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Abstract Dystroglycan (DG), a multifunctional protein di-
mer of non-covalently linked α and β subunits, is best known
as an adhesion and transduction molecule linking the cyto-
skeleton and intracellular signaling pathways to extracellular
matrix proteins. Loss of DG binding, possibly by degradation
or disturbed glycosylation, has been reported in a variety of
cancers. DG is abundant at astroglial endfeet forming the
blood–brain barrier (BBB) and glia limitans; so, we examined
if loss of expression is associated with glioma. Expression
levels of α-DG and β-DG were assessed by immunohisto-
chemistry in a series of 78 glioma specimens to determine the
relationship with tumor grade and possible prognostic signif-
icance. α-DG immunostaining was undetectable in 44 of 49
high-grade specimens (89.8 %) compared to 15 of 29 low-
grade specimens (51.72 %) (P<0.05). Moreover, loss of α-
DG expression was an independent predictor of shorter
disease-free survival (DFS) (hazards ratio (HR)=0.142,
95 % confidence interval (CI) 0.033−0.611, P=0.0088). Re-
duced expression of both α-DG and β-DG was also a power-
ful negative prognostic factor for DFS (HR=2.556, 95 % CI
1.403–4.654, P=0.0022) and overall survival (OS) (HR=
2.193, 95 % CI 1.031–4.666, P=0.0414). Lack of α-DG
immunoreactivity is more frequent in high-grade glioma and
is an independent predictor of poor clinical outcome. Similar-
ly, lack of both α-DG and β-DG immunoreactivity is a strong
independent predictor of clinical outcome.

Keywords Dystroglycan . Glioma . Prognostic marker .

Survival analysis

Introduction

Dystroglycan (DG), originally isolated from skeletal muscle
as part of the dystrophin–glycoprotein complex (DGC), is a
transmembrane glycoprotein expressed in numerous tissues at
the interface between the basement membrane and cell mem-
brane [1–3]. It is composed of two subunits encoded by a
single gene [4], the highly glycosylated extracellular α-DG
with varying molecular mass (120−180 kDa) in different
tissues and the 43-kDa transmembrane β-DG that acts as a
bridge between α-DG and the cytoskeleton [2, 4, 5]. Within
the central nervous system (CNS), DG is abundant at two
basal lamina interfaces formed by astrocytes, foot processes
abutting cerebral blood vessels, an important component of
the blood–brain barrier (BBB), and foot processes that consti-
tute the glia limitans at the pial surface of the brain and spinal
cord. Brain DG has also been localized to neuronal elements
in several locations, including the retina, hippocampus, and
cerebellar cortex, where it may form a structural element of
GABAergic synapses [6]. In many tissues, including the CNS,
DG is a receptor for several extracellular proteins, including
laminin, agrin, perlecan, and neurexin, that allows these ex-
tracellular proteins to alter intracellular structure and function
[2, 7, 8].

Changes in DG interactions with extracellular matrix
(ECM) proteins may contribute to the development, progres-
sion, and metastasis of tumors [2, 4, 5]. By linking the ECM to
the cytoskeleton, DGmaintains tissue integrity [7], and loss of
this association is a seminal event in tumorigenesis. In fact,
previous studies of human epithelial tumors have suggested
that DG is a tumor suppressor [5, 8–13]. Furthermore, Satz
et al. [14] suggested that DG also stabilizes the glial limitans
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basement membrane during cerebral cortex development and
Myshrall et al. [15] concluded that DG on radial glia endfeet
was required to maintain pial basement membrane integrity.
The BBB is disturbed in glioma, which may enhance the
invasive capacity of the tumor [16, 17].

In light of the multifarious roles of DG in controlling cell
morphology, motility, proliferation, cell–cell adhesion, and
cell–ECM interaction [4, 5, 8–13], we speculated that changes
in DG may be associated with the development of glioma, a
highly invasive andmalignant primary tumor in adults with no
effective therapy and low survival rate. The aim of this study
was to measure expression of DG in glioma of both low and
high grades to establish possible relationships among DG
function, tumor aggression, and clinical outcome.

