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Abstract
Integrin, beta-like 1 (ITGBL1), a β-integrin-related extracellular matrix protein, was found more
commonly up-regulated in gastric cancer (GC) by screening and analyzing Gene Expression
Omnibus (GEO) and Oncomine databases, reminding us to explore its prognostic significance in
GC. In our current study, we observed that ITGBL1 expression was significantly up-regulated in
GC compared with normal controls in clinical specimens. In addition, elevated ITGBL1 expression
was positively correlated with patients’ tumor-node-metastasis (TNM) stage and distant
metastasis. Kaplan-Meier analysis indicated that high ITGBL1 expression was significantly
associated with shorter survival times in GC patients. Multivariate Cox regression analysis
confirmed ITGBL1 expression as an independent prognostic factor in GC. Gene set enrichment
analysis (GSEA) of multiple GEO datasets revealed a close relationship between ITGBL1
expression and the KRAS/epithelial-mesenchymal transition (EMT) signaling pathway. In
conclusion, these data provide evidences that ITGBL1 is a potential predictor and may be involved
in cancer cell invasion and metastasis via inducing EMT, and the ITGBL1-related pathways may
represent a novel therapeutic strategy for treatment of GC.
Key words: ITGBL1, prognosis, metastasis, EMT, gastric cancer.

Introduction
Although the incidence and mortality have been
declining in recent decades, gastric cancer (GC)
remains the fourth most common human malignancy
worldwide [1,2]. In China, GC is the second most
common cancer in men and third most common in
women, and is second only to lung cancer as the cause
of cancer-related mortality [3]. The only possibly
curative therapy for GC is still surgical resection,
however, approximately 60% of patients with GC are
diagnosed with locally advanced and metastatic
disease, resulting in poor prognosis for lack of early

detection and loss of the opportunity of curative
resection. Hence, the identification of novel diagnostic
markers has become a major topic to the GC research.
Integrin, beta-like 1 (ITGBL1), which was first
cloned from an osteoblast cDNA library, encodes a
β-integrin-related extracellular matrix protein. The
ITGBL1 protein comprises a typical signal peptide
and a hydrophilic 471-amino-acid domain containing
ten tandem integrin EGF-like repeats [4]. Although as
a member of the EGF-like protein family, ITGBL1
contains neither a transmembrane domain nor an
http://www.jcancer.org

Journal of Cancer 2017, Vol. 8
RGD (Arg–Gly–Asp)-binding domain, suggesting
that ITGBL1 performs functions distinct from those of
integrin [5]. Recently, few studies have reported the
functions of ITGBL1 in human diseases. In breast
cancer, ITGBL1 as a Runx2 transcriptional target
promotes bone metastasis by activating the TGFβ
signaling pathway [6]; in non-small cell lung cancer
(NSCLC), epigenetic
down-regulated ITGBL1
promotes cell invasion through the Wnt/PCP
signaling pathway [7]; in ovarian cancer, ITGBL1
promotes cell migration and adhesion by activating
the Wnt/PCP and FAK/SRC signaling pathways [8];
in patients with chronic hepatitis B, ITGBL1 is one of a
six gene signature for identifying the risk of
developing cirrhosis and identified as a key regulator
of fibrogenesis [9,10]. In GC, however, the role of
ITGBL1 remains to be uncharacterized.
In this study, we examined the expression
pattern and prognostic value of ITGBL1 in GC. We
found that ITGBL1 expression was significantly
up-regulated in GC tissues compared to paired
non-tumor tissues, and the expression level of ITGBL1
was correlated with the tumor-node-metastasis
(TNM) stage, distant metastasis and poor prognosis of
GC patients. Gene Set Enrichment Analysis (GSEA) of
several Gene Expression Omnibus (GEO) datasets
revealed that high expression of ITGBL1 was related
to the KRAS/epithelial-mesenchymal transition
(EMT) signaling pathway. Taken together, these data
indicate that ITGBL1 may serve as a novel prognostic
marker for GC and involve in gastric cancer
metastasis via inducing EMT.

Materials and Methods
Ethics statement
This research was approved by the Ethics
Committee of Renji Hospital, School of Medicine,
Shanghai Jiao Tong University, and written informed
consent was obtained from each patient involved in
this study.

