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Expression pattern of human SERPINE?2
in a variety of human tumors
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Abstract. Serine proteinase inhibitor, clade E member 2
(SERPINE?2), also known as protease nexin-1 (PN-1), is a
member of the serpin family. Despite several reported roles
of SERPINE?2 in tumor development the histological distribu-
tion of SERPINE2 and its expression levels in a large variety
of tumors remains unclear. Through expressed sequence tag
database analysis, immunohistochemical staining of tissue
microarrays and a literature review, it was revealed that
SERPINE? expression varied according to growth stages and
tissue types. SERPINE? is differentially expressed in a number
of tumors and their normal tissue counterparts. SERPINE2 is
identified most abundantly in adenocarcinomas. SERPINE2
serves diverse roles in a variety of tumors and therefore may
serve as a promising biomarker for tumor diagnosis and
prognosis.

Introduction

SERPINE2,a43-kDa protein first found as a neurite-promoting
factor in the culture medium of glial cells (1), was subse-
quently proven as a member of the SERPIN family that has
serine protease inhibitory activity (2,3). It also belongs to the
nexin protease family according to its amino acid sequence,
therefore also commonly called protease nexin-1 (PN-1) (4).
SERPINE2 mainly presents in the extracellular matrix (ECM)
and is secreted by many cell types, including endothelial cells,
fibroblasts, macrophages, platelets, smooth muscle cells, chon-
drocytes, astrocytes and tumor cells (5-9). SERPINE2 binds to
its specific target protein to form covalent complexes, which are
endocytosed and degraded by cells (10). Through this suicide
pathway, SERPINE2 can regulate ECM by inhibiting and
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removing proteases in the local milieu that degrade the ECM
by hydrolyzation. As a serine protease inhibitor, SERPINE2 is
known to effectively inhibit thrombin, urokinase plasminogen
activator (uPA), tissue plasminogen activator (tPA), plasmin,
trypsin, XI factor, and prostasin, which is involved in the regu-
lation of blood coagulation and fibrinolysis system (3,11,12).
Increasing evidence has shown that a balance between the
extra-cellular serine proteases and their cognate SERPINs
plays a key role in cancer progression, thus selected SERPINs
might be promising biomarkers for tumor diagnosis or
prognosis (13). The potential values of SERPINE?2 in the
prognosis of several cancers and its co-expression with
target proteases in the tumor microenvironment announce
its role in tumor progression. SERPINE? is overexpressed in
many cancers including breast cancer (6), pancreatic cancer,
gastric cancer, colorectal cancer (14-16), thyroid cancer (17),
oral carcinoma (18) and osteosarcoma (19), and contributes
to tumor invasion and metastasis. It has been identified that
up-regulation of SERPINE? is related to oncogenic activation
of RAS, BRAF and MEK, which leads to the pro-neoplastic
actions of extracellular signal-regulated kinase (ERK)
signaling in intestinal epithelial cells (15). SERPINE2 could
also promote drug resistance in osteosarcoma (19) and lymph
node metastasis in testicular germ cell tumors (20). Fayard has
described a novel pathway where SERPINE2, by binding to
lipoprotein receptor-related protein (LRP)-1, stimulates ERK
signaling and matrix metalloproteinase (MMP)-9 expressions
and promotes the metastatic spread of mammary tumors (6).
In contrast, we previously found that SERPINE2 presents
in both normal and benign prostate hypertrophy tissues while
its level reduced in prostate carcinoma with a higher Gleason
score (21). The SERPINE2-mediated inhibition of uPA serves
to prevent prostate cell invasion and metastasis, whereas
MMPO upregulates uPA and facilitates tumor cell invasion
through cleavage of SERPINE2 (22). We further showed
that SERPINE2 inhibits Hedgehog signaling by reducing the
hedgehog ligand Sonic (SHH), which could downregulate
downstream molecules, including cyclin D (CCND) 1 and
glioma-associated oncogene family zinc finger 1 (GLI1), and
as a result inhibits tumor cell proliferation and reduces the
expression of B-cell CLL/lymphoma 2 (BCL2) to promote
apoptosis (23). SERPINE?2 was identified to exert pro-apoptosis
activity in prostate carcinoma by down-regulating X-linked
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inhibitor of apoptosis protein (XIAP) through blocking the
NF-«B signal pathway and changing the stability of XIAP
through inhibition of its phosphorylation (8), indicating a
protective role of SERPINE2 in tumor progression.

