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Decreased expression of insulin-like growth factor binding
protein 6 is associated with gastric adenocarcinoma prognosis
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Abstract. The present study aimed to investigate the expression
and prognostic significance of insulin-like growth factor binding
protein 6 (IGFBP-6) in gastric adenocarcinoma. The expres-
sion of IGFBP-6 was examined in 263 specimens from gastric
adenocarcinoma patients using reverse transcription-quantita-
tive polymerase chain reaction (RT-qPCR), western blotting and
immunohistochemical (IHC) staining. The association between
IGFBP-6 expression, clinicopathological factors and clinical
outcomes was investigated. Akaike information criterion (AIC)
and Harrell’s concordance index (c-index) were used to evaluate
the accuracy of the predictive prognosis. RT-qPCR and western
blotting results showed that IGFBP-6 mRNA expression was
lower in the tumors compared with that in adjacent non-tumor
tissues. IGFBP-6 showed significantly decreased expression
in 170 out of 263 patients based on IHC data and this was
associated with a larger tumor size (P<0.001) and poorly-differ-
entiated adenocarcinoma (P=0.001), as well as with palliative
gastrectomy (P=0.015). Additionally, decreased expression of
IGFBP-6 was associated with stage T3/4a/4b disease and lymph
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node-positive metastasis (P<0.001). The association between
decreased expression and a poor prognosis was revealed by
Kaplan-Meier curves. Cox regression model identified IGFBP-6
as an independent prognostic factor. The prognostic value of the
model with IGFBP-6 expression (AIC, 924.881; c-index, 0.878)
was superior to that without IGFBP-6 expression (AIC, 947.164;
c-index, 0.825). In conclusion, IGFBP-6 involves the develop-
ment and progression of gastric adenocarcinoma, and its
decreased expression predicts poor clinical outcomes.

Introduction

Gastric carcinoma, a gastrointestinal malignancy, is the
second leading cause of cancer-associated mortality world-
wide (1). There are more new gastric cancer cases every year
in China than in any other country (2). Despite advances in the
diagnosis and treatment strategies, the 5-year overall survival
rate of gastric cancer is <25%, which makes the prognosis for
gastric cancer patients one of the poorest among all malignant
cancer types (3).

Gastric cancer is a type of highly heterogeneous malig-
nancy in terms of histology and genetics; therefore, it is difficult
to forecast the clinical outcomes using traditional histological
classification (4). Current clinical treatments for gastric cancer,
such as surgery, radiotherapy and chemotherapy, have limited
efficacy, thus highlighting the importance of advanced treat-
ment strategies to prolong patient survival. The occurrence
and development of gastric cancer are identified to be a multi-
stage process with multigene regulation involving oncogenes
and tumor suppressor genes. It has been reported recently that
certain novel oncogenes and suppressor genes contribute to the
early diagnosis and targeted therapy of gastric cancer (5,0).
An in-depth study on the molecular mechanisms of gastric
carcinogenesis and progression is important to develop novel
therapeutic targets and to improve clinical outcomes (5,7-10).

A number of cellular processes are involved in the
regression or progression of gastric cancer. Among them,
the insulin-like growth factor (IGF) signaling pathway plays
a significant role. The IGF system, as an important modifier
of tumor cell proliferation, growth and survival, is composed
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of IGF-I and -II and their receptors, the IGF-I receptor and
IGF-II/mannose-6-phosphate receptor, and a family of six
high-affinity IGF binding proteins (11). IGF-I and IGF-II are
known to stimulate growth, differentiation and the prolif-
erative abilities of various tumor cells. IGF dysregulation is
involved in tumor development, and increased IGF activity has
been detected in certain tumors (5). IGF-II acts as an auto-
crine growth factor in certain tumors and tumor cell lines, and
contributes to tumorigenesis. The higher expression level and
rate of IGF-II compared with IGF-I in local tumor tissues has
been reported in several studies (12-17), revealing the more
significant role of IGF-II in gastric carcinogenesis and devel-
opment in comparison to IGF-I.

