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Abstract

Accumulated evidence has shown that endocan, which was originally called endothelial cell-specific molecule-1, is an attrac-
tive prognostic factor in a variety of cancers. However, the relevance of endocan expression in human malignancies remains to
be clarified. In the present study, the expression of endocan in cervical squamous neoplasia of the uterus, including low- and
high-grade squamous intraepithelial lesions (LSIL and HSIL, respectively), as well as in invasive squamous cell carcinoma
was examined by immunohistochemistry. Endocan was not sufficiently expressed in the normal cervical epithelium. Endocan
expression was present in LSIL cases but was limited to basal and parabasal areas of the cells. HSIL cases exhibited strong
expression of endocan with widely distributed expression toward the epithelial surface. In contrast, further strong expression
of endocan was not observed in patients with invasive carcinoma. This study is the first study showing increased expression
of endocan in precancerous dysplastic lesions and malignancy of the cervix. The data suggest that a high expression level

of endocan potentially contributes to the development of cervical squamous neoplasia of the uterus.
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Introduction

Endocan, which was originally called endothelial cell-spe-
cific molecule-1 (encoded by the ESM1 gene), is a dermatan
sulphate proteoglycan that was first cloned from a cDNA
library of human umbilical vein endothelial cells [1]. In a
physiological state, endocan is mainly secreted by endothe-
lial cells in the lung and kidney [1, 2]. Recently, published
studies have shown that endocan is expressed in various
tissues, including the liver, gastrointestinal tract, and skin
[2]. This protein is also synthesized by activated vascu-
lar endothelial cells in tumors [3]. In addition, endocan is
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aberrantly expressed and has been shown to be associated
with a variety of diseases, including inflammation, vascular
disorders, and different types of cancer [4—7]. Accumulating
evidence has revealed that endocan promotes tumor forma-
tion and that deregulated expression of endocan is associ-
ated with aggressive tumor progression and poor prognosis
[6-8]. Several recent studies have demonstrated that endocan
expression is increased at the mRNA and/or protein levels in
different types of tumors, including non-small cell lung can-
cer, breast cancer, bladder cancer, renal cell cancer, gastric
and colorectal cancer, and ovarian cancer [6-9]. However,
the relevance of elevated expression of endocan in cervical
squamous neoplasia of the uterus remains to be clarified.
Retinoic acid (RA), an active metabolite of vitamin A, is
a critical signaling molecule involved in the differentiation,
proliferation, and apoptosis of a wide variety of cell types
[10-12]. Our previous studies demonstrated that the RA-
metabolizing enzyme CYP26A1 (cytochrome P450, family
26, subfamily A, polypeptide 1) promotes the survival and
oncogenic potential of breast carcinoma cells, indicating a
possible oncogenic function of CYP26A1 in breast carcino-
genesis [13—15]. Consistent with these findings, enhanced
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RA metabolism and elevated CYP26A1 expression levels
have been observed in various types of cancer [13, 16-20].
In a series of our published experiments, we performed
high-resolution oligonucleotide-based microarray analyses
on CYP26A1-overexpressing cancer cells [13]. Candidate
genes that drive the cells into an oncogenic state were iden-
tified in those studies. Of these, we focused on endocan as
a potential downstream target of CYP26A1 in the current
study.

In the present study, the possible association between
endocan expression and development of cervical squamous
neoplasia of the uterus was examined by immunohistochem-
istry. Endocan expression was examined in the non-neo-
plastic (normal) cervical epithelium, precancerous cervical
dysplastic lesions, including low- and high-grade squamous
intraepithelial lesions (LSIL and HSIL, respectively), and in
invasive squamous cell carcinoma (SCC).

Materials and methods
Patients and specimens

To examine the expression of endocan in cervical neoplasia
of the uterus, 90 cases of archived formalin-fixed, paraf-
fin-embedded tissue specimens prepared from surgically
resected materials or biopsy samples were studied (Sup-
plementary Table). Tissue specimens collected in Sapporo
Medical University Hospital (Sapporo, Japan) during sur-
gical resection or biopsy from 2018 to 2020 were used in
the present study. Two independent board-certified surgical
pathologists evaluated hematoxylin-eosin (H&E)-stained
slides of all specimens and examined endocan expression by
immunohistochemistry. Cervical neoplasia of the uterus was
classified according to histological types using the World
Health Organization guidelines [21].

