34–38] and
it was reported that oncogenic transformation is regulated
at the transcriptional level [39]. Therefore, the expression
of glycosyltransferases is an important marker for tumour
prognosis and therapeutic outcome [40, 41].

In the present study, we sought to determine correlations
between the incidence of glycosyltransferases and other
tumour characteristics, such as histology, grading, tumour
size, expression of Her2 and Her4, or hormone receptor
status. For that purpose, three different glycosyltransferases,
namely, N-acetylgalactosaminyltransferase 6 (GALNT6),
𝛽-1,6-N-acetylglucosaminyltransferase 2 (GCNT2), and
ST6(𝛼-N-acetyl-neuraminyl-2,3-𝛽-galactosyl-1,3)-N-acetyl-
galactosamine 𝛼-2,6-sialyltransferase 1 (ST6GALNac1), were
immunohistochemically investigated in paraffin-embedded
tumour tissue sections. GALNT6 is involved in the first
steps of O-glycosylation [42]. It is known that breast
cancer expresses GALNT6 mRNA and this phenomenon is
mainly associated with smaller tumours (T1) [43]. GCNT2
is related to metastasis formation and influences cell
proliferation, migration, and invasion of endothelial cells
[44]. ST6GALNac1 synthesizes the sTn-antigen, which is
known to be overexpressed in epithelial cancers like breast
cancer. Moreover, the expression of ST6GALNac1 results in
increased cell migration and reduced cell adhesion [16].

It could be shown that GALNT6 especially is correlated
to a small tumour size and low grading, meaning that
small, still good differentiated tumours are glycosylated, and
thus glycosylation is a marker for a good prognosis for
therapy and outcome. Furthermore a correlation of all three
glycosyltransferases with Her4, but not with the activated
form of Her4, pHer4, could be seen. Her4 is also known to
be mostly expressed in tumour tissues which are still more
differentiated [45], supporting our hypothesis.

2. Materials and Methods

2.1. Tumour Tissue Samples. Tumour tissue samples of 235
breast cancer patients undergoing breast cancer surgery
between July 1998 and May 2000 were collected (ethical
vote 048-08 and 148-12, Ludwig-Maximilians University of

Munich, compliant to the Declaration of Helsinki), subse-
quently embedded in paraffin, and archived. Patient samples
in this study were not preselected for certain criteria and
therefore show different tumour characteristics with respect
to age at time of surgery, histology, grading, tumour size,
nodal state, formation of remote metastasis, and hormone
receptor state.

Tissue samples can be assigned to characteristics shown
in Figure 1.

2.2. Immunohistochemistry. The paraffin-embedded samples
were cut into 2-3 𝜇m thick sections with a sliding microtome,
subsequently placed on specially covered microscope slides
(SuperFrost Plus, Menzel GmbH, Braunschweig), and air-
dried over night at 56–58∘C. For immunohistochemical
staining, samples were deparaffinized with xylol (Merck,
Darmstadt, Germany) for 20min and successively washed
with different dilutions of ethanol (100%, 90%, and 75%).
To prevent unspecific staining of tissue samples, endogenous
peroxidase activity was reduced by incubation of the sam-
ples in 3% H

2
O
2
(VWR International, Radnor, USA) for

20min. Afterwards samples underwent further washes in
ethanol and water. Next, antigen retrieval was carried out
in boiling Na-citrate buffer (pH 6.00) for 5min. (Merck,
Darmstadt, Germany). After cooling down, tissue samples
were washed again in water and PBS (Biochrom, Berlin,
Germany).

The prepared slides were first blocked in 10% normal goat
serum for 20min (Vector Laboratories, Burlingame, USA)
to prevent unspecific binding of the primary antibody. After
removing the blocking solution, primary antibodies were
added in optimized concentrations (see Table 1).

Primary antibodies were incubated for 18 h at 4∘C. Slides
were then washed twice with PBS and subsequently incu-
bated with biotinylated secondary antibodies for 30min. at
room temperature. After removing the secondary antibody,
slides were treated with ABC-reagent (Vector Laboratories,
Burlingame, USA) according to the manufacturers’ instruc-
tions for 30min. Next, DAB-reagent (Dako, Carpinteria,
USA) diluted in H

2
O
2
was added to the slides for 1min. for

ideal staining. Enzyme reaction was stopped by washing the
slides in water. Nuclei were counterstained with Hemalaun
(AppliChem, Darmstadt, Germany) for 5min. Last, samples
were dehydrated with ethanol and xylol and embedded in
Eukitt (Medite, Burgdorf, Germany). The stained samples
were then analysed and archived for further evaluations.

Before starting the staining procedure on tumour tissue
samples positive and isotype control have to be carried
out (Figure 2). For positive control a sample from a tissue
certainly expressing the antigen of interest is stained to
test antibody function and to determine an appropriate
dilution of the antibody for staining (Table 1). The isotype
control reveals background staining due to primary antibody.
Therefore the same tissue used for positive control (GALNT6:
Placenta, GCNT2: Colon, ST6GALNac1: Uterus) is stained,
but primary antibody is replaced by a control serum.
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Figure 1: Characteristics of tumour samples used for staining of glycosyltransferases.

2.3. Microscopy and Evaluation of Staining. Samples were
analysed and evaluated with a Leitz Diaplan light microscope
(Ernst Leitz GmbH,Wetzlar, Germany). Four objectives with
different magnifications (6,3x, 10x, 25x, and 40x) were used
(Figure 3; Figure 2: positive and isotype controls).

Stainings were evaluated following the immune-reactive-
score (IRS) described by Remmele and Stegner in 1987 [46].
The IRS is obtained by multiplication of staining intensity
by the number of stained cells. Staining intensity can be
classified into groups from 0 to 3, with 0 being “no staining
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Figure 2: Positive control (a) and isotype control (b). For positive control tissues certainly expressing the questionable antigens were stained.
Placental tissue was used for GALNT6 staining, Colon tissue was used for GCNT2 and Uterus was chosen for ST6GALNac1 staining.
Furthermore appropriate antibody concentrations were determined in the positive controls. For isotype control same tissues as for positive
control are used, but primary antibody is replaced by a control serum, thus excluding unspecific binding signals of the primary antibody.

Table 1: Antibodies used for immunohistochemical staining of breast cancer tissue samples.

Antigen Host Isotype Manufacturer Positive control tissue Dilution (in PBS)
GALNT6 Rabbit Polyclonal IgG GeneTex Placenta 1 : 1000
GCNT2 Rabbit Polyclonal IgG Novus Biologicals Colon 1 : 400
ST6GALNac1 Rabbit Polyclonal IgG Novus Biologicals Uterus 1 : 500

reaction” and 3 being “strong colour reaction”; numbers of
stained cells are classified in a similar manner from 0, “0%
stained cells,” to 4 “81–100% stained cells.”Thus, the IRS is in a
range from0 to 12.The IRS of different tumour characteristics
were compared (Figure 4).

2.4. Statistical Evaluation. Statistical analysis was done by
SPSS (SPSS Inc. Headquarters, Chicago, USA) version 20.0.
As patient samples are not normally distributed, nonpara-
metric Mann-Whitney 𝑈 test was applied comparing two
variables; for more variables Kruskal-Wallis test was applied.
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Figure 3: Staining of malignant breast tissue with antibodies against the three glycosyltransferases GALNT6 (a), GCNT2 (b), and
ST6GALNac1 (c). Pictures were taken with different objectives (6,3x, 10x, 25x, and 40x; from left to right column) resulting in different
magnifications of tissue structures.

A 𝑃 value of ≤0,05 was regarded as statistically significant
(Table 2). Correlations were calculated with the Spearman-
Rho test. Survival curves were drawn using Kaplan-Meier
analysis (Figure 5).

3. Results and Discussion

235 tumour tissue samples were stained for all three different
glycosyltransferases (GALNT6, GCNT2, and ST6GALNac1)
(Figures 3 and 2 for controls) and their IRS was determined
by light microscopic and statistical evaluation. The resulting
IRS was then compared to multiple different tumour charac-
teristics in order to detect potential correlations.

First of all, we could not detect any association between
the histological subtype and the presence of glycosyl-
transferases (Figure 4(a)). Lobular and ductal breast cancer
revealed similar IRS for all three examined glycosyltrans-
ferases with no statistical significant difference (𝑃 = 0,203,
𝑃 = 0,984, and 𝑃 = 0,904 for GALNT6, GCNT2, and
ST6GALNac1, resp.; Table 2). Similarly, we could not detect
any significant differences of glycosyltransferase expression
in comparison to the nodal status or metastatic setting

(Figure 4(a), Table 2). When correlating the tumour grading
to the presence of glycosyltransferases, GALNT6 was sig-
nificantly higher expressed in low grade tumours (grades
1 and 2) compared to high grade tumours (grade 3)
(Figure 4(a), Table 2). GCNT2 and ST6GALNac1 were seem-
ingly higher expressed in the same group, however, at a
level of borderline significance (𝑃 = 0,104 for GCNT2 and
𝑃 = 0,094 for ST6GALNac1). With reference to tumour
size, we were able to find a similar tendency (Figure 4(a),
Table 2). Here, IR-scores for all three enzymeswere higher for
smaller tumours (Cis and T1) compared to bigger tumours
(𝑇 ≥ 2), with a significant difference for GALNT6 (𝑃
= 0,012) and borderline significant difference for the other
two investigated glycosyltransferases (GCNT2: 𝑃 = 0,066,
ST6GALNac1: 𝑃 = 0,059) (Figure 4(a), Table 2). However
there seem to be coherences between tumour grading and
tumour size and glycosyltransferases. The results suggest
that tumours of low grading (grades 1 and 2) are seemingly
more dependent on glycosyltransferases than tumours of
high grading (grade 3). The latter group contains tumours
that are much more dedifferentiated and underwent major
changes in their cellular structure making them possibly
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Figure 4: Continued.
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Figure 4: (a) Comparison of IRS-values of glycosyltransferases with histological subtype, nodal status, grading, tumour size, and metastasis.
(b) Comparison of IRS-values of glycosyltransferases with Her2, ER, and PR status and Her4 and pHer4.

more independent from glycosyltransferase enzymes. With
reference to tumour size, we were able to find a similar
tendency (Figure 4(a), Table 2). Furthermore IR-scores for all
three enzymes were higher for smaller tumours (Cis and T1)
compared to bigger tumours (𝑇 ≥ 2) leading to the thought

that glycosyltransferases are important in early phases of
breast tumorigenesis. GALNT6 especially seems to play a role
in early tumour formation, a finding that is in consistency
with the results of Berois et al. [43]. GALNT6 seems to be
characteristic of small, low grade tumours while GCNT2 and
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Table 2: Statistical analysis of the investigated features. Statistically
significant 𝑃 values are seen for Her4 (all glycosyltransferases)
and for tumour size (GALNT6; GCNT2 and ST6GALNac1 show
borderline significance).

GALNT6
(𝑃 value)

GCNT2
(𝑃 value)

ST6GALNac1
(𝑃 value)

Histological subtype,
ductal versus lobular 0,203 0,948 0,904

Nodal status,
negative versus positive 0,532 0,331 0,891

Metastatic status,
0 versus 1 0,957 0,383 0,497

Grading,
1 and 2 versus 3 0,029 0,104 0,094

Tumour size,
CIS and 1 versus 2, 3, and 4 0,012 0,066 0,059

Her4,
negative versus positive 0,003 0,005 0,001

pHer4,
negative versus positive 0,622 0,113 0,039

Her2 status,
negative versus positive 0,142 0,925 0,077

Estrogenreceptor status,
negative versus positive 0,378 0,125 0,672

Progesterone receptor status,

negative versus positive
0,324 0,266 0,575

ST6GALNac1 are obviouslymarkers of a little more advanced
tumour stage, with higher IRS-values in metastatic patient
tissue samples and also with a little higher correlation toOAS,
which is again in line with former findings [44]. Another
correlation was seen between the glycosyltransferases and
Her4/pHer4 (Figure 4(b), Table 2), as we detected that the
nonphosphorylated form of Her4 seems to correlate strongly
with the presence of all three glycosyltransferases (𝑃 =
0,003, 𝑃 = 0,005, and 𝑃 = 0,001 for GALNT6, GCNT2,
and ST6GALNac1, resp.), while the phosphorylated form,
pHer4, did not. Only IR-scores of ST6GALNac1 correlated
at a statistically significant level with the presence of pHer4
(𝑃 = 0,039). Her4 is another member of the family of
epidermal growth factor receptors and is, hence, a receptor
tyrosine kinase. Epidermal growth factor binds to one of the
type I transmembrane receptors which leads to a homo- or
heterodimerization and subsequently activates the intrinsic
kinase domain by autophosphorylation. The phosphorylated
domain then serves as starting point for many intracellular
signalling cascades [47]. In our observations, we detected
that the “inactive,” nonphosphorylated form ofHer4 seems to
correlate strongly with the presence of all three glycosyltrans-
ferases, while the “activated,” phosphorylated form, pHer4,
did not correlate at such a strong level. Only IR-scores of
ST6GALNac1 correlated at a statistically significant level with
the presence of pHer4.

Her2 or the hormone receptors for Estrogen and Pro-
gesterone did not reveal any significant correlations to
the presence of glycosyltransferases (Figure 4(b), Table 2).

Only the presence of Her2 showed a borderline signifi-
cance with IR-scores for ST6GALNac1 (𝑃 = 0,077); however,
GALNT6 and GCNT2 did not appear to be correlated with
Her2.

Last, we tried to evaluate whether expression of glycosyl-
transferases correlated with the overall survival of patients
included into this study. The Kaplan-Meier curves indicate
that survival is not dependent on glycosylation (Figure 5),
since high or low IR-scores did not deviate significantly (𝑃
values: GALNT6: 0,802, GCNT2: 0,406, and ST6GALNac1:
0,422).

All these findings are showing and underline a strong
coherence between early tumorigenesis and the increased
presence of glycosyltransferases.

4. Conclusion

From the results presented and discussed in the present
study, we conclude that glycosylation of tumour cells does
not correlate with tumour histology, formation of metastasis,
nodal status, or hormone receptors. On the other hand,
glycosyltransferases seem to be abundantly expressed in small
and well-differentiated tumours. It is known that altered
glycosylation can protect malignant cells from recognition
by the immune system [48]. Specifically small and nascent
tumours are prone to escape immunosurveillance in order to
establish tumour growth and supportive cancer microenvi-
ronment. Hence, the overexpression of such enzymes might
indicate a useful early step in breast tumorigenesis.

Of the three investigated glycosyltransferases, GALNT6
seems to offer the best correlations with regard to tumour
size and grading. Since GALNT6 catalyses early steps in O-
glycosylation [43] and therefore plays a central role in the
process of glycosylation, it stands out as a potential marker.

A further interesting focus for future research could
be to clarify the interrelation between Her4/pHer4 and
glycosylation patterns. It is well known that Her4 is heav-
ily glycosylated [45] and could serve in combination with
GALNT6 to detect starting and endpoint of the glycosylation
cascade. Once Her4 becomes activated by phosphorylation,
intracellular signalling pathways are activated, leading to fur-
ther dedifferentiation of tumour cells. This might eventually
lead to a reduction of glycosylation. On the other hand, Her4
is regarded as amarker of favourable prognosis [45], since it is
inversely correlated with the histological grading of a tumour
[49] and is elevated in sera of early breast cancer patients
[50]. In this regard, our data confer the correlation of Her4
to the presence of glycosyltransferases, especially its presence
in small tumours and good differentiation.

The above-described hypothesis requires further insights
and research. Additionally, the role of ST6GALNac1 should
be investigated in more detail, since this glycosyltransferase
in particular seems to be correlated with pHer4 and Her2.

It is the task of future research to analyse a wider
array of glycosyltransferases for their role in tumour for-
mation and progression, depicting a more detailed scheme
of the roles of different glycosyltransferases in early and
later tumorigenesis. Additionally the role of glycosyltrans-
ferases should be investigated in other gynaecological
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tumour entities, like ovarian or endometrial adenocarcino-
mas to gain more detailed insight into the onset of cancer
formation.

The results of the presented experiments furthermore
give a hint towards the utility of the methodology and
the usefulness of glycosyltransferases in terms of tumour
characterization. The method is fast and cost-efficient and

glycosyltransferases play an important role in tumour devel-
opment and are independent of processes like epithelial
mesenchymal transformation (EMT), so that they could be
useful biomarkers in the analysis of tumour tissue samples.
This could in turn help to individualize tumour treatment,
reducing side effects of any applied therapy while simultane-
ously increasing the efficiency of a therapy.
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Endometrial carcinoma is the most common gynecological tumor worldwide. It can be the presenting malignancy, acting as
the harbinger, of an undiagnosed hereditary syndrome. Up to 50% of females with Lynch syndrome present in this manner.
Differentiation between Lynch, Muir-Torre, and Cowden syndromes can at times be challenging due to the overlapping features.
Our review emphasizes on the strengths, pitfalls, and limitations of microscopic features as well as immunohistochemical and
polymerase chain reaction- (PCR-) based tests used by laboratories to screen for DNA mismatch repair (MMR) and PTEN gene
mutations in patients to enable amore targeted and cost effective approach in the use of confirmatory genemutational analysis tests.
This is crucial towards initiating timely and appropriate surveillance measures for the patient and affected family members.We also
review the evidence postulating on the possible inclusion of uterine serous carcinoma as part of the spectrum of malignancies seen
in hereditary breast and ovarian carcinoma syndrome, driven by mutations in BRCA1/2.