IGF binding protein (IGFBP)-6 is a member of a family
that includes six high-affinity IGFBPs, which participate in
the regulation of the activities of IGF and IGF-independent
effects (18). IGFBP-6 is unique among the IGFBPs due to
its 20- to 100-fold higher binding affinity for IGF-II than
IGF-I (19-25), making it a relatively distinctive IGF-II
inhibitor. IGFBP-6 can inhibit IGF-II actions in vitro and
in vivo by preventing IGF-II from binding to receptors on
the surface of tumor cells, directly inhibiting the tumorigenic
properties of IGF-II in an IGF-II-dependent manner (18,26).
In addition, a number of studies have reported that it may
also inhibit growth and modulate cell migration and apop-
tosis in an IGF-II-independent manner via interactions
with several plasma, extracellular matrix and cell surface
molecules (18,24,26,27).

However, to date, there have been no studies on the
expression information and prognostic importance of
IGFBP-6 in primary gastric adenocarcinoma. Therefore, the
expression level of IGFBP-6 was assessed using reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR),
western blotting and immunohistochemical (IHC) staining
in the present study. Additionally, the association between
IGFBP-6, clinicopathological features and prognostic signifi-
cance was investigated in gastric adenocarcinoma patients.

Patients and methods

Approval and consent. The Research Ethics Committee of the
Sun Yat-sen University Cancer Center (SYSUCC; Guangzhou,
Guangdong, China) approved the present study, and each
patient provided written informed consent prior to the study.

Patients and tissue specimens. This study retrospectively
analyzed clinicopathological information from 263 gastric
adenocarcinoma patients who underwent surgery between
October 2003 and October 2005 at SYSUCC. The patients
were selected according to the following criteria: i) Histo-
pathologically proven gastric adenocarcinoma; ii) received
gastrectomy with D1/D2 lymphadenectomy; iii) complete
follow-up information; iv) no chemotherapy or radiotherapy
administered prior to surgery; v) no synchronous malignancies,
remnant or recurrent gastric cancer; and vi) no perioperative
mortality. Every patient underwent radical gastrectomy with
D2 lymphadenectomy, which was performed by by experi-
enced surgeons using standard procedures in line with the
Japanese Gastric Cancer Association guidelines (28). The
study consisted of 181 men and 82 women, with a median age
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of 60 years (range, 17-85 years). The histological classification
was graded based on the World Health Organization classifi-
cation criteria (29). Tumor-Node-Metastasis (TNM) staging
was estimated according to the Union for International Cancer
Control (UICC) seventh edition (30).

Fresh gastric cancer tumor tissue and matched normal
tissue were obtained from a cohort of 48 consecutive gastric
cancer patients who underwent gastrectomy at SYSUCC
between February 2004 and February 2005. The postoperative
tissue samples were immersed in RNAlater (Ambion; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and were stored
at -80°C until RNA extraction. The tumor tissue and matched
normal tissue (obtained >2 cm away from the tumor edge)
were confirmed pathologically.

RNA extraction and RT-gPCR. The total RNA of the specimens
was extracted according to the manufacturer’s instructions
using TRIzol Reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). To avoid DNA contamination, RNAse-free DNAse I was
added. RNA quality and quantity were determined using a
NanoDrop spectrophotometer (Thermo Fisher Scientific, Inc.).
First-strand cDNA was synthesized by reverse transcription
using M-MLV reverse transcriptase (Promega Corporation,
Madison, WI, USA) and 2ug total RNA. The cDNA was then
subjected to RT-qPCR to evaluate the relative expression levels
of Image result for glyceraldehyde 3-phosphate dehydrogenase
(GAPDH; as an internal control) and IGFBP-6. The Applied
Biosystems ABI 7900HT machine was used to measure the
binding of SYBR Green I to double-stranded DNA in gene
specific amplification. The 15-ul reactions contained cDNA,
SYBR Green master mix (Invitrogen; Thermo Fisher Scientific,
Inc.) and each pair of oligonucleotide primers. The sequences
of the sense and antisense primers were as follows: IGFBP6
forward, 5"TGGAGCTGTCATCACTCAAC-3' and reverse,
5'-GCCAACACCAACACTCTTTC-3'; and GAPDH forward,
5-CTCCTCCTGTTCGACAGTCAGC-3' and reverse, 5’-CCC
AATACGACCAAATCCGTT-3" The PCR cycling conditions
were as follows: 95°C for 10 min, and 45 cycles of melting at
95°C for 30 sec, followed by 60°C for 1 min. The relative quan-
tity and regression curves of all specimens were calculated by
the instrument’s software (SDS 2.0). GAPDH was selected as
the internal control gene for normalizing the relative expres-
sion of the target gene to the geometric mean. qPCR was
performed in triplicate in 96-well plates and repeated twice
separately. The normalized final data were analyzed using the
2-44% method (31).

