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Abstract. The identification of a specific molecular marker for
aggressiveness of nonfunctioning pituitary adenomas (NFPAs)
is urgently required in order to guide the clinical diagnosis
and treatment of NFPAs. In the present study, low expression
of secreted frizzled-related protein 2 (SFRP2) in NFPAs was
demonstrated by reverse transcription-quantitative polymerase
chain reaction, western blot and immunohistochemical
analyses. The results confirmed an abnormal accumulation of
free P-catenin in the nuclei of NFPAs, which is the core step for
the activation of the Wnt canonical signaling pathway. Further-
more, cyclin D1 and c-Myc, the downstream proteins of the Wnt
canonical signaling pathway, were overexpressed in aggressive
NFPAs. These findings demonstrated the activation of the Wnt
canonical signaling pathway in aggressive NFPAs. In addition,
sFRP2 expression was observed to be inversely correlated to the
aggressiveness of NFPAs. Therefore, sSFRP2 may act as a tumor
suppressor through modulation of the cellular cytosolic pool of
[-catenin in NFPAs. Furthermore, the expression of SFRP2 may
serve as a biomarker for NFPAs aggressiveness and prognosis.

Introduction

Pituitary adenoma is the third most frequently diagnosed
of all intracranial tumors, comprising ~10-25% of all

Correspondence to: Professor Yazhuo Zhang, Department of
Neurosurgery, Beijing Neurosurgical Institute, Capital Medical
University, 6 Tiantan Xili, Dongcheng, Beijing 100050, P.R. China
E-mail: zyz2004520@yeah.net

Abbreviations: sFRPs, secreted frizzled-related proteins; NFPAs,
nonfunctioning pituitary adenomas; PCR, polymerase chain reaction;
[HC, immunohistochemistry; CT, computed tomography; MRI,
magnetic resonance imaging; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase

Key words: secreted frizzled-related protein 2, nonfunctioning
pituitary adenoma, 3-catenin, Wnt canonical signaling pathway

intracranial tumors (1). Human clinically nonfunctioning
pituitary adenomas (NFPAs) are defined as adenomas lacking
symptoms or signs secondary to oversecretion of pituitary
hormones by the tumor (2). NFPAs constitute 9-50% of all
pituitary tumors and ~80% of all pituitary macroadenomas (3).
Effective medical therapy has been demonstrated in FPAs (4).
By contrast, for NFPAs, surgery is the first-line treatment (2).
However, aggressive NFPAs are not always amenable to
complete resection, and radiotherapy should be considered for
residual tumors (5). Current detection strategies for pituitary
adenoma do not reliably detect the disease at an early stage, and
are unable to distinguish between aggressive and non-aggres-
sive pituitary adenoma; thus, effective prognosis and treatment
guidance are missing (6,7). At present, the extent of adenoma
aggressiveness is mainly determined by computed tomography
(CT) and magnetic resonance imaging (MRI) (8). However,
the current standards to determine tumor aggressiveness are
questioned by numerous scholars, and the effectiveness of the
above techniques remains to be determined (6,7,9). Therefore,
specific molecular markers for aggressiveness of NFPAs will
be more helpful to guide the clinical diagnosis and treatment
of aggressive NFPAs.

Wnat signaling is involved in cell fate, proliferation, polarity
and death (10,11). Aberrant regulation of the Wnt signaling
pathway has been suggested to be involved in tumorigen-
esis (12). Three intracellular pathways are known to induce
Wnt signaling: i) The Wnt-f-catenin signaling pathway, in
which Wnt signaling alters transcription, and it is referred to
as ‘canonical’ Wnt signaling (13); ii) the Wnt-Ca** signaling
pathway; and iii) the Wnt-c-Jun N-terminal kinase signaling
pathway, which do not involve the nucleus or transcription,
but rather drive cytoplasmic changes involving the actin
cytoskeleton and intracellular calcium stores. Activation of the
Wnt-f3-catenin signaling pathway results in the accumulation
of free B-catenin in the nucleus (14). This in turn activates
various transcription factors such as T-cell factor to induce
the expression of target genes that participate in cell prolifera-
tion, including c-Myc and cyclin D1 (14). The Wnt canonical
signaling pathway has been studied most extensively in cancer,
but it has also been implicated as an important contributor to
the pathogenesis of other human diseases (15).
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Recent evidence suggests that soluble extracellular Wnt
antagonists regulate Wnt signaling (16). One class of such
antagonists is the secreted frizzled-related protein (sFRP)
family (16). The expression levels of sFRPs are inversely
correlated with the grade and invasive ability of different
tumors, including prostate, ovarian and cervical cancer, which
suggests that sFRPs activities are fundamental for tissue
homeostasis (17-22).