Methods

Study participants and tissue samples

This study is a retrospective review of 78 Chinese glioma
patients who underwent surgery at the First Affiliated
Hospital of Harbin Medical University between May
2002 and July 2010. No patient received chemotherapy
or radiotherapy before operation. All cases were classified
according to WHO criteria [18]. The period of follow-up
ranged from 24 to 129 months. The formalin-fixed,
paraffin-embedded specimens were retrieved from the ar-
chives of the Department of Pathology in our institute,
and two experienced pathologists confirmed the histologi-
cal diagnosis of each lesion. Tissue specimens were biopsy
and cut from the middle of tumor obtained for immuno-
histochemistry analysis. The Institutional Review Commit-
tee approved the study design, and informed consent was
obtained from all patients.

Immunohistochemical detection of DG

Immunohistochemical analyses were performed on routine-
ly processed, formalin-fixed, paraffin-embedded glioma
s p e c imen s u s i n g a n av i d i n–b i o t i n comp l e x
immunoperoxidase kit (Vectastain ABC, Vector Laborato-
ries, Burlingame, CA). Briefly, successive 2-μm thick
tissue sections were cut from tissue blocks selected for
the presence of representative lesions and mounted on
charged and precleaned slides. Sections were dewaxed,
rehydrated, heated in a microwave (10 min at 750 W in
1 mM EDTA buffer, pH 8.0) for antigen retrieval, and
incubated in 0.3 % hydrogen peroxide methanol solution
for 30 min to block endogenous peroxidase activity. After
blocking the tissue with goat serum for 1 h at room
temperature, the primary antibody was applied overnight
at 4 °C in a high-humidity chamber. Immunolabeling was

visualized using the Vectastain diaminobenzidine kit (Vec-
tor Laboratories), and sections were counterstained with
1 % modified Harris hematoxylin. The mouse monoclonal
anti-α-DG (clone VIA4-1, Upstate Biotechnology, Lake
Placid, NY) and anti-β-DG (clone 43DAG1/8D5, Abcam,
UK) were used at a dilution of 1:100 in phosphate-
buffered serum (PBS) with 1 % horse serum. The mouse
monoclonal matrix metalloproteinase 9 antibody anti-
MMP-9 (2C3, Santa Cruz, CA) was used at a dilution
of 1:50 in PBS with 1 % horse serum. Slides were rated
for antigen expression by two investigators with no
knowledge of the corresponding clinicopathological data.
Skeletal muscle samples (known to express DG and
MMP-9) served as a positive control for each antibody.
Both positive and negative control slides were included in
each batch of slides. For anti-α-DG and anti-β-DG im-
munoreactivity, only clear staining of the cell membrane
was regarded as positive. For anti-MMP-9 studies, the
degree of immunoreactivity in individual tissue sections
was considered high only in cases of unequivocal staining
of the cytoplasm in more than 25 % of cells in each high-
power field (×400). At least five fields within regions of
interest were examined, and the percentage of cells ex-
pressing α-DG and β-DG was calculated semiautomatical-
ly by a computer-assisted cellular image analyzer (Image-
Pro Plus; Media Cybernetics, Silver Spring, MD). The
results obtained were standardized to controls and stratified
into three categories in term of staining intensity: 1=weak,
2=moderate, and 3=strong. Samples were also stratified in
term of percentage of positive cells as follows: 0=0 %,
1=1–10 %, 2=11–50 %, and 3 = >50 % positive cells. A
staining score was defined taking into account both inten-
sity of staining and percentage of positive cells and was
calculated as % positive cells staining intensity, and was
stratified as follows: negative=0, low=1, moderate=2–3,
and strong >3. High is >3, and low is <3.

Statistical analysis

The association between DG (or MMP-9) and clinicopatho-
logical parameters was tested using Pearson’s chi-squared test.
Disease-free survival (DFS) was defined as the interval be-
tween surgery and the first documented evidence of recur-
rence at either the original or distant sites. Overall survival was
defined as the interval between surgery and death from the
disease. Disease-free and overall survival curves were con-
structed using the Kaplan–Meier method, and the log-rank test
was used for comparison. Univariate risk ratio was calculated,
and multivariate relative risks were calculated using Cox
proportional hazards regression. All calculations were per-
formed using the SAS statistical software package (SAS In-
stitute Inc.), and P<0.05 was considered statistically
significant.
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Results

Localization of α-DG and β-DG in human glioma specimens

The expression levels of α-DG, β-DG, and MMP-9 were
evaluated by immunostaining in a series of 78 primary human
glioma samples obtained from patients diagnosed with astro-
cytoma grade I/II (n=29) or grade III/IV (n=49). For α-DG
andβ-DG (Tables 1 and 2), only clear membrane staining was
regarded as high, and we found that high staining was mainly
located along the vascular basal lamina and perivascular re-
gion of the tumor core (Fig. 1, ②A, ②B, ③B, ④B; Fig. 2,
①A,③A,③B,④B). For MMP-9, high staining was mainly
found in the cytoplasm of high-grade specimens (data not
shown).