Western blotting. The tumor and non-tumor tissues from the
gastric cancer patients were homogenized in radioimmunopre-
cipitation assay lysis buffer. Following centrifugation (4,000 x
g) at 4°C for 15 min, the total proteins were collected and the
protein concentrations were determined. The protein samples,
in equal amounts of 30 pg, were transferred to polyvinylidene
fluoride membranes through 12% SDS-PAGE gels. Next, the
membranes were incubated with IGFBP-6 polyclonal antibody
(catalog no. ab109765; 1:1,000 dilution) or anti-B-actin antibody
(catalog no. ab16039; 1:2,000 dilution) (both Abcam,Cambridge,
UK), overnight at 4°C, after immersion in 5% skimmed milk
for 60 min to block non-specific binding sites. Subsequent to
being washed, the membranes were incubated with horseradish
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peroxidase-conjugated secondary antibody (catalog no. ab6759;
1:5,000 dilution; Abcam) for 2 h at room temperature, followed
by washing again and analysis using an electrochemilumines-
cence system (Pierce; Thermo Fisher Scientific, Inc.).

Immunohistochemistry. All specimens from the patients were
processed with formalin-fixation and paraffin-embedding,
followed by the formation of 2-um thick slides, which were
subsequently deparaffinized and rehydrated. Subsequently,
the sections were soaked in ethylenediaminetetraacetic acid
(pH 8.0), followed by heating for antigen retrieval. After
blocking the endogenous peroxidase with hydrogen peroxide
solution, the sections were soaked in IGFBP-6 antibody
(catalog no. SC-6007; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA) at a dilution of 1:500, overnight at 4°C. The sections
were then washed and immersed with secondary antibody
(OriGene Technologies, Inc., Beijing, China) for 30 min at
room temperature. Finally, the reaction signals were visual-
ized with diaminobenzidine tetrahydrochloride, and all of the
sections were counterstained with hematoxylin.

Semi-quantitative methods. Two experienced patholo-
gists who were blinded to the clinical parameters evaluated
these specimens. Deeper discussion was required to reach a
consensus when faced with discrepancies. The total IGFBP-6
immunostaining score was estimated based on the positive cell
percentage (the percentage of tumor cells positively staining
versus the total cells) and the staining intensity, as described
previously (32-34). The positive cell percentages were identified
as follows: <5% (negative), score of 0; 5-25% (sporadic), score
of 1; 25-50% (focal), score of 2; and >50% (diffuse), score of 3.
The staining intensities of no staining (-), weakly-stained (+),
moderately-stained (++) and strongly-stained (+++) were scored
as 0, 1, 2 and 3, respectively. The total IGFBP-6 THC expres-
sion score was the product of the aforementioned factors, which
ranged from O to 9. IGFBP-6 expression was grouped into low
expression (scores of 0-3) and high expression (scores of 4-9).

Statistical analysis. Associations between the clinicopatho-
logical features and IGFBP-6 expression were evaluated with
the % test and Pearson’s index. The overall survival curves and
survival differences were analyzed by the Kaplan-Meier method
and log-rank test. Multivariate analysis was assessed using the
Cox proportional-hazard regression model. The predictive
ability of the two models including and excluding IGFBP-6
expression and other prognostic clinicopathological variables
were compared based on Akaike information criterion (AIC)
and Harrell's concordance index (c-index). The minimum AIC
value indicates the optimum predictive prognosis model with
the least clinicopathological data loss and inefficiency. Harrell's
c-index was an index to evaluate the predictive accuracy, with a
value much closer to 1.0 implying higher accuracy. All data were
analyzed statistically using the SPSS 18.0 software package
(SPSS, Inc., Chicago, IL, USA), and statistical significance was
considered to be indicated by P<0.05 in a two-tailed test.