GC specimens and Tissue microarray (TMA)
construction
All patient data were pseudonymized before
study inclusion. The inclusion and exclusion criteria
were as previously described [11]. According to the
inclusion and exclusion criteria, a total of 231 eligible
cases were identified from east and west surgery
departments of Renji Hospital between January 2004
and December 2008. Tissue microarrays were
constructed as previously described [11].
Clinicopathological characteristics, including
age, gender, Lauren type, tumor size, T classification,
lymph node metastasis, TNM stage, early gastric
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cancer, and distant metastasis, were included in the
records. Among them, tumor stage was determined
by the American Joint Committee on Cancer (AJCC)
staging system for gastric cancer; early gastric cancer
was defined as “a carcinoma limited to the gastric
mucosa and/or submucosa regardless of the lymph
node status”.

Immunohistochemical (IHC) staining and
scoring
IHC staining was performed using a two-step
protocol. Briefly, after microwave antigen retrieval,
tissue sections were incubated with the antibody for
ITGBL1 (dilution 1:200, Abnova, US) at 4 ℃
overnight, labeled by HRP (rabbit) second antibody
(Thermo Scientific, US) at room temperature for 60
min. Finally, sections were developed in DAB
solution (Gene Tech, Shanghai) under microscopic
observation and counterstained with hematoxylin.
All the sections were observed and
photographed with a microscope (Carl Zeiss,
Germany). Immunoreactivity of ITGBL1 was
evaluated according to both the ratio of
positive-staining cells and staining intensity. The
extent of ITGBL1 staining was semiquantitatively
scored as follows: 0-5% scored 0; 6-35% scored 1;
36-70% scored 2; more than 70% scored 3. Staining
intensity was scored as follows: no staining scored 0,
weakly staining scored 1, moderately staining scored
2 and strongly staining scored 3. The final score was
designated using the extent of positive cell score ×
staining intensity score as follows: “-” for a score of
0-1, “+” for a score of 2-3, “++” for a score of 4-6 and
“+++” for a score of > 6; low expression was defined
as a total score < 4 and high expression with a total
score ≥ 4. These scores were determined by two
independent pathologists in a blinded manner, and
mean percentage values of two scores were taken.

Western blotting
Total protein of GC tissue was extracted using a
total protein extraction buffer (Beyotime, China) and
the protein concentration was measured using a BCA
Protein Assay Kit (Pierce Biotechnology, US),
according to the manufacturer’s instructions. Samples
were separated by 10% SDS-PAGE gel electrophoresis
and then transferred to nitrocellulose membrane
(Millipore, US). Membranes were blocked with 5%
(w/v) nonfat milk (BD, US) in Tris-buffered saline
(TBS) and incubated with ITGBL1 antibody (dilution
1:500, Abnova, US) diluted in TBS containing 1%
(w/v) bovine serum albumin at 4 ℃ overnight. Bound
secondary antibodies were detected by Odessey
Imaging System (LI-COR Biosciences, Lincoln, NE).

http://www.jcancer.org
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Gene Set Enrichment Analysis (GSEA)
Data used for GSEA were accessible from Gene
Expression Omnibus (GEO, hhtp://www.ncbi.nlm.
nih.gov/gds/) and analyzed using the software
GSEA v2.2.2 (hhtp://www.broadinstitute.org/gsea).
The high and low groups of clinical GC specimens
were separated by the median ITGBL1 expression
level. Statistical significance (false discovery rate,
FDR) was set at 0.25.

Statistical analysis
All statistical analyses were done using SPSS 19.0
for windows (IBM Corporation) and GraphPad Prism
5 software (San Diego, CA). The chi-square test and
Fisher’s exact probability method were used to
analyze the correlation between ITGBL1 expression
and clinicopathological parameters in GC patients.
Survival curves were evaluated by the Kaplan-Meier
method and analyzed by the log-rank test. Univariate
and multivariate analyses were performed to identify
the factors that had a significant influence on survival
based on the Cox proportional hazards regression
model. P < 0.05 was considered statistically
significant.