1. Introduction

Many genetic mutations have been elucidated in the past half
century leading to either the discovery or better understand-
ing of hereditary syndromes associated with malignancies in
the female genital tract. The discovery of the BRCA1/2 gene
in the early 1990s [1] and subsequent work on gene linkage
analysis identified it as the main causative gene in hereditary
breast and ovarian carcinoma (HBOC) syndrome [2]. Since
then, other mutations in molecular pathways such as DNA
mismatch repair (MMR) [3] and PTEN [4] have shown to
result in syndromes causing endometrial carcinomas, the
most common gynecological carcinoma to afflict women
worldwide [5].

Gene mutations inherited in a Mendelian fashion have
been associated with up to 10% of all malignancies occurring
in humans [6]. As such, it is imperative that syndromes
are identified in probands who present with malignancies

to enable prompt initiation of appropriate counseling and
testing for the individual and family to reduce morbidity
and mortality amongst these individuals [7]. As some of
these syndromes may have overlapping clinical features,
clinicians or geneticists can be faced with a few possible
differential diagnoses [8] as summarized in Table 1. In this
aspect, close collaboration between oncologists, pathologists,
and geneticists is necessary to ensure confirmatory genetic
testing proceeds in a cost effective and timely manner for the
patient and family members [9].

With the advent of immunohistochemical (IHC)markers
and molecular testing for specific gene mutations, anatomic
pathologists now play a bigger role than ever aiding oncol-
ogists and geneticists towards a more directed approach
towards confirmatory genetic testing. This is particularly
so for proband patients with sentinel tumors as the initial
manifestation for any given family. Although risk assessment
and predictive tools for various hereditary syndromes exist
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to aid clinician in identifying such patients, some patients fail
to fulfill the criteria and are only picked up by pathologists
during examination of the tumor tissue specimens.

In this review, we discuss these hereditary endometrial
carcinoma syndromes and the important role gynecologists
play in identifying at-risk patients as well as in the surveil-
lance of such patients. We further place special emphasis on
the role the pathologist plays in terms of appreciating the
histological nuances present in tumor tissue using traditional
light microscopy as well as the interpretation of newer
ancillary investigations performed in the laboratory that may
assist clinicians assessing potential patients with an under-
lying syndrome. We have included HBOC syndrome in this
discussion as we wish to highlight the possible association of
uterine serous carcinoma with this syndrome. The less com-
mon syndromes such as Muir-Torre syndrome and Cowden
syndrome are emphasized as thesemay bemissed if clinicians
do not actively consider them when assessing patients.

2. DNA Mismatch Repair (MMR)

2.1. Lynch Syndrome

2.1.1. Background. Lynch syndrome (LS), also known as
hereditary nonpolyposis colorectal cancer (HPNCC), is an
autosomal dominant syndrome [10, 11]. The incidence in the
general population is estimated to be between 1 in 300 and
1 in 500 [12]. In LS, mutations in the DNA mismatch repair
(MMR) gene result in widely dispersed replication errors
or instability in highly repetitive error prone areas found
primarily in intronic sequences of the genome, known as
microsatellites [13]. Microsatellite instability (MSI) can be
seen in patients harboring either germline or somatic DNA
MMR gene mutations. LS is a result of germline mutations
in the DNA MMR genes MLH1, MSH2, MSH6, and PSM2
[14]. Nonhereditary somatic mutation is due to promoter
hypermethylation of theMLH1 gene resulting in silencing of
the gene causing similarMSI levels in the genome seen in 10%
to 25% of sporadic tumors, especially colorectal and endome-
trial carcinomas [15]. Unlike colorectal carcinomas, somatic
mutations in theBRAF gene resulting in sporadic cases are far
rarer in endometrial carcinomas [16, 17]. Germline deletions
in a non DNAMMR gene, EPCAM, can result in inactivation
ofMSH2 in approximately 1% of LS patients [18]. LS patients
are at risk of developing colorectal cancer (80%), endometrial
cancer (60%), ovarian cancer (12%), and other malignancies
in the stomach, pancreas, upper urinary tract, biliary tract,
and small intestines [19].

2.1.2. Endometrial Carcinomas in Lynch Syndrome. Approx-
imately 2% to 6% of all endometrial carcinomas can be
attributed to germline mutations in the DNA MMR genes
[20, 21]. Up to 50% of female patients with LS will present
with endometrial carcinoma as their sentinel tumor [19, 22].
Germline mutation in the MSH6 gene is associated with the
highest risk for developing endometrial carcinomas [23, 24].
Mutations in MLH1 and MSH6 genes result in a higher risk
of developing colorectal carcinoma [25]. Individuals with
germline mutations in PMS2 have the lowest overall risk of

developing LS-associated tumors [26]. The median time for
LS patients with endometrial carcinoma to develop a second
tumor is estimated to be 11 years [27].Therefore, identification
of proband LS patients with endometrial carcinomas can
result in timely and appropriate management to help reduce
the potential of a second tumor in the patient or, in the case
of her relatives, preventing tumors all together.

2.1.3. Identification of Lynch Syndrome amongst Proband
Patients with Endometrial Carcinoma

(1) Clinical Evaluation. LS patients have traditionally been
identified by clinical assessment using validated criteria
followed by confirmatory gene testing as described in Table 2.
Sensitivity and specificity were increased in the 2004 revised
Bethesda guidelines but still fell short due to the failure to
specify gynecological tumors requiring further testing [28].
Among women with LS presenting with endometrial carci-
nomas, between 50% and 70% do not meet the Amsterdam
or Bethesda guidelines due to the absence of a personal
or family history suggestive of LS [20, 29–31]. Mutations
in MSH6 and PSM2 are more likely to result in failure to
meet either of the guidelines [29]. Clinical predictive tools
relying on personal and family history such as PREMM

1,2,6
,

MMRpredict, andMMRpro have been developed to quantify
the risk of harboring germline DNA MMR mutations in
colorectal patients [32]. Risk is determined by calculating
the area under the receiver curve (AUC) with a ≥5% cutoff
[33]. A large study involving 563 patients with endometrial
carcinomas showed the three predictive tools to be having
inferior sensitivity and specificity compared with IHC and
polymerase chain reaction- (PCR-) based MSI analysis in
identifying patients requiring confirmatory germline DNA
MMR gene testing [33].

The deficiencies of the Amsterdam and Bethesda guide-
lines have resulted in the implementation of utilization of
IHC and/or MSI analysis on tumor tissue to boost the ability
to identify patients with LS. The Evaluation of Genomic
Applications in Practice and Prevention (EGAPP) working
group recommends IHC and MSA testing to be offered to
all newly diagnosed colorectal carcinoma patients as part
of the workup to identify all possible LS individuals [34,
35]. Currently, this proposal does not extend to include
endometrial carcinoma patients. The Society of Gynecologic
Oncologists (SGO) and National Comprehensive Cancer
Network (NCCN) have only proposed blanket IHC and/or
MSI analysis of women with endometrial carcinoma under
the age of 50 years [36]. However, the suggestion to offer
universal testing has been advocated as many proband LS
patients present with endometrial carcinoma as their sentinel
tumor without appropriate family history to trigger IHC
and/or MSI analysis testing. Furthermore, the majority of
LS patients will present with endometrial carcinoma at 50
years and above [20, 21, 37]. The SGO and NCCN guidelines
very likely fail to optimally identify patients with LS and
subsequent initiation of appropriate cancer surveillance.

(2) Histological Evaluation. Endometrial carcinomas associ-
ated with LS have been shown to exhibit a tendency to occur
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Table 2: Amsterdam I and II criteria as well as the Revised Bethesda Guidelines for diagnosis of Lynch syndrome. The Revised Bethesda
Guidelines was developed with the intention of identifying individuals who should undergo investigation for Lynch syndrome by evaluation
of MSI analysis and/or immunohistochemistry (IHC) testing of their tumors. (Adapted from [43]).

Amsterdam I criteria
(i) Three or more relatives with histologically verified colorectal cancer, one of which is a first-degree relative of the other two. Familial
adenomatous polyposis should be excluded.
(ii) Two or more generations with colorectal cancer.
(iii) One or more colorectal cancer cases diagnosed before the age of 50 years.
Amsterdam II criteria
(i) Three or more relatives with histologically verified Lynch syndrome-associated cancer (colorectal cancer, cancer of the
endometrium, small bowel, ureter, or renal pelvis), one of which is a first-degree relative of the other two. Familial adenomatous
polyposis should be excluded.
(ii) Cancer involving at least two generations.
(iii) One or more cancer cases diagnosed before the age of 50 years.
Revised Bethesda Guidelines
(i) Colorectal carcinoma diagnosed at younger than 50 years.
(ii) Presence of synchronous or metachronous colorectal carcinoma or other Lynch Syndrome-associated tumors#.
(iii) Colorectal carcinoma with MSI-high pathologic-associated features (Crohn-like lymphocytic reaction, mucinous/signet cell
differentiation, or medullary growth pattern) diagnosed in an individual younger than 60 years old.
(iv) Patient with colorectal carcinoma and colorectal carcinoma or Lynch syndrome-associated tumor diagnosed in at least 1
first-degree relative younger than 50 years old.
(v) Patient with colorectal carcinoma and colorectal carcinoma or Lynch syndrome-associated tumor# at any age in two first-degree or
second-degree relatives.
#Lynch syndrome-associated tumors include tumor of the colorectum, endometrium, stomach, ovary, pancreas, ureter, renal pelvis, biliary tract, brain, and
small bowel.
Caveat: Muir Torre syndrome is considered a subset of Lynch syndrome with patients also having sebaceous neoplasms and/or keratoacanthomas.

in the lower uterine segment (LUS) with up to third of such
tumors attributed to this syndrome [38]. Histologically, LS-
associated tumors have a diverse morphological appearance.
The most common subtype is endometrioid carcinoma but
serous carcinoma, clear cell carcinoma, and carcinosarcoma
are also well accounted for [39]. Nonendometrioid carci-
nomas such as clear cell carcinoma, serous cell carcinoma,
and carcinosarcoma are known to occur in LS patients at
a younger age than is commonly seen in non-LS patients
[40]. There is also a well-documented predisposition for
LS-associated tumors to exhibit high grade features with
a mixed histology which can at times represent a huge
challenge to anatomic pathologists attempting to subtype
the tumor components into the various neat categorical
variants [41, 42]. Difficulty in separating the various tumor
components comprising endometrioid, serous, and/or clear
cell carcinomas is not uncommon in such situations [42].
Interestingly, tumors seen arising in the LUShave been shown
to occasionally disclose histological and immunohistochem-
ical features which are difficult to ascertain if the tumor is an
endometrial or endocervical primary adenocarcinoma [38].

Among tumors with an endometrioid appearance, a
few histological features have been shown to suggest the
possibility of an underlying MSI. Undifferentiated and ded-
ifferentiated endometrioid carcinomas have been associated
with MSI, in particular MLH1/PMS2 gene mutation, due
to either promoter methylation or germline mutation [40,
46, 47]. Undifferentiated endometrioid carcinomas consist of
solid sheets of round to polygonal cells with vesicular nuclei

and prominent nucleoli without any evidence of gland for-
mation [48]. A tumor is deemed to be dedifferentiated when
areas of moderately or even well differentiated endometrioid
carcinoma are discernible [48]. Another histological feature
often associated with MSI, both in germline mutated or spo-
radic promoter methylated tumors, is a heavy lymphocytic
infiltrate within and around the endometrial carcinomas [46,
49].

Synchronous ovarian and endometrial tumors have also
been connected to MSI. The most common pattern is
that of endometrioid carcinomas in both the endometrium
and ovary [50–52]. However, some patients may exhibit
synchronous clear cell or undifferentiated carcinomas [50].
Serous carcinomas are uncommon. Gynecologists practicing
in centers conducting universal screening for LS using IHC
should consider requesting for the test to be performed when
encountering young patients with ovarian cell carcinomas.
This is due to a strong association with LS in patients in this
age group [50]. This should also be extended to patients with
synchronous uterine endometrioid carcinoma and ovarian
clear cell carcinoma as rare reports have been documented
in MSI patients [47, 50].

(3) Ancillary Laboratory Tests. The current gold standard
confirmatory test for LS is the expensive gene mutational
analysis of DNA MMR genes [21]. Cost effective and readily
available screening tools available in most laboratories are (1)
IHC to look for abnormal loss of DNA MMR proteins, (2)
MSI analysis by PCR to detect for increased microsatellite
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Table 3: Endometrial carcinoma testing result usingMSI analysis and/or immunohistochemistry with additional testing strategies for Lynch
Syndrome. Additional suggested testing strategies for patients who have been tested using either MSI analysis and/or immunohistochemistry
with a four-panel marker (MHL1, MSH2, MSH6, and PMS2) or a #two-panel marker (MSH6 and PMS2) (adapted from [43]).

MSI analysis
Immunohistochemistry protein

expression Possible causes Further action
MLH1 MSH2 MSH6# PMS2#

MSS/MSI-L + + + + Sporadic carcinoma None.

MSI-H + + + + Germline mutation in
MMR or EPCAM genes

MLH1, MSH2, then MSH6,
PMS2, and EPCAM genetic
testing

MSI-H NA NA NA NA
Sporadic or germline
mutation in the MMR or
EPCAM genes

Consider IHC to guide
germline testing if IHC is
not done germline testing
of MLH1, MSH2, MSH6,
PMS2, and EPCAM genes

MSI-H or NA − + + −

Sporadic cancer or
germline mutation of
MLH1

MLH1 promoter
methylation testing. MLH1
genetic testing if absent
hypermethylation or if
testing not done

MSI-H or NA − + + + Germline mutation MLH1 MLH1 genetic testing

MSI-H or NA + + + −
Germline mutation of
PMS2, rarely MLH1

PMS2 genetic testing if
negative MLH1 testing

MSI-H or NA + − − +
Germline mutation of
MSH2 or EPCAM, rarely of
MSH6

MSH2 genetic testing, if
negative EPCAM, if
negative MSH6

MSI-H or NA + − + + Germline mutation of
MSH2

MSH2 genetic testing if
negative EPCAM testing

MSI-H, MSI-L or MSS + + − + Germline mutation of
MSH6, less likely MSH2

MSH2 genetic testing if
negative MSH6 testing

MSI-L, microsatellite low; MSI, microsatellite high; MMR, mismatch repair genes (i.e., MLH1, MSH2, MSH6, and PMS2); NA, not available; +, protein
expression present in tissue; and −, protein expression not present in tissue.

repeats in specific loci and when required, and (3) MLH1
promoter methylation also utilizing PCR [21]. The usual
initial workflow to identify DNA MMR genes is by IHC for
the 4 DNAMMRproteins (MLH1, PMS2,MSH2, andMSH6)
and/or MSI analysis [53]. Some centers perform both tests
on every tumor specimen to maximize detection [20, 22, 54]
as described in Table 3. Tumor testing by IHC and/or MSI
analysis has been reported to generally detect abnormal
DNA MMR protein expression in 15–25% of unselected
patients with endometrial carcinomas [20, 33]. Subsequent
to this, all MSI patients exhibiting loss of DNAMMR protein
MLH1 expression can be further segregated using MLH1
gene methylation testing to identify those with as somatic
promoter methylation and those most likely to benefit
from confirmatory germline mutational analysis [53, 54]. In
contrast to patients with colorectal cancers [16], patients with
sporadic MSI MLH1 methylated endometrial carcinomas do
not benefit from additional testing for V600E mutation of
the BRAF gene as less than 1% display this mutation [17, 55].

(a) Immunohistochemistry (IHC). IHC is performed on paraf-
fin embedded tumor tissue. The sensitivity and specificity
when using the four DNAMMRproteinmarkers are 91% and
83%, respectively [56]. However, it is important to recognize

that IHC will not detect germline mutations where the DNA
MMR protein is produced but nonfunctioning as in the case
of missense mutations [57].

Normal DNA MMR proteins function as heterodimer
complexes by forming pairs of dimers withMLH1 partnering
PMS2 and MHS2 pairing up with MSH6, with MLH1 and
MSH2 acting as obligatory partners [58, 59]. Mutation in
one of the protein in the pairing results in concurrent loss
of staining of its partner protein. Somatic mutation via
epigenetic methylation silencing of theMLH1 promoter gene
results in loss of PMS2 IHC staining. Epigenetic silencing
can also occur in the MSH2 gene following deletions in the
EPCAM gene leading to loss of IHC staining in the partner
protein, MSH6 [18]. Germline mutations in MSH6 or PMS2
genes do not result in loss of IHC staining in its obligatory
partner [57, 60]. Individual loss of PMS2 or MSH6 IHC
staining indicates the possible germline mutations in the
respective genes [57, 60]. As such, a two IHC panel utilizing
PMS2 andMSH6 is feasible [61].

An abnormal IHC staining pattern is where there is a total
loss of nuclear staining in tumor cells [10]. Normal staining is
seen in lymphocytes, stroma, and normal endometrium and
these act as internal positive controls. A common problem
arising from normal staining of intratumoral lymphocytes



6 BioMed Research International

is mistaking these for tumor cells, resulting in false positive
result of normal retention of MSI in the tumor [62–64].
Another common challenge is the difficulty in assessing the
heterogeneous staining nature of theMSH6 IHCmarker [63].
Only small areas may exhibit normal retention of nuclear
staining. As such, tumor tissue of an adequate size should be
selected for IHC staining. When accurate interpretation on
a tissue block remains problematic despite repeated testing,
an equivocal or inconclusive report will be rendered with the
recommendation to consider an alternative test such as MSI
analysis.