The present study was approved by the Ethics Commit-
tee (approval no. 4-1-44) and Institutional Review Board
(study no. 312-230) of Sapporo Medical University (Sap-
poro, Japan). The Ethics Committee waived the requirement
to obtain written informed consent from the patients for the
use of human tissues owing to the retrospective nature of
the study. The research was performed in accordance with
the Declaration of Helsinki. The researchers involved in this
study had no access to information that could identify indi-
vidual participants during or after data collection.

Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue specimens were
cut at 5 um in thickness. Tissue sections were then depar-

affinized in xylene, rehydrated through a graded series of
ethanol and phosphate-buffered saline, and incubated in
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3% H,0, for 10 min to block endogenous peroxidase activ-
ity. After antigen retrieval by microwave heating (500 W,
95 °C for 15 min) in citrate buffer, the sections were incu-
bated overnight at 4 C with a primary monoclonal anti-
body against endocan (1:200, ab22491, abcam, Cambridge,
UK). The expression of CYP26A1 (1:50, clone F27 P6 Al,
sc-53618, Santa Cruz Biotechnology, Santa Cruz, CA, USA)
and expression of Ki-67 (1:100, clone SP6, ab16667, abcam)
were also evaluated. The sections were then incubated with
EnVision (Dako, Glostrup, Denmark) for 30 min at room
temperature, and color was developed using 3,3'-diamin-
obenzidine tetrachloride (Sigma, St. Louis, MO, USA) as
the chromogen. The slides were subsequently counterstained
with Meyer’s hematoxylin. Appropriate positive and nega-
tive controls were used in each experiment, and the results
were confirmed by independent duplicate assays.

Staining positivity for endocan in samples was quanti-
tatively analyzed with consideration of both the staining
intensity and the percentage of positive cells. A score was
assigned on the basis of the percentage of positively stained
tumor cells (proportion score) as follows: 10, staining in
100% of the cells; 9, staining in 99-90% of the cells; 8,
staining in 89-80% of the cells; 7, staining in 79-70% of
the cells; 6, staining in 69-60% of the cells; 5, staining in
59-50% of the cells; 4, staining in 49-40% of the cells; 3,
staining in 39-30% of the cells; 2, staining in 29-20% of the
cells; 1, staining in 19-10% of the cells, and 0, no or faint
staining in < 9% of the cells. Another score was determined
on the basis of the immunoreactivity intensity (intensity
score) as follows: 3+, strong; 2+, moderate; 1+, weak, and
0, negative. The immunoreactivity score of endocan was
obtained by multiplication of the proportion and intensity
scores.

Due to the heterogeneous staining pattern of endocan in
cervical tumors, especially in non-invasive neoplasia of the
uterine cervix, the epithelium was equally divided into three
layers: one-third of the basal epithelium, middle one-third of
the epithelium, and one-third of the surface epithelium. In
invasive malignancy, three representative areas from tumors
were arbitrary selected. The immunoreactivity score in each
given layer or area of interest was determined and the final
score was expressed as their average values.

Based on our previous study [13], positive staining of
CYP26A1 was graded as percentage of tumor cells stained:
3+ (strong), > 50% positive cells; 2+ (moderate), 25-49%
positive cells; 1+ (weak), 5-24% positive cells, and 0 (neg-
ative), no stained cells or < 5% positive cells. CYP26A1
expression was considered positive when the staining grade
was > 2+ and was considered negative when the staining
grade was < 1+. For evaluation of Ki-67, the cells of interest
were scored under a light microscope by counting the num-
ber of positive cells under low magnification (X 100) using
Patholoscope software (Ver. 1.40, Mitani, Tokyo, Japan).
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The ratio (%) of Ki-67-positive cells in total tumor cells in
the field of interest was expressed as Ki-67-labeling index.
Finally, Ki-67 expression was considered positive or nega-
tive by the median value of total cases.

