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Epithelial ovarian cancer, the most lethal neoplasm of the female genital tract, is usually diagnosed at an

advanced stage as obvious symptoms are absent at early stages. This disease is believed to originate from

malignant transformation of the ovarian surface epithelium or fallopian tube. Histologically, several subtypes

are being recognized, with serous histology accounting for the majority of cases. Serous tumors include serous

borderline tumors and serous carcinomas. A better understanding of the tumor biology and molecular

mechanisms involved in these tumors is needed, as both patient management and prognosis differ

substantially. Previous microarray analysis identified SerpinA5, a uPA inhibitor, as key regulator for indolent

borderline behavior. As carcinomas are characterized by loss of SerpinA5 mRNA expression, we hypothesized

that SerpinA5 protein expression is reduced or lost in carcinomas when compared with borderline tumors.

We performed SerpinA5 immunohistochemical staining on 32 serous borderline tumors, 187 primary serous

carcinomas and 62 serous omental metastases. Reduced or absent SerpinA5 protein staining was observed in

carcinomas when compared with borderline tumors (Po0.001). SerpinA5 protein expression was significantly

lowered in the omental metastases (Po0.001) when compared with the matching primary carcinoma.

Interestingly, SerpinA5 protein expression was reduced in advanced-stage borderline tumors, often

characterized by micropapillary growth and/or microinvasion, when compared with early-stage borderline

tumors (P¼ 0.015). In conclusion, SerpinA5 expression is significantly reduced in advanced-stage serous

borderline tumors and serous carcinomas when compared with the early-stage counterparts, and reduction of

expression is linked to more aggressive features of borderline tumors.
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Surface epithelial stromal tumors of the ovary are a
leading cause of death among women suffering from
cancer of the female genital tract. This disease is
usually diagnosed at an advanced stage, as obvious

symptoms are absent at early stages. Worldwide,
ovarian cancer was estimated at 225 000 cases and
140 000 deaths in 2008.1 Epithelial ovarian cancer is
believed to be caused by malignant transformation
of the ovarian surface epithelium.2 However, current
evidence suggests that high-grade serous carcinomas
might originate from the fallopian tube.3–5 Serous
borderline tumors belong to an intermediate group
of ovarian tumors, characterized by arborizing
papillae lined by stratified epithelial cells, varying
atypia and lack of destructive stromal invasion.
In all, 30% of serous borderline tumor patients
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present with tumor deposits, the so-called implants,
on peritoneal surfaces, omentum and in lymph
nodes. However, the 5-year survival remains
excellent (490%).2,6,7 In contrast, serous carcinomas
show obvious stromal invasion associated with an
average 5-year survival of 25%.6,8

Recently, the molecular mechanisms involved in
borderline tumor and carcinoma development are
being unraveled. BRAF and KRAS mutations are
frequently detected in serous borderline tumors.9,10

This was the first clue indicating that the RAS
signaling pathway is important in tumorigenesis
of serous borderline tumors. TP53 mutations are
present in up to 80% of serous carcinomas, whereas
they are almost absent in serous borderline
tumors.6,11 Microarray expression profiling studies
have confirmed that borderline tumors and carcino-
mas represent different disease entities.12–16 We
identified a putative tumor-suppressor gene Serpi-
nA5, also referred to as plasminogen activator
inhibitor-3 (PAI-3) or protein C inhibitor (PCI), as
being differentially expressed between serous
borderline tumors and carcinomas.16 SerpinA5 is
a member of the serine protease inhibitor super-
family17 that inactivates a variety of plasma pro-
teases, including urokinase-type plasminogen
activator (uPA), anticoagulant serine proteases,
blood coagulation factors and fibrinolytic enzy-
mes.18 The presence of SerpinA5 in serous border-
line tumors indicates that despite active RAS
signaling, activation of downstream genes involved
in extracellular matrix degradation is absent,
whereas loss of SerpinA5 mRNA expression in
serous carcinomas was associated with downstream
activation of matrix metalloproteinase 9 (MMP9),16

explaining the invasive potential of serous carcino-
mas because of degradation of the extracellular
matrix.