(b) Polymerase Chain Reaction (PCR).MSI analysis is a PCR
test which measures errors in DNA replication caused by
loss or abnormal function of the DNA MMR protein. It is
performed on paraffin-embedded tumor tissue using either
mononucleotides only or a combination of nucleotides and
dinucleotides to amplify common sites of instability in the
genome [35, 65, 66]. The Bethesda MSI panel consists of two
mononucleotides and three dinucleotides (BAT25, BAT26,
D2S123, D5S346, and D17S250) [67] and is still widely used
despite two well-known pitfalls caused by the dinucleotides
[66]. The National Cancer Institute (NCI) panel of five
mononucleotide markers (BAT25, BAT26, NR21, NR24, and
NR27) in contrast has been shown to be more effective
and reproducible [62, 66, 68]. MS-stable (MSS) phenotype
tumors will show normal microsatellite repeats as normal
tissues [65]. MSI-high (MSI-H) tumors show microsatellite
instability in two or more of the tested loci while MSI-low
(MSI-L) tumors show instability at one locus [65]. Although
MSI-H is seen when germline mutation occurs in any of the
four DNAMMR genes, mutations inMSH6more frequently
results in MSI-L or even MSS status [14, 20, 69, 70]. MSS
MSH6 mutated cases are more commonly seen with the
use of the Bethesda panel [69, 70]. One study previously
showed 11.8% (12/102) of MSI-H tumors retained normal
IHC staining, of which 2/12 of the discordant cases were
patients with endometrial carcinomas and a family history of
LS [54]. Possible reduced detection rates can occur in centers
only relying on IHC. As such, MSI analysis is concurrently
used in conjunction with IHC for testing in some centers
[54]. MSI analysis is not capable of differentiation between
tumors with MLH1 promoter methylation and germline
mutation [65]. Tumors with loss of MLH1 IHC staining will
need to undergo an additional PCR-based test to detect for
MLH1 gene promoter methylation [15, 71]. A patient with a
tumor which tests negative with the MLH1 gene promoter
methylation test should be encouraged to undergo germline
mutation testing for LS [71].

(c) Confirmatory Gene Mutational Analysis for Lynch Syn-
drome. Direct gene sequencing using the traditional Sanger
sequencing method to uncover mutations in DNA MMR
genes is carried out in conjunction with multiplex ligation-
dependent probe amplification (MLPA) [20, 21]. MLPA is
utilized to detect large genomic rearrangements. MLPA is
also used to detect deletions in the EPCAM gene, which
results in somatic methylation of theMSH2 gene [72].

Some gene mutational analysis results of the four DNA
MMR genes will indicate missense mutations [73], the signif-
icance of which is often unknown and are classified under the
“variants of uncertain significance” (VUS) category [74]. A
certain proportion of patients with IHC and/or MSI analysis
results suggestive of LS will have no mutations in DNA
MMR genes [73]. Current sequencing protocols may not be
sufficiently sensitive to identify such mutations which reside
deep within the introns or promoter regions of the genes.
Unknown novel epigenetic effects have also been postulated
as a cause.

2.1.4. Recommended Surveillance. One of the main aims of
identifying proband patients with LS is to unearth unsuspect-
ing relatives who are carriers of the deleterious DNA MMR
genes. The general expert consensus is that surveillance for
the patient and family members with LS is required [54, 75]
as highlighted in Table 4.

We concentrate on endometrial surveillance required
for the proband’s female family members. Female relatives
of LS proband patients who are suspected or confirmed
to be DNA MMR mutation carriers should be offered the
option to undergo surveillance in the effort to prevent
endometrial carcinomas. There is some support for the use
of transvaginal ultrasound and endometrial biopsy either
annually or every 2 years from the age of 30 to 35 [76]. In
a recent retrospective study over a 10-year period, gynecolo-
gists were the designated physicians to perform surveillance
colonoscopy and endometrial curettage under sedation to
reduce discomfort, at the same outpatient visit scheduled
every 1 to 2 years apart [77]. Endometrial curettage usually
provides a large amount of tissue compared to other biopsy
methods and is, thus, an added advantage during histological
examination. The 55 LS mutation carriers in this study had
a combined 111 surveillance visits with 4.5% (5/111) of these
visits resulting in abnormal biopsy findings. Four patients
had complex hyperplasia and one patient was diagnosed
with endometrioid carcinoma, FIGO grade 1 stage 1a. The
patient with endometrioid carcinoma and three others with
complex hyperplasia did not have thickened endometrium
on transvaginal ultrasound to warrant a biopsy. With the
findings by Nebgen et al. [77] inmind, it is prudent that if it is
decided that no active surveillance is to be carried out, female
carriers of the DNAMMR gene mutations must be educated
on the need to seek immediate medical attention for further
investigation if they have any abnormal uterine bleeding.

2.2. Muir-Torre Syndrome, a Variant of Lynch Syndrome

2.2.1. Background. Muir-Torre syndrome (MTS) is now
considered a subtype of LS [78, 79] with an estimated overall
frequency of 9.2% among individuals with LS [80]. MTS is
mostly due to germline mutations in MSH2 and MLH1 [81].
It is characterized by sebaceous gland neoplasms (except
sebaceous hyperplasia) and keratoacanthoma with 57% of
patients presenting with diagnostic skin lesions as their
sentinel pathology [81, 82]. Recognition of MTS is a problem
and may stem from patients considering these lesions as
insignificant and not disclosing in their medical histories
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Table 4: Guidelines for screening at-risk or affected personswith Lynch syndrome. Recommendations are based on the strength of confidence
and Grades of Recommendation, Assessment, Development, and Evaluation (GRADE). GRADE is a well-accepted rating of evidence relying
on expert consensus about whether new research is likely to change the confidence level (CL) of recommendations (adapted from [43]).

Intervention Recommendation Strength of recommendation

Colonoscopy

Every 1 to 2 years beginning at age 20 to
25 or
2 to 5 years younger than youngest age at
diagnosis of colorectal carcinoma in
family if diagnosis before age 25.
Considerations: start at age 30 in MSH6
and age 35 in PMS2 families
Annual colonoscopy in MMRmutation
carriers

Strong recommendation:
Level of evidence (III): well-designed and
conducted cohort or case-controlled
studies from more than 1 group with
cancer
#GRADE rating: moderate

Pelvic examination with
endometrial sampling Annually beginning at age 30 to 35

Offer to patient:
Level of evidence (V): expert consensus
#GRADE rating: low

Transvaginal ultrasound Annually beginning at age 30 to 35
Offer to patient:
Level of evidence (V): expert consensus
#GRADE rating: low

Esophagogastroduodenoscopy
with biopsy of the gastric antrum

Beginning at age 30 to 35 and subsequent
surveillance every 2 to 3 years can be
considered based on patient risk factors

Offer to patient:
Level of evidence (V): expert consensus
#GRADE rating: low

Urinalysis Annually beginning at age 30 to 35
Consideration:
Level of evidence (V): expert consensus
#GRADE rating: low

unless specifically asked [83]. It is important to be vigilant
for new onset skin lesions in patients with a previous history
of endometrial carcinoma. For patients who have never been
tested for LS, these skin lesions may indicate the need to
testing. In such instances, the patient’s original endometrial
tumor tissue blocks can be used for IHC or MSI analysis
testing.

Endometrial carcinoma is not the most common visceral
tumor to be associated with MTS. However, there have
been early case reports in the literature clearly documenting
endometrial carcinomas presenting as the sentinel tumor in
a few patients with MTS [84, 85]. An old meta-analysis study
uncovered 120 patients reported in the literature to have had
internal malignancies, of whom seven patients were noted
to have been diagnosed with endometrial carcinoma [86].
Colorectal carcinoma was shown to afflict almost half of all
MTS patients with internal malignancies and a quarter was
reported to have genitourinary tract malignancies [86].

In a similar vein to colorectal and endometrial carcino-
mas, IHC markers have been proposed as part of the work-
up to identify patients presenting with sebaceous neoplasms
requiring confirmatory DNAMMR gene mutational analysis
[83, 87–89]. More recent studies have shown IHC to be less
reliable when performed on sebaceous neoplasms that are
on colon or endometrial carcinomas [89, 90]. IHC has been
shown to have an unacceptably high false-positive rate of 52%
with a positive predictive value (PPV) of 22% and negative
predictive value (NPV) of 95% [90]. Variable results within
individual patients with multiple sebaceous neoplasms have
also been demonstrated [90]. Despite the pitfalls, some center
may still opt to perform IHC on sebaceous neoplasms [89].
Individuals with germline MSH6 mutations are associated

with higher risk of developing endometrial carcinomas
[23, 24] and generally do not conform to the classic LS
presentation with personal and family histories of young-
onset colorectal cancer [37]. MSH6 germline mutations are
not uncommon in MTS patients [89, 90]. Selected IHC
testing prompted by clinical history may potentially result
in the missed the opportunity of identifying MTS patients
harboring mutations in theMSH6 gene.

3. PTEN

3.1. Cowden Syndrome

3.1.1. Background. Cowden syndrome (CS) is an autosomal
dominant syndrome with incomplete penetrance and vari-
able expressivity characterized by multiple hamartomas, skin
lesions, abnormal CNS lesions, and an increased risk of
developing carcinomas in the breast, endometrium, thyroid,
and genitourinary tract [4, 91]. CS is due to germline
mutations in the phosphatase and tensin homologue (PTEN)
gene located on chromosome 10q23.3 [92]. The incidence of
CS in the general population is difficult to ascertain due to
the variable and often subtle expression resulting in difficulty
in diagnosing proband patients. A clinical epidemiological
study utilizing confirmatory PTEN gene mutation analysis
suggests a prevalence of between 1 in 200,000 and 1 in
250,000 [93] but is likely an underestimation [94]. PTEN is
a tumor suppressor gene containing 9 exons which encodes
for a 403 amino acid protein [94]. The PTEN protein
plays a role in the PTEN pathway by negatively regulating
the PI3K/AKT/mTOR pathway by dephosphorylating phos-
phatidylinositol (3,4,5-)triphosphate (PIP3) to PIP2 [94].This
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results in a decrease in downstream PI3K kinase activity
such as phosphoinositide dependent kinase 1 (PDK-1), Akt,
mTOR, and ribosomal protein s6 kinase (S6K1) [95–97]. The
loss or reduction of PTEN activity results in activation by
phosphorylation of important cellular proteins in key signal-
ing pathways involved in cell cycle progression, metabolism,
translation, growth, migration, invasion, angiogenesis, and
apoptosis [95–97].

3.1.2. Endometrial Carcinomas in Cowden Syndrome. Early
tumorigenesis from benign endometrium to endometrial
intraepithelial neoplasia has been shown to involve the loss
of PTEN function [98, 99]. It is the most common gene
mutation in endometrial carcinomaswith approximately 40%
reported to harbor PTEN gene somatic mutations [98, 99]. In
two separate studies, between 16% and 17% of women with
endometrial carcinomas who fulfill the clinical diagnostic
criteria for CS have been shown to carry the deleterious
germline PTEN mutations [100, 101].

Endometrial carcinoma is considered as one of the major
criteria by NCCN for the diagnosis of CS. The lifetime risk
of CS patients with PTEN germline mutation developing
endometrial carcinomas is between 13% and 19%, which is
a substantially higher lifetime risk of the general population
estimated to be between 2% and 4% [102–105]. Among
female individuals with CS, 12% will present to an oncology
department with endometrial carcinoma as their sentinel
malignancy [106]. Among female CS patients previously
afflicted with a malignancy, 10% were shown represent at a
later date with endometrial carcinoma as their second malig-
nancy [106]. It must be stressing that, due to the inherent
rarity of CS, the syndrome itself accounts for only a minor
proportion of unselected endometrial carcinomas [107]. In a
study of 240 unselected endometrial carcinoma patients, no
germline mutation of PTEN was discovered [107]. In a recent
study, CS and CS-like patients with endometrial carcinoma
were shown to be linked to mutations other than the PTEN
gene [108]. In women with CS, the majority of endometrial
carcinomas have been noted to occur between the ages of 30
and 50 [101, 109]. However, there have been case reports of
endometrial carcinomas occurring in CS patients under the
age of 20, which is a highly unusual phenomenon in the gen-
eral population [110–112]. These tumors have generally been
endometrioid carcinomas [110–112] with one case preceded
by the finding of an atypical polypoid adenomyoma in the
uterine curetting [113].

Themajority of reports indicate endometrioid carcinoma
to be most common subtype to afflict women with CS [110–
113].However, in a large prospectivemulticenter study involv-
ing 371 CS and CS-like patients with endometrial carcinoma,
only 42% were noted to have carcinoma of the endometrioid
subtype [108]. The remaining 58% were reported to been
diagnosed with a nonendometrioid carcinoma, of which 50%
were labeled as endometrial carcinoma, NOS. Serous/clear
cell carcinoma (5%), mucinous carcinoma (0.3%), and sar-
coma (2.7%) were shown to account for the other malignan-
cies in the nonendometrioid carcinoma group [108]. As all
the patients were recruited based on an inclusion criterion of
endometrial carcinoma, we assume that the sarcoma (2.7%)

stated may in fact be carcinosarcomas [108]. Carcinosarco-
mas are recognized under the WHO tumor classification
system to be of epithelial origin containing at least an area
of malignant stromal transformation [48]. Unfortunately, the
study was limited by the lack of central pathology review
and we are therefore unable to use the reported histology
subtypes to help guide clinical risk assessment for germline
PTEN mutations. We hope that future studies will address
this issue.

In addition to endometrial carcinoma, CS patients are
also predisposed to uterine leiomyomata, benign ovarian
cysts, and functional menstrual abnormalities [114, 115].

3.1.3. Identification of Individuals with Cowden Syndrome.
Clinical criteria remain the bedrock of identifying and
diagnosing CS. The latest diagnostic criteria incorporating
pathognomonic features with major and minor indications
have been outlined by the 2014 NCCN [116]. A suggested
workup for suspected individuals can be found in Table 3.
Validated pediatric and adult risk calculators to determine the
risk of an individual harboring PTEN gene mutations have
been made freely available online (http://www.lerner.ccf.org/
gmi/ccscore/) [101].

3.1.4. Clinicopathological Features of Cowden Syndrome

(1) Other Malignant Manifestations Seen in Individuals with
CS. The lifetime risk for breast carcinoma among patients
with CS is between 25% and 50% [117]. Among women with
CS presenting with breast carcinoma, 48% present with it
as their first malignancy and of this group, and 22% are
likely to represent with at a later date with a new primary
breast carcinoma [106]. Histologically, there is a rare but
highly distinctive and striking feature of CS-associated ductal
adenocarcinomas seen on microscopy as dense hyalinized
collagenous stroma. When present, this distinctive stroma
can be seen enveloping the malignant cells [118]. The second
most common malignancy among CS patients is thyroid
carcinoma, with a reported lifetime risk of between 3 and 10%
[119].Thyroid carcinoma is the initial presenting tumor in 11%
of CS patients [106] with an overrepresentation of follicular
histology compared to the general populations [119]. Other
malignancies such as renal cell carcinoma, melanoma, and
colorectal and gastric carcinomamay occur [101, 103, 120, 121].
One study showed colorectal carcinoma to be present in 13%
of CS patients, all of whom were <50 years at the time of
diagnosis [120].

(2) Benign Entities Seen in Individuals with CS. The most
characteristic benign lesion in CS is mucocutaneous hamar-
tomas which can present at birth and, typically, by adulthood
[115, 122–124]. Hamartomatous ganglioneuromatous, adeno-
matous, or hyperplastic polyps involving the gastrointestinal
tract simply seen as polyps on endoscopy are another com-
mon finding affecting between 35% and 85% of CS patients
[114, 120, 125–129]. Other benign lesions are gastritis and
the stigmata of CS, esophageal glycogenic acanthosis [120,
128]. Benign thyroid lesions are also a common feature [119,
130, 131]. Meanwhile, CS patients often present with benign
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breast lesions ranging from fibrocystic breast disease to a
characteristic mammary hamartoma-like lesion with densely
hyalinised collagen [118, 132].These lesions have a propensity
to be multiple and bilateral [118]. Rarely, the lesion may
be so extensive as to diffusely replace most of the normal
breast tissue [118]. Identification of such lesion on histology
should prompt the pathologist to inform the breast surgeon to
clinically assess the patient for CS.This is especially pertinent
if the patient presents with the mammary hamartomatous
lesion and has yet to develop breast carcinoma. The pathog-
nomonic lesion of CS is adult Lhermitte-Duclos disease, a
slow growing hamartomatous outgrowth of the cerebellum
[133, 134].

3.1.5. Ancillary Laboratory Tests

(1) Immunohistochemistry (IHC).To date, only thePTEN IHC
clone 6H2.1 by Dako has been shown to provide reproducible
staining results with good kappa scores among pathologists
assessing endometrial carcinomas to determine patients’ eli-
gibility for targeted chemotherapy [135–138]. Djordjevic et al.
[137] showed PTEN protein IHC marker to be lost in 64%
endometrial carcinomas, of which only 67% of these were
subsequently proven to contain PTEN mutations. This study
did not determine if the PTEN gene mutations identified
were somatic or germline [138]. Hence, it can be inferred
that PTEN protein IHC if used to identify patients requiring
confirmatory gene mutational analysis for CS will result in a
high level of false positives and, clinically, is not useful for the
identification of patients at risk of CS.