Results

RT-qPCR of IGFBP-6 mRNA expression. The IGFBP-6
transcriptional levels were detected by RT-qPCR in 48 pairs
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Figure 1. RT-qPCR analysis of IGFBP-6 expression in gastric cancer
patients. Relative expression of IGFBP6 in gastric cancer tumor tissues
compared with adjacent non-tumor tissues, as assessed by RT-qPCR (n=48;
P=0.0073). RT-qPCR, reverse transcription-quantitative polymerase chain
reaction; IGFBP-6, insulin-like growth factor binding protein 6; GAPDH,
glyceraldehyde 3-phosphate dehydrogenase.
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Figure 2. (A) Western blotting analysis of IGFBP6 expression in gastric
cancer patients. (B) Relative expression of IGFBP6 in gastric cancer tumor
tissues compared with adjacent non-tumor tissues (n=41), as assessed by
western blotting (n=48; “P=0.016). IGFBP-6, insulin-like growth factor
binding protein 6; T, tumor tissues; N, non-tumor tissues.

of post-operative samples, including tumor tissue and normal
tissue, from gastric cancer patients. The IGFBP-6 mRNA
levels were significantly decreased in the tumor tissue of
36 (75.0%) patients compared with those in the normal tissue
(P=0.0073; Fig. 1).

Western blotting of IGFBP-6 expression. The IGFBP-6
protein expression level in gastric cancer tissue specimens was
detected by western blotting. The results showed IGFBP-6
expression was decreased in the tumor tissue compared with
the matched normal tissue in 33 (68.8%) of the 48 patients
(P=0.016; Fig. 2). These findings were consistent with those
of the RT-qPCR.

Correlation between IGFBP-6 expression and clinico-
pathological characteristics. To further determine the role
of IGFBP-6, the expression level of IGFBP-6 protein in
paraffin-embedded tissue slides, including tumor tissue and
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Table I. Association between IGFBP-6 expression and the clinicopathological features of patients with gastric cancer.

IGFBP-6 expression

Variables Patients, n Low (n=170) High (n=93) P-value

Age, years 0912
<60 160 103 57
>60 103 67 36

Gender 0.096
Male 181 111 70
Female 82 59 23

Tumor size, cm <0.001*
<50 179 102 77
>5.0 84 68 16

Histological grade 0.001*
Well-differentiated (G1)/ 70 34 36
moderately-differentiated (G2)
Poorly-differentiated (G3) 193 136 57

Location 0.228
Proximal 150 104 46
Distant 105 59 46
Total 8 7 1

Radical resection 0.015°
Yes 228 141 87
No 35 29 6

Tumor invasion (T) <0.001*
T1+T2 51 14 37
T3+T4a/T4b 212 156 56

Nodal status (N) <0.001*
No 69 31 38
Yes 194 139 55

Metastasis status (M) 0.070
MO 237 149 88
Ml 26 21 5

TNM staging <0.001*
I 29 1 28
11 63 43 20
111 145 105 40
v 26 21 5

“P<0.05. IGFBP-6, insulin-like growth factor binding protein 6.

matched normal tissue, were examined by immunohistochem-
istry in 263 gastric cancer patients (Fig. 3). IGFBP-6 protein
was localized positively in the cytoplasm upon IHC staining.
As aforementioned, all patients were categorized into
two groups according to the IGFBP-6 expression levels. The
correlations between IGFBP-6 expression and the clinico-
pathological features are listed in Table I. IGFBP-6 expression
was significantly decreased in poorly-differentiated (G3)
carcinomas compared with well-differentiated (G1) and
moderately-differentiated (G2) carcinomas (P=0.001). There
were significant associations between the reduced expression

of IGFBP-6 and larger tumor size (P<0.001) and the presence
of a palliative gastrectomy (P=0.015). Reduced IGFBP-6
expression was also significantly associated with an increased
depth of tumor invasion (T3/4a/4b; P<0.001) and lymph node
metastasis (P<0.001). Additionally, the majority of the patients
in stage III (72.4%) and stage IV (80.7%) exhibited a reduced
IGFBP-6 expression level (P<0.001).

