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Abstract

Background: Reversion-inducing cysteine-rich protein with
Kazal motifs (RECK) may play a role in tumor angiogenesis.
Glioblastomas, the most malignant type of primary brain
tumor, are highly vascularized. Little is known about the role
of RECK in angiogenesis of glioblastomas. The aims of this
study were to characterize RECK expression and investigate
the role of RECK in glioblastomas.

Methods and Findings: Tumor samples from 50 patients
with glioblastoma and brain tissue samples from
neurologically normal controls were immunohistochemically
stained for RECK, CD34, and vascular endothelial growth
factor (VEGF). RECK was expressed in endothelial cells but
not tumor cells. A significant correlation between
microvessel density (MVD) according to RECK and CD34 was
revealed. However, RECK expression was remarkably weak
in glomeruloid vessels. MVD according to RECK staining was
significantly lower than MVD according to CD34 staining in
the group with glomeruloid vascular proliferation, which
was related with high expression of VEGF.

Conclusions: RECK expression was observed in endothelial
cells of microvessels in normal brain and the patients with
glioblastoma. However, RECK expression was remarkably
downregulated in endothelial cells of glomeruloid vessels.
Thus, RECK may act during angiogenesis in glioblastomas,
especially in forming simple vessels as microvessels rather
than glomeruloid vessels.
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Introduction

Reversion-inducing cysteine-rich protein with Kazal motifs
(RECK) was first identified as a cDNA clone, the encoded protein

of which induces morphological reversion (‘flat reversion’) in
NIH3T3 cells transformed with the v-K-ras oncogene [1]. In
addition, RECK acts as a membrane-anchored metalloproteinase
regulator and negatively regulates matrix metalloproteinase
family members (e.g., MMP-2, MMP-9, and MT1-MMP), which
contribute to tumor growth, invasion, angiogenesis, and
metastasis [1-4]. RECK mRNA is expressed ubiquitously in
normal human tissues [5], but RECK is down regulated in many
types of solid tumors. Down regulation of RECK often correlates
with poor prognosis and recurrence of tumors [5-7].

On the other hand, RECK was known as having the function of
angiogenesis. Oh et al. reported that embryos of RECK-deficient
mice have severe developmental defects in the vascular network
[2]. In tumor models in which HT1080 cells and human umbilical
vein endothelial cells are transfected with RECK siRNA, the
vessel density and tumor weight are significantly lower
compared with control tumor models. This result suggested that
RECK induction in vascular endothelial cells is required for tumor
growth [8]. Positive RECK staining is also seen in endothelial cells
of human neuroblastomas and osteosarcomas, indicating the
role in tumor angiogenesis [8,9]. Chandana et al. reported that
large and irregular dilated vessels are present in Reck-
inactivated mice, suggesting that Reck may play a role in
intussusception and pruning rather than sprouting angiogenesis
[10]. Recent study has found that RECK modulates Wnt signaling
pathways that acts in endothelial cells during angiogenesis in the
central nervous system [11,12].

Glioblastomas are highly vascularized and the most aggressive
type of malignant glioma. Despite adequate surgical treatment,
radiation, and chemotherapy, tumors often recur, and the
prognosis is quite poor. Few reports have examined the role of
RECK in gliomas. The RECK expression profile in gliomas is not
known. Our study reported that RECK is expressed in endothelial
cells in gliomas and that microvessels density (MVD) expressed
by RECK is positively correlated with MVD expressed by CD34
and the glioma grade [13]. The aim of this study was to
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characterize RECK expression in microvascular morphology
pattern and investigate the role of RECK in glioblastomas.

Methods

Patients

This study was approved by the local Ethical Committee of
Shinshu University School of Medicine under registration
number 2604. Formalin-fixed and paraffin-embedded tissue
samples from 50 patients with glioblastoma and neurologically
normal brain tissues as a normal control from donor bodies.