In the present study, it was hypothesized that sSFRP2 was
downregulated and functioned as a tumor suppressor gene
in NFPAs. To address this issue, the messenger (m)RNA
and protein expression levels of sFRP2 were compared
in non-aggressive NFPAs, aggressive NFPAs and normal
pituitary tissues. In addition, the present study investigated
whether the Wnt canonical signaling pathway was activated in
NFPAs, and examined the association between sFRP2 and the
Whnt canonical signaling pathway.

Materials and methods

Sample collection. Informed consent was obtained from all
patients participating in the present study, which was approved
by the Ethics Committee of Beijing Tiantan Hospital (Beijing,
China).

Between January 2010 and December 2013, 50 NFPA
cases (age range, 15-68 years) were obtained from the
Beijing Tiantan Hospital. The samples were classified into
three groups: Normal pituitary control group, non-aggressive
NFPA group and aggressive NFPA group. The diagnosis was
based on MRI/CT. Aggressive adenomas were defined as
fulfilling one of the following conditions: i) Hardy classifica-
tion grades IIT and IV (23); and/or ii) Knosp classification
grades III and IV (24). There were 30 non-aggressive NFPAs
and 20 aggressive NFPAs. In the non-aggressive group, there
were 12 female cases and 18 male cases, whose median age was
42 years. In the aggressive group, there were 7 female cases
and 13 male cases, whose median age was 45 years. Tumors
were removed by transsphenoidal surgery and immediately
‘flash-frozen’ in liquid nitrogen until used. Suitable parts of
each sample were embedded in paraffin.

The 10 normal pituitary glands were obtained from a dona-
tion program between February 2010 and October 2013 in
the Beijing Tiantan Hospital (patient age range, 21-45 years).
All donors had succumbed to non-neurological diseases. The
10 samples were rinsed in sterile saline and snap-frozen in
liquid nitrogen. Suitable parts of each normal pituitary tissue
were embedded in paraffin.

All samples were analyzed by reverse
transcription-quantitative polymerase chain reaction
(RT-qPCR). A total of 15 aggressive and 20 non-aggressive
NFPA specimens were randomly selected for western blot
analysis, while 10 aggressive and 10 non-aggressive NFPA
paraffin specimens were randomly selected for immunohisto-
chemical (IHC) analysis.

IHC analysis. Sections (5-um-thick) were prepared from
the formalin-fixed paraffin-embedded blocks. Briefly, slides
were deparaffinized, rehydrated in xylene and subjected
to an alcohol gradient, and subsequently incubated with
anti-sFRP2 (rabbit polyclonal; 1:100 dilution; ab86379;
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Abcam, Cambridge, UK) and anti-B-catenin (rabbit mono-
clonal; 1:100 dilution; ab32572; Abcam) antibodies overnight
at 4°C. The slides were then incubated for 45 min at room
temperature with anti-rabbit immunoglobulin G antibody
conjugated with horseradish peroxidase-labeled polymer
(EnVision™+ System; Dako, Glostrup, Denmark). Slides were
counterstained with hematoxylin and then examined under a
light microscope.

Staining for SFRP2 and (3-catenin was quantified according
to the percentage of positive cells (25). Slides were scored by
two pathologists (Department of Pathology, Beijing Neuro-
surgical Institute, Beijing, China) who were blinded to the
patients' characteristics. In case of disagreement, the status
was determined by consensus following simultaneous dual
reexamination.

RT-gPCR. Total RNA was isolated from frozen pituitary
adenomas and normal pituitaries (100-150 mg) using TRIzol
(15596-026; Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). RT-qPCR analysis was performed
on an ABI 7500 Real-Time system (Applied Biosystems,
Foster City, CA, USA), with the following conditions: 50°C
for 2 min, 95°C for 10 min, and 40 cycles each at 95°C
for 15 sec and 60°C for 1 min. The housekeeping gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as an internal control. Relative quantification of gene
expression was determined using the 224¢T method, as
described by Livak and Schmittgen (26). The primers used in
the RT-qPCR assay were as follows: sSFRP2, forward 5-AGG
ACAACGACCTTTGCATC-3' and reverse 5-TTTGCAGGC
TTCACATACCTT-3'; 3-catenin, forward 5'-GAGAATTCA
TGTCTGAGGACAAGCCA-3' and reverse 5-GACTCGAGG
GATCCTTACAGGTCAGTATCAAACCAGGC-3'"; dishev-
elled segment polarity protein 3 (DVL-3) forward 5-AAC
CAGGGGGTTATGATAGCTC-3' and reverse 5-TATCTC
CTGGCTCGATGCGTCC-3" c-Myc forward 5-TTCGGG
TAGTGGAAAACCAG-3' and reverse 5'-CAGCAGCTC
GAATTTCTTCC-3'; cyclin D1 forward 5'-AACTACCTG
GACCGCTTCCT-3' and reverse 5-CCACTTGAGCTTGTT
CACCA-3'; and GAPDH forward 5'-ACCACAGTCCATGCC
ATCACT-3' and reverse 5'-GTCCACCACCCTGTTGCT
GTA-3'. The specificity of the PCR products was verified by
performing dissociation reaction plots.