Additional lines of evidence indicate that Serpin-
A5 is associated with invasiveness. SerpinA5 ex-
pression is decreased in renal, prostate and ovarian
cancers.16,19,20 Overexpression of SerpinA5 results
in decreased invasion, metastatic potential and
angiogenesis in breast cancer,21 and elevated levels
of SerpinA5 protein was reported to be associated
with a better survival in primary breast carcino-
mas.22 The aim of this study was to investigate the
relation between SerpinA5 protein expression
and histopathological characteristics in serous
borderline tumors and carcinomas by immunohisto-
chemistry.

Materials and methods

Patients and Pathologic Review

Formalin-fixed paraffin-embedded tissue of 76 ser-
ous tumors was obtained from the archives of the
Departments of Pathology, Maastricht University
Medical Center (Maastricht, The Netherlands) and
Stichting PAMM (Eindhoven, The Netherlands),

collectively referred to as Maastricht series. Tissue
microarrays of 177 primary serous carcinomas and
88 omental metastases were obtained from the
Department of Gynecologic Oncology, University
Medical Center Groningen (Groningen, The Nether-
lands).23 Review of hematoxylin and eosin (H&E)
slides was performed for consensus diagnosis
by two experienced gynecologic pathologists (NLS,
KKVdV). Serous tumors were considered invasive
(¼ serous carcinoma) if destructive stromal invasion
was present. Serous carcinomas were divided into
low grade (grade 1) and high grade (grades 2 and 3).
Micropapillary growth pattern was characterized by
a filigree pattern of highly complex micropapillae
growing non-hierarchically. In serous borderline
tumors, microinvasion was defined as the presence
of single cells or nests of cells in the stroma.6 The
Maastricht series consisted of 32 serous borderline
tumors (3 with microinvasion, 7 with micropapil-
lary growth and 1 with both microinvasion and
micropapillary growth) and 44 serous carcinomas
(5 grade 1, 14 grade 2 and 25 grade 3 serous
carcinomas). None of the patients received che-
motherapy before surgery (see Table 1 for detailed
clinicopathological characteristics and Figure 1 for
the characteristics of the populations). Collection,
storage and use of tissue and patient data were
performed in agreement with the ‘Code for Proper
Secondary Use of Human Tissue in the Netherlands’
(http://www.fmwv.nl). This study was approved by
the medical ethical committee of the Maastricht
University Medical Center, The Netherlands.

Statistically significant differences between the
serous carcinomas derived from the Maastricht and
Groningen series were not identified for the baseline
characteristics tumor grade, FIGO (International
Federation of Gynecology and Obstetrics) stage,
unilateral versus bilateral tumors and age at diag-
nosis (data not shown). Therefore, these were
considered as one population.

At the end of this study, 36 patients (24 borderline
tumors and 12 carcinomas) of the Maastricht series
were alive. Patients who died within 5 years after
diagnosis, and of whom autopsy was not performed,
were considered ‘dead of disease’ if no other cause
of death was specified. In all, 27 patients (1 border-
line tumor and 26 carcinomas) died of disease, 3
(2 borderline tumors and 1 carcinoma) died of
unrelated causes and 10 (5 borderline tumors and
5 carcinomas) were lost to follow-up. From the 177
cases from Groningen, 71 patients were alive
(28 with evidence of disease and 43 without), 105
died (101 cancer related and 4 unrelated) and the
outcome of 1 patient was missing.