Immunohistochemistry analysis

A formalin-fixed paraffin-embedded block containing the
representative tumor tissue was selected. Four-micron-thick
sections were cut for immunohistochemistry, which was
performed with antibodies recognizing RECK (R&D Systems, Inc.,
Minneapolis, MN, USA), CD34 (Beckman Coulter, Inc., Brea, CA,
USA), and vascular endothelial growth factor (VEGF) (Santa Cruz
Biotechnology, Inc., Dallas, TX, USA). Paraffin-embedded tissue
samples were washed free of fixative with Tris-buffered saline
(TBS; pH 7.6) and treated with 0.3% H,0, in TBS for 10 min to
inactivate endogenous peroxidases. For CD34, samples were
pretreated with 0.01 M citrate buffer for 30 min and
microwaved. No antigen retrieval was used before RECK and
VEGF immunostaining. The sections were then reacted with
primary antibody for 1 hr in a humid chamber at room
temperature. Dilutions of primary antibodies were 1:50 for anti-
RECK IgG, 1:100 for anti-CD34 IgG, and 1:50 for anti-VEGF IgG.
Polyclonal goat IgG antibody, as the secondary antibody for
RECK, polyclonal mouse IgG antibody for CD34, and polyclonal
rabbit IgG antibody for VEGF were applied to the sections for 30
min. The color was developed with 0.02%, 3,3’
diaminobenzidine tetrahydrochloride (DAB) and 0.006% H,0; in
TBS. The sections were washed three times in TBS and
counterstained with Mayer’s hematoxylin.

RECK- and CD34-stained regions were counted to determine
MVD, which was obtained by manually counting the positive foci
in sections counterstained with hematoxylin. MVD was scored as
the number of vessels in the field, and the final score was the
average of the three most highly vascularized areas in the high-
power field (200x). All areas of the specimens were screened,
and we divided the microvascular formations into two types of
microvascular  patterns  (MVP):  glomeruloid  vascular
proliferation (GVP), defined as more than three clustered vessels
with connective stroma as described by Chen et al. [14], and no
GVP. In addition, paraffin-embedded tissue samples were
double-stained to more specifically determine co-expression of
RECK and CD34 in endothelial cells. Paraffin-embedded double
staining was performed using the EnVisionTM G|2 Doublestain
System (Dako Denmark A/S, Glostrup, Denmark) with two
different chromogens: DAB+ Chromogen (brown color) for RECK
and Permanent Red Chromogen (red color) for CD34. VEGF was
evaluated according to both the proportion of stained cells (PS)
and the intensity of staining (IS). The PS was graded into four
levels: undetectable, PS grade 0; detectable but < 33%, PS grade
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1; 34-66%, PS grade 2; and > 67%, PS grade 3. IS was also graded
into four levels: undetectable, IS grade 0; weak, IS grade 1;
moderate, IS grade 2; and strong, IS grade 3. The VEGF score was
obtained by multiplying the IS and PS grades, which was the
same way of immunohistochemical evaluation defined by
Takeuchi et al. [7].

Statistical analysis

Correlation of MVD according to RECK and MVD according to
CD34 was assessed using Spearman’s correlation. The
comparison of MVD according to RECK staining, MVD according
to CD34 staining, and VEGF was performed using the Student’s t
test for each MVP. Probability values of less than 0.05 were
considered significant. XlIstat® for Mac (Addinsoft SARL, Paris,
Paris, France) was used for the statistical analysis.

Results

Correlation between MVD by RECK and CD34

MVD was counted in 50 patients with glioblastoma by RECK
and CD34 immunohistochemical staining. Average score of MVD
according to RECK was 71.5 (range 16.0-238.3) and average
score of MVD according to CD34 was 84.6 (range 9.0-250.7),
respectively. A scatter plot analysis demonstrates a significant

positive correlation (p=0.505, p=0.0002) between MVD
according to RECK and CD34 (Figure 1).
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Figure 1: Correlation between microvessel density (MVD)
according to RECK and CD34. A scatter plot analysis
demonstrates a significant positive correlation between MVD
according to RECK and CD34.
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Expression pattern of RECK and CD34 in normal
brain and glioblastoma