In brain tumors, SERPINE2 plays a more complex role.
Pagliara showed that SERPINE?2 affects glioma cell migration
and invasiveness through the regulation of uPA and MMP-9/2
expression levels, contributing to the degradation of the ECM
during tumor invasion (24). However, another study showed
that SERPINE2 promoted pre-neoplastic lesion progression
to the medulloblastoma owing to aberrant Hedgehog pathway
activity independent of the SHH ligand (25).

The biological function of SERPINE2 in different types
of tumor appears diverse. In this study, we attempted to
determine the expression profiles of SERPINE?2 through the
EST database, immunohistochemical staining of human tissue
microarrays that contains 24 common tumors and normal
tissues. The present study sought to systemically review the
expression patterns of SERPINE2 in a variety of human normal
and tumor tissues, therefore guide us to focus on studying the
functional mechanism of SERPINE?2 in specific tumors.

Materials and methods

SERPINE? transcript data. The SERPINE2 transcript data
(UniGene 136630-Hs.38449) were obtained from the EST
profile in the NIH UniGene database (http://www.ncbi.nlm
.nih.gov/UniGene/ESTProfileViewer), represented by 1231
ESTs from 282 complementary DNA (cDNA) libraries and
corresponding to 4 reference sequences (different isoforms),
on January lIst, 2017. The cDNA libraries used for generating
the ESTs are themselves derived from a multitude of different
organs/tissues/cell types and developmental stages. EST
and cDNA sequences provide direct evidence for all of the
sampled transcripts, and they are currently the most important
resources for transcriptome exploration (26). Data processing
was performed using the GraphPad Prism 5 software.

Tissue microarray. Paraformaldehyde-fixed
paraffin-embedded human multiple organ tissue microarray
slides were purchased from US Biomax Inc. (catalog nos.
FDA80O8c-1 and FDA808c-2; Rockville, MD, USA). The
FDA808c-1 slide contained 72 samples of 57 normal tissues
and 15 cancer adjacent tissues; the FDA808c-2 slide contained
13 normal tissues, 5 cancer adjacent tissues and 54 malignant
tumor tissues at different pathological stages.

Reagents and antibodies. Rabbit anti-human SERPINE2
monoclonal antibody (Ab) was purchased from Protein
Tech Group (Wuhan, China). The EnVision™ detection kit,
including ChemMate™ EnVision+/HRP, rabbit/mouse and
DAB, was purchased from Goodbio Technology (Wuhan,
China).

Immunohistochemistry. Immunohistochemical staining was
carried outtodetect SERPINE2 in situ using an anti-SERPINE2
rabbit anti-human monoclonal antibody according to the
manufacturer's protocol. Briefly, the slides were incubated at
60°C for 2 h, followed by three 10-minute cycles of deparaf-
finization in environmental protection dewaxing liquid and
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then hydration in a graded ethanol series. The slides were
pretreated to promote antigen retrieval in a microwave oven
for 15 min in sodium citrate, pH 6.0. Endogenous peroxidase
in the sections was blocked with hydrogen peroxide (0.03%).
Bovine serum albumin was added to minimize the background.
A 1:50 dilution of the SERPINE2 antibody was applied to the
sections, which were then incubated overnight at 4°C. Next,
the sections were incubated with horseradish peroxidase
(HRP)-conjugated anti-mouse/rabbit IgG Ab secondary anti-
body. For visualization, diaminobenzidine (DAB) was used
as a chromogen substrate. Both slides were counterstained
with hematoxylin. Negative controls were similarly processed
by omitting the primary antibody. Tissue microarrays were
imaged at 200x and 400x magnification.

Results

The transcriptional level of SERPINE? differs among human
tissues and organs and changes in the stages of human
body growth and development. The EST profile in the NIH
UniGene database shows that SERPINE? is widely expressed
in human tissues and organs. We found SERPINE? transcripts
in 77.78% (35 of 45) of the tested tissues and organs (Fig. 1A).
The expression of SERPINE?2 varied among different tissues.
It was abundant in vascular connective tissue, placenta, skin,
and bone tissues, compared to bone marrow, esophagus, ear,
embryonic tissue, testis, thyroid, kidney and bladder tissues.
No transcript was found in umbilical cord, trachea, tonsil,
salivary gland, pituitary gland, pharynx, parathyroid, lymph,
ascites and adipose tissues. Beside its variation among
different tissues, SERPINE?2 expression changed at different
stages of development.

It is readily detectable in normal tissues and non-neoplastic
tissues, as well as in tumor tissues according to the EST
database. Retinoblastoma was the only tumor among the
24 types of tumors without SERPINE? transcript, indicating
that 95.83% (23 of 24) of the tumor tissues tested expressed
SERPINE?2 (Fig. 1B). The expression of SERPINE? differs
among different tumors and is significantly higher in skin
tumors, chondrosarcoma and germ cell tumors than the other
tumor types.

