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ABSTRACT
Cancer associated fibroblasts (CAFs) are a crucial cellular component in tumor 

microenvironment and could promote tumor progression. CAFs are usually derived from 
resident fibroblasts, which undergoing an activated process stimulated by tumor cells. 
However, the agents and mechanism driving this switch have not yet been elucidated. 
Progranulin (PGRN), a well acknowledged secreted glycoprotein, could promote 
proliferation and angiogenesis of colorectal cancer (CRC) cells, and high expression of 
PGRN correlated with patient poor prognosis. Whether PGRN has effects on the function 
of stromal fibroblasts is unknown. Herein we found that there was a positive correlation 
between PGRN expression of CRC cells and expressions of smooth muscle actin α 
(α-SMA) on CAFs in CRC patient tissues. PGRN/α-SMA co-expression was positively 
correlated with CRC patient poor prognosis. Co-cultured with CRC cells or human 
recombinant PGRN (rPGRN), the expression of Ki67, fibroblast activation protein (FAP) 
and α-SMA in fibroblasts were all up-regulated significantly, accompanying with elevated 
cellular proliferation, migration and contraction. Whilst co-cultured with PGRN-silenced 
CRC cells, these functions were down-regulated. Studies of the underlying molecular 
mechanism demonstrated that either tumor necrosis factor receptor 2 (TNFR2)/Akt or 
the extracellular regulated kinase (ERK) signaling pathway contributed to modulate of 
Ki67, FAP, and α-SMA expression, and correlated to abilities of proliferation, migration 
and contraction in fibroblasts. In conclusion, PGRN plays an important role in activation 
of CRC fibroblasts, which may be taken as a prospective target of CRC therapy.

INTRODUCTION

As one of the most common malignant tumors 
in the world, the mortality of colorectal cancer (CRC) 

has declined in recent years, greatly attributing to early 
screening program and ameliorated therapy regimens, 
such as neoadjuvant chemotherapy, molecular target 
therapy, biotherapy, and so on. But for patients at advanced 
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clinical stage, prognosis is still very poor [1–3]. A detailed 
understanding of molecular mechanisms regulating the 
development, progression, and metastasis of a malignant 
colorectal tumor may lead to improvements in patient 
therapy outcome.

It has been reported that a reactive microenvironment 
played important roles in tumor occurrence and 
progression [4, 5]. Cancer associated fibroblasts 
(CAFs) are one kind of the main cellular components 
in tumor microenvironment, and play important role 
in proliferation, migration and invasion of tumor cells 
through inducing epithelial mesenchymal transformation 
(EMT), secreting matrix metalloproteinase (MMP) or 
growth factors [4, 6–10]. It has been demonstrated that 
so far resident fibroblasts were considered as the main 
source of CAFs [5]. Stimulated by adjacent tumor cells, 
resident fibroblasts became more proliferative, aggressive 
and contractive and could transformed into CAFs, which 
expressed fibroblast activation protein (FAP) or smooth 
muscle actin α (α-SMA) [11–13]. But the mechanism of 
transformation from resident fibroblasts to CAFs is still 
elusive.

Progranulin (PGRN) is a secreted glycoprotein 
composed of 7.5 repeats of cysteine-rich motif [14–18],  
and has been reported to play important role in 
cancer progression and prognosis through promoting 
proliferation, drug-resistance, migration, invasion in 
breast cancer and ovarian cancer [19–24]. Besides, 
PGRN expression in CRC cells was found to promote 
proliferation and angiogenesis of tumor cells, and 
correlated with poor disease free survival of patients with 
CRC in our previous work [25]. Interestingly, local high 
concentration of PGRN in healing wound could promote 
proliferation and migration of resident fibroblasts, which 
could repair and remodel tissue [26], demonstrating the 
role of PGRN in activating fibroblasts. However, the effect 
of tumor derived PGRN on the activation of fibroblasts 
was poorly understood.

Herein, the correlation between PGRN expression in 
CRC cells and α-SMA expression in fibroblasts in tissues 
of CRC patients was firstly investigated. Furthermore, 
the role of PGRN in activating fibroblasts was further 
evaluated through co-culture assays. We hope our work 
may provide new insight into the mechanism of PGRN in 
inducing switch from fibroblast to CAFs.