Protein extraction and western blot analysis. Western blot-
ting was performed according to published methods (27).
Blots were incubated with the primary antibody overnight
at 4°C. The primary antibodies used were as follows: Rabbit
polyclonal anti-GAPDH (1:1,000; G9545; Sigma-Aldrich, St.
Louis, MO, USA), rabbit monoclonal anti-f3-catenin (1:5,000;
ab32572; Abcam), rabbit polyclonal anti-sFRP2 (1:5,000;
ab86379; Abcam), rabbit monoclonal anti-cyclin D1 (1:1,000;
ab40754; Abcam), rabbit monoclonal anti-DVL-3 (1:1,000;
ab76081; Abcam) and rabbit monoclonal anti-c-Myc (1:1,000;
ab32072; Abcam). Horseradish peroxidase-conjugated
secondary antibody was next added (1:5,000; SI-B5645;
Sigma-Aldrich) for 1 h at room temperature, followed by
enhanced chemiluminescence development (GE Healthcare
Life Sciences, Chalfont, UK). The final data were subjected
to grayscale scanning and semi-quantitative analysis using
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Figure 1. Relative messenger RNA expression of (A) secreted frizzled-related protein 2, (B) $-catenin, (C) dishevelled segment polarity protein 3, (D) cyclin D1
and (E) c-Myc were assessed by reverse transcription-quantitative polymerase chain reaction in normal pituitary tissues, non-aggressive NFPAs and aggressive
NFPAs. Data are presented as the mean =+ standard error of the mean. sSFRP2, secreted frizzled-related protein 2; mRNA, messenger RNA; DVL-3, dishevelled

segment polarity protein 3; NFPA, nonfunctioning pituitary adenoma.

Quantity One 4.62 software (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Nuclear proteins were extracted using a Nuclear Extraction
Kit (KA1346; Abnova, Taipei City, Taiwan), according to the
manufacturer's protocol (28,29). The nuclear protein extract
was analyzed by western blotting using antibodies against
B-catenin (1:5,000; ab32572; Abcam). Anti-lamin (1:3,000;
ab16048; Abcam) was used as a nuclear internal control, while
anti-o-tubulin (1:4,000; ab15246; Abcam) was used to rule out
contamination of cytosolic 3-catenin.

Statistical analysis. All data are expressed as the mean =+ stan-
dard error of the mean. Statistical analyses were performed
using Student's 7-tests or non-parametric Mann-Whitney
U tests (for the results of western blot, RT-qPCR and THC
analyses). One-way analysis of variance was used to compare
the differences among the three subgroups. Correlation anal-
yses were performed using the Pearson rank-sum test. P<0.05
was considered to indicate a statistically significant difference.
SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA)
was used for statistical analyses.

Results

sFRP2 is downregulated in aggressive NFPAs. To evaluate the
expression of SFRP2 in NFPAs and normal pituitary tissues,
quantitative measurements of its mRNAs levels by RT-qPCR
were performed (Fig. 1). The mRNA levels of sSFRP2 were
significantly lower in non-aggressive NFPAs compared with

those in normal pituitary tissues (0.150+0.035 vs. 1.090+0.110;
n=30 vs. 10; P<0.001). The sFRP2 mRNA levels in the aggres-
sive NFPA group was even lower, compared with those in
non-aggressive NFPAs (0.006+0.003 vs. 0.150+0.035; n=20
vs. 30; P=0.001) (Fig. 1A).