In addition, SERPINE? is expressed throughout all the
stages of human growth, including the embryonic body,
blastocyst, fetus, neonate, infant, juvenile and adult stages.
As human body grows and develops, SERPINE?2 expression
begins to climb at the fetus stage, reaches a peak at the neonate
and remains steady after entering juvenile period (Fig. 1C).

SERPINE? is preferentially expressed in gland-rich organs
and adenocarcinomas. To investigate the expression profile
of SERPINE2, we conducted immunohistochemistry on
two sets of tissue microarrays (cat. nos. FDA808c-1 and
FDAS808c-2, from US Biomax Inc.) which contained various
normal tissues and tumor tissues. In consistency with the
EST profile, we found that the expression of SERPINE2 was
detectable in most of the tissues, especially enriched in glan-
dular organs, such as uterine endometrium, prostate, ovary,
colon and digestive organs. The cognate adenocarcinomas
abundantly expressed SERPINE2 (Fig. 2A). Skin tumors
(basal adenocarcinoma and malignant melanoma of the
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Figure 1. Human SERPINE2 expression patterns in transcription level. Human SERPINE? transcripts obtained from EST profile in the NIH UniGene database
(UniGene 136630-Hs.38449), represented by 1231 ESTs from 282 cDNA libraries, corresponding to 4 reference sequences (different isoforms). (A) SERPINE?2
is widely expressed in different tissues and organs as indicated. (B) SERPINE? is differentially expressed in a variety of tumor tissues as indicated. (C) Human
SERPINE? expression in different developmental stage. SERPINE2, serine proteinase inhibitor, clade E member 2.

skin) as well as liver tumors (hepatocellular carcinoma and
hepatoblastoma) exhibited even higher levels of SERPINE2
(Fig. 2B). Notably, the histological expression of SERPINE2
in the skin basically matches its EST level. SERPINE2 was
plentiful in the pituitary glands, salivary glands and tonsils
(data not shown), in keeping with our previous observation
in other gland-rich organs, however not consistent with the
EST profile, suggesting post-transcriptional elements may
take part in the regulation in these organs. Taken together,
SERPINE?2 is preferentially expressed in gland-rich organs,
especially adenocarcinomas.

SERPINE?2 expression differs in most tumors and their
counterparts of normal tissues. To understand the differ-
ential expression of SERPINE?2 in various types of tumors,
we compared SERPINE2 expression between tumor and
their corresponding normal tissues. For instance, in testis
seminoma and lymph nodes with diffuse B cell lymphoma,
SERPINE2 expression was remarkably lower than that of their
corresponding normal tissues (Fig. 3A). Likewise, SERPINE2
expression was lower in colon adenocarcinoma (Fig. 2A) than
that in its normal counterpart. However, breast invasive ductal
carcinoma and thyroid papillary carcinoma have significantly

higher expression SERPINE2 than their normal counterparts
(Fig. 3A). SERPINE2 expression was slightly lower in the
benign tumors, such as islet cell tumors and pheochromocy-
tomas of the adrenal gland, in comparison of the corresponding
normal tissues (Fig. 3B).

Interestingly, SERPINE?2 expressions were more profound
in adenocarcinomas of lung and uterine cervix than either
normal tissue or the squamous cell carcinomas originated
from the same organ (Fig. 3C). The same scenario is also
found in skin and uterus adenocarcinoma (data not shown).
In summary, SERPINE2 appears highly expressed in the
adenocarcinomatous tumor, but with lower levels in squamous
cell carcinoma of the same tissue origin, further supporting its
preference for glandular tissues.

The role of SERPINE2 was originally highlighted in
the brain. Here, we observed high SERPINE2 abundance in
the normal cerebrum, normal cerebellum, cerebrum oligo-
dendroglioma and glioblastoma and extremely low levels in
atypical meningioma and malignant ependymoma (Fig. 4),
all of which are epithelial derived. There are low to medium
levels of SERPINE2 expression in mesenchymal tumors such
as embryonal rhabdomyosarcoma, osteosarcoma and intestine
stromal sarcoma (data not shown).
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Figure 2. In a number of organs, SERPINE2 protein levels are high in both tumor tissues and their normal counterparts. SERPINE?2 protein is stained in
brown by immunohistochemistry. (A) SERPINE2 protein expressions were abundant in normal and adenocarcinoma tissues of uterine endometrium, prostate,
ovary and colon, which are gland-rich organs. (B) SERPINE2 protein was enriched in normal skin,basal adenocarcinoma and malignant melanoma of skin, as
well as in normal liver, hepatocellular carcinoma and hepatoblastoma. Magnification, x200 (main image) and x400 (box at bottom right). SERPINE?2, serine

proteinase inhibitor, clade E member 2.