(2) Confirmatory Gene Mutational Analysis. The majority of
patients meeting the guidelines for the diagnosis of CS have
a mutation of the PTEN gene (up to 80%) but the figure
is lower when patients are referred from the community
(approximately 25%) [101]. Germline mutations are seen
throughout the 9 exons of the PTEN gene but most appear
to cluster on exon 5 [139–144]. It has been shown that de
novo PTEN mutations are found in approximately 40% of
proband patients who fulfill the criteria of possibly harboring
the PTEN gene mutation [145]. Mutations in genes such as
SDBH-D and KLLN which can result in similar disruption
to the PTEN gene are also seen in some CS patients [108,
119, 146]. These genetic and epigenetic factors can serve as
phenotypic modifiers.

3.1.6. Recommended Surveillance and Management. Current
recommendations are highlighted in Table 5.

The2014NCCNguidelines currently indicate thatwomen
with CS aged 30–35 should be considered for annual random
endometrial biopsies and/or ultrasound on an individual
basis. These women must be educated on the need to
respond to promptly symptoms [116]. The statement on the
consideration of enrollment in a clinical trial to determine
effectiveness and necessity of screening has been omitted
[116]. The 2014 NCCN guidelines also suggest that risk-
reducing hysterectomy is discussed as an option on a case-by-
case basis [116]. However, in view of reports of endometrial
carcinoma presenting even in adolescence with CS, any

abnormal uterine bleeding should be an indication for an
endometrial biopsy in all CS patients.

4. BRCA

4.1. Is Uterine Serous Carcinoma Part of the Spectrum of
Hereditary Breast and Ovarian Carcinoma Syndrome?

4.1.1. Background. Women with germline mutations in
BRCA1 and BRCA2 genes have an increased lifetime risk of
developing breast (40%–85%) and ovarian (10–39%) carcino-
mas [147]. Additionally, germline BRCA1/2 mutations have
also been associated with carcinomas of the fallopian tube,
colon, melanoma, and pancreas [148–151].

BRCA1 or BRCA2 genes play a crucial role in main-
taining the integrity of the genome via repair of DNA
double stranded breaks using the homologous recombination
pathways [152]. BRCA1 and BRCA2 proteins link with RAD51
at damaged DNA and recombination sites [153]. Cells with
mutations in either BRCA gene result in hypersensitivity
to crosslinkage agents such as cisplatin or poly (ADP-
ribose) polymerase (PARP) inhibitors which produce double
stranded breaks [154–156].

4.1.2. Evidence for Inclusion of Uterine Serous Carcinoma
as Part of the Spectrum of Hereditary Breast and Ovarian
Carcinoma Syndrome. Uterine serous carcinoma (USC) is
a high grade variant of endometrial carcinoma [157, 158].
It accounts for 10% of all endometrial carcinomas [159].
USC is an aggressive disease usually seen in older women
with low estrogen states and is usually associated with
widespread peritoneal involvement, advanced stage at initial
presentation, and, prior to the introduction of platinum
therapy, dismal survival rates [159, 160]. It shares similar
prognosis and identical histological features with high grade
serous carcinomas of the ovary and primary peritoneum
[161]. Further evidence suggesting a possible underlying
difference in biology special to USC was the finding of
a higher incidence of subsequent breast cancer in women
withUSC compared to endometrioid endometrial carcinoma
(25% versus 3.2%, resp., 𝑃 < 0.001) [162].

Although USC is not currently recognized as a feature
of any hereditary cancer syndrome, there have been pre-
vious speculations on its possible association with HBOC
syndrome. It has previously been demonstrated that not
only do serous carcinomas of the fallopian tube, uterus, and
ovary resemble one another in histology and clinical behav-
ior, comparative genomic hybridization has been shown to
have strikingly similar mutations [163]. The endometrial
carcinoma genomic characteristics published by the Tumor
Cancer Genome Atlas (TCGA) also provide data to suggest
a link between USC and serous carcinomas of the ovary
[164]. Interestingly, recent evidence suggests most serous cell
carcinoma of the ovarian carcinomas very likely arise from
the epithelium fallopian tubewhich has undergonemalignant
transformation [165, 166]. Further support for this notion is
the observation thatUSC responds to therapeutic agents used
for ovarian and peritoneal serous carcinomas [160].
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Table 5: Recommendations for diagnostic workup and cancer surveillance in patients with PTEN mutations. (Adapted from [44]).

Paediatric (<18 years) Adult female Adult male

Baseline workup

(i) Targeted history and
physical examination
(ii) Baseline thyroid
ultrasound
(iii) Dermatologic
examination
(iv) Formal neurologic and
psychological testing

(i) Targeted history and
physical examination
(ii) Baseline thyroid
ultrasound
(iii) Dermatologic
examination

(i) Targeted history and
physical examination
(ii) Baseline thyroid
ultrasound
(iii) Dermatologic
examination

Cancer surveillance

From diagnosis
(i) Annual thyroid
ultrasound
(ii) Skin examination

(i) Annual thyroid
ultrasound
(ii) Skin examination

(i) Annual thyroid
ultrasound
(ii) Skin examination

From age 30∗ As per adult
recommendations

(i) Annual mammogram
(for consideration of breast
MRI instead of
mammography if dense
breasts)
(ii) Annual endometrial
sampling or transvaginal
ultrasound (or from 5 years
before age of earliest
endometrial cancer)

From age 40∗ As per adult
recommendations

(i) Biannual colonoscopy∗∗
(ii) Biannual renal
ultrasound/MRI

(i) Biannual colonoscopy∗∗
(ii) Biannual renal
ultrasound/MRI

Prophylactic surgery Nil.
∗Surveillance may begin 5 years before the earliest onset of a specific cancer in the family but not later than the recommended age cutoff.
∗∗The presence of multiple nonmalignant polyps in patients with PTEN mutations may complicate noninvasive methods for colon evaluation. More frequent
colonoscopy should be considered for patients with a heavy polyp burden.

A case report in 1999 documented two Ashkenazi Jewish
sisters, where one sister presented with postmenopausal USC
followed by the other sister with ovarian serous carcinoma
[167]. Both were later found to harbor one of the BRCA1
founder mutations. This resulted in the postulation of a
possible connection between USC and HBOC syndrome
[167]. Following on to this, other studies have gone on to
investigate this link with varying results [168–174] with all but
one [174] concentrating eithermainly or solely on sequencing
for the founder mutations found in Ashkenazi Jews. A large
Israeli study of 199 endometrial carcinoma Ashkenazi Jewish
patients, mostly with endometrioid carcinoma, was negative
for BRCA1/2mutations [169]. Seventeen patients in this study
had been diagnosed with USC. Subsequent to this, four other
studies involving only Jewish patients with USC found an
increased mutation rate in BRCA1 between 14% and 27%
[170–173] which is significantly higher than the 2.3% muta-
tion rate in Israeli population [175]. Between 50% and 100%of
these patients with BRCA1/2mutations either had a personal
history of breast carcinoma or at least a first degree relative
with breast carcinoma or ovarian carcinoma [170–173].

However, a Canadian study involving 56 non-Jewish
women with USC failed to detect any of the four commonest
BRCA1 or BRCA2 mutations, of which three are founder
mutations in Ashkenazi Jews [168]. A recent study involving
151 non-Jewish patients with USC found the frequency of

BRCA1 germline mutations to be 2% compared to the general
non-Ashkenazi American population of 0.06% [174, 176]. A
comprehensive search for all classes of BRCA1/2 mutations
was performed using the BROCA panel. Interestingly, 36
other patients had nondeleterious or variants of unknown
significant mutations, 12 of which are reported as benign on
the Breast Cancer Information Core database (BIC). It would
be important that as longitudinal studies of patients with
BRCA mutations mature it will help clarify if USC is truly a
BRCA-related tumor.

4.1.3. Recommended Surveillance.Current surveillance guide-
lines are described in Table 6.

Risk reducing surgeries have led to cancer specific sur-
vival benefit as well as a reduction in all causes of mor-
tality [177] but remain unclear if patients electing for risk
reducing salpingo-oophorectomy should have concurrent
opportunistic hysterectomy. However, in view of the rarity
of USC as a whole, the absolute risk of developing it is
likely to be small. It does not seem warranted at this point
to recommend for women to undergo hysterectomy as part
of primary prevention of BRCA-associated USC. However,
othermore crucial issues as indicated by the recent findings in
the GOG-0199 study suggest postmenopausal age, abnormal
transvaginal ovarian ultrasound findings and elevated serum
CA-125 are associatedwith elevated risk of harboring invasive
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Table 6: Recommended surveillance and management of individuals with hereditary breast and ovarian carcinoma syndrome family
members (from [45]).

Women
(i) Breast awareness (periodic and consistent breast self-exam) starting at age 18.
(ii) Clinical breast exam, every 6 to 12 months, starting at age 25.
(iii) Breast screening

(a) Age 25–29, annual MRI screening (preferred) or mammogram if MRI is unavailable based on earliest age of onset in family.
(b) Age >30 to 75, annual mammogram and breast MRI screening.
(c) Age >75, management should be considered on an individual basis.

(iv) Discuss the option of risk reducing mastectomy
(a) Counseling may include a discussion regarding degree of protection, reconstruction options, and risk.

(v) Recommend risk-reducing salpingo-oophorectomy, ideally between 35 and 40 years of age and upon completion of child bearing
or individualized based on earliest age of onset of ovarian carcinoma in the family.

(a) Counseling includes a discussion of reproductive desires, extent of cancer risk, degree of protection for breast and
ovarian cancer, management of menopausal symptoms, possible short term hormone replacement therapy (HRT) to recommend
maximum age of natural menopause, and related medical issues.
(vi) Address psychological, social, and quality-of-life aspects of undergoing risk-reducing mastectomy and/or salpingo-oophorectomy.
(vii) For those patients who have not elected risk-reducing salpingo-oophorectomy, consider transvaginal ultrasound (preferably day 1
to day 10 of menstrual cycle in premenopausal women) and CA-125 (preferably after day 5 of menstrual cycle in premenopausal
women), every 6 months starting at age 30 or 5 to 10 years before earliest age of first diagnosis of ovarian cancer in the family.
(viii) Consider chemoprevention options for breast and ovarian cancer, including risks and benefits.
(ix) Consider investigational imaging and screening studies, when available (e.g., novel imaging technologies and more frequent
screening intervals) in the context of a clinical trial.
Men
(i) Breast self-exam training and education starting at age 35.
(ii) Clinical breast exam every 6 to 12 months, starting at age 25.
(iii) Consider baseline mammogram at age 40; annual mammogram if gynaecomastia or parenchyma/glandular breast density on
baseline study.
(iv) Starting at age 40:

(a) Recommend prostate cancer screening for BRCA2 carriers.
(b) Consider prostate cancer screening for BRCA1 carriers.

Men and women
(i) Education regarding signs and symptoms of cancer(s), especially those associated with BRCA gene mutations.
Risk to relatives
(i) Advise about possible inherited cancer risk to relatives, options for risk assessment, and management.
(ii) Recommend genetic counseling and consideration of genetic testing for at-risk relatives.
Reproductive options
(i) For couples expressing the desire that their offspring not carry a familial BRCA mutation, advise about options for prenatal
diagnosis and assisted reproduction, including preimplantation genetic diagnosis. Discussion should include known risks, limitations,
and benefits of these technologies.
(ii) For BRCA2 mutation carriers, there is a risk of a rare (recessive) Fanconi anaemia/brain tumor phenotypes in offspring if both
partners carry a BRCA2 mutation should be discussed.

serous carcinoma in fallopian tube, ovary, and peritoneum or
serous tubal intraepithelial carcinoma (STIC) in the fallopian
tube of asymptomatic patients with deleteriousBRCA1/2 gene
mutations [177]. Not to be taken lightly is also the host of
psychological issues faced by such patients [178]. These need
to be taken into account when arriving at a clinical decision
if such women should be advised to have a hysterectomy and
possibly bilateral salpingo-oophorectomy.

5. Conclusion

Endometrial carcinomas can be the first presentation of
an underlying hereditary cancer syndrome. Endometrial
carcinoma can arise in patients with LS and in lesser known
conditions such as MTS, CS, and possibly HBOC. Clinicians
and pathologists alike play vital roles in identifying who may
require genetic testing by better understanding the associated
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malignant and nonmalignant features of these conditions and
the pitfalls of existing diagnostic tests. To better understand
how best to screen these high-risk patients for endometrial
carcinomas, we will need further research.
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Objective. Can polymer-based immunohistochemical staining of p57kip2 replace DNA analysis as an inexpensive means of
differentiating complete mole from partial mole or hydropic abortion?Methods and Materials. Original paraffin-embedded tissue
blocks from 14 equivocal cases were turned over to our laboratory and examined by immunohistochemical staining of p57kip2.
Results. Four of the 14 cases showed clearly negative nuclear staining in cytotrophoblasts and villous stromal cells: these results
were fully concordant with the control staining. The remaining 10 cases showed apparently positive staining in cytotrophoblasts
and villous stromal cells. Without DNA analysis we are able to clearly differentiate the 4 cases of complete mole among the 14
equivocal cases. During follow-up, secondary low-risk gestational trophoblastic neoplasia (GTN) developed in 1 of the 4 cases of
complete mole: the GTN was treated by single-agent chemotherapy. No subsequent changes were observed during follow-up in
the other cases. Conclusion. Polymer-based immunohistochemical staining of p57kip2 (paternally imprinted gene, expressed from
maternal allele) is a very effective method that can be used to differentiate androgenetic complete mole from partial mole and
hydropic abortion. We might be able to avoid the cost of DNA analysis.

1. Introduction

Today, widespread use of ultrasonography and measurement
of serum human chorionic gonadotropin (hCG) can be used
to detect blighted ovum in the very early stage of pregnancy.
Typical classic hydatidiform mole is now rarely seen. How-
ever, we, including pathologists, often face equivocal cases
of complete mole versus partial mole that are difficult to
diagnose histologically. In such cases, pathologists always
notify us that complete mole cannot be ruled out and that
strict clinical follow-up should be necessary. Usually, we
proceed toDNApolymorphismanalysis to obtain an accurate
diagnosis in such cases. This requires both the patient’s
consent and extra expenditures.

We recently read the report that p57kip2 gene, which
encodes the cyclin-dependent kinase inhibitor (CDKI)
p57kip2, was located on chromosome 11 p15.5 and that this
gene is paternally imprinted but expressed from the maternal
allele. In the androgenetic complete mole, this gene is under-
expressed or not expressed at all as discussed by Saxena et al.
[1].

Several reports [2–7] have been published on the efficacy
of immunohistochemical staining of this gene product for
differentiation of complete mole, although there have been
some exceptions. For many years, we have performed this
same examination confirmed by DNA analysis in our labo-
ratory. However, we obtained several false-positive results by
immunohistochemical staining of p57kip2. We noticed that
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the false-positive immunoreaction was induced by endoge-
nous biotin when we applied the standard streptavidin-biotin
method that was used in the reported studies.

The polymer-based method is now gaining traction
as an improved method in immunohistochemical staining
method. With this method, a secondary antibody conjugated
with a polymer is used. This polymer method has 10 to 100
times the sensitivity of the standard method, and there is
almost no false staining of the target cells. Before starting
this study, we used the polymer method in 10 cases each
of androgenetic complete mole, partial mole, and biparental
spontaneous abortion. These cases have been diagnosed by
DNA analysis in our laboratory.

We confirmed completely negative immunohistochemi-
cal staining of p57kip2 by this polymer method in cytotro-
phoblasts and villous stromal cells of the complete moles.
Further, there was no false negative staining in the 10 cases
of partial moles or the 10 cases of abortion, respectively, in
this preliminary study.

We report herein the results obtained by polymer-based
immunohistochemical staining of p57kip2 in 14 equivocal
cases.

2. Objective

Can polymer-based immunohistochemical staining of
p57kip2 replace DNA analysis as an inexpensive means of
differentiating complete mole from partial mole or hydropic
abortion?

3. Materials and Methods

3.1. Materials. We investigated 14 cases considered equivo-
cal after evacuation by local doctors. All were local cases
referred to us in 2012. All cases were initially diagnosed
by pathologists working at commercial clinical laboratories.
This is because local doctors ask first for pathological exam-
ination by commercial clinical laboratories as a matter of
routine management. After equivocal results were returned
to these doctors, the specimens were sent to us for further
evaluation. Original paraffin-embedded tissue blocks from
these 14 cases were collected by our laboratory for this
project. These sections were made for each case stained with
hematoxylin-eosin and then reexamined independently by
our three pathologists and reclassified as difficult equivocal
cases. Under our pathologists’ review, 5 cases were considered
as either hydropic abortion or partial mole, and 9 cases
were considered partial or complete mole (Table 1). Informed
consent was obtained from all patients, and the 14 cases were
examined by polymer-based immunohistochemical staining
of p57kip2.

3.2. Methods. The polymer-based method of immunohis-
tochemical staining is now well known to have 10 to 100
times the sensitivity of the standard streptavidin-biotin
method. The immunohistochemical staining was carried out
by heat-induced antigen retrieval followed by the polymer

method. Duplicated 4 𝜇m thick sections from the formalin-
fixed, paraffin-embedded blocks were obtained in each case.
Sections were deparaffinized in xylene and alcohol, washed,
and rehydrated in distilled water.