SerpinA5 Immunohistochemical Staining and
Slide Evaluation

Rabbit anti-human SerpinA5 polyclonal antibody
was obtained from Proteintech Group (Bioconnect,
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Huissen, The Netherlands). One representative
formalin-fixed paraffin-embedded tumor block was
selected for immunohistochemical staining. Tissue
sections were deparaffinized and incubated for
15min in 0.6% hydrogen peroxide–methanol to
block endogenous peroxidase. Antigen retrieval
was performed in Tris-EDTA buffer, pH 9.0 (Klini-
path, Duiven, The Netherlands) in a microwave
oven, followed by cooling in buffer for 30min.
Sections were blocked with 5% BSA for 30min.
Slides were incubated with primary antibody
(1:250) for 60min, followed by 30min of incubation
with poly-HRP-anti-mouse/rabbit/rat IgG (Immuno-
logic, Duiven, The Netherlands). Liquid DAB (Dako,
Carpinteria, CA, USA) was applied for 15min.
Slides were counterstained with hematoxylin and
mounted. As a negative control, primary antibody
was omitted. Evaluation of full and tissue micro-
array sections was performed by two observers
(ITGWB and KKVdV) without previous knowledge
of clinicopathological characteristics. Discrepant
scores were re-evaluated to reach consensus. Cyto-
plasmic staining of epithelial cells was considered
positive. For scoring tumor sections spotted on
TMAs, at least two out of four cores for each tumor
had to be available; otherwise, the sample was
scored as ‘not available’. If tumor cells were
not present in more than two cores, a sample was
scored as ‘not determined’. Slides lacking protein
expression were scored as negative. The percentage
of cells showing SerpinA5 protein expression
was graded o10% (range: zero to focal staining),

11–40% (up to 40% positive stained tumor cells) or
440%. Staining of blood vessels was used as an
internal positive control. If heterogeneity in staining
pattern within one tumor section was observed, the
average score of this section was determined. Mean
staining intensity of samples spotted on TMAs was
taken from 2 to 4 core biopsies.

Data Analysis

Differences between baseline characteristics, protein
expression in serous borderline tumors and carci-
nomas, primary tumors and omental metastases, and
carcinomas from the Maastricht and Groningen
series, were determined by Pearson’s w2 test and
t-test where appropriate (SPSS 15.0 software).
Cancer-specific survival was defined as the time
from diagnosis until cancer-related death or end of
follow-up. Kaplan–Meier curves and log-rank tests
were used to estimate the influence of SerpinA5
expression on cause-specific survival. Hazard ratios
and corresponding 95% confidence intervals were
assessed by Cox proportional hazard analyses
adjusted for age at diagnosis, tumor grade, FIGO
stage and tumor limited to one or both ovaries,
which are possible confounders known as prognos-
tic factors for ovarian cancer and possibly influen-
cing the crude hazard ratio. Analysis was also
performed after stratification for age. The propor-
tional hazard assumption was tested using the
Schoenfeld residuals and the log (-log) hazard plots.

Table 1 Patient characteristics

Characteristics Maastricht
series
(n¼76)

Groningen series,
primary serous

carcinoma (n¼ 143) a

Groningen series, matched
primary serous carcinoma

and omental metastasis (n¼62) a

n (%) n (%)

Serous borderline tumor 32 (42)
Serous carcinoma grade 1 5 (7) 20 (14) 3 (5)
Serous carcinoma grade 2 14 (18) 43 (30) 18 (29)
Serous carcinoma grade 3 25 (33) 80 (56) 41 (66)

Age at diagnosis
Years (range) Serous borderline tumor 49.9 (19–89)

Serous carcinoma grade 1 53.0 (26–75) 52.7 (21–78) 66.7 (60–78)
Serous carcinoma grade 2 56.8 (37–80) 59.9 (22–84) 60.1 (22–84)
Serous carcinoma grade 3 65.5 (43–79) 57.6 (36–84) 55.7 (36–81)

FIGO stageb

Serous borderline tumor Stage I 22 (71)
Stage II 1 (3)
Stage III 8 (26)

Serous carcinoma Stage I 6 (14) 10 (7) 0
Stage II 2 (5) 12 (9) 0
Stage III 33 (75) 98 (69) 51 (82)
Stage IV 3 (7) 22 (16) 11 (18)

a
In this table, only those patients in whom SerpinA5 immunohistochemical staining was successful are included.

b
FIGO stage was unavailable for one serous borderline tumor and one carcinoma.
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Survival analyses were done using STATA 15.0.
All P-values were two sided and Pr0.05 were
considered statistically significant.