The protein levels of sFRP2 in the three groups were also
evaluated by western blotting (Fig. 2). Aggressive NFPAs
exhibited downregulation of sSFRP2 protein (Fig. 2A) compared
with normal pituitary tissues (0.73+0.08 vs. 2.05+0.08; n=15
vs. 10; P<0.001) and non-aggressive NFPAs (0.73+0.08 vs.
1.00£0.07; n=15 vs. 20; P=0.011). The relative protein expres-
sion of sFRP2 in non-aggressive NFPAs was significantly
lower than that in normal pituitary tissues (1.00+0.07 vs.
2.05+0.08; n=20 vs. 10; P<0.001), as indicated in Fig. 2D.

Downregulation of SFRP2 protein levels in NFPAs was
also confirmed by IHC staining (Fig. 3A-C). The percentage
of sSFRP2" cells in non-aggressive NFPAs was significantly
lower than that in normal controls (Fig. 3D-F) (35.5+4.1%
vs. 83.7+2.8%; n=10; P<0.001). The percentage of sFRP2*
cells in aggressive NFPAs was only 12.5+1.8% (n=10), which
was significantly lower than that in normal pituitary tissues
(P<0.001) and non-aggressive NFPAs (P<0.001) (Fig. 3G).

Total B-catenin is only upregulated in aggressive NFPAs,
but nuclear (3-catenin protein levels increase progressively
in aggressive and non-aggressive NFPAs. The accumulation
of B-catenin and its nuclear translocation are two hallmarks
of canonical Wnt signaling (11). The sFRP family is an
antagonist of the Wnt canonical signaling pathway (16). The
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Figure 2. Protein expression in normal pituitary tissues, non-aggressive NFPAs and aggressive NFPAs was detected by western blotting. Expression of the
following proteins was measured: (A) Secreted frizzled-related protein 2, (B) total f-catenin, dishevelled segment polarity protein 3, cyclin D1, c-Myc and
(C) nuclear p-catenin. Quantitative analyses of the western blot results are shown in images D-I. Data are presented as the mean + standard error of the
mean. SFRP2, secreted frizzled-related protein 2; mRNA, messenger RNA; DVL-3, dishevelled segment polarity protein 3; NFPA, nonfunctioning pituitary

adenoma; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

present RT-qPCR results revealed that the mRNA levels
of pB-catenin were significantly upregulated in aggressive
and non-aggressive NFPAs, compared with those in normal
controls (20.82+8.06 vs. 1.49+0.24; n=20 vs. 10; P<0.001; and
11.68+1.30 vs. 1.49+0.24; n=30 vs. 10; P<0.001, respectively)
(Fig. 1B), and the difference between non-aggressive and
aggressive NFPAs was significant (11.68+1.30 vs. 20.82+8.06;
n=30 vs. 20; P=0.001) (Fig. 1B).

Total B-catenin protein levels in cell lysates were measured
by western blotting (Fig. 2B). Consistent with the RT-qPCR
results, total B-catenin protein expression in aggressive NFPAs
was higher than that in normal pituitary tissues (2.21+0.17 vs.
1.54+0.18; n=15 vs. 10; P=0.007). However, no difference in
[-catenin protein levels between non-aggressive NFPAs and
normal pituitary tissues (1.93+0.12 vs. 1.54+0.18; n=20 vs. 10;
P=0.093), or between non-aggressive and aggressive NFPAs
(1.93+0.12 vs. 2.21+0.17; n=20 vs. 15; P=0.163), was observed
(Fig. 2E).

To investigate the nuclear translocation of (3-catenin, the
protein levels of nuclear -catenin were assessed by western
blotting (Fig. 2C). The results revealed that the protein levels

of nuclear (-catenin were higher in non-aggressive NFPAs
than in normal pituitary tissues (1.57+0.16 vs. 0.74+0.12; n=20
vs. 10; P=0.001), and the expression levels were even higher
in aggressive NFPAs compared with those in non-aggressive
NFPAs (2.53+0.15 vs. 1.57+0.16; n=15 vs. 20; P<0.001), as
represented in Fig. 2F.

Protein expression of 3-catenin was also detected by ITHC.
The percentage of B-catenin® cells in non-aggressive NFPAs
was higher than that in normal control tissues, but this differ-
ence was not significant (25.20+3.34% vs. 17.50+3.00%; n=10;
P=0.090). The percentage of (-catenin* cells in aggressive
NFPAs was 52.20+2.95% (n=10), which was significantly
higher than that in normal pituitary tissues and non-aggressive
NFPAs (P<0.001) (Fig. 3H).