RESULTS

PGRN expression in CRC cells was positively 
correlated with α-SMA expression in fibroblasts 
in CRC patient tissues

To detect the correlation of PGRN expression in 
CRC cells and α-SMA in fibroblasts, IHC staining for 
PGRN and α-SMA was performed in 77 CRC patient 
tissues. As shown in Figure 1A, α-SMA expression in high 

PGRN tissue was much stronger than in low PGRN tissue, 
and their difference was significant indicated by statistical 
analysis (p = 0.013). Then, survival analysis showed that 
overall survival (OS) and disease free survival (DFS) of 
CRC patients with both high expression of PGRN and 
α-SMA were much worse than patients with both low 
expression of PGRN and α-SMA (p = 0.029 and 0.004, 
respectively; Figure 1B and 1C; Supplementary Tables 1 
and 2). 

PGRN derived from CRC cells promoted 
proliferation, migration and contraction of 
fibroblasts

To determinate the effect of CRC cells on fibroblast 
activation, SW480 or SW1116 cells were co-cultured with 
CCD-18Co cells for 3 days in our cell culture system, and 
the fibroblasts were separated as described before [27]. 
Immunocytochemistry and Western blot were used to 
confirm the purity of CCD-18Co which positive staining 
with α-SMA, but not E-cadherin (Supplementary Figure 1). 

After co-culture with SW480 cells, Ki67, FAP and 
α-SMA expression in CCD-18Co cells were up-regulated 
(Figure 2A). MTT assay and collagen gel contraction 
assay also showed that both the proliferation (Figure 2B) 
and contraction (Figure 2D) were enhanced significantly. 
After co-culture with SW480-PGRN-sh1 or SW480-
PGRN-sh2 cells, these promoting effects were abrogated 
(Figure 2). Consistent with these results, when co-
culture with another CRC cell line SW1116-PGRN-sh or 
SW1116-NC-sh, Ki67, FAP and α-SMA expression were 
modulated as well (Supplementary Figure 2). 

Moreover, exogenous rPGRN also promoted the 
expression of Ki67, FAP and α-SMA in CCD-18Co 
cells (Figure 3A), as well as promoted the proliferation 
(Figure 3B), migration (Figure 3C) and contraction 
(Figure 3D) abilities. These results suggested the important 
role of PGRN derived from CRC cells in activation of 
fibroblasts.

AKT and ERK signal pathways were required 
for regulation of Ki67 and FAP expression in 
CCD-18Co cells induced by PGRN

To identify the potential molecular mechanisms 
by which PGRN regulates fibroblast activation, several 
signaling targets were detected. As shown in Figure 4A, 
after co-culture with SW480 cells, phosphorylation of 
ERK and AKT in CCD-18Co cells increased significantly 
but not P38 and JNK. While co-culture with SW480-
PGRN-sh1 or SW480-PGRN-sh2 cells, phosphorylation 
level of ERK and AKT in CCD-18Co cells was particularly 
lower. rPGRN could also elevate phosphorylation of ERK 
and AKT in CCD-18Co cells (Figure 4B). Moreover, ERK 
inhibitor U0126 and AKT inhibitor LY294002 could both 
abrogate Ki67 and FAP expressions in CCD-18Co cells 
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induced by rPGRN (Figure 4C, 4D). This inhibitory effect 
on CCD-18Co cells was excluded by U0126 or LY294002 
itself (Figure 4E, 4F).

Tumor necrosis factor receptor 2 (TNFR2) 
neutralizing antibody could inhibit activation 
of CCD-18Co cells induced by PGRN partly 
through AKT signaling pathway

It has been reported that PGRN could play 
important roles in kinds of autoimmune diseases and 
lung inflammation through binding to TNFR2 [28, 29]. 

To confirm whether TNFR2 was required for PGRN to 
activate CCD-18Co cells, we added TNFR2 neutralizing 
antibody before rPGRN stimulation. The results showed 
that TNFR2 neutralization antibody significantly inhibited 
Ki67, FAP and α-SMA expression (Figure 5A). Meanwhile, 
proliferation (Figure 5B), migration (Figure 5C), and 
contraction (Figure 5D) of CCD-18Co cells all declined 
significantly. This suggests that TNFR2 is required for 
PGRN-mediated activation of CCD-18Co cells.