Results
The mRNA expression of ITGBL1 is increased
in GC tissues
To illustrate the expression pattern of ITGBL1 in
GC tissues, we first searched the mRNA expression
level of ITGBL1 in two GEO datasets. The results

3766
showed that ITGBL1 expression was significantly
increased in GC tissues comparing with normal
adjacent gastric tissues revealed by GSE79973 [12]
(Fig. 1A, P = 0.0029) and GSE13911 [13] datasets (Fig
1B, P = 0.0009). We then utilized microarray data
available in the Oncomine database to analyze
ITGBL1 mRNA expression in human clinical samples
of GC and normal gastric tissues [14]. The results also
revealed that ITGBL1 mRNA expression was
markedly higher in diffuse, intestinal, and mixed
gastric adenocarcinoma compared with gastric
mucosa (Fig. 1C-E, all P < 0.0001).

The protein expression of ITGBL1 is
up-regulated in GC tissues
To further address the protein change of ITGBL1
in GC tissues, IHC analysis was performed in GC
TMA. The representative staining of ITGBL1
expression in GC as well as paired non-tumor gastric
tissues were shown in Fig. 2A, positive
immunostaining for ITGBL1 was predominantly
observed in the cytoplasm and extracellular matrix
(ECM) of GC and normal gastric tissues. We found
that ITGBL1 was significantly up-regulated in GC
tissues compared with adjacent non-tumor tissues
(Fig. 2B and 2C, P < 0.0001). Among 231 paired
tissues, ITGBL1 expression was up-regulated in 154
cases compared with that of the paired non-tumor
gastric tissues (Fig. 2D). Furthermore, we validated
the protein expression of ITGBL1 in another six pairs
of resected representative specimens (tumor tissues

Figure 1. Increased ITGBL1 expression at mRNA level in gastric cancer tissues. A. The mRNA expression of ITGBL1 was up-regulated in GC tissues (T) compared
with the normal non-tumor tissues (N) revealed using the GSE79973 dataset. B. ITGBL1 expression in the normal gastric and GC tissues revealed by the GSE13911
dataset. C-E. Box and whiskers plots of Oncomine data on ITGBL1 mRNA levels in the normal gastric and GC tissues.
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and paired adjacent non-tumor tissues) from GC
patients using western blotting analysis. Consistently,
an increase of ITGBL1 expression was observed in five
GC tissues compared with the paired adjacent
non-tumor tissues (Fig. 2E).

Correlation of ITGBL1 expression with
clinicopathological parameters in patients with
GC
To determine the clinical significance of ITGBL1
expression in GC, we used Chi-square test to assess
the correlation between ITGBL1 protein expression
and corresponding patients’ clinicopathologic
parameters shown in Table 1. The results showed that
ITGBL1 expression in GC tissues was significantly
correlated with TNM stage (P = 0.030), early gastric
cancer (P = 0.007) and distant metastasis (P = 0.013).
While there was no significant correlation with age,
gender, Lauren type, tumor size, T classification and
lymph node metastasis (Table 1). ITGBL1 expression
was increased in advanced gastric cancer compared
with that in early gastric cancer and was positively
associated with TNM stage and metastasis, indicating
that ITGBL1 may be implicated in the progression of
GC.

Up-regulated ITGBL1 predicts a poor
prognosis of GC patients
To evaluate the prognostic significance of
ITGBL1 in GC patients, we used Kaplan-Meier
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analysis and log-rank test to analyze the correlation
between ITGBL1 expression and corresponding
clinical follow-up information. As shown in Fig. 3A,
high ITGBL1 expression was remarkably associated
with decreased overall survival (OS) (P = 0.0002) and
disease-free survival (DFS) (P = 0.0049). In addition,
we determined the correlation between ITGBL1
expression and OS or DFS in GC patients in the
present or absent of lymphatic metastasis and in early
or advanced TNM stage. Kaplan-Meier analyses
showed that both OS and DFS were shorter in GC
patients with higher ITGBL1 expression in GC
patients with lymphatic metastasis (Fig. 3C, all P <
0.05), but neither in GC patients without lymphatic
metastasis (Fig. 3B, all P > 0.05); both OS and DFS
were shorter in GC patients with higher ITGBL1
expression regardless of TNM stage (Fig. 3D and 3E,
all P < 0.05). Furthermore, univariate and multivariate
analyses were conducted to identify the risk factors
correlated with the prognosis of GC patients.
Univariate analysis showed that ITGBL1 expression,
Lauren type, tumor size, T classification, lymph node
metastasis, TNM stage, and distant metastasis were
significantly associated with overall survival (Table
2). Meanwhile, multivariate analysis using the Cox
proportional hazards model revealed that ITGBL1
expression was a significant independent prognostic
factor for GC patients (P = 0.011) in addition to distant
metastasis (P < 0.001) (Table 2). Taken together, these