In normal brain, RECK (Figure 2A) and CD34 (Figure 2B) were
expressed in endothelial cells, and the expression of RECK was
similar to that of CD34 in double staining (Figure 2C). In
glioblastoma, GVP was detected in 56% (28/50) glioblastoma
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cases and 44% (22/50) glioblastoma cases had simple vessels
without GVP. RECK was expressed only in endothelial cells, but
no expression was seen in tumor cells (Figure 2D and 2G). The
expression of RECK (Figure 2D) was similar to that of CD34
(Figure 2E) and double staining disclosed the similar location of
the expression between RECK and CD34, which was the same
pattern as normal brain (Figure 2F). However, the expression of
RECK was remarkably lower in glomeruloid vessels (Figure 2G)
compared to vessels labeled with CD34 (Figure 2H) and
immunofluorescent double staining revealed the low expression
of RECK and high expression of CD34 in the glomeruloid vessels
(Figure 2I).
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Figure 2: The characteristics of RECK and CD34 expressions in
microvascular pattern. In normal brain, the expressions of
RECK (A) and CD34 (B) were observed in endothelial cells and
the expression of RECK (brown) was similar to that of CD34
(red) in double staining (C). In glioblastoma case with simple
vessels, the expressions of RECK (D) and CD34 (E) were
observed in endothelial cells. Double staining showed similar
expression of RECK (brown) and CD34 (red) (F). In
glioblastoma case with glomeruloid vessels, RECK was
remarkably downregulated in endothelial cells (G), although
the expression of CD34 was strongly positive in glomeruloid
vessels (H). Immunofluorescent double staining showed the
expression of CD34 (red) in glomeruloid vessels (1). All
pictures were taken at magnification 400x.
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Comparison of MVD according to RECK staining,
MVD according to CD34 staining, and VEGF score in
each MVP

MVD according to RECK and CD34, and the VEGF score were
evaluated in no GVP group and GVP group (Figure 3).

Considering MVPs, we found no significant differences
between MVD according to RECK staining and MVD according to
CD34 staining in the no GVP group (p=0.355). However, MVD
according to CD34 staining was significantly higher than MVD
according to RECK staining in the GVP group (p=0.012). The
VEGF score was significantly higher in the GVP group compared
to that in the no GVP group (p=0.002). MVD according to RECK
in the no GVP group was no significant difference with that in
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the GVP group (p=0.436), although MVD according to CD34 in
the GVP group was significantly higher than that in the no GVP
group (p=0.014). MVD according to CD34 was higher in the GVP
group compared to the no GVP group, however MVD according
to RECK had no difference between that in the GVP group and
that in the no GVP group, because the expression of RECK in the
endothelial cells was significantly decreased in the glomeruloid
vessels. These results suggest that glomeruloid vessels
supported by VEGF express less RECK in endothelial cells.
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Figure 3: Microvessel density (MVD) according to RECK and
CD34, and VEGF in each microvascular pattern. MVD
according to CD34 in the GVP group was significantly higher
than that in the no GVP group and MVD according to RECK in
GVP group. The VEGF score was significantly higher in the
GVP group compared to that in the no GVP group. The
difference was assessed using the Student’s t test.
GVP=glome.
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Discussion

RECK expression is a good prognostic marker for patient
survival in a wide variety of tumors (e.g., peripheral T-cell
lymphoma [15], hepatocellular [16], pancreatic [17], gastric [18],
breast [19], nasopharyngeal [20], and non-small cell lung
cancers [21,22]). Although RECK is expressed in normal human
tissues and many tumor samples [1,5], our studies have
demonstrated that negative expression of RECK was found in
glioblastoma cells, but RECK was expressed in endothelial cells,
especially in simple vessels. However, the expression of RECK
was remarkably downregulated in glomeruloid vessels. We
speculate that vessel fusion progresses and vessels become
larger with decreased RECK expression. This speculation is
consistent with a study by Chandana et al., which reported the
presence of large and dilated vessels were observed in RECK-
inactivated mice and RECK plays a role in non-sprouting
angiogenesis, such as intussusception and pruning [10]. Noda et
al. also reported that microvessels are destabilized; permitting
lateral fusion and ectopic anastomoses when Reck is absent or
reduced [23]. RECK is crucial for angiogenesis and plays an
important role in the process of embryonic development and
RECK is also implicated in the proliferation of vascular
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endothelial cells during both physiological and pathological
angiogenesis [2,8]. Our results suggest that RECK functions in
stabilization of normal brain vasculature and acts during
angiogenesis in glioblastomas in forming microvessels.
Glomeruloid vessels as advanced vascular stage in relation to
VEGF [24] might appear when RECK expression is absent or
decreased. In other words, RECK may be necessary to maintain
the vessels in small size and to prevent vessel fusion and being
large vessels such as glomeruloid vessels.

In summary, RECK expression was found only in endothelial
cells especially in microvessels in glioblastomas. The expression
of RECK was remarkably decreased in glomeruloid vessels which
was related with high expression of VEGF. RECK may act during
angiogenesis of microvessel formation; however the mechanism
of RECK-mediated angiogenesis remains unclear. Further
research examining RECK expression in tumor cells and other
cells, especially vascular endothelial cells, is needed, and the
research of RECK might help still more to elucidate physiological
angiogenesis and pathological angiogenesis in involving cancer
development.
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