To further confirm downstream signal pathway 
through which TNFR2 function in fibroblasts activation, 
candidate signal targets screened by the above results were 

Figure 1: Survival analysis of PGRN and α-SMA expression in CRC tissues. (A) PGRN and α-SMA expression in CRC 
tissues were stained using IHC, the difference of α-SMA expression score in tissues with different PGRN expression levels was statistically 
analyzed. OS (B) and DFS (C) of patients with different PGRN and α-SMA expression levels were analyzed. 
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detected by western blot assay. As shown in Figure 5A, 
TNFR2 neutralizing antibody significantly inhibited 
phosphorylation of AKT stimulated by rPGRN, but no 
changes of ERK phosphorylation. This suggests that 
TNFR2 can take part in fibroblast activation partly through 
AKT signaling pathway. 

DISCUSSION

Tumor progression is a complicated process in which 
tumor cells interact with tumor microenvironment for 
mutual promotion. CAFs are considered as a crucial player 
in tumor microenvironment, which could enhance tumor 
cell proliferation, invasion, metastasis, and promotion of 
tumor progression [30–32]. In CRC, the roles of CAFs 
in invasion of tumor cells and close correlation with poor 
prognosis of patients have been reported by different 
groups [33, 34]. As a pro-tumor factor, PGRN was found 
to play roles in CRC proliferation and angiogenesis in our 
previous work [25]. But the role of PGRN derived from 
CRC cells in activating fibroblasts is still unknown. 

In this present study, the positive correlation of 
parenchymal PGRN expression and interstitial α-SMA 

expression in CRC patient tissues was confirmed. 
Meanwhile, unfavorable effects of PGRN/α-SMA co-
expression on prognosis of CRC patients were also 
proved for the first time. This reminds us that high 
levels of PGRN and α-SMA expression could be treated 
as a marker for predicting prognosis. Moreover, we not 
only proved the effect of PGRN from CRC cells on 
activation of fibroblasts through co-culture assay, but also 
demonstrated the enhancement of fibroblasts activation by 
exogenous rPGRN. This may imply that CRC cells could 
affect adjacent fibroblasts activation at least partly through 
paracrine secretion of PGRN. The changes of some other 
genes induced by PGRN could also affect fibroblasts 
activation, which will be investigated in our future studies. 

According to the effects of PGRN derived from 
CRC cells on fibroblasts activation in this study, together 
with its roles in proliferation of CRC cells and stimulation 
of human umbilical vein endothelial cells (HUVECs) in 
our previous works [25], as well as other PGRN related 
studies in tumors, we proposed that PGRN should be 
treated as a pleiotropic pro-tumor molecule. It can not only 
maintain malignant characteristics of tumor cells directly, 
but also effect biological behaviors of mesenchymal cells 

Figure 2: Silencing PGRN expression in SW480 cells inhibited proliferation, migration and contraction abilities of 
co-cultured fibroblasts. After co-culture with SW480-NC-sh, SW480-PGRN-sh1 or SW480-PGRN-sh2 cells, Ki67, FAP and α-SMA 
protein expression in CCD-18Co cells were calculated (A). Ability of proliferation, migration and contraction in co-culture CCD-18Co 
cells were also evaluated using MTT assay (B), Transwellassay (C) and gel contraction assay (D), respectively. (Magnification 200×)  
*P < 0.05 was significant.
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Figure 3: rPGRN promoted proliferation, migration and contraction abilities of fibroblasts. After treated with rPGRN, 
changes of Ki67, FAP and α-SMA expression in CCD-18Co cells were detected using Western blot assay (A); changes of proliferation, 
migration, and contraction abilities of CCD-18Co cells were determined using MTT assay (B), Transwell assay (C) and gel contraction 
assay (D), respectively. (Magnification 200×) *P < 0.05 was significant.

Figure 4: AKT and ERK took part in Ki67 and FAP expression in CCD-18Co cells induced by PGRN. After co-culture 
with SW480-NC-sh/SW480-PGRN-sh cells (A) or treated with rPGRN (B), phosphorylation of AKT, ERK, P38 and JNK in CCD-18Co 
cells were detected using Western blot. Treated with LY294002 (C) or U0126 (D) to block AKT or ERK signal pathway in CCD-18Co cells, 
Ki67, FAP and α-SMA expression induced by rPGRN were then analyzed using Western blot assay. CCD-18Co cells were also treated by 
single U0126 (E) or LY294002 (F). 
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in tumor microenvironment significantly, which promote 
tumor progression indirectly. The therapy by targeting 
on PGRN would inhibit CRC progression from multiple 
perspectives and get better outcome.