Results

SerpinA5 protein expression was decreased in
serous carcinomas when compared with borderline
tumors (Po0.001; Table 2). This is in concordance
with previous results showing decreased mRNA
expression.16 Serous borderline tumors expressed
SerpinA5 protein in all cases, with the majority of
cases (22/32; 69%) showing 440% staining. This is
in contrast to serous carcinomas that showed o10%
expression (defined as no or focal protein expres-
sion) for most cases (28/44; 64%). Comparing
SerpinA5 protein expression between serous border-
line tumors and low-grade serous carcinomas,
as well as between serous borderline tumors and
high-grade serous carcinomas, showed a statistically
significant reduction (Po0.001) in both groups
of carcinomas. A representative SerpinA5 staining
is shown in Figure 2.

The Groningen series was used as a second,
independent patient series for validation of
data obtained from the Maastricht series. Successful
SerpinA5 staining results were obtained in 143/177
(81%) of serous carcinomas. A total of 34 carcino-
mas were excluded from analysis because less than
two tissue cores contained tumor cells (n¼ 10), or
more than two cores were non-evaluable because
of core loss during the staining process (n¼ 24).
SerpinA5 protein expression in serous carcinomas
(Table 2) was not statistically different (P¼ 0.340)
between the Maastricht and Groningen series:
Table 2 shows that 28/44 (64%) carcinomas of the
Maastricht series show o10% expression, which is
in concordance with the 81/143 (57%) carcinomas
of the Groningen series, thereby confirming loss or
decrease of SerpinA5 protein expression in serous
carcinomas.

No difference was seen in SerpinA5 protein
expression when stratifying the serous carcinomas
for FIGO stage, but when comparing the 25 low-
grade carcinomas with the 162 high-grade carcino-
mas, we detected a statistically significant higher
SerpinA5 protein expression in the low-grade

Figure 1 Flowchart of patient populations and SerpinA5 immunohistochemical analysis, representing the number of samples in which
SerpinA5 immunohistochemical staining was successful. Patients were excluded if o2 tissue cores contained tumor cells or 42 cores
were nonevaluable because of core loss during the staining process.
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carcinomas (P¼ 0.038). This difference in low-grade
and high-grade carcinomas was also detected when
the analysis was performed in advanced-stage (FIGO
stage III/IV) patients only (P¼ 0.002), whereas
SerpinA5 protein expression in early-stage (FIGO
stage I/II) patients is similar (P¼ 0.539). In serous
borderline tumors, a statistically significant de-
crease (P¼ 0.015) in SerpinA5 protein expression
was observed in advanced versus early stage. In
stage I serous borderline tumor patients, 18/22
(82%) cases showed 440% SerpinA5 expression.
Stage III serous borderline tumor patients showed
440% SerpinA5 protein expression in 2/8 (25%)
cases. The reduced SerpinA5 expression level in
low-grade serous carcinomas when compared with
serous borderline tumors remained statistically

different when stratified for early FIGO stage
(Po0.001), whereas no difference was detected
between advanced-stage serous borderline tumors
and advanced-stage low-grade serous carcinomas
(P¼ 0.845).

The primary serous carcinoma and matching
omental metastasis were available for 88 cases.
SerpinA5 staining was successful in 62/88 (71%)
of paired cases. Statistical analysis showed that
SerpinA5 protein expression was significantly
(Po0.001) higher in primary serous carcinomas
when compared with the corresponding metastases
(Table 2 and Figures 3a and b). Metastatic tissues
showed SerpinA5 protein levels of o10% in 45/62
(73%), whereas this was 35/62 (57%) in primary
serous carcinomas.