The molecular mechanisms how SERPINE?2 regulates
oncogenesis. Lastly, we provide a diagram to summarize the
established molecular mechanism how SERPINE2 regulates
oncogenesis (Fig. 5). SERPINE?2 inhibits Hedgehog signaling
by down-regulating SHH and its down-stream targets including
PTCHI, GLI1 and CCNDI, thus inhibiting proliferation of
prostate cancer cells and conferring protective activity (21).
Previously, we found that SERPINE2 has anti-angiogenesis
activity in human prostate cancer. Recently, SERPINE2 was
found involved in angiogenesis through mediation of midkine
and SMADS pathways in the retina (27,28).

Moreover, SERPINE2 promotes the apoptosis of pros-
tate cancer cells by reducing the transcriptional level of
XIAP through NF-kB signaling activator p65 and blunting
XIAP activity through Akt signaling. The dual regulation
of XIAP can be facilitated through inhibition of uPA (8).
In glioma, SERPINE2 knock-down leads to an increase in
uPA that indirectly activates MMP9, and enhances glioma
cell migration and invasion via the Erk1/2 and p38 pathways
through the degradation of ECM components (24). However
SERPINE2 was identified to stimulate the Ras-ERK signaling
pathway through syndecan-1-mediated internalization in
mouse embryonic fibroblasts (29). SERPINE2 was demon-
strated to inhibit MM P9 transcriptional activity in SERPINE2
deficient mice (30). By contrast, SERPINE2 was reported to
activate MMP9 expression and promote cancer metastasis in

mammary tumors (6). Indeed, since the interaction between
SERPINE2 and MMP9 is complex, the resultant effects can
be discrepant. Furthermore, SERPINE2 was shown to be
involved in BRAF- and MEK-induced tumorigenesis in colon
epithelial cells and to promote pancreatic cancer invasion by
up-regulating ECM production (14,15).

Discussion

The abundant expression of SERPINE2 in the glandular
tissues is prominent in our tissue microarray studies
(Figs. 2A and 4A), suggesting its extracellular function may
associate with glandular secretion. Indeed, it has been reported
that SERPINE2 was highly expressed in the endometrium
during the secretory phase compared with the proliferative
phase, indicating that it may participate in tissue remodeling
during implantation in the placenta and uterus (31,32). A high
SERPINE?2 level was found in the inhibition of cumulus expan-
sion and oocyte maturation (33). Interestingly, chromogranin
A could promote secretory granule biogenesis in endocrine
cells through up-regulation of the expression of SERPINE?2 via
a cAMP-protein kinase A-Spl pathway to replenish released
granules (34). In consistency with our results, SERPINE2
was found significantly elevated in estrogen receptor (ER)
A-negative and in high-grade breast cancer (6,35). ER can
dimerize and bind to specific DNA sequences and estrogen
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Figure 3. SERPINE?2 is expressed differentially in some tumors and their corresponding normal tissues. (A) In malignant tumors, SERPINE2 protein level can
be lower (e.g. in testis and lymph node as indicated), or higher (e.g. in breast and thyroid as indicated) than corresponding normal tissues. (B) In benign tumors,
SERPINE?2 protein level is lower than corresponding normal tissues (e.g. in pancreas and adrenal gland as indicated). (C) SERPINE2 protein level is higher in
adenocarcinoma than in their normal counterparts and squamous cell carcinoma of lung and uterine cervix. Magnification, x200 (main image) and x400 (box

at bottom right). SERPINE?2, serine proteinase inhibitor, clade E member 2.

response elements to stimulate estrogen-target gene tran-
scription. It remains unknown whether the regulation of
SERPINE?2 transcription in breast cancer is ER dependent.
Because the involvement of hormones in the progression
of many tumors such as estrogen-dependent mammary
tumors has been well established, the interaction between
hormones and SERPINE2 in tumors may be worthy of further
investigation.