Correlation between IGFBP-6 expression and patient
survival. The median survival time and overall survival rate
of all 263 patients were 58 months (3-87 months) and 56.0%,
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Table II. Univariate and multivariate survival analyses of clinicopathological variables for 263 gastric carcinoma patients.

A, Model without IGFBP6 expression

Univariate analysis

Multivariate analysis

Variables HR 95% C1 P-value HR 95% CI P-value
Gender (male vs. female) 1.513 0.994-2.303 0.054
Age, years (=60 vs. <60) 1.674 1.120-2.504 0.012¢ 1.437 0.953-2.166 0.083
Location (distal/proximal/total) 0475 0.311-0.725 0.001* 0.574 0.375-0.878 0.010°
Size, cm (>5 vs. <5) 2.392 1.595-3.588 <0.001* 1.985 1.302-3.025 0.001*
Histological grade (G3 vs. G2/G1) 2.549 1.420-4.577 0.002* 2.142 1.186-3.867 0.012¢
Radical resection (no vs. yes) 4.288 2.694-6.824 <0.001* 1.139 0.454-2.859 0.781
T (T4/T3 vs. T2/T1) 5.812 2.359-14.317 <0.001* 3.130 1.217-8.047 0.018*
N (yes vs. no) 4.095 2.123-7.899 <0.001* 3.940 2.002-7.753 <0.001*
M (M1 vs. MO) 5218 3.145-8.656 <0.001* 3.887 1.432-10.554 0.008*
B, Model containing IGFBP6 expression

Univariate analysis Multivariate analysis
Variables HR 95% CI P-value HR 95% CI P-value
Gender (male vs. female) 1.513 0.994-2.303 0.054
Age, years (=60 vs. <60) 1.674 1.120-2.504 0.012* 1.457 0.965-2.198 0.073
Location (distal/proximal/total) 0.475 0.311-0.725 0.001* 0.562 0.367-0.860 0.008*
Size, cm (>5 vs. <5) 2.392 1.595-3.588 <0.001* 1.795 1.170-2.753 0.007*
Histological grade (G3 vs. G2/G1) 2.549 1.420-4.577 0.002° 1.819 0.996-3.321 0.052
Radical resection (no vs. yes) 4.288 2.694-6.824 <0.001* 1.023 0.407-2.574 0.961
IGFBP-6 expression (low vs. high) 3.949 2.237-6.971 <0.001* 2.104 1.162-3.807 0.014*
T (T4/T3 vs. T2/T1) 5.812 2.359-14.317 <0.001* 2.637 1.018-6.831 0.046*
N (yes vs. no) 4.095 2.123-7.899 <0.001* 3.772 1.914-7.435 <0.001*
M (M1 vs. MO) 5218 3.145-8.656 <0.001* 4.359 1.600-11.876 0.004*

“P<0.05. T, tumor; N, node; M, metastasis; IGFBP-6, insulin-like growth factor binding protein 6.

respectively. Compared with the IGFBP-6 low expression
group, the overall survival rate (78.8 vs. 43.4%) and the 5-year
overall survival rate (78.8 vs. 47.4%) in the high expression
group were significantly improved (both P<0.001; Fig. 4).

Univariate and multivariate analyses. The associations
between IGFBP-6 expression and other clinicopathological
features and the prognosis of gastric cancer patients were
examined by univariate and multivariate analyses. According
to the results of the univariate analysis, the following 9 factors
were significantly associated with overall survival: Age
(P=0.012), tumor location (P=0.001), tumor size (P<0.001),
histological grade (P=0.002), radical resection (P<0.001),
IGFBP-6 expression (P<0.001), T stage (P<0.001), N stage
(P<0.001) and M stage (P<0.001) based on the UICC TNM
staging, seventh edition (Table II). Next, two Cox regression
models were constructed, which contained the factors of
IGFBP-6 expression or no IGFBP-6 expression, in order to
realize the role of IGFBP-6 expression in prognostic predic-
tion. Model A (without IGFBP-6 expression) showed that