The observers were blinded to the clinical data during the
evaluation. Consensus was reached by discussion of discord-
ant cases.

Statistical analysis

All data were obtained from independent duplicate analyses
and are presented as mean values. All data from each cate-
gory were analyzed using unpaired two-tailed Student’s 7 test
or Fisher’s exact test for two groups and the Kruskal-Wal-
lis test for three or more groups to determine significance.
Data analysis was carried out using EZR software (Ver. 1.27,
Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria) [22].
A P value of <0.05 was considered statistically significant.

Results

Expression of endocan in cervical neoplasia
of the uterus

Previous studies showed that endocan is highly expressed
in different types of cancer [6—8]. Thus, the expression of
endocan in neoplasia of the uterine cervix was examined by
immunohistochemistry (Fig. 1).

Endocan expression was negative or did not show strong
positivity in non-neoplastic (normal) cervical tissues
(Fig. 1A, B). Elevated expression of endocan was observed
in squamous intraepithelial lesions, also known as cervical
intraepithelial neoplasia (CIN). Endocan expression was pre-
sent in CIN1, which shows mild squamous dysplasia, but it
was restricted to the basal and parabasal areas of the cells
(Fig. 1C, D, E). Endocan was strongly expressed in CIN2
(Fig. 1F, G, H), which shows moderate squamous dyspla-
sia, and CIN3 (Fig. 11, J, K), which shows severe squamous
dysplasia and includes squamous cell carcinoma in situ,
particularly in dysplasia with atypical cells occupying more
than two-third of the epithelium thickness. In such cases,
endocan-positive signals were detected in proliferating dys-
plastic cells. Lesions with marked histological atypia and
dysplastic changes showed stronger cytoplasmic expression
of endocan and a wide distribution of positive signals toward
the epithelial surface.

Unexpectedly, endocan expression was not further
increased in cervical malignancies such as invasive SCC.
There were even some cases of invasive carcinoma that were
negative for nuclear expression of endocan (3/12 cases, 25%)

(Fig. 1L, M), while there was no case that was negative for
endocan expression in non-invasive dysplasia such as LSIL
and HSIL cases (Supplementary Table).

Quantification of endocan expression in cervical
neoplasia of the uterus

Quantitative analyses of endocan expression by evaluat-
ing both the intensity and proportion scores were also per-
formed. Positive signals of endocan were observed in cervi-
cal dysplasia, and the epithelium with dysplastic changes
showed more positive areas and signals (Fig. 2).

Cases of non-invasive cervical neoplasias are divided into
LSIL cases, which include CIN1, and HSIL cases, which
include CIN2 and CIN3 [21]. LSIL cases showed signifi-
cantly increased expression of endocan both in the nucleus
and cytoplasm (Fig. 2A). HSIL cases with a higher degree
of histological atypia were significantly highlighted by posi-
tive signals compared to LSIL cases (Fig. 2A, B). Although
various mixed patterns of nuclear and cytoplasmic staining
were observed in LSIL and HSIL cases, HSIL cases showed
a significantly higher cytoplasmic expression level of endo-
can and causally showed a higher cytoplasmic/nuclear ratio,
especially in CIN3 samples (Fig. 2B). Interestingly, inva-
sive carcinoma did not show a further increase of endocan
expression when compared to CIN3 cases and preferentially
lost nuclear expression of endocan (Fig. 2A).

Importantly, endocan expression in both the nucleus and
cytoplasm was positively associated with CYP26A1 expres-
sion status (Fig. 2C). In addition, cytoplasmic expression
of endocan was significantly associated with higher Ki-67
labeling of tumor cells (Fig. 2D). These observations are
consistent with the results of our previous studies showing
that CYP26A1 expression was elevated in precancerous
dysplastic lesions of the uterine cervix (Fig. 2E) and that
CYP26A1 expression was associated with an aggressive
nature of the tumor [13-15].