Figure 2. Increased ITGBL1 expression at protein level in gastric cancer tissues. A. Representative photographs of the ITGBL1 immunoreactivity in non-tumor
gastric tissues (N) and GC tissues (T) (scale bar: 10 μm). B. Comparisons of ITGBL1 expression in TMA revealed by IHC analysis in paired non-tumor and GC tissues.
C-D. ITGBL1expression was up-regulated in 154 GC tissues (T) compared with the paired adjacent non-tumor tissues (N) (scale bar: 10 μm). E. ITGBL1 expression
in paired tissues from six GC patients analyzed by western blotting.
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data above suggest that up-regulated ITGBL1 predicts
a poor prognosis, and might contribute to tumor
progression in GC.

Correlation between the mRNA expression of
ITGBL1 and the KRSA/EMT signaling pathway
in human GC specimens
When searching the mRNA expression level of
ITGBL1 in GSE35809 dataset [15], we found that
ITGBL1 expression was significantly increased in GC
of invasive subtype compared with that in GC of
metabolic and proliferative subtypes (Fig. 4A, P <
0.001), suggesting that ITGBL1 may participate in GC
invasion. Moreover, GSEA comparing GC tumors
with high versus low expression of ITGBL1 using five
independent GEO datasets showed a strong
correlation between ITGBL1 expression and the
KRAS/EMT signaling pathway (Fig. 4B-F) revealed
using the GSE35809, GSE13911, GSE15459 [16],
GSE34942 [16], and GSE57303 [17] datasets. Finally,
based on the results of GSEA, we analyzed the
correlation between ITGBL1 expression and EMT
markers’ expression. Consistent with the results of
GSEA, ITGBL1 expression was negatively associated
with the expression of epithelial marker E-cadherin,
and positively with the expression of mesenchymal
marker vimentin rather than N-cadherin (Fig. 5A-E),
as the expression of EMT markers often depends on
the cell type and initiating signaling pathway. Taken
together, these data suggested that ITGBL1 may
promote GC invasion and metastasis via activating
KRAS signaling to induce EMT progression.

Discussion
To date, there are few conflicting reports on
ITGBL1 roles in the field of tumor biology. It has been
reported that ITGBL1 promotes bone metastasis by
activating the TGFβ signaling pathway in breast
cancer [6] and is up-regulated and promotes cell
migration and adhesion through the Wnt/PCP and
FAK/SRC signaling pathways in ovarian cancer [8].

However, another study reported that ITGBL1 is
more commonly down-regulated in NSCLC tissues,
and epigenetic down-regulated ITGBL1 promotes
cancer cell invasion through the Wnt/PCP signaling
pathway [7]. In current study, ITGBL1 expression and
its association with clinicopathological features were
investigated across a cohort of Chinese GC patients.
Table 1. Correlations between ITGBL1 expression and
clinicopathologic parameters in patients with GC
Clinicopathological
parameter
Age (years)
< 60
≥ 60
Gender
Male
Female
Lauren type
Intestinal type
Diffuse type
Tumor size
≤ 5 cm
>5cm
T classification
T1, 2
T3, 4
Lymph node metastasis
Absent
Present
TNM stage
I
II
III
IV
Early gastric cancer
No
Yes
Distant metastasis
Absent
Present

Total
231

Expression of ITGBL1
p value
Low (n=84, %) High (n=147, %)

100
131

38 (38.0)
46 (35.1)

62 (62.0)
85 (64.9)

0.680

148
83

58 (39.2)
26 (31.3)

90 (60.8)
57 (68.7)

0.256

129
102

46 (35.7)
38 (37.3)

83 (64.3)
64 (62.7)

0.891

127
104

53 (41.7)
31 (29.8)

74 (58.3)
73 (70.2)

0.074

84
147

37(44.0)
47 (32.0)

47(56.0)
100 (68.0)

0.239

99
132

41 (41.4)
43 (32.6)

58 (58.6)
89 (67.4)

0.245

63
55
93
20

29 (46.0)
18 (32.7)
35 (37.6)
2 (10.0)