Table 2 SerpinA5 protein expression in serous borderline tumors and carcinomas

Staining score, n (%)

Hospital Tumor (n) o10% 11–40% 440%

Maastricht series Serous borderline tumor (32) 3 (9) 7 (22) 22 (69)
Type Typical (21) 1 (5) 4 (19) 16 (76)

Micropapillary and/or microinvasive (11) 2 (18) 3 (27) 6 (55)
FIGOa Early (23) 1 (4) 3 (13) 19 (83)

Advanced (8) 2 (25) 4 (50) 2 (25)

Serous carcinoma (44) 28 (64) 13 (30) 3 (7)
Grade Low-grade serous carcinoma (5) 2 (40) 2 (40) 1 (20)

High-grade serous carcinoma (39) 26 (67) 11 (28) 2 (5)
FIGO Early (8) 6 (75) 1 (13) 1 (13)

Advanced (36) 22 (61) 12 (33) 2 (6)

Groningen series Serous carcinoma (143) 81 (57) 40 (28) 22 (15)
Grade Low-grade serous carcinoma (20) 7 (35) 9 (45) 4 (20)

High-grade serous carcinoma (123) 74 (60) 31 (25) 18 (15)
FIGOa Early (22) 10 (46) 7 (32) 5 (23)

Advanced (120) 71 (59) 32 (27) 17 (14)

Paired (62) Serous carcinoma 35 (57) 21 (34) 6 (10)
Omental tissue 45 (73) 13 (21) 4 (7)

a
FIGO stage was unavailable for one serous borderline tumor with micropapillary growth and one serous carcinoma.

Figure 2 SerpinA5 protein expression in serous borderline tumor and carcinomas. Representative immunohistochemical staining of
440% SerpinA5 expression in serous borderline tumor (a), no expression (b) or focal (o10%) (c) SerpinA5 expression in serous
carcinoma. This panel also shows SerpinA5 expression in blood vessels, used as internal positive control.
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Kaplan–Meier analysis showed no statistically
significant difference in cancer-specific survival
in patients with low (o10%), moderate (11–40%)
or high (440%) SerpinA5 protein expression in
serous borderline tumors (log-rank; P¼ 0.649) or
carcinomas (P¼ 0.525; Maastricht and Groningen
series together). Multivariate Cox regression analysis
showed that SerpinA5 protein expression was not
associated with cause-specific survival, whereas age
at diagnosis, FIGO stage and tumor grade were
associated with decreased survival.

Discussion

This study supports other publications19,21 that a
decrease in SerpinA5 protein expression is asso-
ciated with invasion. We hypothesized that Serpi-
nA5 protein expression is decreased or lost in serous
carcinomas when compared with serous borderline
tumors based on mRNA expression results.16 In this
study we show significantly higher SerpinA5 pro-
tein expression in serous borderline tumors when
compared with carcinomas (Po0.001). An interest-
ing finding was that SerpinA5 expression was
decreased in advanced-stage serous borderline tu-
mors when compared with early-stage borderline
tumors. Examination of H&E slides showed that 6
of the 8 advanced-stage serous borderline tumors
demonstrated microinvasion and/or micropapillary
architecture, the features of more aggressive border-
line tumors. Of these six patients, only one patient
had a SerpinA5 protein expression of 440%. In
early-stage serous borderline tumors, microinvasion
was not present, and a micropapillary growth

pattern was only seen in 4 of 23 cases, however,
with SerpinA5 protein expression of 440% in all
four cases. Decrease or loss of SerpinA5 protein
expression might contribute to this microinvasive
and/or micropapillary phenotype. Performing a
staging procedure in serous borderline tumor cases
with lowered SerpinA5 protein expression might
thus be recommended.