Discussion

In the present study, we found that endocan is highly
expressed in cervical squamous neoplasia of the uterus.
Interestingly, no further elevated expression of endocan
was observed in patients with invasive SCC. The findings
suggest that dysregulated expression of endocan potentially
contributes to cervical squamous neoplasia in an early phase
during cervical carcinogenesis.

Our immunohistochemical analysis showed an inter-
esting cellular localization pattern of endocan in cervical
neoplasia with varying nuclear and cytoplasmic expression.
The effects of nuclear endocan and cytoplasmic endocan
in cancer remain unknown, whereas the altered location
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Fig.1 Endocan expression in cervical squamous neoplasia of the
uterus. Representative images of hematoxylin—eosin (H&E) staining
(A, C, F, 1, and L) and immunohistochemistry of endocan (B, D, E,
G, H, J, K, and M). Endocan expression was evaluated in the non-
neoplastic (normal) squamous epithelium (A and B), in low-grade
squamous intraepithelial lesion (LSIL) cases, also known as cervical

of endocan is potentially associated with the regulation of
unidentified signaling pathways. While both nuclear endo-
can and cytoplasmic endocan might be involved in cervical
carcinogenesis, cytoplasmic endocan seems to exert more
distinct functions than nuclear endocan in patients with cer-
vical squamous neoplasia does. Based on the progressively
increasing expression of endocan in cervical squamous neo-
plasia and the strong cytoplasmic expression of endocan in
HSIL and SCC cases, we speculated that cytoplasmic locali-
zation of endocan strongly promotes the development and/
or progression of squamous neoplasia of the uterine cervix.

There are published studies showing that a high expres-
sion level of endocan exerts different functions during car-
cinogenesis in various tumors [2, 3, 6, 7]. For example,
endocan has been shown to be associated with a variety of
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intraepithelial neoplasia (CIN), such as CIN1 (mild squamous dys-
plasia; C, D, and E), in high-grade squamous intraepithelial lesion
(HSIL) cases, such as CIN2 (moderate squamous dysplasia; F, G, and
H) and CIN3 (severe squamous dysplasia; I, J, and K), and in inva-
sive squamous cell carcinoma (L and M)

molecules that are deeply involved in oncogenic signaling
in numerous types of cancer, including nuclear factor-kappa
B, extracellular signal-related kinase 1, glycogen synthase
kinase, and Aktl. In addition, it has been suggested that
endocan expression promotes cell survival, cell cycle pro-
gression, migration, invasion, and epithelial-mesenchymal
transition. In contrast, suppression of endocan expression
and activity significantly inhibited these effects. Since the
present study did not include in vitro data, further studies
using cultured cells are needed to clarify the functional
impacts of endocan on tumor cells.

It is well known that chronic infection with human papil-
loma virus (HPV), especially the high-risk variants HPV16
and 18, is the single most important etiologic factor in the
pathogenesis of cervical carcinoma and its precursors [21,
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Fig.2 Expression status of endocan in cervical squamous neopla-
sia of the uterus. A Quantitative analysis of nuclear and cytoplasmic
endocan expression in non-neoplastic (normal) epithelium, squamous
intraepithelial neoplasia, also known as cervical intraepithelial neo-
plasia (CIN), such as CIN1 (mild squamous dysplasia), CIN2 (moder-
ate squamous dysplasia), and CIN3 (severe squamous dysplasia), as
well as in invasive squamous cell carcinoma of the uterine cervix. B
Quantitative analysis of nuclear and cytoplasmic endocan expression
in low- and high-grade squamous intraepithelial lesions (LSIL and
HSIL, respectively) of the uterine cervix. Differential expression of