Deep understanding of potential molecular 
mechanisms will do favor to finding more effective 
therapy targets. MacLean J reported that JNK and AKT 
were implicated in activating phenoconversion of human 

Figure 5: TNFR2 neutralizing antibody inhibited activation and AKT phosphorylation of fibriblasts induced by 
rPGRN. When treated with TNFR2 neutralizing antibody, expression changes of Ki67, FAP, α-SMA, p-AKT and p-ERK in CCD-18Co 
cells induced by rPGRN were determined using Western blot assay (A); abilities of proliferation, migration, and contraction of CCD-18Co 
cells were also evaluated using MTT assay (B), Transwell assay (C) and gel contraction assay (D), respectively. (Magnification 200×)  
*P < 0.05 was significant.
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heart fibroblasts [35]. But, Okada M reported that 
Endostatin stimulated proliferation and migration of adult 
rat cardiac fibroblasts through Akt pathway, not ERK, 
JNK and p38 MAPK [36]. In this present work, we found 
that both AKT and ERK took part in expression of Ki67 
and FAP in CCD-18Co cells regulated by PGRN, but not 
JNK and p38. This might be attributed to the differences 
of action protein and tissue origin of fibroblasts. In CRC 
cells, our previous study also found that PGRN could 
promote Ki67 and VEGF-A expression via AKT and ERK 
signaling pathways [25]. The same molecular mechanism 
in our different studies implies that AKT and ERK 
might be treated as common downstream targets for the 
pleiotropia of PGRN in different cellular components of 
tumors. 

Receptor for PGRN is still in debate now. The 
binding of PGRN and TNFR2 was firstly reported by 
Tang W in inflammatory arthritis in mice in 2011 [28]. 
PGRN/TNFR2 has also been found in chondrocytes, 
macrophages and neutrophile granulocytes [29, 28, 37]. 
But, whether TNFR2 is required for PGRN in activating 
fibroblasts is still unknown. In this present study, although 
direct binding of PGRN and TNFR2 was not detected, we 
found that TNFR2 neutralizing antibody could effectively 
abrogate upregulation of Ki67, FAP and α-SMA 
expression induced by PGRN. Proliferation, migration 
and contraction abilities of CCD-18Co cells were also 
significantly inhibited. However, only stimulation of AKT 
signaling pathway was inhibited, no change happened to 

ERK pathway. These results suggest that TNFR2 could 
take part in activation of fibroblasts induced by PGRN, at 
least partly via AKT signaling pathway.

In conclusion, PGRN derived from CRC cells might 
increase the proliferation, contraction and activation of 
fibroblasts which were then switched to the CAFs. It was 
also found that PGRN could induce the expression of 
Ki67, FAP and α-SMA molecules partly through TNFR2/
AKT and ERK signaling pathways, which ultimately 
leading to the proliferation, migration and contraction of 
CAFs (Figure 6). These data further emphasize the role 
of tumor-stroma interactions, in particular fibroblasts, and 
validate further exploration of the tumor stroma, including 
PGRN as potential therapeutic target.

MATERIALS AND METHODS

Cell lines and cell culture

Human colon interstitial fibroblast cell line CCD-
18Co was purchased from American Type Culture 
Collection (Manassas, VA, USA) and cultured in DMEM 
medium (Invitrogen, Carlsbad, USA); Colorectal cancer cell 
lines SW480 and SW1116 were obtained from the Institutes 
of Biochemistry and Cell Biology (Shanghai, China) which 
originated from ATCC (Manassas, VA, USA) and cultured 
in RPMI 1640 medium (Gibco Life Technologies, Grand 
Island, NY). All culture medium was supplemented with 
10% fetal bovine serum (FBS) (Invitrogen, Carlsbad, USA). 

Figure 6: Proposed model for PGRN inducing the fibroblast activation. PGRN derived from CRC cells induced the expression 
of Ki67, FAP and α-SMA molecules partly through TNFR2/AKT and ERK signaling pathways in fibroblasts, stimulated their proliferation, 
migration and contraction; and ultimately switched fibroblasts to CAFs. 
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Immunohistochemistry (IHC)

After approval of the Institutional Review Board of 
Jinan Central Hospital Affiliated to Shandong University, 
tissue samples from 77 primary colorectal cancer patients 
were collected from 2006 to 2012. No patients received 
chemotherapy, radiotherapy or immunotherapy before 
surgery. 