After endogenous peroxidase activity was quenched with
3% hydrogen peroxidase solution, antigen retrieval was
performed. The sections were immersed in 0.01M citrate
buffer (pH 7.0) with 0.1% Tween-20, kept for 40 minutes
at 98∘C. The sections were allowed to cool for 20 minutes
spontaneously. Next, sections were immersed in 1mMEDTA
(pH 9.0), for 40 minutes at 98∘C, and again allowed to
cool. Next the sections were immersed again in 1mg/mL
protease XXIV (Sigma-Aldrich. St. Louis, MO, USA) in
PBS for 60 minutes at room temperature and then washed
in water and PBS. To block nonspecific reactions, these
sections were immersed with 5% gout serum for 20 min-
utes at room temperature. Mouse monoclonal antibody for
human p57kip2 protein, the primary antibody, was applied
to samples for overnight incubation at 4∘C (Novocastra
Liquid Mouse Monoclonal Antibody for human p57 protein
(Product code: NCL-L-p57: Leica Biosystems Newcastle Ltd,
Newcastle, UK)). Peroxidase-labeled secondary antibody for
anti-mouse immunoglobulin conjugated with amino acid
polymer (Nichirei Co, Ltd., Tokyo, Japan) was applied for
60 minutes at room temperature. Sections were then washed
three times for 5 minutes each with PBS. The sections were
incubated with diaminobenzidine as a chromogen for 10
minutes, then washed in water, and nuclear-counterstained
with hematoxylin. Staining patterns on the tissue sections
were examined microscopically and compared to those of
control sections.The control sections were prepared from the
DNA-established androgenetic completemoles, partialmoles
(triploidy), and abortions of biparental origin and prepared in
the same manner as the cases’ sections.

Reactivity was judged positive only when distinct nuclear
staining of cytotrophoblasts and villous stromal cells was
identified. There was no faint nuclear staining observed by
polymer-based method through this experiment. Control
study showed clearly negative staining of complete moles and
positive in partial moles and abortions in cytotrophoblasts
and villous stromal cells, respectively. Decidual stromal cells
were positive for p57kip2 in all cases and provided a reliable
internal control (Figure 1). Syncytiotrophoblasts in complete
moles, partial moles, and abortions always stained negatively
(Figure 1).

4. Results

Duplicate immunohistochemical staining by the polymer
method was done for each of the 14 equivocal cases, and the
staining patterns were compared with those of the control
cases confirmed genetically in our laboratory. Four cases
(Cases 2, 5, 6, and 9 indicated by asterisks in Table 1) showed
a clearly negative immunoreaction for p57kip2. The others
stained positively.

Thus, we were able to differentiate these 4 cases as
complete moles among the 9 equivocal cases of partial or
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Table 1: Fourteen equivocal cases subjected to polymer-based p57kip2 immunohistochemistry for differentiation between complete and partial
mole or hydropic abortion.

Case/patient Age (yr) G-P-A Clinical Dx∗ hCG mIU/mL
before evacuation

Histopathologic
Dx

p57kip2
staining Final Dx

1 40 1-0-1 7 weeks 6700 Hydropic/partial + Hydropic/partial
2∗∗ 30 3-3-0 7weeks 4780 Partial/complete − Complete mole
3 40 2-2-0 7weeks 49100 Partial/complete + Partial
4 27 3-2-1 8 weeks 83100 Partial/complete + Partial
5∗∗† 48 4-2-2 6weeks 6590 partial/complete − Complete mole
6∗∗ 30 3-1-2 7weeks 28500 Partial/complete − Complete mole
7 27 1-1-0 8weeks 91700 Hydropic/partial + Hydropic/partial
8 44 3-1-2 7weeks 4670 Hydropic/partial + Hydropic/partial
9∗∗ 27 1-1-0 6weeks 31200 Partial/complete − Complete mole
10 34 2-1-1 7 weeks 7800 Partial/complete + Partial
11 34 2-1-1 8 weeks 4400 Partial/complete + Partial
12 33 0-0-0 5weeks 4600 Partial/complete + Partial
13 32 1-1-0 6weeks 6800 Hydropic/partial + Hydropic/partial
14 36 3-2-1 6weeks 5200 Hydropic/partial + Hydropic/partial
G-P-A, gravida/para/abortus; hCG, human chorionic gonadotropin; dilation and curettage; Dx, diagnosis.
∗All diagnosed clinically as blighted ovum; ∗∗clearly differentiated as complete hydatidiformmole by polymer-based immunohistochemistry for p57kip2; †hCG
elevated to 8740, persistent trophoblastic disease, treated by single-agent chemotherapy.
S. SASAKI 2012.

complete mole. Cases 3, 4, 10, 11, and 12 in Table 1 were
considered partial moles.

This staining did not differentiate partial moles from
hydropic abortions.

The other cases (Cases 1, 7, 8, 13, and 14 in Table 1)
remained equivocal cases of partial mole, or hydropic abor-
tion.

These 4 cases of complete moles as well as the other
cases were followed to 24 weeks by weekly serum hCG
measurement. Of the 4 cases of complete mole, one (Case 5
in Table 1) developed into a secondary low risk gestational
trophoblastic neoplasia (GTN) and was treated with single-
agent chemotherapy.

No subsequent changes were observed during follow-up
in the other cases.

5. Discussion

As a preliminary study, we performed standard streptavidin-
biotin immunohistochemical staining of p57kip2 in our DNA-
established complete mole and hydropic abortion cases to
know how effective the reportedmethod is for differentiation
of complete moles from hydropic abortion [5, 6]. In several
established moles, however, we observed false positive stain-
ing. In reading the previous papers carefully, we learned that
the investigators also encountered a small percentage of false
positive staining.

With the standard streptavidin-biotin method, endoge-
nous biotin has a positive effect on the staining pattern.
So, we then used 3% hydrogen peroxidase solution to
quench the endogenous biotin activity. This was 10 times
the concentration reported by Jun et al. [6], but we still

encountered false positive staining in several established
complete moles. Subsequently, we learned that the poly-
mer method of immunohistochemical staining, in which a
secondary antibody conjugated with a polymer is used, is
much more sensitive (10 to 100 times) than the standard
streptavidin-biotin method.

The polymer method is easy and more sensitive, and it is
not affected by endogenous biotin.

The secondary antibody conjugated with a polymer can
be easily obtained commercially.

Thepolymer-basedmethod is nowdescribed in textbooks
as an improved method.

We applied the polymer method to our DNA analysis-
established androgenetic complete moles and confirmed that
the polymer methods do not produce false-positive or false-
negative staining.

We found themethod to be a reliable tool that can be used
to differentiate complete mole in equivocal cases without the
need for DNA analysis of each specimen.

However, there is 1 report of a definitive androgenetic
complete mole that stained positively for p57kip2 [3].

Of course, we must be vigilant, and we must realize that
immunoreaction is not always absolute.

DNA analysis should be done, whenever a case remains
questionable. However, there is no doubt that the polymer
method is sensitive and effective.

We believe this method to be a very useful tool for
differentiation of complete mole, when the results of other
tests are equivocal. We would like to recommend that the
polymer method of immunohistochemistry be applied first
as a routine examination in any equivocal cases, especially
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Figure 1: Those figures are the control staining in hydropic abortion (left), partial mole (middle), and complete mole (right). Upper panels
showhematoxylin-eosin staining, andmiddle and lower panels show immunohistochemical staining for p57kip2 by the polymer-basedmethod
of control hydropic abortion (left), partial mole (middle), and complete mole (right). Magnification are 100x and 400x by microscope,
respectively. In cytotrophoblasts and villous stromal cells, strong positive immunoreactive staining for p57kip2 is seen in the hydropic abortion
(left) and partial mole (middle): staining is absent in the complete mole (right). The genetic origins of the control partial and complete mole
were established by DNA polymorphism analysis in our laboratory.

for doctors who work in developing countries, where DNA
analysis is far too expensive or even unfeasible. We may be
able to avoid the cost of DNA analysis.

Kihara et al. published the first report of perfect concor-
dance between negative p57kip2 immunoreactivity and molar
tissue of androgenetic origin [8].They used a polymer system
produced by DakoCytomation (Glostrup, Denmark). Our
study independently supports their findings.

6. Conclusion

Polymer-based immunohistochemical staining of p57kip2
(paternally imprinted gene, expressed from maternal allele)
is a very effective method that can be used to differentiate
androgenetic complete mole from partial mole and hydropic
abortion.Wemight be able to avoid the cost of DNA analysis.
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Objects. To assess whether LNG exerts antiproliferation effects on human endometrial cells through changes of GJIC function and
the phosphorylated Cx43. Methods. Cell proliferation and apoptosis of human endometrial stromal cells (HESCs) and glandular
cells (HEGCs) treatedwith LNG in a dose- and time-dependentmanner. GJIC change and further total Cx43 and serine 368 and 255
phosphorylated Cx43 were measured. Results. 5 × 10−5mol/L LNG revealed a time-dependent inhibition of cell proliferation and
an increase of apoptosis in both HESCs and HEGCs. Furthermore, these cells demonstrated a significant GJIC enhancement upon
treatment with 5 × 10−5mol/L for 48 hours. The effects of LNG were most noticeable in HESCs rather than in HEGCs. Associated
with these changes, LNG induced a relative increase in total Cx43 in a time-dependentmanner but not Ser368 phosphorylatedCx43.
Moreover, laser scanning confocal microscope confirmed the increased expression of total Cx43 in the cytoplasm and, interestingly,
the nuclear translocation of Ser255 phosphorylated Cx43.Conclusions. LNG likely inhibits the proliferation and promotes apoptosis
inHESCs andHEGCs though an increase in gap junction permeability in vitro, which is achieved through the upregulation of Cx43
expression and the translocation of serine 255 phosphorylated Cx43 from the plasma to the nuclear compartment.

1. Introduction

Endometrial cancer (EC) is the most frequently diagnosed
gynecological malignancy, and the incidence is increasing
among women with younger and younger age in the last
decade, partly owning to the increasing incidence of polycys-
tic ovary syndrome which may cause long-term single estro-
gen effect in vivo. Endometrial complex atypical hyperplasia
(CAH) is a precursor to endometrioid adenocarcinoma, and
untreated CAH carries a risk of progression to carcinoma of
approximately 25% [1, 2]. Hyperplasic endometrial polyps,

in spite of their rare malignant changes, were considered
as a risk factor for EC [3, 4]. Recent data from Saccardi
et al. showed that there was a strong correlation between
previous history of abnormal uterine bleeding (AUB) and
hysteroscopic evidence of CAH in patients with a history
of breast cancer and subsequent tamoxifen (TAM) therapy
[5]. Outpatient hysteroscopy with biopsy has high diagnostic
accuracy of EC and is mandatory in all postmenopausal
women with AUB [6].

In women who do not have fertility requirements, the
therapy choice for CAH is usually hysterectomy, whereas in
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younger patientswhodesire to becomepregnant conservative
medical or surgical treatments could be offered. Conservative
surgical treatment, such as endometrial resection by hys-
teroscopy, though it is safe and effective, can be suggested to
treat focal lesion of CAH [7]. However, in womenwith diffuse
atypical endometrial hyperplasia, high-dose progestin-based
medical therapy is an alternate option to regress the lesion.
In addition, progestins used are also efficacious in treating
early grade endometrial endometrioid adenocarcinoma in
women seeking to preserve fertility [1, 2]. Before hormonal
therapy, assessment of the extent of malignant lesions, such
as depth of myometrial invasion, cervical or parametrial
involvement, should be considered. Besides, tumor sizes are
easily assessable and useful to estimate the lesion degree and
the prognosis of conservative treatment [8]. For advancedEC,
progestin therapy results in lower response rates and does not
often cure patients.

However, for the high-dose oral progestin treatments,
side effects are also accompanied with. A locally high-dose
of progestin use that is called levonorgestrel-releasing intra-
uterine system (LNG-IUS) has been documented for use
in the local treatment of endometrial hyperplasia and even
CAH or grade-one endometrial cancer, which is considered
having treatment effect but not many systemic side effects
[2]. In the past few years, we attempted to use LNG-IUS
to treat patients with simple and complicated endometrial
hyperplasia, and those with CAH and requirement for
pregnancy very carefully and with close following-up during
clinical practice. The following-up results are promising,
and those with CAH treated eventually achieved healthy
pregnancy after one or two years of LNG-IUS treatment
(unpublished data: the histological regression (glandular
atrophy and stroma decidualization) of atypical endometrial
hyperplasia using LNG-IUS was observed in the supplemen-
tal data in the Supplementary Material available online at
http://dx.doi.org/10.1155/2015/758684 ). A study of 59 patients
by Arnes et al. found that LNG-IUS was effective at reduc-
ing the occurrence of endometrial polyps [4]. Moreover, a
systematic review of literature by Gizzo et al. concluded that
LNG-IUS use could decrease the risk of endometrial atypia
and polyps in TAM-treated breast cancer survivors [9].

Though it has been reported that progestin could cause
atrophy and decidualization of endometrium, the various
sources of synthesis progesterone have different biological
activities and degrees. Furthermore, the molecular mech-
anism of progesterone causing these effect remains poorly
understood. Therefore, we attempted to study the biolog-
ical effects of LNG, the main components of LNG-IUS
on the primary endometrial cells, through mimicking the
local high-dose of LNG on the endometrium, and further
the mechanisms that may cause the decidualization of the
endometrium.

Connexin 43 (Cx43) is the most widely expressed con-
nexin in the endometrium and is known to be important in
a variety of physiological and pathological processes in this
tissue [10–13]. Expression of Cx43 has been reported to be
regulated by ovarian hormones in the female reproductive
tract of rodents. Schlemmer et al. [14] analyzed paraffin-
embedded uterine sections from hysterectomy specimens of

patients with normal endometrium and from patients diag-
nosed with grade-one, -two, and -three endometrial cancer
and found an inverse correlation between Cx43 expression
and tumor grade, which indicated that Cx43 expression
may be useful as an adjunctive marker of progression for
endometrial carcinoma. In addition, it has been reported
that expression of estrogen receptor alpha and progesterone
receptors in relation to the expression of Cx26 and Cx43 in
endometrial cancer. Disorders of connexin expression and
altered distribution pattern occur during endometrial car-
cinogenesis, and it seems that progesterone receptors could
participate in this fact [15]. The expression of Cx43 is pos-
itively related to gap junction intercellular communication
(GJIC), while the phosphorylation of Cx43 is inversely related
to GJIC in endometrial stromal cells. The restoration of GJIC
by the induction or transfection of Cx43 was documented to
reverse the transformed phenotype of certain cancer types,
including those derived from the ovaries, lungs, and cervix
[10, 11, 13, 16]. Thus, it appears that the expression and
phosphorylation of Cx43 in endometrial cells participate in
the maintenance and regulation of endometrial gap junction
proteins.

Therefore, we proposed that LNG may suppress the
proliferation of endometrial cells via an increase in gap
junction permeability in vitro, which is achieved through the
upregulation of Cx43 expression and its changed phospho-
rylated status. In this study, we observed the LNG effects
on the cell proliferation and apoptosis of primary human
endometrial cells and its role in the changes in the GJIC and
Cx43 expression and its phosphorylated status.

2. Materials and Methods

2.1. Cell Cultures. The primary human endometrial stromal
cells (HESCs) and glandular cells (HEGCs) were obtained
frompatients aged 37–45 years.The patients were undergoing
uterectomies as a result of myoma of the uterus and went
without hormone treatment for the past three months. The
separation of HESCs and HEGCs from eutopic endometrial
tissue was performed using the procedure developed by
modified methods reported by Ryan et al. [17]. Cells were
grown and maintained in DMEM/F12 (Gibco) and supple-
mented with 10% fetal bovine serum, 2mm of glutamine,
50 IU/mL penicillin, 50𝜇g/mL streptomycin, and 1 𝜇g/mL
fungizone (complete medium). Cytokeratin and vimentin
were detected to determine the successful culture and sep-
aration of glandular and stromal cells, respectively, using
immunohistochemistry.

2.2. Treatment of Cells. LNG and 17𝛽-estradiol (E
2
) were

diluted in dimethyl sulfoxide (DMSO) with a stock concen-
tration of 1 × 10−2mol/L, and 12-O-tetradecanoylphorbol-
13-acetate (TPA) was diluted in DMSO with a stock of
1 𝜇g/mL.These hormoneswere diluted in accordancewith the
indicated concentration in the standardized amounts for the
experiments. The final concentration of DMSO as a solvent
was always less than 0.1%. The treatments of the cells with
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these hormones were carried out for the time periods and
with the concentrations described in our figure legends.

2.3. Cell ProliferationMeasured byMTT. HESCs andHEGCs
were placed in 200𝜇l of culture media per well in a 96-well
plate with a density of 2 × 104 cells/mL (with 8 wells left
empty as blank controls) and incubated overnight to allow the
cells to attach to the wells. The cells were then treated with
2 𝜇L of LNG in a concentration course manner (1 × 10−9, 1
× 10−5, 2.5 × 10−5, or 5 × 10−5mol/L) and in a time course
(24 h, 48 h, and 72 h), with E

2
as the opposite control, and

DMSO (0.5%) as the negative control. The concentration of
LNG displaying an inhibitory effect and that of E

2
exhibiting

a stimulatory effect on cell proliferation (both were 5 ×
10−5mol/L) were adopted as the final treating concentrations
during the followed experiments determined according to
the preliminary experiments. The concentration of 5 ×
10−5mol/L LNG is similar to that in the vivo endometrium
in the presence of a mirena with a releasing rate of 20 𝜇g/24
hours of LNG. Afterward, 20 𝜇L of MTT solution was added
to each well and incubated (37∘C, 5% CO

2
) for 2 to 4 hours

until a purple precipitate became visible. When the purple
precipitate became visible, 200𝜇L of DMSO was added and
left at room temperature in the dark for 2 hours. The cell
growth curve was detected in a 𝜆 of 597mm and expressed
with an OD value. Finally, the absorbance (optical density)
was recorded at 570 nm.