Overexpression of DVL-3, cyclin DI and c-Myc in aggres-
sive NFPAs. The expression of components of the Wnt
canonical signaling pathway in NFPAs was next measured
by RT-qPCR and western blotting. RT-qPCR demonstrated
that the mRNA levels of DVL-3, cyclin D1 and c-Myc were
significantly increased in non-aggressive NFPAs compared
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Figure 3. Protein expression was assessed by IHC. sFRP2* cells were detected in (A) normal pituitary tissues, (B) non-aggressive NFPAs and (C) aggressive
NFPAs. B-catenin* cells were detected in (D) normal pituitary tissues, (E) non-aggressive NFPAs and (F) aggressive NFPAs. Images G and H represent the
quantitative analysis of IHC for sFRP2* and f3-catenin® cells, respectively. Scale bar, 40 ym. Data are presented as the mean + standard error of the mean.
sFRP2, secreted frizzled-related protein 2; IHC, immunohistochemistry; NFPA, nonfunctioning pituitary adenoma.

with those in normal pituitary tissues (112.85+14.79 vs.
1.25+0.29; n=30 vs. 10; P<0.001; 58.61+6.86 vs. 0.58+0.13;
n=30 vs. 10; P<0.001; and 40.25+7.57 vs. 0.94+0.27; n=30
vs. 10; P<0.001, respectively). The levels were even higher
in aggressive NFPAs compared with those in non-aggressive
NFPAs (354.45+49.09 vs. 112.85+14.79; n=20 vs. 30;
P<0.001; 128.90+16.30 vs. 58.61+6.86; n=20 vs. 30; P=0.002;
and 85.98+14.30 vs. 40.25+7.57; n=20 vs. 30; P=0.025,
respectively) (Fig. 1C-E).

The expression of DVL-3, cyclin D1 and c-Myc was also
evaluated by western blotting (Fig. 2B). The protein expres-
sion levels of DVL-3, cyclin D1 and c-Myc were significantly
increased in non-aggressive NFPAs compared with those
in normal NFPAs (1.32+0.04 vs. 0.88+0.08; n=20 vs. 10;
P<0.001; 0.64+0.04 vs. 0.39+0.05; n=20 vs. 10; P=0.020; and
0.93+0.08 vs. 0.48+0.08; n=20 vs. 10; P=0.001, respectively).
The expression levels of DVL-3 and cyclin D1 were even higher
in aggressive NFPAs compared with those in non-aggressive
NFPAs (1.87+0.04 vs. 1.32+0.04; n=15 vs. 20; P<0.001; and
1.14+0.08 vs. 0.64+0.04; n=15 vs. 20; P<0.001, respectively)
(Fig. 2G-I). In addition, a significant difference in c-Myc
expression between non-aggressive and aggressive NFPAs
was observed (0.93+0.08 vs. 1.18+0.10; n=20 vs. 15; P=0.032).

Inverse correlation of sFRP2 expression with expression
of components of the Wnt canonical signaling pathway in
normal pituitary tissues and NFPAs. Western blot analysis
of nuclear (-catenin and components of the Wnt canonical
signaling pathway protein revealed that, in contrast to
sFRP2, the three groups analyzed exhibited progressively
elevated levels of nuclear B-catenin and components of the
Wnt canonical signaling pathway. Linear regression analysis
demonstrated a significant negative correlation between the
expression of sSFRP2 and that of various components of the
Wnt canonical signaling pathway (P<0.001; Fig. 4A-D and
Table I). Similarly, an inverse correlation was also observed
between the percentages of SFRP2* and B-catenin® cells by
THC (Pearson's correlation coefficient r=-0.633; n=45; 2-tailed
P<0.001) (Fig. 4E).

Discussion

Although NFPA is a type of benign tumor, certain NFPAs
may present aggressive characteristics (5). Aggressive NFPAs
are difficult to resect completely, which often leads to tumor
recrudescence (5). It is therefore important to identify the
aggressiveness of NFPAs for selection of the appropriate
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Table I. Correlation analysis between sFRP2 expression and nuclear B-catenin, DVL-3, cyclin D1 and c-Myc expression in

normal pituitary tissues and nonfunctioning pituitary adenomas.