Differential expression of α-DG in high- and low-grade
human glioma and correlation with clinical outcome

In all the 78 cases of glioma, α-DG immunostaining was
detected. A significantly greater proportion was in the
high-grade (III/IV) group (low-grade 15 of 29 or
51.72 %, high-grade 44 of 49 or 89.8 %; P<0.05).
MMP-9 immunostaining was detected in 37 of 78 speci-
mens, with a significantly greater fraction of MMP-9
samples rated as high expression showing no detectable
expression of α-DG (low expression of MMP-9 and low expression of α-DG 24 of 41 specimens or 58.54 %; high

expression of MMP-9 and low expression of α-DG 35 of
37 or 94.59 %; P<0.05). Thus, α-DG expression was
inversely correlated with both tumor grade and MMP-9
expression. In contrast, there was no significant association
between α-DG expression and either gender, age, or tumor
size (Table 1).

When α-DG staining was analyzed in relation to clin-
ical outcome, disease recurrence and disease-related death
were more frequent in patients with α-DG-low tumors.
When tumors were grouped according to α-DG expression
status, 45 of 59 cases with low α-DG expression (76.3 %)
but only 2 of the 19 cases with high α-DG expression
(10.5 %) recurred during follow-up (P<0.0001) (Table 1).
Enhanced DFS was also confirmed by Kaplan–Meier
curves, which displayed a significant separation between
the α-DG (high) and α-DG (low) patient groups (P<0.05
by log-rank test) (Fig. 3a). Similarly, 28 of 59 patients
with low α-DG expression (47.5 %) but only 1 of the 19
patients with high expression of α-DG (5.3 %) died of the
disease during follow-up (P<0.001) (Table 1). Thus, pa-
tients whose tumors expressed less α-DG were more
likely to die due to the disease compared to those with
α-DG expressing tumors, a result confirmed by Kaplan–
Meier curves (P<0.05 by log-rank test) (Fig. 3c).

In a univariate analysis, we found that age, tumor size,
tumor grade, MMP-9 expression, and α-DG expression

Table 1 α-Dystroglycan expression in relation to clinical and patholog-
ical parameters in a series of 78 patients with glioma

Total High (%) Low (%) P value

Gender

Female 36 7 (19) 29 (81) 0.3492
Male 42 12 (29) 30 (71)

Age (years)

≤42 39 13 (33) 26 (67) 0.0648
>42 39 6 (15) 33 (85)

Tumor size (cm3)

≤70 53 14 (26) 39 (74) 0.5379
>70 25 5 (20) 20 (80)

MMP-9 expression

Low 41 17 (41) 24 (59) 0.0002
High 37 2 (5) 35 (95)

Tumor grade

I/II 29 14 (48) 15 (52) 0.0002
III/IV 49 5 (10) 44 (90)

Recurrence

Yes 47 2 (4) 45 (96) < 0.0001
Not 31 17 (55) 14 (45)

Follow-up

Deceased 29 1 (3) 28 (97) < 0.0001
Alive 49 18 (37) 31 (63)

Table 2 β-Dystroglycan expression in relation to clinical and patholog-
ical parameters in a series of 78 patients with glioma

Total High (%) Low (%) P value

Gender

Female 36 17 (47) 19 (53) 0.6496
Male 42 22 (52) 20 (48)

Age (years)

≤42 39 18 (46) 21 (54) 0.4969
>42 39 21 (54) 18 (46)

Tumor size (cm3)

≤70 53 28 (53) 25 (47) 0.4667
>70 25 11 (44) 14 (56)

MMP-9 expression

Low 41 30 (73) 11 (27) < 0.0001
High 37 9 (24) 28 (76)

Tumor grade

I/II 29 15 (52) 14 (48) 0.8148
III/IV 49 24 (49) 25 (51)