The inhibition rate (IR)was calculated using the following
formula:

IR =
Control OD

492
− Experiment OD

492

Control OD
492

× 100%. (1)

2.4. Apoptosis Measured by Terminal Deoxynucleotidyl Trans-
ferase dUTP Nick End Labeling (TUNEL). HESCs and
HEGCs were collected and cultured in six-well plates with
glass cover-slips for 48 hours and then treated with 5 ×
10−5mol/L LNG in a time course (24 hs, 48 hs, and 72 hs), with
5 × 10−5mol/L E

2
as the opposite control, and DMSO (0.5%)

as the negative control.The cover-slips for the cells were fixed
with 4% paraformaldehyde, sealed with 3% H

2
O
2
-methanol,

and detected using the TUNEL method (cell technology),
which was performed in accordance with the recommended
protocol. The apoptosis rate (AR) was calculated using the
following formula:

Apoptosis rate = Apoptosis cells
Total cells

× 100%. (2)

2.5. Analysis of the Cell Cycles Using Propidium Iodide (PI)
Staining and Flow Cytometry. HESCs and HEGCs were
cultured with a 1 × 105-cell/mL density in 25mL flasks and
then treated with LNG as the experiments above mentioned,
with E

2
as the opposite control and DMSO as the negative

control.The cells were then digested and suspended in 0.5mL
of PBS, with a density of 1 × 106/mL, combined with 2mL
of 70% cold ethanol and incubated overnight at −20∘C. The
cells were also centrifuged at 1200 rpm for 5min to collect
the precipitate. For each sample, 50 𝜇L of RNAase and 450 𝜇L

of PI solution were added before incubation for 30min at
4∘C. These suspensions were analyzed by passage through
a FACSCalibur flow cytometer (Becton Dickinson); 2 × 104
cells were counted. The percentage of S-phase cells and the
cell apoptosis index were computed and analyzed.

2.6. Scrape Loading (SL)/Dye Transfer (DT). The levels of
GJIC in both the control and treated cultures were deter-
mined using the SL/DT technique (22) with a fluorescent
dye called Lucifer Yellow (LY) (Molecular Probes, Eugene,
OR). The primary endometrial stromal and glandular cells
were cultured in 35mmplates in themanner described above
and treated with LNG or E

2
in the manner described in

Figure 4 legend, with TPA as the control. Scrape loading was
performed with a razor blade by applying a cut on the cell
monolayer, and the LY was then added to the cells. Then,
an incision across the diameter of the clustered regions was
made in the presence of a Lucifer Yellow (LY) CH mixture.
The cells were washed thoroughly with PBS. The dye was
rinsed away after 5min. The cells were washed three times
with PBS and fixed with 4% paraformaldehyde, and the cells
stained with LYwere detected by fluorescence emission using
a reversed fluorescent microscope equipped with either a
camera or a laser scanning confocal microscope (LSCM).
Cells that received the LY from the scrape-loaded cells were
considered to be communicating. A full-automatic photo-
graph analyzing system (KONTRON IBAS2.5, Germany) was
used to analyze a 50 × 60mm2 area of dye transfer on both
sides of each cut.

2.7. Total and Phosphorylated Cx43 (pSer368-Cx43) Measured
by Western Blot Analysis. The cells were washed twice with
PBS and lysed on ice with a lysis buffer (50mM Tris-
HCl, pH 7.4, 150mM NaCl, 0.5% Nonidet P-40) containing
a complete protease inhibitor cocktail (Roche, Nutley, NJ,
USA) and phosphatase inhibitors (1mM PMSF, 100mMNaF,
and 10mMNa

3
VO
4
).Then, the lysis of HESCs was measured

by western blot analysis with anti-Cx43 antibodies, the total
Cx43 expression, or anti-pS368-Cx43 antibodies for S368
phosphorylation of Cx43. Proteins were resolved on a 4–
15% gradient SDS-PAGE and transferred to nitrocellulose
membranes (Sigma). Immunoblots were incubated with
rabbit polyclonal anti-Cx43 antibodies (Sigma) (1 : 80) for
the expression of total Cx43, rabbit polyclonal anti-P-Cx43
(S368) (Cell Signaling Technology) for the phosphorylated
level of Cx43, followed by incubation with appropriate sec-
ondary IgG antibodies conjugated with HRP (Amersham
Pharmacia Biotech, Piscataway, NJ, USA). The immunore-
active bands were visualized by the Enhanced Chemilumi-
nescence System (Cell Signaling Technology). Blots were
washed, reprobed with anti-𝛽-actin (Chemicon) antibodies,
and developed in an identical manner for assessing 𝛽-actin
protein levels to ensure even loading.

2.8. Total Cx43 and Phosphorylated Cx43 (pSer255-Cx43)
Detected by LSCM. HESCs were cultured in six-well plates
with cover-slips. When the cells grew to 50% impletion,
they were treated with drugs in the manner described in
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Figure 1: Cell proliferation inhibited by LNG. The MTT cell growth curve was performed to investigate the effects of the treatments on
the proliferation of human endometrial stromal cells (HESCs) and glandular cells (HEGCs) treated with LNG, with 5 × 10−5mol/L E

2
as the

opposite control andDMSO (0.5%) as the blank control. (a)The inhibition rate (IR) of the HESCs treated with LNG in various concentrations
in a time course manner (24 hs, 48 hs, and 72 hs); (b) MTT cell growth curve of HESCs treated with 5 × 10−5mol/L LNG in a time course
manner. (c) IR of the HEGCs treated with LNG in various concentrations in a time course manner; (d) MTT cell growth curve of HEGCs
treated with 5 × 10−5mol/L LNG in a time course manner; ∗𝑃 < 0.05; there was a significant difference. Each experiment was repeated for 20
patients.

the figure legends. The glass cover-slips containing cells were
fixed with 4% paraformaldehyde, sealed with goat serum at
room temperature for 30min, and incubatedwith anti-mouse
Cx43 antibodies (1 : 80) overnight at 4∘C, with PBS as the
negative control and an unrelated antibody as the control for
antibody specificity. After being thoroughlywashedwith PBS,
a FITC-conjugated secondary antibody (1 : 200) was added
before incubating the cells for 1 h at 37∘C in order to detect
total Cx43. For phosphorylatedCx43 (Ser255) detection, the
first antibody used was pS255-Cx43 (Santa Gruz) (1 : 80),
and the secondary antibody used was Cy3-conjugated IgG
(Sigma) (1 : 50). A laser scanning confocal microscope (Zeiss
LSCM510 META, Germany) was used to localize different
fluorescent-labeled antibodies bound to HESCs. Immunos-
tained cells were scanned with a laser at 488 nm for a green
fluorescent of total Cx43 detection or 569–574 nm for a red
fluorescent of pS255-Cx43, and optical sections were made
either at 0.2mmor at 1 to 2mm increments from the top of the
cell to the point of contact with the culture plate by means of
a stepper motor. Images were obtained from 5–7 scans using

Kalman averaging to increase the signal-to-noise ratio; they
were viewed on screen and printed via a Sony videoprinter.
Fluorescence within a defined region was analyzed by a point
counting routine of pixel intensity. Specific countswere added
from all sections and then divided by the total pixel areas of
the cells to quantify the specific staining of antigens.

2.9. Ethics Statement. The institutional review board of Sun
Yat-Sen Memorial Hospital, Sun Yat-Sen University specifi-
cally approved this study. And the written informed consents
from the patients on the endometrium collection have been
obtained.

2.10. Statistical Analysis. All of the experiments have a min-
imum of three determinants. The data were expressed as
mean ± SD. In some figures, the data are from a repre-
sentative experiment that was qualitatively similar to the
replicate experiments. Statistical significance (𝑃 < 0.05) was
determined with Student’s 𝑡-test (two-tailed) between an
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Figure 2: Effects of LNGon endometrial cell apoptosis determined by TUNEL.HESCs (a) orHEGCs (b) were treated in the absence (control)
or presence of 5 × 10−5mol/L LNG for 24 hs, 48 hs, and 72 hs, measured using TUNEL techniques. The brown staining showed the apoptotic
body. The histogram represents the mean ± S.D. of the apoptosis rate calculated for HESCs (c) and HEGCs (d) in 6 patients. ∗𝑃 < 0.05; there
was a significant difference compared to the control.

individual experimental group and the corresponding control
condition set as 100% (one-sample 𝑡-test).

3. Results

3.1. LNG Inhibits the Proliferation of Human Endometrial
Cells. The cell growth curve study by MTT demonstrated
that 5 × 10−5mol/L LNG inhibited the cell proliferation of
primaryHESCs (Figures 1(a) and 1(b)) significantly over time
(24 hs, 48 hs, and 72 hs). In a concentration of 5 × 10−5mol/L,
the inhibitory effect on primary HEGCs (Figures 1(c) and
1(d)) was significant but slightly weaker than that found in
HESCs. For the opposite control of E

2
, at the concentration of

2.5 × 10−5mol/L, E
2
significantly stimulated the proliferation

of bothHESCs andHEGCs, and this stimulationwas stronger
for the concentration of 5× 10−5mol/L (Figures 1(a) and 1(c)).

3.2. LNG Promotes the Apoptosis of Human Endometrial Cells.
TUNEL showed that the apoptosis rate increased after the
treatment with 5 × 10−5mol/L LNG for 24 hs, with a greater
increase after 72 hs (𝑃 < 0.01) in both HESCs (Figures 2(a)
and 2(c)) and HEGCs (Figures 2(b) and 2(d)). The apoptosis
rate was more significant in HESCs than HEGCs. There
was no significant increase in the apoptosis rate after the
treatment with E

2
. The propidium iodide (PI) staining and

flow cytometry study demonstrated that 5 × 10−5mol/L LNG
significantly increased the apoptosis rates of both HESCs
(Figures 3(a) and 3(c)) and HEGCs (Figures 3(b) and 3(d)),
and the rates increased over time.Moreover, 5× 10−5mol/L E

2

had no significant effect on the apoptosis rates in both types
of cells.

3.3. LNG Enhances GJIC. To determine the mechanisms
responsible for the inhibitory and stimulatory effects on
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Figure 3: Effects of LNG on the apoptosis of endometrial cells analyzed by propidium iodide (PI) staining and flow cytometry. HESCs (a)
and HEGCs (b) were treated in the absence (control) or presence of 5 × 10−5mol/L LNG for 24 hs, 48 hs, and 72 hs.The cell cycle was analyzed
by PI staining and flow cytometry, with 2 × 104 cells counted. The histogram represents the mean ± S.D. of the apoptosis rate for HESCs (c)
and HEGCs (d) in 6 patients. ∗𝑃 < 0.05; there was a significant difference, compared to the control.

the proliferation and apoptosis of LNG, respectively, and
determinewhichmechanismwas related toGJIC changes, we
performed SL/DT assays using the gap junction permeable
fluorescent dye LY. We found that 5 × 10−5mol/L LNG
significantly enhanced the GJIC in the HESCs (Figure 4(a))
compared to the control. The opposite control of the TPA
treatment demonstrated that TPA could significantly inhibit
GJIC in the HESCs (Figure 4(a)). There was no significant
change in the GJIC in the HESCs after 5 × 10−5mol/L E

2

treatments (Figures 4(a) and 4(c)). The response of GJIC to
these drug treatmentswas similar in theHEGCs (Figures 4(b)
and 4(d)).

3.4. LNG Enhances the Total Expression of Cx43 but Not the
Level of p-S368Cx43. Usingwestern blotting, we investigated

the effects of LNG on the protein expression and phospho-
rylation status of Cx43. Total Cx43 (Figure 5(a)), including
nonphosphorylated Cx43 (P0) and phosphorylated Cx43 (P1
and P2), was more strongly expressed after treatment with
5 × 10−5mol/L LNG for 24, 48, and 72 hours in HESCs
(Figure 5(c)), with an increased expression over time, while
after the LNG treatment for 96 hours, these increased expres-
sions subsided. Furthermore, to test which phosphorylation
site was associated with increased levels of P1 and P2,
we measured the expression of S368 phosphorylated Cx43
after the treatment with LNG. However, we found that no
significant expressive change of p-S368 Cx43 was present
(Figures 5(b) and 5(d)).

3.5. LNG Promotes the Plasma Expression of Total Cx43
and the Nuclear Translocation of p-S255 Cx43. We also
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Figure 4: GJIC changes in endometrial cells, measured by scrape loading (SL)/dye transfer (DT). HESCs and HEGCs cells were treated in
the absence (control) or presence of 5 × 10−5mol/L LNG or 5 × 10−5mol/L E

2
for 48 hs or in 10 ng/mL TPA for 2 hs. (a) Lucifer Yellow CH-

recipient HESCs, observed by LSCM; (b) Lucifer Yellow CH-recipient HEGCs, observed by a reversed fluorescent microscope; ((c), (d)) The
histogram representing the mean ± S.D. of the area of dye transfer for HESCs (c) or HEGCs (d) of 6 patients; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01; there
was a significant difference.

detected the expression and location of total Cx43 and S255
phosphorylated Cx43 in HESCs using LSCM. Total Cx43 was
expressed in both the nuclear compartment and cytoplasm
(Figure 6(a)). Moreover, the LSCM confirmed the stronger
expression of total Cx43 in the cytoplasm after treatment with
5 × 10−5mol/L LNG for 48 hours (Figure 6(b)). Interestingly,
before the LNG treatment, S255 phosphorylated Cx43 was
present in the cytoplasm and in some parts of the nuclear
compartment, but for the LNG treatment, the p-S255 Cx43
protein was found to be translocated to the nucleus (Figures
6(c) and 6(d)).

4. Discussion

In this study, we found that LNG inhibits the cell proliferation
and promotes apoptosis in normal human endometrial stro-
mal and glandular cells through the enhancement of GJIC’s
function in these cells, which may be mediated through

the overexpression of total Cx43 and the nuclear translo-
cation of S255 phosphorylated Cx43. This study is the first
report on the effect of LNG on the apoptosis of normal
human endometrial cells in vitro and on the function and
mechanisms of GJIC, of which the abstract was published in
a conference proceeding [18].

The inhibition of cell growth and the promotion of cell
apoptosis in response to 5 × 10−5mol/L LNG treatment in a
time-dependent manner (24, 48, and 72 hours) are consistent
with our previous study and other studies suggesting that
LNG could lead to the atrophy of the human glandular
endometrium in vivo and the histological regression of
endometrial hyperplasia and early stage endometrial carci-
noma during or at the end of LNG-IUS treatment. Car-
cinogenesis is a multistage process, and different pathways
can lead to cancer. The decreased expression of connexins
and alterations in GJIC correlate with tumorigenesis [19].
Connexins in the intracellular (cytoplasmic or nuclear) com-
partment may control tumor progression, modulating the
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Figure 5: LNG increases connexin 43 protein levels and does not affect the level of p-connexin 43 at the S368 site, as measured by western
blot analysis. HESCs were treated with either 5 × 10−5mol/L LNG or the negative control (0.5% DMSO) for 24 hs, 48 hs, 72 hs, and 96 hs; then
the protein lysis was measured by western blot (𝑛 = 11). ((a), (b)) Expression of total connexin 43 (Cx43) (a) and p-S368 Cx43 (b) treated
with 5 × 10−5mol/L LNG in a time-dependent manner; ((c), (d)) Comparison of the expression of total Cx43 (c) and p-S368 Cx43 (d) treated
with 5 × 10−5mol/L LNG; ∗𝑃 < 0.05; there was a significant difference.

expression of the genes responsible for cell growth regulation,
differentiation and apoptosis, and other functions of cancer-
ous cells. Several studies have suggested that gap junction
proteins in endometrial stromal cells play a regulatory role in
maintaining normal levels ofGJIC in glandular cells [20].Our
study also indicated that LNG could enhance the GJIC func-
tion, which is more pronounced in HESCs thanHEGCs, sug-
gesting that in addition to connecting the stromal cells, Cx43
is also involved in the inhibition of glandular cells’ growth and
differentiation. In addition, it has been reported that Cx43
expression is associated with an overexpressed connective
tissue growth factor/nephroblastoma (CYR61/CTFG/NOV)
family of growth regulators (CNN) [21], such as cyr61, which
is an immediate, early gene that encodes a cysteine-rich,
heparin-binding protein and a proangiogenic factor that
mediates diverse roles in development, cell proliferation,
and tumorigenesis. Moreover, Cx43 is originally found syn-
thesized in its nonphosphorylated form and then inserted
into the plasma membrane, where it is converted to its
phosphorylated forms [22]. A lack of Cx43 expression and
the aberrant localization of Cx43 have been associated with a
lack of GJIC between tumor cells [23]. Our study found that
LNG enhanced the GJIC function via the elevated expression
of nonphosphorylated Cx43 (P0). Further investigations of
LSCM demonstrated that the expression of Cx43 located in
both cytoplasmic and nuclear compartments of the human
endometrial stromal cells occurred in a punctuated pattern,

which corresponds with the study conducted by McCulloch
et al. [24]. After LNG treatment, the level of Cx43 inserted
into the plasma membrane increased.