34 (54.0)
37 (67.3)
58 (62.4)
18 (90.0)

0.030

183
48

58 (31.7)
26 (54.2)

125 (68.3)
22 (45.8)

0.007

211
20

82 (38.9)
2 (10.0)

129 (61.1)
18 (90.0)

0.013

The bold number represents the p-values with significant differences.
P value was calculated by χ2 test or Fisher’s exact test.

a
b

Table 2. Univariate and multivariate analysis of prognostic parameters for survival in patients with GC
Prognostic parameter
Expression of ITGBL1 (low vs. high)
Age (< 60 vs. ≥ 60)
Gender (male vs. female)
Lauren type (intestinal vs. diffuse)
Tumor size (≤ 5 cm vs. > 5 cm)
T classification (T1, 2 vs. T3, 4)
Lymph node metastasis (absent vs. present)
TNM stage (I - II vs. III - IV)
Early gastric cancer (no vs. yes)
Distant metastasis (absent vs. present)
a

Univariate analysis
HR (95% CI)
2.728 (1.576-4.724)
1.013 (0.998-1.028)
0.918 (0.649-1.299)
2.257 (1.625-3.134)
3.665 (2.576-5.215)
8.497 (4.703-15.353)
7.771 (4.737-12.750)
9.135 (5.879-14.193)
14.973 (4.771-46.992)
9.667 (6.331-14.761)

p value
<0.001
0.083
0.631
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Multivariate analysis
HR (95% CI)
2.094(1.184-3.703)
1.340 (0.850-2.112)
1.314 0.796-2.168)
1.379 (0.395-4.819)
3.323 (0.916-12.056)
1.562 (0.371-6.575)
4.491 (0.510-39.517)
5.229 (2.861-9.557)

p value
0.011
0.208
0.295
0.614
0.068
0.543
0.176
<0.001

HR: Hazard ratio; CI: Confidence interval
The bold number represents the p value with significant differences

b
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Figure 3. ITGBL1 expression is correlated with survival rate. A. Overall survival and disease-free survival analyses of GC patients with different ITGBL1 protein
expression. B-C. Comparison of overall and disease-free survival in patients without (B) or with (C) lymph node metastasis was conducted based on ITGBL1
expression. D-E. Comparison of overall survival and disease-free survival between lower ITGBL1 expression group and higher ITGBL1 expression group in early
TNM stage cohort (I-II) (D) and in advanced TNM stage cohort (III-IV) (E). P value was calculated by log-rank test.
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Figure 4. ITGBL1 expression is positively correlated with a KRAS/EMT gene program in GC. A. The mRNA expression of ITGBL1 was increased in invasive subtype
of GC compared with the metabolic and proliferative subtypes of GC revealed using the GSE35809 dataset. B-F. Performance of GSEA based on GEO datasets.
Patients were divided into low and high groups by the median ITGBL1 expression. High expression of ITGBL1 correlated with the KRAS/EMT signaling pathway
revealed using the GSE35809 (B), and GSE13911 (C), GSE15459 (D), GSE34942 (E) and GSE57303 (F) datasets. NES, normalized enrichment score.

We demonstrated that ITGBL1 expression was
commonly up-regulated in GC patients at protein
level. These findings were supported at the mRNA
level by non-overlapping data from GEO and
Oncomine databases, which highlighted the same
trends in GC. In our study, however, ITGBL1
expression was also observed in normal gastric
tissues, which might be explained by that these
normal gastric tissues were mainly non-tumor tissues
derived from patients with GC and the tumor
microenvironment of GC was likely to turn on the
expression of ITGBL1 in adjacent normal tissues. In
addition, up-regulated ITGBL1 expression was

significantly correlated with TNM stage, early gastric
cancer and distant metastasis of GC. The findings
remind us that ITGBL1 may play important roles in
the progression of GC.
Furthermore, survival analyses in our study
revealed that GC patients with high ITGBL1
expression levels had a poorer prognosis than those
with low expression levels. Multivariate analysis
demonstrated that increased ITGBL1 expression and
distant metastasis were independent risk factors in
the prognosis of GC patients. These results suggested
that ITGBL1 may represent a novel prognostic marker
for GC patients.

