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ABSTRACT
The aim of this study was to assess insulin-like growth factor binding protein-6 (IGFBP-6) expression, and its
potential value as a prognostic indicator of survival in patients with head and neck cancer (HNC). Quantitative realtime polymerase chain reaction (qRT-PCR) and immunohistochemistry analyses were used to determine IGFBP-6
mRNA and protein expression, respectively, in HNC. The correlations between IGFBP-6 expression levels and
clinical characteristics or prognoses were determined via statistical analyses. IGFBP-6 mRNA and protein levels
were significantly higher in HNC tissues than in normal adjacent tissues (P<0.000 1). High IGFBP-6 expression
in cancer tissues was significantly associated with sex (P=0.013), tobacco consumption (P=0.021), tumor location
(P=0.001), histopathological grade (P=0.030), T stage(P=0.04), and tumor classification. IGFBP-6 expression in
buccal squamous cell carcinoma (BSCC) tissues was correlated with laryngeal squamous cell carcinoma (LSCC)
development (P=0.001) but not tongue squamous cell carcinoma (TSCC) development (P=0.355). High IGFBP-6
expression (P=0.001), histopathological grade (P=0.020), T stage (P=0.007), lymph node metastasis (P=0.001),
and pTNM stage (P=0.001) were identified as significant prognostic factors for survival. Kaplan-Meier survival
curves demonstrated that patients with high IGFBP-6 levels or stage Ⅲ + Ⅳ cancer exhibited significantly shorter
survival times than patients with low IGFBP-6 levels or stage Ⅰ + Ⅱ disease. Our findings provide the first evidence that high IGFBP-6 expression is associated with poor prognosis in HNC.
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INTRODUCTION
Head and neck cancer (HNC) is the sixth most
common cancer, with approximately 700,000 new
cases diagnosed each year worldwide[1-2]. Squamous
cell carcinoma of the head and neck (HNSCC) is the
most common pathological type. Patients who undergo complete surgical resection and several regimens of multidisciplinary treatment show improved
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survival. Approximately 30% ～50% of patients with
HNC survive more than 5 years after their initial diagnoses[3]. However, two-thirds of patients with SCCHN
present with advanced disease characterized by regional lymph node metastasis at the time of their initial diagnosis, and 10% of patients present with distant
metastasis[4]. Currently available systemic therapies
are usually insufficient for controlling tumors in these
patients, whose prognoses are poor. Therefore, it is
important to develop new approaches for targeting this
aggressive and highly resistant type of cancer.
The insulin-like growth factor (IGF) pathway is a
major regulator of physiological growth in mammals,
and a family of six high-affinity IGF-binding proteins
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(IGFBP1-6) modulates IGF activity[5]. IGFBP-6 is a
30 kDa, O-glycosylated protein which exhibits a binding affinity for IGF- Ⅱ that is 50-fold higher than its
binding affinity for IGF-Ⅰ. Moreover, IGFBP-6 inhibits IGFⅡ activity, but has little effect on IGF-I activity[6]. This
specificity makes IGFBP-6 an attractive therapeutic
target for treating IGF- Ⅱ -dependent malignancies,
such as rhabdomyosarcoma (RMS), neuroblastoma,
colon cancerand ovarian cancer. Indeed, IGFBP-6 was
shown to inhibit anchorage-dependent and anchorageindependent RMS cell proliferation and promote RMS
cell apoptosis in vitro[7]. It reported that IGFBP-6 can
inhibit cell proliferation by IGF- Ⅱ sequestration and
the reduction of proteolysis in neuroblastoma [8]. In
colon cancer, increased concentrations of IGFBP-6
decrease cellular proliferation via an indirect mechanism that prevents IGF- Ⅱ from interacting with the
IGF-Ⅰreceptor[9]. Some articles showed that IGFBP-6
expression in vascular endothelial cells is up-regulated
by hypoxia-induced HIF-1 activation, leading to a
decrease in angiogenesis in vitro and in vivo[10]. Furthermore, IGFBP - 6 down - regulation is associated
with adrenocorticotrophic hormone-secreting pituitary
adenoma growth, via activation of the PI3K-AKTmTOR pathway[11].
Some studies have identified IGFBP-6 as a proliferation-related gene in HNSCC, and the down-regulation
of IGFBP6 in nodal metastasis compared with primary
tumors[12]. Knockdown of FUCA1 and treatment with
IGFBP6 inhibited the migration of OECM-1 cells[13].
Furthermore, IGFBP-6 has been found to promote
cell migration by p38 MAPK and crosstalk with other
MAPKs on an IGF-independent way in cancer[14-15]. To
date, there have been no reports examining IGFBP-6
expression and its clinical significance in different tumor classifications of HNSCC. In this study, we compared IGFBP-6 expression levels in buccal squamous
cell carcinoma (BSCC), laryngeal squamous cell carcinoma (LSCC) and tongue squamous cell carcinoma
(TSCC) with those in adjacent tissues and examined the
correlations between IGFBP-6 levels and patient prognoses. Our results demonstrate the prognostic significance of IGFBP-6 expression in HNC and suggest that
this marker may be a prognostic indicator of survival
in patients with HNC.