sFRP2 Nuclear (3-catenin DVL-3 Cyclin D1 c-Myc
Pearson's correlation coefficient r -0.538 -0.710 -0.645 -0.580
P-value (2-tailed) <0.001 <0.001 <0.001 <0.001
Number of samples 45 45 45 45
sFRP2, secreted frizzled-related protein 2; DVL-3, dishevelled segment polarity protein 3.
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Figure 4. Inverse correlation of SFRP2 expression with the expression of components of the Wnt canonical signaling pathway, presented as scatter diagrams.
Correlation analysis of western blot results for the protein expression of sSFRP2 and the protein expression of (A) nuclear B-catenin, (B) dishevelled segment
polarity protein 3, (C) cyclin DI and (D) c-Myc. (E) Correlation analysis of immunohistochemistry results regarding the percentage of sSFRP2* and 3-catenin®
cells. sFRP2, secreted frizzled-related protein 2; IHC, immunohistochemistry;.DVL-3, dishevelled segment polarity protein 3.

therapy and prognostic evaluation. Recently, the Wnt signaling
pathway has been reported to be involved in tumorigenesis
in several cell types (30-34). sFRPs have been identified as
possible antagonists of the Wnt signaling pathway, and sFRP2,
a member of the sFRPs family, has been associated with the
degree of tumor malignancy and invasive ability of various
types of human cancer (20,22).

The evaluation of sFRP2 as a putative marker of aggres-
sive NFPAs has not been previously reported. In the present
study, the THC results for sFRP2 revealed the highest cyto-
plasmic sFRP2 expression in normal human pituitary tissues,
with strong-to-moderate sSFRP2 expression in non-aggressive
NFPAs and the lowest sSFRP2 expression in aggressive NFPAs.
These results were consistent with the present western blot and
RT-qPCR results.

Since sFRP2 is an inhibitor of the Wnt signaling pathway,
the present study also examined the Wnt canonical signaling
pathway in order to understand the mechanism responsible
for the association between sFRP2 expression and the inva-
sive ability of NFPAs. Western blot analysis demonstrated
that the expression of downstream Wnt signaling proteins,
including DVL-3, c-Myc and cyclin D1, was significantly
higher in non-aggressive tumor tissues than in normal
pituitary tissues, and that the expression of these proteins in

aggressive tumors was even higher than that in non-aggres-
sive tumors. Similar trends were also observed at the mRNA
level. In addition, the present study conducted for the first
time a comparison between the expression levels of nuclear
[-catenin in normal pituitary tissues, non-aggressive NFPAs
and aggressive NFPAs by western blotting. The results
revealed an abnormal accumulation of free -catenin in the
nuclei of NFPAs, which is the core step for the activation of
the Wnt canonical signaling pathway (13). The expression of
B-catenin was further confirmed by THC. The present data
support the opinion that the Wnt canonical signaling pathway
is activated in NFPAs, and is consistent with previous
studies (35). However, the present western blotting results
of total B-catenin protein expression indicated that there
was no significant difference between normal control and
non-aggressive NFPA groups, or between non-aggressive
and aggressive NFPA groups. The only significant difference
observed was between normal control and aggressive NFPA
groups. Therefore, the changes in total f-catenin levels may
not represent the changes in nuclear -catenin levels. This
may explain why previous studies failed to confirm the acti-
vation of the Wnt canonical signaling pathway in pituitary
adenomas (36). Correlation analysis confirmed the existence
of an inverse correlation between sFRP2 expression and



activation of the Wnt canonical signaling pathway, including
nuclear accumulation of B-catenin and overexpression of
DVL-3, c-Myc and cyclin DI1. These findings are consistent
with those from other studies, which also reported a similar
inverse correlation between the above proteins in endome-
trial, ovarian and breast cancer (37,38). The present findings,
together with those from previous studies, suggest that
sFRP2 may act as a tumor suppressor through its interaction
with the Wnt canonical signaling pathway by modulating
the cellular cytosolic pool of B-catenin (22). However, this
causality is not completely clear yet; thus, future in vitro
experiments where sFRP2 is knocked down are required to
confirm this causality.

The results of the present study demonstrated that there
was a progressive loss in the levels of sSFRP2 from normal
pituitary tissues to non-aggressive NFPAs and aggressive
NFPAs. This sFRP2 expression pattern in normal pituitary
tissues, non-aggressive and aggressive NFPAs suggests that
sFRP2 may be used as a possible surrogate marker for NFPAs
progression and prognosis prediction. However, further
analysis is required, in addition to follow-up studies, in order
to confirm these observations.

In conclusion, the present study has demonstrated for the
first time that SFRP2 expression is inversely correlated with
the aggressiveness of NFPAs. sSFRP2, as a tumor suppressor,
may interact with the Wnt canonical signaling pathway by
modulating the cellular cytosolic pool of B-catenin, and the
expression of sSFRP2 may serve as a biomarker for NFPAs
aggressiveness and prognosis.
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