http://www.jcancer.org

Journal of Cancer 2017, Vol. 8

3771

Figure 5. Correlation of ITGBL1 expression with the level of EMT markers, including E-cadherin, N-cadherin and vimentin (expressed as the log2 median-centered
intensity) revealed using the GSE35809 (A), and GSE13911 (B), GSE15459 (C), GSE34942 (D) and GSE57303 (E) datasets.
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Previous studies have indicated that ITGBL1 is
involved in cancer metastasis [6-8]. When screening
the GSE35809 database, we found that ITGBL1
expression was significantly increased in invasive
subtype of GC than that of metabolic and proliferative
subtypes, suggesting that ITGBL1 might play an
important role in gastric cancer invasion and
metastasis. Invasion and metastasis, the major causes
of GC-related relapse and death, greatly impede the
treatment efficiency [18]. The precise molecular
mechanisms through which ITGBL1 impacts on GC
invasion and metastasis have yet to be elucidated,
GSEA of multiple independent datasets revealed that
human GC specimens with high expression of ITGBL1
had elevated expression of EMT genes.
Abundant evidences have revealed the
importance of EMT, during which epithelial cells lose
their junctions and cellular polarity, reorganize their
cytoskeleton, finally acquire migratory and invasive
capabilities [19]. EMT is critical for multiple
pathophysiological
processes,
especially
tumorigenesis and progression [20]. Aberrant EMT
activation provides cancer cells with enhanced
migratory and invasive capabilities and promotes
tumor progression [21]. In tumor cells, an essential
EMT step is the down-regulation of E-cadherin to
reinforce the destabilization of cell junctions [22]. The
E- to N-cadherin switch has critical functions in cancer
progression for being essential for enhanced motility
and migration [23]. Vimentin expression cause EMT
phenotype changes in human GC cells [24]. To further
confirm the results of GSEA, correlation of ITGBL1
expression with EMT markers’ expression was
analyzed. ITGBL1 expression was found to be closely
associated the expression of EMT markers E-cadherin
and vimentin.
Recent evidence indicates that EMT is a key GC
progression driver, and plays a fundamental role
during early steps of GC invasion, metastasis and
relapse [25]. Many studies have shown that a variety
of signaling pathways are involved in the EMT
process in tumor cells. Recently, it has been reported
that the activation of the PI3K/AKT axis leads to EMT
through various mechanisms and has emerged as a
central feature of EMT in GC [26-29]. In addition,
MEK/ERK pathway has been shown to induce EMT
to promote GC migration, invasion and metastasis
[29-32]. Above all, PI3K/AKT and MEK/ERK
signaling pathways can promote GC metastasis by
inducing EMT. Among KRAS-related downstream
pathways are mainly PI3K-Akt and MAPK/ERK
signaling pathways, the results of GSEA analysis
revealed that ITGBL1 expression had a positive
correlation with KRAS signaling pathway in human
GC specimens, which plays vital roles in EMT process
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of GC, suggesting that ITGBL1 may induce EMT by
activating KRAS-related signaling pathways.
Investigating possible mechanisms modulating
malignant cell EMT and discovering novel EMT
regulators will further elucidate GC biology, and may
provide novel biomarkers and efficient therapeutic
targets for GC [24]. EMT is induced by diverse
extracellular stimuli [32], and in GC stroma, there are
various cues which can influence EMT. We
hypothesize that ITGBL1, as an extracellular matrix
protein, may interact with cell membrane receptors,
thus activating KRAS-related pathways, such as
PI3K-Akt and MAPK/ERK signaling pathways,
which affect the activity and abundance of
transcription factors that regulate the expression of
EMT markers, finally resulting in EMT process to
promote GC invasion and metastasis. The hypothesis
needs to be further confirmed by in vitro and in vivo
experiments; however, these data provide a clue for
studying the mechanism of GC metastasis.
In conclusion, for the first time to our
knowledge, we showed that ITGBL1 was
up-regulated in GC by immunohistochemistry, and
described ITGBL1 as a crucial factor in the clinical
outcomes during human GC. Furthermore, based on
bioinformatic analysis, we found that ITGBL1 may
induce EMT via activating KRSA-related signaling
pathways to promote cell invasion and metastasis of
GC. These data provide a further insight into the
pathogenesis of GC and provide substantial new
evidence that ITGBL1 may serve as a novel prognostic
marker and therapeutic target for GC.
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