Recurrence

Yes 47 19 (40) 28 (60) 0.0373
No 31 20 (65) 11 (35)

Follow-up

Deceased 29 11 (38) 18 (62) 0.1010
Alive 49 28 (57) 21 (43)
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were associated with shorter DFS (Table 3) and overall
survival (Table 4). To further explore the prognostic sig-
nificance of α-DG, we built a Cox regression model
including the parameters gender, age, tumor size, tumor
grade, MMP-9 expression, and α-DG expression. High-
grade glioma (grade III/IV) (hazards ratio (HR)=3.972,
95 % CI 1.556−10.142, P=0.0039), MMP-9 expression
(HR=2.081, 95 % CI 1.058−4.092, P=0.0336), and low
expression of α-DG (HR=0.142, 95 % CI 0.033−0.611,
P=0.0088) were independent predictors of shorter DFS
according to multivariate analysis (Table 5). A similar
Cox regression model indicated that tumor grade (HR=
7.522, 95 % CI 2.268−24.951, P=0.0010) was an

independent predictor of shorter overall survival according
to multivariate analysis (Table 6).

β-DG immunostaining was not strongly correlated
to clinicopathological parameters except MMP-9
immunostaining

Expression of β-DG was also assessed by immunostain-
ing in the same series of 78 glioma samples using the
specific monoclonal antibody 8D5 (Fig. 1, ①B, ②B,
③B, ④B; Fig. 2, ①B, ②B, ③B, ④B). No immuno-
staining was observed in 39 of 78 cases, and β-DG
expression did not correlate with gender, age, tumor

Fig. 1 Examples of low-grade
human glioma stained with
anti-α-DG (VIA-4) (①A~④A)
and anti-β-DG (8D5) (①B
~④B). ①~④ represent four
different cases. Low expression of
α-DG (①A, ③A, ④A). Low
expression of β-DG (①B). High
expression of α-DG (②A). High
expression of β-DG (②B, ③B,
④B). Original magnifications×
400
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size, tumor grade, or survival rate (Table 5). A signifi-
cantly greater fraction of specimens with low expression
of β-DG were also rated as high expression of MMP-9
(low expression of MMP-9 and low expression of β-DG
11 of 41 or 26.83 %; high expression of MMP-9 and
low expression of β-DG 28 of 37 or 75.68 %; P<0.05).
Thus, like α-DG, there was a negative association be-
tween MMP-9 and β-DG expression. Moreover, a great-
er fraction of cases with low expression of β-DG re-
curred (28/39 or 71.8 % vs 19/39 or 48.7 %; P=0.0373)
(Table 2). However, a Cox regression model and
Kaplan–Meier curves did not confirm a significant

relationship between low β-DG expression and recur-
rence (data not shown).

Prognostic significance of combined α-DG and β-DG
expression

We constructed a second Cox regression model including
both α-DG and β-DG expressions in addition to gender,
age, tumor size, tumor grade, and MMP-9 expression.
Lack of α-DG and β-DG expression was confirmed to
be an independent predictor of shorter DFS and overall
survival (OS) (Tables 7 and 8). Moreover, when

Fig. 2 Examples of high-grade
human glioma stained with
anti-α-DG (VIA-4) (①A~④A)
and anti-β-DG (8D5) (①B
~④B). ①~④ represent four
different cases. Low expression of
α-DG (②A, ④A). Low
expression of β-DG (①B, ②B).
High expression of α-DG (①A,
③A). High expression of β-DG
(③B, ④B). Original
magnifications×400×
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considered together as one parameter, low expression of
both α-DG and β-DG was a powerful negative prognostic
factor for both DFS (HR=2.556, 95 % CI 1.403–4.654,
P=0.0022) and OS (HR=2.193, 95 % CI 1.031–4.666,
P=0.0414) (Tables 7 and 8). Similarly, Kaplan–Meier
curves of patients whose tumors were rated as low ex-
pression for α-DG and β-DG versus all remaining patients
showed significant separation for both DFS and OS
(P<0.05 by log-rank test) (Fig. 3b, d).