It has been reported that Cx43 can be phosphorylated on
at least 14 of the 21 serines and two of the tyrosines in the
cytoplasmic tail region (amino acids 245–382). Ser368 is one
of the major phosphorylation sites in the carboxyl-terminus
of Cx43 by protein kinase C (PKC) [25]. Sáez et al. [26]
found that the protein kinase inhibitor, staurosporine, had an
inhibitory effect on cell coupling and Cx43 phosphorylation,
which is reversed by acute treatment with TPA. Following the
study of Richards et al. [27], which showed that the increased
amount of Cx43 in S368 phosphorylation reached maximum
levels in the skin 24 hours after the wounding and returned
to the baseline level by 72 hours, we further measured the
effect of LNG on pSer368-Cx43 in a time-dependent manner.
In contrast to the effect of TPA, in our study, the expression
of pSer368-Cx43 did not change significantly upon LNG
treatment, even over a prolonged period of time.On the other
hand, Cx43 is reported to be phosphorylated in granulosa
cells through a MAPK-dependent mechanism on serines
255, 262, and 279/282 [28] in response to the luteinizing
hormone (LH), causing a decrease in the gap junction per-
meability between the granulosa cells and contributing to the
resumption of meiosis in the oocyte [29]. Phosphorylation at
these sites is transient and is no longer phosphorylated by
5 hours after the LH treatment [28]. On the basis of these
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Figure 6: LNG promotes the increased level of total Cx43 in the plasma and the nuclear translocation of p-Cx43 at the S255 site, as measured
by LSCM.HESCs were treated with 5× 10−5mol/L LNG or with the negative control (0.5%DMSO) for 48 hs to detect total Cx43 protein levels
or for 5 hs to detect the expression and localization of the p255 Cx43 protein by using LSCM (𝑛 = 5). ((a), (b)) Expression and localization
of total Cx43, treated with 5 × 10−5mol/L LNG or DMSO (control) for 48 hs with PI staining. ((c), (d)) Expression and localization of pS255
Cx43, treated with 5 × 10−5mol/L LNG or DMSO (control) for 5 hs.

characteristics of pS255 Cx43 over time, we detected the
serines 255 phosphorylation of Cx43 upon LNG treatment
using LCSM. In our study, more cells expressed the Ser255
phosphorylated Cx43 and the translocation of pS255 Cx43
from the plasma to the nuclear compartment in human
endometrial stromal cells. The increased phosphorylation
of Cx43 mediated by two serine/threonine protein kinase
families, protein kinase C (PKC) [25] and MAPK [28], was
reported to be causally linked with the disruption of GJIC.
Although raloxifene could also work on cellular enhanced
attachment and migration, it plays a role by interfering the
recruitment of the Ga13/RhoA/ROCK/moesin cascade [30]
and as a selective estrogen receptor modulator. Therefore,
LNG may have a completely different molecular mecha-
nism from raloxifene, working as a potent progesterone
on the progesterone receptor. Based on this theory, our
observations led to the demonstration that LNG increases
the gap junction permeability in endometrial stromal cells

via the translocation of Ser255 phosphorylated Cx43 from
the plasma to nuclear compartment, consistent with the
increased, nonphosphorylated Cx43 levels in the plasma.

5. Conclusions

In conclusion, LNG could inhibit the cell proliferation of and
promotes apoptosis in human endometrial stromal and glan-
dular cells though increasing the gap junction permeability
in vitro study. The complete connection among the stromal
cells is important in the normal growth of endometrial
cells. The stronger GJIC function may be achieved by the
upregulation of Cx43 expression and the translocation of
serine 255 phosphorylated Cx43 from the plasma to the
nuclear compartment. The data suggest a novel mecha-
nism by which LNG can influence endometrial cell biology,
which provides a theory basis for the use of LNG-IUS in
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the conservative treatment of endometrial cancer of early
stage as an optional fertility sparing approach [30].
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Limited resolution of transvaginal ultrasound (TVUS) scanning is a significant barrier to early detection of ovarian cancer (OVCA).
Contrast agents have been suggested to improve the resolution of TVUS scanning. Emerging evidence suggests that expression of
interleukin 16 (IL-16) by the tumor epithelium and microvessels increases in association with OVCA development and offers a
potential target for early OVCA detection. The goal of this study was to examine the feasibility of IL-16-targeted contrast agents in
enhancing the intensity of ultrasound imaging from ovarian tumors in hens, a model of spontaneous OVCA. Contrast agents were
developed by conjugating biotinylated anti-IL-16 antibodies with streptavidin coated microbubbles. Enhancement of ultrasound
signal intensity was determined before and after injection of contrast agents. Following scanning, ovarian tissues were processed
for the detection of IL-16 expressing cells and microvessels. Compared with precontrast, contrast imaging enhanced ultrasound
signal intensity significantly in OVCA hens at early (𝑃 < 0.05) and late stages (𝑃 < 0.001). Higher intensities of ultrasound signals
in OVCA hens were associated with increased frequencies of IL-16 expressing cells and microvessels. These results suggest that
IL-16-targeted contrast agents improve the visualization of ovarian tumors. The laying hen may be a suitable model to test new
imaging agents and develop targeted anti-OVCA therapeutics.

1. Introduction

The global yearly rate of death of women due to ovarian can-
cer (OVCA) is approximately 140,200 women and that of the
USA is approximately 15,000 [1, 2] making OVCA one of the
lethal gynecological malignancies. Because of the lack of an
effective early detection test, OVCA in most cases is detected
at late stages. Development of resistance to currently available
chemotherapeutics and frequent recurrences when detected

at late stages decrease 5-year survival rate ofOVCApatients to
<20%. In contrast, OVCA can be cured in>90% cases when it
is detected at early stage. Therefore, early detection of OVCA
is crucial and an effective early detection test is urgently
needed. Serum levels of CA-125 alone or in combination
with traditional transvaginal ultrasound (TVUS) imaging
are the currently available test for the detection of OVCA
[3]. However, neither the CA-125 nor the TVUS can detect
OVCA at early stage specifically as serum CA-125 level is
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elevated in patients with several benign gynecological as
well as nongynecological abnormalities. On the other hand,
although TVUS is the currently available preferred method
for noninvasive imaging of ovarian abnormalities, unfortu-
nately, with its limited resolution, traditional TVUS cannot
detect OVCA at early stage [4]. In addition, a combination of
serumCA-125 levels together with traditional TVUS imaging
also failed to detect early OVCA as no imaging target in the
ovary corresponding to the elevated serum CA-125 levels is
established [4]. Thus a fresh approach is needed.

Extensive studies have been performed on the establish-
ment of serum biomarkers for the detection of OVCA at
early stage and a plethora of serum based marker(s) have
been suggested. However, due to their lack of specificity and
sensitivity, none of these markers was successful in detecting
OVCA at early stage indicating that serum marker(s) alone
may not be able to detect OVCA at early stage. Thus, an
imaging target related to the malignant transformation of
the ovary needs to be established and the current detection
limit of traditional TVUS needs to be enhanced to detect
early OVCA-related changes in the ovary. Moreover, to
facilitate early detection of OVCA specifically, this imaging
target(s) should also be associated with a surrogate maker(s)
to be detectable in the serum. Contrast agents have been
developed to enhance the visualization of tumors by several
imagingmodalities including TVUS scanning [5–9]. Imaging
agents targeting 𝛼v𝛽3-integrins and vascular endothelial
growth factor receptor 2 (VEGFR-2) have been developed
for contrast enhanced ultrasound imaging [10, 11]. However,
very few reports are available on the ability of these targeted
contrast agents in detecting OVCA at early stage. Moreover,
absence of a corresponding serum surrogate marker reduces
the specificity and sensitivity of these imaging agents. Thus
additional imaging target(s) associated withmalignant trans-
formation needs to be established and imaging agents need
to be developed to detect these new imaging targets for early
detection of OVCA with high specificity.

Inflammation has been suggested as a risk factor for
malignant transformation [12]. Unresolved inflammation
leads to hypoxic conditions accompanied by changes in
inflammatory cytokines including interleukin 16 (IL-16) [12,
13]. Ovulation is an inflammatory process which exposes
ovarian surface (at the site of ovulatory rupture) and
fimbrial epithelium (the site of reception of the ovulated
ovum) to inflammatory factors including IL-16 secreted by
immune cells. Exposure of the ovary and tubal epithelium
to inflammatory agents due to frequent ovulation leads
to the development of oxidative stress and longstanding
unresolved oxidative stress has been suggested to cause
malignant transformation. On the other hand, expression
of IL-16 by the tumor epithelium and its serum levels has
been reported to increase in association with ovarian tumor
development [14, 15]. Moreover, IL-16 has also been reported
as a proangiogenic factor [16] and may also be expressed
by the endothelium of tumor-associated microvessels. Thus
IL-16 represents a potential marker of early OVCA and
IL-16 expressing tissues in the ovary can be detected by
ultrasound imaging provided an IL-16-targeted ultrasound
imaging agent can be developed.

Identification and access to patients with early stage
OVCA are the significant barriers to develop and test the
efficacy of contrast enhancing imaging agents in detecting
spontaneous OVCA at early stage. Most of the available
contrast agents were developed using rodents and thus are
difficult to translate in human OVCA [11, 17–19], because
rodents do not develop OVCA spontaneously and induced
ovarian carcinomas in rodents are histopathologically not
similar to those of spontaneous OVCA in humans [20].
Recently, laying hens have been shown to develop OVCA
spontaneouslywith high incidence rates. SpontaneousOVCA
in hens are remarkably similar to human OVCA with regard
to tumor histopathology and expression of several molecular
markers [14, 20–26]. Furthermore, methods for the imaging
of hen ovaries and ovarian tumors by TVUS scanning
have been adapted [27–29]. Moreover, similar to humans,
expression of IL-16 by ovarian tumors has been reported
to be increased in association with tumor development and
progression in hens [14, 15]. Thus the laying hen represents
a highly innovative model to test the feasibility of IL-16-
targeted imaging agents for the detection of spontaneous
OVCA at an early stage by noninvasive TVUS imaging.
Therefore, the goal of this study was to examine whether
IL-16-targeted contrast agents enhance the intensity of tra-
ditional TVUS imaging and improve the early detection of
spontaneous ovarian tumors in laying hens, a preclinical
model of OVCA.

2. Materials and Methods

2.1. Animals. A flock of 3-4-year-old commercial strains
of White Leghorn laying hens (Gallus domesticus) were
maintained under standard poultry care and management
and provided with feed and water ad libitum. Egg laying rates
of the hens were recorded on a daily basis. Egg laying rates
in a hen are used as a relative indicator of ovulation rates in
hens. The normal rate of egg laying by a commercial laying
hen is more than 250 eggs per year and less than 50% of the
normal laying rate is considered a low egg laying rate [27]. 150
hens with normal, low, or irregular egg laying rates and those
that stopped laying with no large preovulatory follicle, with
or without solid mass in the ovary and abdominal distention
(a sign of possible ovarian tumor-associated ascites), were
selected for IL-16-targeted contrast enhanced imaging agents.
The incidence of ovarian cancer in laying hens of this age
group was reported to be approximately 10% to 20% and is
associated with low laying rates or complete cessation of egg
laying [20, 21, 27]. All procedures were performed accord-
ing to the Institutional Animal Care and Use Committee
approved protocol.

2.2. IL-16-Targeted Contrast Enhanced Ultrasound Imaging
Agents. IL-16-targeted imaging agents were prepared by
conjugating anti-chicken IL-16 antibodies with Targestar
containing microbubbles (Targeson, Inc., San Diego, CA).
Targestar SA is a targetable ultrasound contrast agent coated
with streptavidin. Biotinylated antibodies can be easily con-
jugated to the microsphere surface, enabling target-specific
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retention for molecular imaging. The agent remains acous-
tically active up to 15 minutes. Agents are administered as
an intravenous bolus injection. Microbubbles preparation,
ligand conjugation, characterization of labeledmicrobubbles,
and their binding specificity of tumor tissues were similar to
those reported earlier [10].

2.3. Ultrasound Imaging

2.3.1. Precontrast Traditional Transvaginal Ultrasound
(TVUS) Imaging. All hens were scanned using an instru-
ment equipped with a 1 to 7.5MHz transvaginal transducer
(MicroMaxx, SonoSite, Inc., Bothell, WA) as reported
previously with little modification [27, 29]. Hens were immo-
bilized and gently restrained by an assistant. Transmission gel
was applied to the surface of the transducer; the transducer
was covered by a cover and to ensure uninterrupted
conductance of the sound waves, gel was reapplied to the
covered probe. The transducer was inserted approximately
at a 30∘ angle to the body, 3 to 5 cm into the vagina, and 2-
dimensional (2D) gray scale and pulsed Doppler sonography
were performed. Young egg laying hens (as the ovaries of
these hens contain more developing follicles compared to
old hens) were used as standard controls for mechanical
adjustment to reveal and characterize the fully functional
normal ovaries of hens.The area of a tumor to be imaged was
determined according to 3 conditions as reported previously
[27, 29]: (a) the whole tumor, if possible, should be seen
on the image; (b) the sectional plane should contain the
solid part (wall, septa, and papillae) of the tumor; and (c)
the most vascularized area was selected. For normal ovaries,
ovaries without any detectable tumor, and atrophic ovaries,
the region surrounding the ovary was scanned and the
transducer was swept through the entire area for complete
scanning of the ovary. Gray scale morphologic evaluation
of the ovarian mass was performed with attention to the
number of preovulatory follicles, the presence of abnormal-
looking follicles, septations, papillary projections or solid
areas, and echogenicity. After morphologic evaluation, color
Doppler mode was activated for identification of vascular
color signals. Once a vessel was identified on color Doppler
imaging, pulsed Doppler was activated to obtain a flow
velocity waveform.

2.3.2. Injection of IL-16-Targeted Contrast Agents and Contrast
Enhanced Ultrasound Imaging. Contrast imaging was per-
formed following precontrast scanning. A preliminary exper-
iment was conducted with IL-16-targeted or isotype control
microbubbles using 10 animals containing fully functional
ovaries to adjust the mechanical setup and determine the
optimum dosage of microbubbles.The dose of 10 𝜇L/kg body
weight was found optimal for better resolution in the prelim-
inary experiment. Microbubbles containing contrast agents
were prepared before injection. Briefly, the vial containing
the microbubble suspension was inverted and gently rotated
to resuspend the microspheres completely. The suspension
was transferred from the vial by an injection syringe with
a 19-gauge needle to a angiocatheter (small-vein infusion
set, female luer, 12-in. tubing, 25-gauge needle; Kawasumi

Laboratories, Tampa, FL) containing 100𝜇L of 0.9% sodium
chloride previously inserted into the left wing vein (brachial
vein) of the hen and followed by the reloading of 100 𝜇L of
a 0.9% sodium chloride solution. The loading of the sodium
chloride solution before and after injection of microbubbles
helped maintain the vascular patency and airtight condition,
in addition to flushing the bubbles from the hen’s circulation.

The area imaged during precontrast scanning was imaged
again after contrast microbubble injection. Following injec-
tion of contrast agents and before postcontrast imaging, time
was allowed for microbubbles to bind with their targets and
retention of bounded microbubbles in the tumor as well as
wash-out of unbound microbubbles. The timing of contrast
imaging was determined through an initial experiment using
different time points including 2, 5, 7, and 10min. Imaging
after 7min of contrast agent injection was found optimum
with minimum background signals. Then a destructive pulse
was delivered and images were taken again. The difference
in the intensity of ultrasound imaging between the images
at 7min after injection and images after the delivery of
destructive pulse confirms that the signal acquired after
contrast agent injection was from microbubbles-bounded
target tissue. For an individual hen, the same imaging plane
and same size of ROIwere used formeasuring the precontrast
and postcontrast intensity of ultrasound imaging. All images
(screenshots) were archived digitally in a still format as well as
real-time clips on single-sided recordable digital video disks
(DVD+R format;Maxell Corporation of America, Fair Lawn,
NJ) readable on a personal computer.

2.3.3. Evaluation of the Effects of IL-16-Targeted Contrast
Agents. The effect of contrast agents was evaluated visually
during the examination and the enhancement of tumor
detection by contrast imaging was assessed afterward
from reviewing the archived video clips. After reviewing the
complete clip the image containing the stroma of normal hens
or containing the tumor was selected and used as region of
interest (ROI) formeasuring the precontrast and postcontrast
intensity of ultrasound imaging. In normal hens, areas
containing large developing follicles were avoided during the
selection of images containing the ROIs. The intensity of the
pixels in the selected area was measured using a computer-
assisted software program (MicroSuite version 5, Olympus
Corporation, Tokyo, Japan) and expressed as arbitrary values.
The intensity of the ROI (sum of the arbitrary values from the
pixels within the region of interest) was measured from the
precontrast and contrast image and expressed as the mean ±
SD in 40,000-pixel area.The net contrast enhancement (CE =
Ct − Cpt) was determined and the CE ratio (CER) was calcu-
lated using the following equation: CER = [(Ct − Cpt)/Cpt] ×
100%, where Cpt = values from ROI of precontrast image
and Ct = values from ROI of contrast image. As mentioned
above, Ct is the difference between the intensity of ultrasound
imaging from images taken at 7min after injection of contrast
agents and after the delivery of a destructive pulse.