tumor location (P=0.010), tumor size (P=0.001), histological
grade (P=0.012), tumor infiltration degree (P=0.018), lymph
node metastases (P<0.001) and distant metastases (P=0.008)
were independent prognostic predictors in gastric cancer
patients (Table IT). Model B (with IGFBP-6 expression) iden-
tified that tumor location (P=0.008), tumor size (P=0.007),
IGFBP-6 expression (P=0.014), tumor infiltration degree
(P=0.046), lymph node metastases (P<0.001) and distant
metastases (P=0.004) were independent prognostic predic-
tion factors in gastric cancer patients (Table IT). Compared
with the IGFBP-6 high expression group, the relative risk
of mortality was 2.104 times higher in the IGFBP-6 low
expression group (hazard ratio, 2.104; 95% confidence
interval, 1.162-3.807; P=0.014). Furthermore, AIC and
Harrell's c-index were used to evaluate the predictive accu-
racy of the two prognostic models. The results showed that
the model including IGFBP-6 expression (AIC, 924.881;
c-index, 0.878) possessed superior prognostic value compared
with the model excluding IGFBP-6 expression (AIC, 947.164;
c-index, 0.825).
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Figure 3. IGFBP6 protein expression in gastric cancer surgical specimens, as assessed by immunohistochemistry. (A) Strong IGFBP6 staining (+++) was
observed in the non-cancerous gastric mucosa. (B) IGFBP6 staining (++) in well-differentiated gastric cancer. (C) IGFBP6 staining (+) in poorly-differentiated
gastric cancer. (D) Negative IGFBP6 staining (-) in mucinous carcinoma. IGFBP-6, insulin-like growth factor binding protein 6.
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Figure 4. Kaplan-Meier survival curves of gastric cancer patients (n=263)
after gastrectomy. The survival rate of the patients in the IGFBP6-low group
(n=170) was significantly lower than that of the patients in the IGFBP6-high
group (n=93) (P<0.001). IGFBP-6, insulin-like growth factor binding protein 6.

Discussion

It has been shown that IGF-I and IGF-II are involved in cancer
development, acting as strong mitogenic agents in different
cell types (35-38). Certain studies have shown that IGF-II
is an autocrine growth factor in a number of tumors; IGF-II
was overexpressed in numerous tumors, including those in
ovarian cancer, functioning by binding to the IGF-I receptor
(IGF-IR) and insulin receptor (IR-A) (39). Meanwhile, malig-
nant cells that predominantly express IR-A have been shown
to overexpress IGF-II (40-43). As IGF-II could bind to IGF-IR
and IR-A, it has been hypothesized that when IGF-II binds to
these receptors, the signals of mitosis and antiapoptosis may
be activated. In certain regional tissues with receptors and

IGF-II overexpression, the effect of IGF-II is thus substantially
amplified (39). A powerful autocrine or paracrine growth
stimulatory cycle based on all these key factors is supposed
to contribute to the development of cancer (44). Consistent
results from in vitro studies have suggested that IGF-II is
likely to increase the cellular ability of migration and invasion
by acting on IR-A (43). These findings indicate that IGF-II
is critical in the tumorigenesis, progression and prognosis of
numerous malignancies.