Discussion

Loss of stable cell attachment to the basement membrane and
disrupted ECM intracellular signaling due toDG degradation or
dysfunction may be critical for tumor growth and metastasis [2,
4]. In this study, the potential prognostic significance of dystro-
glycanα-DG andβ-DG expression levels was investigated in a
series of human glioma specimens. We observed a clear reduc-
tion in α-DG expression in high-grade tumors (III/IV), which

Fig. 3 Kaplan–Meier curves for
disease-free survival (a, b) and
overall survival (c, d) in a series
of 78 patients with glioma.
Patients were stratified by α-DG
expression (a, c) or according to
the level of expression of the α-
DG and β-DG complex (b, d)

Table 3 Contribution of various potential prognostic factors to disease-free survival by univariate analysis in patients with glioma

Factor Estimates SE χ2 P value Risk ratio 95 % confidence interval

Lower Upper

Gender −0.43384 0.293072 2.191303 0.138792 0.648019 0.364858 1.150935

Age 1.04948 0.310009 11.46037 0.000711 2.856165 1.555618 5.24401

Tumor size 1.052552 0.297984 12.4767 0.000412 2.864953 1.597617 5.137625

MMP-9 expression 1.630932 0.326085 25.01551 <0.0001 5.108634 2.696128 9.679859

Tumor grade 2.146574 0.445471 23.21953 <0.0001 8.555493 3.57322 20.48473

α-DG expression −2.62422 0.72737 13.01634 0.000309 0.072496 0.017425 0.301616

β-DG expression −0.59806 0.299178 3.996004 0.045608 0.549879 0.305919 0.988389

SE standard error
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correlated with poor clinical outcome (Tables 1 and 4 and
Fig. 3a, c). These findings support the tumor-suppressor func-
tion of DG in astrocytes, in accord with previous observations
in several human epithelial tumors [5, 8–13].

In contrast to α-DG expression, transmembrane β-DG
subunit expression was not reduced in high-grade glioma
and did not correlate with prognosis in Cox proportional
hazards regression (Tables 4 and 6). However, since β-DG
was correlated with recurrence by Pearson’s chi-squared test
(Table 2), we built a second Cox regression model including
both α-DG and β-DG expression along with gender, age,
tumor size, tumor grade, and MMP-9 expression and did find
that loss of α-DG was an independent predictor of shorter
DFS (Table 4). Moreover, dual loss of α-DG and β-DG was a
powerful prognostic indicator (Tables 7 and 8).

This study is among the first to analyze the association
between the expression of DG and DFS of patients with
glioma. As such, it provides crucial information that may
improve patient assessment prior to treatment. Tumor grade
also has prognostic significance for survival, with our group
and others [19–21] determining that an advancedWHO grade
is a significant predictor of shorter OS. Taken together, these
data and our findings that expression of α-DG is significantly
associated with tumor grade support the hypothesis that

decreased expression of DG contributes to tumor progression
and invasion, and consequently, survival. Moreover, the data
suggest that determining DG expression and tumor grade
concurrently may increase the accuracy of prognosis and lead
to better-informed treatment decisions. Profiling of MMP-9
expression may further increase prognostic accuracy, given
our finding that increased expression of MMP-9 was a third
independent prognostic indicator for shorter DFS. This result
confirms those of other studies by Sun et al. and Zhao et al.
[22, 23], who found that expression of MMP-9 in tumor
samples was an independent predictor of survival.

Staining of both antigens was mainly located along the
vascular basal lamina and perivascular region in the tumor
core (Fig. 1, ②A, ②B, ③B, ④B; Fig. 2, ①A, ③A, ③B,
④B), regardless of tumor grade, in agreement with previous
observations [24, 25]. In healthy tissue, α-DG functions as
receptor for extracellular proteins, including laminin,
perlecan, and agrin [26], while β-DG is the transmembrane
subunit connectingα-DG to the intracellular cytoskeleton and
downstream signaling pathways [27–32]. In the CNS, DG is
abundant at the glial limitans, an important component of the
BBB [6]. DG has been implicated in early mouse brain devel-
opment, in myelination and regulation of the nodal architec-
ture of peripheral nerves, and synaptogenesis [2, 14, 15, 33].
Thus, it is highly likely that interfering with these roles,
particularly control of proliferation, basement membrane ad-
hesion, and signaling through kinases such as MAPK, could
lead to glioma progression and invasion.