23]. Interaction between HPV-encoded oncoproteins and
p53 leads to rapid degradation of p53, which abrogates apop-
tosis and deregulates cell cycle progression. Consistent with
the fact that p53 mutation was reported to be a rare event in

endocan in cervical neoplasias. Expression of nuclear and cytoplas-
mic endocan with CYP26A1 (C) or Ki-67 (D)-positive and -negative
cervical neoplasia. The numbers within the bars represent the total
number of cases. E CYP26A1 expression in cervical squamous neo-
plasia of the uterus. Representative images of immunohistochemistry
of CYP26A1. The case in each category corresponds to the case that
is presented in Fig. 1. a P <0.05 vs normal epithelium; b P <0.05 vs
CIN1; ¢ P<0.05 vs CIN2; d P<0.05 vs nuclear endocan, e P<0.05
vs LSIL

cervical cancer [23], we found that p53 immunoreactivity
was absent in the majority of cases of cervical neoplasia. In
addition, we did not observe strong p16 immunoreactivity,
which is an appropriate surrogate marker of HPV infection,
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in particular sets of cervical neoplasia. Furthermore, a posi-
tive correlation between p16 and endocan expression was
absent. Therefore, it is likely that the lack of deregulated
signaling of p53 and p16 and endocan expression may have
independent effects on the development of cervical neo-
plasia. In support of this possibility, there are no published
data showing increased expression of endocan in other HPV-
associated malignancies such as head and neck SCC.

Although our results clearly demonstrated elevated
expression levels of endocan, the underlying molecular
mechanism in cervical neoplasia remains to be examined.
Because of the significance of transcriptional complexity in
the regulatory mechanism of endocan, dysregulated signal-
ing resulting from a multifactorial process involving various
genetic alterations in carcinogenesis of the uterine cervix
might offer a possible explanation for the molecular mecha-
nism. In addition, endocan expression may be regulated by
the activity of different types of nuclear transcription fac-
tors that have yet to be identified as endocan regulators. In
corollary, it is possible that the signaling pathway involving
endocan expression is modulated by the cellular RA bio-
availability due to a positive correlation between endocan
and CYP26A1 expression status in cervical tumors.

Our published data obtained by oligonucleotide-based
microarray analyses suggested that endocan is a potential
downstream target of CYP26A1 [13]. Consistently, the
present study clearly showed that cervical neoplasia, par-
ticularly endocan-expressing tumors, expressed elevated
levels of CYP26A1. The data indicate a possible positive
correlation between endocan and CYP26A1 expression.
Since CYP26A1 has been shown to exert oncogenic func-
tions, it is plausible for endocan expression to be potentially
involved in the development and/or progression of cervi-
cal neoplasia [13-20]. Nevertheless, it is difficult to con-
clude that CYP26A1 and RA status of the individual given
cells directly regulated the expression of endocan and that
endocan directly mediated the effect of CYP26A1. Bioin-
formatics data also revealed the absence of an RA respon-
sive element located upstream of the ESMI gene. Given
that we showed a positive correlation between endocan and
CYP26A1 expression status, the possibility that the endo-
can-mediated oncogenic effects are governed by a regula-
tory mechanism that is independent of CYP26A1 cannot
be excluded.

A limitation of the present study is that the oncologi-
cal impact of endocan expression on prognosis was not
included because of the non-invasive nature of cervical
squamous intraepithelial neoplasia. Indeed, we evalu-
ated 12 cases of invasive SCC, based on the results of our
preliminary experiments showing that invasive cervical
malignancy did not sufficiently express endocan in higher
frequency. Similarly, we could not include cases of other
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histological types of cervical tumor such as glandular
neoplasms and their precursors, i.e., adenocarcinoma and
adenocarcinoma in situ. However, the Kaplan—Meier plot-
ter demonstrated that cervical malignancy with elevated
expression levels of endocan is significantly associated
with poor overall survival (P < 0.001) [24]. The human
protein atlas provides similar results (P < 0.001; Human
Protein Atlas proteinatlas.org). Since our research sug-
gested that endocan is involved in cervical squamous neo-
plasia, further study on endocan expression in invasive
cervical neoplasms using a large set of invasive carcinoma
samples should be carried out to obtain an understanding
of the fundamental biological nature of endocan.

To our knowledge, this study is the first study show-
ing elevated expression of endocan in cervical tumors
and suggesting a potential role of endocan in the develop-
ment of cervical squamous neoplasia. Therefore, endocan
upregulation might be an unrecognized mechanism of the
development and/or progression of squamous neoplasia of
the uterine cervix.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00795-023-00353-0.
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