As a relatively specific inhibitor of IGF-II (20-26),
IGFBP-6 could interfere with the process of cell proliferation,
cell growth, cell differentiation and cell adhesion in numerous
types of cells (18). However, IGFBP-6 not only inhibits
IGF-II activity directly, but also develops IGF-II intrinsic
functions, such as cell growth suppression and apoptosis
stimulation (19,25,27,31). Previous studies demonstrated that
IGFBP-6 overexpression in rhabdomyosarcoma significantly
reduced tumor growth in nude mice (24,45) and stimulated
the programmed cell death of cancer cells (46). IGFBP-6
was reported to inhibit IGF-II-induced proliferation in colon
cancer cells, but not IGF-I-induced proliferation (47). These
in vivo and in vitro findings hinted that IGFBP-6 suppresses
tumor growth. A number of studies have demonstrated that the
development and progression of a tumor is a multi-factor and
multi-step process that involves various cytokines, proteins
and their corresponding receptors, proteases and chemokines,
which are affected by the tumor microenvironment and genetic
and epigenetic factors (48,49). IGFBP-6 has been shown to
regulate the function of IGFs, particularly IGF-II, which is
involved in tumor progression. Therefore, it is plausible that
the loss of IGFBP-6 expression causes cell dedifferentiation
and colony formation, which accelerate metastasis and tumor
invasion. However, to date, IGFBP-6 expression information
and its prognostic significance in primary gastric adenocarci-
noma patients have not been evaluated.
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The expression of IGFBP-6 at the gene and protein levels
was analyzed using three different methods in the present
study. First, IGFBP-6 expression at the mRNA and protein
levels in post-operative gastric adenocarcinoma samples was
investigated by RT-qPCR and western blotting. The results
revealed that IGFBP-6 expression was decreased in tumor
tissue compared with that in matched normal tissue at the
mRNA (P=0.0073) and protein (P=0.016) levels. These
preliminary data coincide with the aforementioned hypoth-
esis that lower expression of IGFBP-6 may play a vital role
in gastric tumorigenesis and development, and function as a
tumor suppressor.

Furthermore, immunohistochemistry confirmed the
expression of IGFBP-6 in the tumor tissues of the gastric
adenocarcinoma patients. IGFBP-6 was expressed in the cyto-
plasm, and the staining intensity varied among the different
tissues. The results demonstrated that low IGFBP-6 expression
was associated with a larger tumor size, poorly-differentiated
adenocarcinoma (G3), whole stomach cancer, radical resection,
deeper depth of tumor infiltration (T3 and T4a/b) and lymph
node metastasis. Low IGFBP-6 expression was more likely
to be detected in stage III (73%) and stage IV (81%) patients,
findings that were consistent with the experimental results of
RT-gPCR and western blotting. These findings indicated that
IGFBP-6 could be viewed as a potential suppressor partici-
pating in the occurrence and development of gastric cancer.

According to the results from the Kaplan-Meier survival
analysis, patients with higher expression levels of IGFBP-6
experienced significantly improved survival outcomes
compared with those with lower expression levels of IGFBP-6.
Univariate analysis demonstrated that decreased IGFBP-6
expression was significantly associated with the OS rate and
the 5-year OS rate in gastric cancer patients. Multivariate
analysis showed that IGFBP-6 expression (P=0.014), combined
with certain other conventional clinicopathological factors,
including tumor location (P=0.008), tumor size (P=0.007),
tumor differentiated degree (P=0.046), lymph node metastasis
status (P<0.001) and distant metastasis status (P=0.004),
were independent prognostic factors. Furthermore, the AIC
and c-index values manifested that the prognosis model that
included IGFBP-6 expression (AIC, 924.881; c-index, 0.878)
possessed a stronger predictive ability than the model
excluding expression (AIC, 947.164; c-index, 0.825) in this
study. These results indicated that the decreased expression of
IGFBP-6 may be useful to identify an unfavorable prognosis
in gastric cancer patients and may consequently be viewed as a
potentially novel prognostic factor. Additionally, these results
indicated that the incorporation of certain gene expression
levels, such as those of IGFBP-6, in traditional clinicopatho-
logical prognostic models may be of benefit to better predict
the survival outcomes of patients.

Although the possible association between the decreased
expression of IGFBP-6 and other cellular factors, and the
exact mechanism of the tumor suppression function of
IGFBP-6 have not been further investigated in the present
study, the comparative quantity of post-operative samples
from gastric cancer patients who underwent uniformly
standard treatment enhances the value of the present results.
All the data are conducive to understanding gastric cancer in
more depth.
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In conclusion, the data from the present study demonstrated
that the decreased expression of IGFBP-6 predicts poor clinical
outcomes in gastric cancer patients. Nevertheless, the exact
molecular mechanisms and relative signal channel of IGFBP-6
involved in gastric cancer must be investigated further in
future studies. A greater and more thorough comprehension
of the functional mechanism of IGFBP-6 in the genesis and
development of tumors is beneficial to improving clinical
outcomes and developing more effective treatment strategies
in gastric cancer patients.
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