Table 5 Contribution of various potential prognostic factors to disease-
free survival by Cox regression analysis in patients with glioma

Variable 95 % confidence interval Risk ratio P value

Lower Upper

Tumor gradea 1.556 10.142 3.972 0.0039

MMP-9b 1.058 4.092 2.081 0.0336

α-DGc 0.033 0.611 0.142 0.0088

a Risk ratio given as grade III–IV vs grade I–II tumors
b Risk ratio given as MMP-9 high- vs low-expression tumors
c Risk ratio given as α-DG high- vs low-expression tumors

Table 4 Contribution of various potential prognostic factors to overall survival by univariate analysis in patients with glioma

Factor Estimates SE χ2 P value Risk ratio 95 % confidence interval

Lower Upper

Gender −0.24712 0.371783 0.441819 0.506246 0.781045 0.376889 1.618596

Age 1.062926 0.403731 6.931413 0.008469 2.894829 1.312098 6.386744

Tumor size 0.980883 0.373092 6.911982 0.008562 2.666809 1.283558 5.540748

MMP-9 expression 1.387131 0.419244 10.94718 0.000937 4.003347 1.760202 9.105085

Tumor grade 2.017882 0.611772 10.87959 0.000972 7.522377 2.267848 24.95148

α-DG expression −2.48938 1.018254 5.976807 0.014495 0.082962 0.011276 0.610403

β-DG expression −0.53776 0.383045 1.970941 0.160348 0.584057 0.275681 1.237381

SE standard error

Table 6 Contribution of various potential prognostic factors to overall
survival by Cox regression analysis in patients with glioma

Variable 95 % confidence interval Risk ratio P value

Lower Upper

Tumor gradea 2.268 24.951 7.522 0.0010

a Risk ratio given as grade III–IV vs grade I–II tumors
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In this study, the α subunit of the DG complex was almost
always absent in high-grade glioma, while the β subunit did
not display significant variations between different grades.
Since DG subunits are encoded by a single gene and produced
by posttranslational cleavage of a single precursor molecule
[2], detection of the β-DG subunit in most of the high-grade
gliomas lacking α-DG immunoreactivity (Tables 1 and 2)
indicates that gene expression is not lost during tumor pro-
gression; rather, specific posttranslational mechanism affect-
ing α-DG processing are altered in glioma as reported in
epithelial tumors [12, 26]. α-DG is highly glycosylated, and
the anti-α-DG antibody used in our study (clone VIA4-1,
Upstate) only recognizes the glycosylated domain of α-DG.
Thus, reduced immunoreactivity represented a reduction inα-
DG glycosylation. Loss of α-DG glycosylation has been
suggested to promote tumor invasion and metastasis by
allowing detachment of carcinoma cells from the BM. Indeed,
Shimojo et al. [12] demonstrated that reduction of α-DG
glycosylation rather than of core protein expression in prostate
carcinoma cells is associated with highly infiltrative histolog-
ical patterns as assessed by the Gleason grading system. In a
future study, we will investigate the extent α-DG glycosyla-
tion and α-DG core protein expression in high- and low-grade
glioma.

Many studies suggested that matrix metalloproteinases
such as MMP-9 and MMP-2 may degrade DG by disrupting
the interface between the C-terminal domain of α-DG and the

N-terminal extracellular domain of β-DG [34, 35], a phenom-
enon observed under both physiological conditions [36] and
pathological conditions [37]. In epithelial tumors, β-DG was
degraded into a 31-kDa fragment without the N-terminal [7, 8,
38]. However, in contrast to epithelial tumors, Calogero et al.
[19] found that almost primary glioma cells, subcultured
glioma cells, and cells within human glioma tissues expressed
integral β-DG (43 kDa). In the study, the anti-β-DG antibody
(clone 43DAG1/8D5, Abcam) used recognizes 16 amino
acids at the extreme C terminus of human β-DG. Thus,
reduction of β-DG was not due entirely to proteolysis by
MMP-9. However, further study for the relationship between
β-DG and MMP-9 is demanded.

Conclusions

The results demonstrate that (i) reduction of high α-DG ex-
pression is more frequent in high-grade glioma and (ii) low α-
DG expression and low expression of both α-DG and β-DG
are independent predictors of poor clinical outcome. Larger
scale clinical studies and basic investigations into the molec-
ular mechanisms for DG reduction in glioma are warranted.
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