2.4. Ovarian Gross Morphologic Evaluation. All hens were
euthanized after contrast imaging and examined for the
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presence of a solid mass in the ovary as well as in any
other organs, ascitic fluid, preovulatory follicles, and atrophy
of the ovary, as reported previously [21]. Gross observation
was compared with the sonographic evaluations and pho-
tographed. A normally functional ovary had viable preovu-
latory follicles (more detailed information on hen ovarian
physiology has been published elsewhere [21, 27]), whereas
no large follicles or visible lesions were found in normal
hens that stopped egg laying. Tumor staging was performed
according to the grossmetastatic status as reported previously
[21]. Briefly, early OVCA was characterized by detectable
formation of solid tumor limited to the ovary. Late stages
of OVCA were characterized by tumor metastasis to distant
organs with moderate to extensive ascites.

2.5. Histologic Evaluation and Immunohistochemical Detec-
tion of Ovarian IL-16 Expressing Cells and Microvessels.
Representative portions of a solid ovarian mass or the whole
ovary (in cases of atrophic or grossly normal-appearing
ovaries) were divided into several blocks, processed for
paraffin or frozen sections, and stained with hematoxylin-
eosin. Microscopic tumor (if present) in any part of the
ovary was detected by routine histologic examination with
hematoxylin-eosin staining, and tumor types were deter-
mined by light microscopy, as reported previously [21].

After histopathologic examination, paraffin sections
(5 𝜇mthick) of normal andmalignant ovaries of all stages and
types were processed for routine immunohistochemistry to
assess the frequency of IL-16 expressing cells andmicrovessels
using rabbit anti-chicken IL-16 polyclonal antibodies as
reported earlier [14, 15]. The frequencies of IL-16 expressing
cells and microvessels were determined from the stroma
of the ovarian tumors or ovarian stroma of normal hens
(excluding the follicular areas), as reported earlier [28, 30]
using a light microscope attached to digital imaging stere-
ological software (MicroSuite version 5; Olympus Corpora-
tion) with little modification. Briefly, immunostained slides
were examined at low-power magnification (×10 objective
and ×10 ocular) to identify the areas with maximum IL-16
expressing cells or microvessels. Vessels with thick, regular,
and complete muscular walls as well as vessels with large
lumina were excluded from the count, as reported previously
[28]. In each section, the 5 highly immunostained areas
for IL-16 expressing cells or microvessels were chosen and
immunopositive cells or microvessels (with leaky, incom-
plete, and thin vessel wall) were counted. The number of
immunopositive cells or microvessels in a 20,000 𝜇m2 area
was counted at ×40 objective and ×10 ocular magnification.
The averages of these sections were expressed as the number
of immunopositive cells or microvessels in a 20,000 𝜇m2 area
of a normal ovary or ovary with tumor. Tumor histology and
immunohistochemical observations were compared to the
sonographic predictions.

2.6. Statistical Analysis. Descriptive statistics for imaging
parameters were determined, and statistical analysis was
performed in SPSS version 15 (SPSS Inc., Chicago, IL). The
differences in the net intensities of ultrasound imaging and

the frequencies of IL-16 expressing cells and microvessels
among normal hens or hens with early and late stage
OVCA were analyzed by the two-sample 𝑡 test. The asso-
ciation between the intensity of ultrasound imaging and
the frequency of IL-16 expressing cells or microvessels was
examined by Pearson coefficient of correlations.𝑃 < 0.05was
considered significant. All reported 𝑃 values are 2 sided.

3. Results

3.1. Evaluation of Noninvasive Contrast Enhanced Ultrasound
Imaging. In normal hens with functional ovaries, multiple
preovulatory follicles and small growing stromal follicleswere
observed on precontrast and contrast imaging. Compared
to precontrast ovaries, visualization of solid ovarian masses
with or without projected septa and papillary structures
or both were enhanced remarkably in the ovaries of 23
hens. Of these 23 hens, 16 had solid masses in the ovary
together with profuse ascites and were predicted to have
late stage OVCA (Figures 1(a)–1(d)). In the remaining 7
hens, solid masses were limited to a part of the ovary with
no or little ascites, and they were provisionally categorized
as early stage OVCA (Figures 2(a) and 2(b)). Compared
with precontrast scanning, IL-16-targeted contrast enhanced
imaging improved the visualization of ovarian tumor masses
in these 23 hens on gray scale (Figures 1 and 2). All of
these hens were categorized as “hens with suspected ovarian
cancer.”

All hens were euthanized following IL-16-targeted con-
trast imaging and sonographic predictions and stages of
the tumor were confirmed by gross examination of hens
at necropsy (Figures 1(e) and 2(d)). Ovarian morphology
including ovarian follicles and their sizes, oviducts, presence
of solid mass in the ovary, levels of tumor metastasis, OVCA
stages, and accompanying ascites were recorded and tissues
were processed as mentioned above. Tumor types were deter-
mined by routine hematoxylin and eosin staining (H&E) of
paraffin sections (Figure 1(f)). Staging of ovarian tumors was
performed as reported previously [21]. As observed during
targeted imaging, late stage OVCA (𝑛 = 16 hens including 7
serous, 6 endometrioid, and 3mucinous) was associated with
moderate to profuse ascites and metastasized to peritoneal
and abdominal organs. Tumors in early stage OVCA (𝑛 = 7
including 4 serous, 2 endometrioid, and 1 mucinous) were
limited to the ovary with no or little ascites.

Overall, mean signal intensity (mean ± SD) of IL-16-
targeted imaging in normal healthy hens with low egg laying
rates was 27.7 × 105 ± 3.3 × 105 which was 1.06-fold higher
than the precontrast signal intensities (Figure 3). However
the difference was not statistically significant. On the other
hand, compared with precontrast (39.9 × 105 ± 10.8 × 105)
imaging, the mean signal intensity increased significantly
(𝑃 < 0.05) to 61.9 × 105 ± 21.2 × 105 in postcontrast imaging
in hens with tumor masses limited to the ovary (early stage).
Thus, IL-16-targeted contrast enhanced imaging increased
ultrasound signal intensity to 1.55-fold in hens with early
stage OVCA (Figure 3). Similarly, in hens with late stage
OVCA, the mean signal intensity (mean ± SD) increased
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Figure 1: Enhancement of signal intensity of ultrasound imaging of hen ovarian tumors by IL-16-targeted contrast agents. (a) Case 1:
precontrast gray scale ultrasonogram of a hen ovary showing solid mass (dotted lines) with septa and accompanied ascites (AS). (b)
Postcontrast gray scale ovarian sonogramof the same hen showing enhanced visualization of the solid tumormass. (c) Case 2: precontrast gray
scale sonogram depicting a suspected ovarian mass (dotted lines) in another hen. (d) Gray scale sonogram of the same ovary (shown in (c)),
depicting solid tumor mass with enhanced signal intensity after the injection of targeted imaging agents. (e) Gross presentation confirmed
the imaging prediction of an ovarian tumor (shown in (c)-(d), appeared as cauliflower-shaped, yellow circled). (f) Histological examination
showed a serous malignant tumor with cells containing large pleomorphic nuclei surrounded by a sheath of fibromuscular tissues. H&E
staining.

significantly (𝑃 < 0.001) from 50.88 × 105 ± 10.37 × 105 in
precontrast imaging to 67.89× 105± 10.86× 105 in postcontrast
imaging (Figure 3). Pre- as well as postcontrast ultrasound
signal intensities did not differ significantly among different
histological subtypes of ovarian tumors.

3.2. Immunohistochemical Detection of IL-16 Expressing Cells
and Microvessels. IL-16 expressing cells were detected in the
stroma of normal or tumor-bearing ovaries and in the tumor

vicinity including spaces between tumor glands (Figure 4, top
panel). A number of epithelial cells (not all) in normal or
tumor glands were also positive for IL-16 (Figure 4, top panel
(B) and (C)). Very few IL-16 expressing cells were seen in
the ovarian stroma and the follicular theca layer of normal
healthy hens with low egg laying rates (Figure 4, top panel
(A)). Compared with normal hens many IL-16 expressing
cells were localized in hens with OVCA (Figure 4, top panel
(B)-(C)). The frequency of stromal IL-16 expressing cells was
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Figure 2: Detection of spontaneous ovarian tumors at early stage in hens by IL-16-targeted contrast enhanced ultrasound imaging. (a)
Precontrast ovarian sonogram showing low intensity of ultrasound imaging. Presence of tumor-related solidmass in the ovary is inconclusive.
(b)-(c) Corresponding contrast enhanced sonogramwith enhanced visualization of ultrasound imaging at 5min and 7min after the injection
of contrast agents, respectively, suggesting the presence of a small solid mass (yellow dotted lines) in the ovary. (d) Gross morphology shows
the presence of a tissue mass (yellow dotted line) limited to a part of the ovary accompanied with a little ascites.
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Figure 3: Changes in the signal intensity of ultrasound imaging by IL-16-targeted contrast agent in the ovary of laying hens with or without
ovarian cancer (OVCA). Compared with precontrast imaging, IL-16-targeted contrast agents enhanced the intensities of ultrasound imaging
significantly in hens with early stage OVCA as well as in late stage OVCA. However, significant differences were not observed between the
pre- and postcontrast imaging in healthy hens. Different letters denote significant differences in the intensities of ultrasound imaging between
the pre- and postcontrast imaging within the same group including hens with normal ovaries and with early and late stages of OVCA.
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Figure 4: Immunohistochemical localization of IL-16 expressing cells in the ovaries of hens predicted to be normal or cancerous by IL-
16-targeted contrast enhanced ultrasound imaging. Top Panel. (A) Section of a normal hen ovary showing few IL-16 expressing cells in the
ovarian stroma (S) and the follicular (F) theca (T). (B)-(C) Sections of tumor ovaries at early (B) and late (C) stages of OVCA. Compared with
normal ovary, many IL-16 expressing cells are seen in OVCA hens. S = stroma; arrows indicate the examples of IL-16 expressing cells. Bottom
Panel. Compared with normal hens, the frequency of IL-16 expressing cells increased significantly (𝑃 < 0.001) with tumor development and
progression to late stages. Bars with different letters indicate significant differences in the frequencies of IL-16 expressing cells among hens
with normal, early stage, and late stage OVCA.

significantly (𝑃 < 0.0001) higher in hens with early stage
OVCA (mean ± SD = 21.85 ± 5.42 in 20,000 𝜇m2 of tumor
tissue) than in normal hens (9.56 ± 4.87 in 20,000𝜇m2 of
ovarian stromal tissue) and increased further in henswith late
stage of OVCA (28.56 ± 5.08 in 20,000 𝜇m2 of tumor tissue)
(Figure 4, bottom panel).

IL-16 expressing microvessels were detected in both
normal ovaries and ovaries with tumor (Figure 5, top panel
(A)–(C)). In normal ovaries, very few IL-16 expressing
microvessels were seen in ovarian stroma (Figure 5, top panel
(A)). Compared with normal ovary, many IL-16 expressing
microvessels were localized in the stroma of ovaries with
tumor (Figure 5, top panel (B)-(C)). The frequencies of IL-
16 expressing microvessels were significantly (𝑃 < 0.0001)
greater in henswith early stageOVCA (mean± SD= 7.0± 1.29
in 20,000𝜇m2 of tumor tissue) than in normal hens (1.71 ±
0.49 in 20,000𝜇m2 of ovarian stromal tissue) and increased
further (𝑃 < 0.0001) in hens with late stage of OVCA

(10.33± 2.38 in 20,000𝜇m2 of tumor tissue) (Figure 5, bottom
panel). Differences in the frequencies of IL-6 expressing
microvessels were not observed among different histological
subtypes of malignant ovarian tumors in hens.

Increases in signal intensities due to IL-16-targeted con-
trast imaging were positively correlated with the frequencies
of IL-16 expressing microvessels in ovarian tumors at early
stage (𝑟 = 0.46) and late stage (𝑟 = 0.70). These results
support the predictions of IL-16-targeted contrast imaging
that enhanced signal intensity due to the contrast imaging in
hens with tumors was due to the increased IL-16 expressing
cells and microvessels in the ovaries with tumors.

4. Discussion

This study examined, for the first time, suitability of IL-16-
targeted contrast agent, a newly developed ultrasound imag-
ing agent, in improving the in vivo visualization of ovarian
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Figure 5: Expression of IL-16 by microvessels in the ovaries of hens with or without ovarian tumors scanned by targeted ultrasound imaging.
Top Panel. (A) Section of a normal ovary showing few IL-16 expressing microvessels in the stroma (S). (B) and (C) Sections of malignant
ovaries at early (B) and late (C) stages of OVCA. Compared with normal hens (A), more IL-16 expressing microvessels are seen in OVCA
hens. S = stroma; arrows indicate examples of IL-16 expressing microvessels. Bottom Panel. Compared with normal hens, the frequency of
IL-16 expressing microvessels was significantly (𝑃 < 0.001) high in OVCA hens at early and late stages. Bars with different letters indicate
significant differences in the frequencies of IL-16 expressing microvessels among hens with normal, early stage, and late stage OVCA.

tumors in laying hens, a preclinical model of spontaneous
OVCA. The results of this study demonstrated that IL-16-
targeted contrast imaging agents bound with their targets
expressed by ovarian tumors at early and late stages in hens
and enhanced the intensities of ultrasound imaging signals
from these tumors.

Increased expression of IL-16, a proinflammatory
cytokine, has been reported to be associated with the
development and progression of several malignancies
including OVCA [14, 15, 31]. In addition to stromal cells
of the tumor, tumor epithelium has also been reported to
express IL-16 [14, 15]. Thus IL-16 expressing cells in ovarian
tumors represent a potential target for ultrasound imaging
for noninvasive detection of OVCA at early stage provided a
targeted imaging agent is developed. In this study, compared
with precontrast, IL-16-targeted contrast enhanced imaging
increased the ultrasound signal intensity remarkably from

hens with ovarian tumors at both early and late stages. These
results suggest that IL-16-targeted contrast agents boundwith
their targets in the tumor tissues. In addition, as reported
earlier for humans and hens [14, 15], this study also showed
significant increase in the frequency of IL-16 expressing cells
in hens with early and late OVCA compared to normal hens.
Thus, higher signal intensities in hens with early and late
stage OVCA than in normal hens may be, in part, due to
the increased frequency of targets (IL-16 expressing cells) in
OVCA hens which bound with their ligands (IL-16-targeted
imaging agents).

IL-16 is a proangiogenic factor suggested to stimulate
tumor-associated angiogenesis [16]. Furthermore, the fre-
quency of IL-16 expressing cells was reported to be positively
correlated with the frequencies of smooth muscle actin
(SMA) expressing microvessels [14] during OVCA devel-
opment and progression in hens. In this study, endothelial
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cells of microvessels expressed IL-16. Furthermore, this study
also showed that the density of IL-16 expressing microvessels
increased significantly with the development of OVCA and
increased further as the tumor progressed to late stages.
The frequencies of tumor-associated microvessels expressing
𝛼v𝛽3-integrins and VEGFR-2 have also been suggested to
increase contrast enhanced ultrasound signal intensities [32,
33]. Thus, in addition to malignant cells, increase in the
frequency of IL-16 expressing microvessel might also be a
reason for the increased signal intensities during contrast
enhanced imaging in hens with OVCA.

The results observed in the current study have, from
translational point of view, some exceptional aspects. First,
most of the contrast agents so far developed including two
most extensively studied agents 𝛼v𝛽3-integrins and VEGFR-
2 have limited success as expression of these targets was
mainly limited to the blood vessels. Moreover, no corre-
sponding serum markers of these imaging targets specific
to OVCA have been established making their application
difficult for early detection of OVCA. In contrast, in addition
to the expression of IL-16 by the tumor epithelium and
the microvessels, IL-16 is also secreted into the circulation.
Serum levels of IL-16 have been reported to be increased
significantly in association with OVCA development and
progression [14, 15]. Thus, serum IL-16 levels offer a potential
marker to be used in conjunctionwith IL-16-targeted contrast
enhanced ultrasound imaging for the detection of OVCA
at early stage. Second, most of the previous studies used
rodent models with induced tumors. On the other hand,
this study used laying hens, the only widely available and
easily accessible spontaneous model of OVCA. Rodents do
not develop OVCA spontaneously and the histopathology of
inducedOVCA is not similar to those of spontaneousOVCA.
Moreover, anatomical differences in the location of induced
rodent models (subcutaneous tumor) compared with deeper
tissue like the ovary may also affect the transduction of
ultrasound signals as well as the behavior of contrast agents.
Thus information on the binding ability and detection of
spontaneous OVCA by contrast agents (as seen for IL-16) is
essential.Third, chickens are easy to access to test and develop
targeted imaging agents as well as anti-OVCA drugs for the
detection and treatment of spontaneous OVCA. Moreover,
because of the lower cost of hens, this model is also suitable
for toxicological studies of newly developed imaging agent
or therapeutic in a cost-effective way. Presently, studies with
hens are ongoing in which animals are being monitored
prospectively with IL-16-targeted contrast agents together
with serum IL-16 levels to detect spontaneous ovarian tumor
development at relatively earlier stages. This study has also
some limitations.We did not use animals with benign ovarian
tumors. Small sample size specially the number of hens with
ovarian tumors may also be a limitation of this study.

5. Conclusion

Overall, the results of the present study suggest that the IL-
16-targeted contrast agents bind with their targets expressed
by the spontaneous ovarian tumors in hens and enhance
the visualization of tumors at early and late stages. This

study also suggests that laying hens offer a new avenue for
testing and development of new contrast agents and targeted
antiangiogenic therapeutics.
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