MATERIALS AND METHODS
Patients and tissue microarray analysis (TMA)
A total of 312 formalin-fixed, paraffin-embedded
tumor samples, including 112 TSCC, 84 BSCC and
116 LSCC samples, and matched adjacent tissue
specimens were obtained from patients who under-

went surgeryat the Affiliated Hospital of Nantong
University, China, between January 2002 and December 2013.
Clinical data, including information regarding age,
sex, tobacco consumption, alcohol consumption, tumor location, tumor classification, histological type, T
stage and lymph node metastasis status were acquired
from patient medical records. None of the patients enrolled in this study had received neoadjuvant immunotherapy, radiotherapy or chemotherapy prior to surgery. The 5-year overall survival rate was calculated
by using the interval between the date of surgery and
the date of death or the last follow-up appointment.
Written informed consent was obtained from each
subject. The study protocol was approved by the Ethics Committee of the Affiliated Hospital of Nantong
University, and all experiments were performed in accordance with the approved guidelines of the Affiliated Hospital of Nantong University. All procedures
performed in studies involving human participants
were in accordance with the ethical standards of the
institutional and national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed
consent was obtained from all individual participants
included in the study.
TMAs were manufactured aspreviously described[16].
Representative cancerous regions were labeled in the paraffin blocks in accordance with the results of hematoxylin
and eosin staining (H&E). Tissue samples (2 mm in diameter) were produced using a tissue arraying instrument
(Quick-Ray, UT06; UNITMA, Korea) and sequentially
aligned into prepared blank paraffin blocks. H&E
staining was also performed for qualitative analyses of
the TMA sections.
Quantitative real-time polymerase chain reaction (qRT-PCR)
Fifty-six fresh-frozen tissue samples, including 28
cancer tissue samples and 28 matched adjacent normal
tissues, were obtained from the Affiliated Hospital of
Nantong University. Total RNA was extracted from
these frozen samples using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) and was reverse transcribed into
cDNA using a Revert AidTM First Strand cDNA Synthesis Kit (Fermentas, Glen Burnie, MD, USA) according to the manufacturer's instructions. The housekeeping gene encoding glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was run in parallel and used
to normalize IGFBP-6 gene expression. The following
RT-PCR primers were used: IGFBP-6 forward primer:
5'-GGAGAATCCTAAGGAGAGTA-3' and reverse
primer: 5' - ATTCCTCTGTTGGTCTCT - 3' (San -
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Immunohistochemical staining and analysis
Immunohistochemical staining for IGFBP-6 was
performed as previously described[17]. Before immunohistochemical processing, the TMA specimens were cut
into 4-μm sections and placed on Superfrost charged
glass microscope slides before being deparaffinized,
rehydrated, and subjected to antigen retrieval and
blocking via non-specific binding. The tissue samples
were then incubated with primary rabbit anti-IGFBP-6
antibodies (1:500, Abcam, Cambridge, MA), and this
was followed by incubation with Envision goat antirabbit HRP secondary antibodies (DAKO, Carpinteria,
CA). The slides were evaluated by two trained pathologists who were blinded to the research objectives.
The IGFBP - 6 expression cutoff value that was
statistically significant with respect to survival was
obtained using the X-tile software program (Rimm
Lab, Yale University; http://medicine.yale.edu/lab/
rimm/links/). IGFBP-6 staining intensity was scored
on a scale using a two-level grading system (negative
or weak intensity-strong intensity). The final staining
scores were defined as follows: 0-90, low or no expression; 91-300, high expression.
Statistical analysis
Chi-square testswere used to analyze the associations between clinic pathological variables and IGFBP-6
protein expression. Wilcoxon signed rank nonparametric tests were used to compare IGFBP-6 mRNA
expression levels in fresh-frozen tissues with those
in matched adjacent tissues. The log-rank test and
Kaplan-Meier method were used to calculate survival
curves. A multivariate Cox regression model was used
to evaluate the significant prognostic factors in the
univariate model. P<0.05 was considered statistically
significant. All data were analyzed using STATA 9.0
software (Stata Corporation, College Station, TX).