Sections from tumors were cut into 3μm thickness 
and deparafinized in xylene, hydrated with gradient 
ethanol. Antigen was repaired and endogenous peroxidase 
was blocked. Primary antibodies of PGRN (Enzo life 
science, Farmingdale, NY, USA) and α-SMA (Maixin, 
Fuzhou, China) were used to incubate the slides followed 
by incubation with HRP goat anti-rabbit/mouse IgG 
polymer (Maixin, Fuzhou, China) at room temperature 
for 20 min, then visualized with DAB (Maixin, Fuzhou, 
China). Finally, at 400× magnification, scoring process 
was executed by two investigators at the same time. The 
percentages of stained tumor cells were divided into four 
grades (0 = none; 1 ≤ 25%; 26% ≤ 2 ≤ 75%; 3 > 75%). 
The staining intensity was also divided into four grades 
(0 meant no staining; 1 meant weak staining; 2 meant 
intermediate staining; 3 meant strong staining). The 
expression of PGRN and α-SMA was calculated as the 
product of proportion score and intensity score (Score ≥ 4 
was classified as high expression, < 4 as low expression). 

Transfection

SW480 or SW1116 cells were transfected using HP 
X-treme GENE HP Reagents (Roche, Basel, Switzerland) 
by p-GPU6/GFP/Neo/PGRN or control plasmid (Shanghai 
GenePharmaCo.,Ltd, Shanghai, China) to interfere PGRN 
expression. Cells with silenced PGRN were named as 
SW480-PGRN-sh or SW1116-PGRN-sh, and control group 
cells were named as SW480-NC-sh or SW1116-NC-sh. 
Silencing efficiency of PGRN was detected using RT-PCR, 
Western blot or ELISA assays (Supplementary Figure 3).

Co-culture of CRC cells and CCD-18Co cells

2 × 105 SW480 or SW1116 cells were mixed with  
1 × 105 CCD-18Co cells and plated in 6-well plate in 2 ml 
DMEM medium supplemented with 10% FBS for 3 days, 
then the mixed cells were passaged to a new well in 2ml 
DMEM medium. After 25 minutes, non-adherent cells in 
supernatant were discarded and the well was washed using 
PBS gently for 3 times [27], cells still adhering to bottom 
of the well were considered as fibroblasts and named as 
CCD-18Co/SW480 or CCD-18Co/SW1116 cells. The purity was 
established by detecting E-cadherin and α-SMA expression 
using Immunocytochemistry or Western blot assay. The 
separated fibroblasts were calculated and further used for 
detecting ki-67, FAP, and α-SMA expression using the 
following Immunocytochemistry, Reverse Transcriptase-
Polymerase Chain Reaction (RT-PCR) and Western Blot 

assays; and determining the abilities of proliferation, 
migration and contraction through MTT assay, migration 
assay, and collagen gel contraction assay, respectively.  

Immunocytochemistry

Fibroblasts were pre-plated on the cover glass 
in 6-well plate. 24 hours later, cells were fixed with 
methanol, blocked with H2O2 and goat serum. Then, cells 
were incubated using primary antibodies of E-cadherin 
(Cell Signaling Technology, Danvers, MA, USA) or 
α-SMA (Maixin, Fuzhou, China) at 4°C overnight and 
second antibody for 20 min at room temperature, followed 
by DAB and hematoxylin staining.

Reverse transcriptase-polymerase chain reaction 
(RT-PCR) 

Cells were cleaved by Trizol (Invitrogen, Carlsbad, 
CA, USA) and RNA was extracted following the 
standard protocols. PrimeScript RT-PCR Kit (TaKaRa, 
China) was used for reverse transcription to get cDNA. 
At last, polymerase chain reaction was executed to 
get objective fragments. Primers were as follows: 
PGRN: F 5ʹ-ATCTTTACCGTCTCAGGGACTT-3ʹ R  
5ʹ- CCATCGACCATAACACAGCAC-3ʹ; GAPDH: F 5ʹ-A 
GAAGGCTGGGGCTCATTTG-3ʹR 5ʹ-AGGGGCCATCC 
ACAGTCTTC-3ʹ.