Comparing serous borderline tumors and low-
grade carcinomas for SerpinA5 protein expression
showed a statistically significant reduction in
early-stage low-grade carcinomas versus early-stage
borderline tumors, whereas advanced-stage serous
borderline tumors did not differ from advanced-
stage low-grade carcinomas. These data indicate that
advanced-stage serous borderline tumors are more
similar and probably closely related to advanced-
stage low-grade carcinomas. A drawback of the
present study is that the groups are small (8 serous
borderline tumors and 18 low-grade carcinomas
with advanced-stage disease). Therefore, indepen-
dent, larger serous borderline tumor and low-grade
carcinoma populations are needed to confirm these
results. SerpinA5 protein expression differed sig-
nificantly between low-grade and high-grade serous
carcinomas, and although subgroups are small,
and data thus have to be interpreted with caution,
these data point toward the current literature on
low-grade- and high-grade serous carcinomas that
low-grade serous carcinomas are more similar to
serous borderline tumors than to high-grade serous
carcinomas.24

Serous carcinomas are defined as invasive based
on morphology on H&E slides, whereas borderline
tumors lack destructive stromal invasion. Loss of

Figure 3 SerpinA5 protein expression is decreased in metastases when compared with primary serous carcinoma. This figure shows
SerpinA5 protein expression in a representative primary serous carcinoma (a) and the matching omental metastasis (b).
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SerpinA5 protein expression might be associated
with the invasive properties of serous carcinomas.
Extracellular matrix degradation is facilitated by
uPA, providing tumor cells to invade surrounding
tissue. SerpinA5 is a uPA inhibitor, preventing the
conversion of plasminogen to plasmin and subse-
quent extracellular matrix degradation.25 Expression
of uPA and downstream activation of MMP9 occur
in serous carcinomas that have lost or decreased
SerpinA5 protein expression, which is followed
by degradation of the extracellular matrix. We and
others have shown increased MMP9 levels in serous
carcinomas when compared with borderline tu-
mors.16,26 Schmalfeldt et al26 showed the highest
pro-MMP9 levels in metastases. In this study we
show that SerpinA5 protein expression was signifi-
cantly lower in metastatic tissue when compared
with the primary tumor. Loss of SerpinA5 expres-
sion can contribute to increased MMP activity and
subsequent invasive and metastatic potential.

The two main pathways involved in serous
ovarian cancer include the RAS signaling pathway
and the TP53 pathway. The RAS signaling pathway
is constitutively active in B60% of serous border-
line tumors.9,10 We hypothesized that activation of
this pathway is associated with SerpinA5 expres-
sion to prevent downstream extracellular matrix
degradation.16 However, BRAF or KRAS mutations
were not associated with SerpinA5 protein expres-
sion in serous borderline tumors (data not shown).
A feedback loop between TP53 and uPA expression
has been demonstrated in lung epithelial cells.27,28

Reintroduction of TP53 in TP53-deficient lung
epithelial cells suppressed uPA expression. PAI-1,
a family member of SerpinA5, was shown to be
minimally expressed in TP53-deficient lung carci-
noma cells.28 In serous carcinomas, TP53 mutations
occur in up to 80% of cases. It is reasonable that
SerpinA5 is downregulated in serous carcinomas as
a result of this mutation. TP53mutational status was
available for serous carcinomas derived from the
Maastricht series. Of the 44 serous carcinomas, 24
(59%) contained a TP53 mutation. A statistically
significant difference in SerpinA5 protein expres-
sion in relation to TP53 mutation was not found
(data not shown).

Although loss of SerpinA5 protein expression
seems to be associated with invasiveness, it is not a
prognostic factor as survival of serous carcinoma
patients was unaffected. These results were also
seen for SerpinA1 and TIMP-1 in ovarian cancer.29,30

These data indicate that other ‘hallmarks’ of cancer31

in addition to invasion are presumably involved in
determining patient outcome.

In conclusion, we showed that SerpinA5 protein
expression decreases in advanced stages, invasive
serous tumors and the corresponding metastases.
Loss of SerpinA5 is associated with micropapillary
growth and microinvasion in serous borderline
tumors and the invasive phenotype of serous
carcinomas.
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