Our data show that adenocarcinomatous tissues of the lung
and uterine cervix highly express SERPINE2, in contrast to a
very scanty expression in squamous cell tumor originated from
the same organ (Fig. 3C). In the meanwhile, a low SERPINE2
expression level was found in most mesenchymal tumors (data
not show). These findings suggest that SERPINE2 may asso-
ciate with tumor development of a certain histological subtype.
Due to such heterogeneity, the role of SERPINE?2 in different
subtypes of tumor remains controversial. The protective role

of SERPINE?2 in tumors was reported in prostate carcinoma
and glioma (8,23,24). These studies provide substantial
insights into the favorable function of SERPINE2 against
tumors by inhibition of tumor growth through the hedgehog
pathway and promotion of apoptosis through inhibiting XIAP
via the NF-kB pathway and Akt pathway. SERPINE2 can
also prevent invasion and metastasis by uPA degradation and
lead to reduced activation of the MAPK pathway through
down-regulating MMPO. It is also suggested that SERPINE2
may function as an anti-angiogenesis factor by regulating
midkine and SMADS (28).

On the other hand, Buchholz et al (14), reported that
SERPINE2 expression was trivial or absent in all normal
pancreas and tissue samples of chronic pancreatitis but
abundant in most of the pancreatic carcinoma as well as
gastric and colorectal cancer. SERPINE2 overexpression
enhances the invasive potential of pancreatic cancer cells
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Figure 4. SERPINE2 protein levels in digestive and brain tissues. (A) SERPINE2 protein level is lower in pancreatic adenocarcinoma, signet-ring cell carci-
noma of stomach, intestine adenocarcinoma than corresponding normal tissues. (B) SERPINE2 protein is enriched in normal cerebrum, normal cerebellum,
cerebrum oligodendroglioma and glioblastoma, and hardly detected in atypical meningioma and malignant ependymoma. Magnification, x200 (main image)
and x400 (box at bottom right). SERPINE?2, serine proteinase inhibitor, clade E member 2.
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Figure 5. Summary diagram shows how serine proteinase inhibitor, clade E
member 2 functions in tumors.

in nude mouse xenografts by altering ECM production
and organization within the tumors, thus contributing to
the aggressive phenotype of pancreatic cancer (36) and
the progression of colorectal cancer by down-regulation of

prostasin activity (37). In osteosarcoma, SERPINE?2 expres-
sion is higher in tissue from patients with metastasis and
a tumor-node-metastasis stage II-III, and increases after
chemotherapy. In vitro experiments show that SERPINE2 can
stimulate cell proliferation and promote drug-resistance in
osteosarcoma (19). Thus SERPINE2 appears pro-neoplastic
in such scenarios (15). Ultimately, tissue specificity, indi-
vidual genetic differences, and different expression levels
may all contribute to the complicated effects of SERPINE2
in various types of tumors. Therefore, it may be understand-
able that SERPINE2 can be protective or detrimental in the
process of tumor development.
Asaglia-derivednexin,SERPINE2isinvolvedinregulating
astrocyte proliferation, neurite outgrowth, neuron migration
and localization, contributing to the development of brain,
and the regeneration and reconstruction of neurons (38-41).
Our studies of EST profile showed that SERPINE2 expression
begins to climb at early as the fetus stage, reaches a peak at
the neonate and plateaus after the juvenile stage (Fig. 1C),
suggesting its roles in human growth and development. The
increased expression of SERPINE?2 in the neonate stage with
the remarkable development of nervous systems annouces
its potential role in nervous system development. Indeed,
SERPINE2 may contribute to the development of the brain by
modulating the proliferation and differentiation of cerebellar
granular neuron precursors via the major mitogen SHH, as
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well as via granule neuron migration and positioning (41).
SERPINE2 may exert protective activity in the pathalogical
progression of intracranial hemorrhage (42), cerebral isch-
emia (40), and Alzheimer's disease (43). Again, the role of
SERPINE?2 in tumor progression in the brain seems to be a
paradox. The downregulation of SERPINE2 may activate the
Erk1/2 and P38 signaling pathways and lead to an increased
invasion and metastasis of glioma cells, in which SERPINE2
seems to play a pro-tumor role (24). In another study, however,
SERPINE2 may mediate an anti-tumor activity as its defi-
ciency leads to the reduced proliferation of medulloblastoma
cells (25). Our tissue microarray shows that SERPINE?2 is
expressed differentially in different types of brain tumors:
abundant in oligodendroglioma and glioblastoma and
extremely low in atypical meningioma and malignant epen-
dymoma (Fig. 4).

Our study reveals that expression and function of
SERPINE2 may vary in different kinds of tumors. To date,
the research on anti-neoplastic mechanisms are more compre-
hensive than pro-neoplastic ones. The distinctive expression
pattern found in this study may help us to understand the func-
tion of SERPINE?2 in specific tumor types, therefore guide
the research of SERPINE2 as a potential tumor marker for
diagnosis and prognosis.
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