Western blot assay

Equal protein from CCD-18Co (separated from 
different co-culture system) was added into the roles of 
SDS-PAGE. After separation, protein was transferred 
to PVDF membrane (Millipore, USA). The primary 
antibodies (Supplementary Table 3) and secondary 
antibodies (Proteintech Group, China) were used to probe 
protein on the membrane. Then the antigen-antibody 
compound was visualized by chemiluminescence solution 
(Millipore Corporation, Billerica, MA, USA), the band 
intensity was measured by image J software.  

To determine whether AKT and ERK signal 
pathways were required for regulation of Ki67 and FAP 
expression, CCD-18Co cells were pre-plated in 6-well 
plate at 2 × 105 cells per well for 24 hours, then the 
medium was replaced by DMEM medium without FBS 
containing different concentrations of rPGRN (0, 4 ng/ml), 
ERK inhibitor U0126 (4 ng/ml, diluted with DMSO) and 
AKT inhibitor LY294002 (4 ng/ml, diluted with DMSO). 
48 hours later, western blot assay was performed, and 
Ki67 and FAP expression was calculated.

Cell proliferation assay

MTT (Beijing solar bio science & technology co. 
ltd., China) assay was used to detect cell proliferation 
ability. After co-culture with SW480 transfected with 
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PGRN shRNA or control plasmid, fibroblasts were 
separated and plated in 96-well plate at 1500 cells per well 
in triplicate. Cell viability was measured at 24, 48, 72, 96, 
and 120 hours.

To detect the effects of human recombinant PGRN 
(rPGRN) (Sino Biological Inc., Beijing, China; cat NO. 
10826-H08H) on proliferation ability, CCD-18Co cells 
were pre-plated in 96-well plate at 2000 cells per well 
in triplicate for 24 hours, then the medium was replaced 
by DMEM medium without FBS containing different 
concentrations of rPGRN (0, 4 ng/ml). 48 hours later, 
MTT assay was performed and OD value was calculated.

To confirm whether TNFR2 was required for 
PGRN to activate CCD-18Co cell proliferation, TNFR2 
neutralizing antibody (2 ug/ml) (R&D Systems; cat NO. 
MAB726–100) was added to CCD-18Co cell culture 
(2000 cells per well in 96-well plate) for 24 hour before 
rPGRN stimulation. 

Cell migration assay

Boyden chamber (BD Biosciences, Bedford, MA, 
USA) was used to detect cell migration ability. To detect 
effect of PGRN derived from SW480 cells on migration 
of fibroblasts, CCD-18Co cells were plated in the upper 
chambers in DMEM without FBS, conditioned medium 
(CM) from SW480 cells transfected with PGRN shRNA or 
control plasmid was plated in the lower chamber. 6 hours 
later, cells that moved to the lower surface of polycarbonate 
membrane were stained with 0.1% crystal violet and 
counted at five random 200× fields to get the sum.

To detect the effects of rPGRN on migration of 
fibroblasts, CCD-18Co cells pre-treated with different 
concentrations of rPGRN (0, 4 ng/ml) for 48h were plated 
in the upper chambers in DMEM without FBS, DMEM 
supplemented with 5% FBS was plated in the lower 
chamber. 2 hours later, cells that moved to the lower surface 
of polycarbonate membrane were stained with 0.1% crystal 
violet and counted at five random 200× fields to get the 
sum. 

When to determine the TNFR2 effect, TNFR2 
neutralizing antibody (2ug/ml) was added to CCD-18Co 
cells for 24 hour before rPGRN stimulation. Then the 
process was same as the upper assay. 

Collagen gel contraction assay

350 μl DMEM medium with 5 × 105/ml fibroblasts 
supplemented with 10% FBS with rPGRN (4 ng/ml) were 
mixed with 150 μl rat tail glue (Beijing solarbio science & 
technology co. ltd., Beijing, China), then the mixture was 
plated in 24-well plate and placed to polymerize in 37°C 
for 30 min, 500 μl medium was added into the well and the 
gel was released from well wall using pipette tip. 48 hours 
later, the diameters of gel were measured and normalized 
to that of gel at beginning.

Statistical analysis

SPSS 11.0 software was used and data were 
expressed as Means ± SD, the difference between two 
groups was analyzed using student’s t test. Kaplan-Meier 
method was used to draw survival curves and log-rank 
test was used to compare the difference. P < 0.05 was 
considered significant.
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