RESULTS
IGFBP - 6 mRNA expression in HNSCC and
adjacent tissues
IGFBP-6 mRNA expression levels in HNSCC tis-

sues and matched adjacent tissues were analyzed
by qRT-PCR. IGFBP-6 mRNA levels were significantly higher in cancer tissues than inmatched adjacent tissues (0.372 9±0.032 4 vs. 0.140 0±0.013 1,
P<0.0001, Fig.1).
P<0.000 1
0.8
relative IGFBP6 mRNA level

gon; Shanghai, China); and GAPDH forward primer:
5'-TGCACCACCAACTGCTTA GC-3' and reverse
primer: 5'-GGC ATG GACTGTGGTCATGAG-3'.
Reverse transcription and Taq activation were performed via the following sequential incubation steps:
30 min at 42 °C and 2 min at 94 °C. Amplification
comprised the following steps: 35 cycles at 95°C for
20 s, 56°C for 20 s, and 72°C for 30 s. All experiments were performed in triplicate.

0.6
0.4
0.2
0.0

adjacent tissues

cancerous tissues

Fig. 1 IGFBP-6 mRNA levels were significantly higher in
HNSCC tissues than in adjacent normal tissues. IGFBP-6
mRNA levels were determined via qRT-PCR and normalized to GAPDH mRNA levels.

IGFBP-6 protein expression in HNC and peritumoral tissues
To study IGFBP-6 protein expression in carcinoma
tissues and matched adjacent tissues, we performed
immunohistochemical analyses to detect IGFBP- 6
protein expression in TSCC, BSCC and LSCC tissues
and matched non-cancer tissues. As shown in Fig.2,
higher IGFBP-6 expression levels were detected in
cancer tissues than in adjacent matched tissues. Specifically, 37.5% (42/112) of TSCC tissue samples
(χ2=12.262, P<0.001), 44% (37/84) of BSCC tissue
samples (χ2=16.563, P<0.001) and 61.2% (71/116) of
LSCC tissue samples (χ2=35.221, P<0.001) exhibited
high IGFBP-6 expression, whereas 9.1%, 7.5%, and
10.4% of TSCC, BSCC and LSCC peritumoral tissue samples, respectively, exhibited high IGFBP-6 expression (Table 1).
Relationship between IGFBP-6 protein levels
and clinical parameters
We subsequently analyzed the relationships between
IGFBP-6 protein levels and patient clinicopathological
parameters, which are shown in Table 2. High IGFBP-6
levels in cancer tissues were significantly associated
with sex (P=0.013), tobacco consumption (P=0.021),
tumor location (P<0.001), histopathological grade
(P=0.030), T stage(P=0.040) and tumor classification.
Additionally, IGFBP-6 expression in BSCC tissues
was correlated with LSCC development (P<0.001) but
not TSCC development (P=0.355). However, we observed no significant associations between IGFBP-6
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Fig. 2 IGFBP-6 protein expression was detected in HNSCC tissues but not in adjacent normal tissues. IGFBP-6 protein expression was determined by TMA immunohistochemistry; A、B: HNSCC tissues, positive for IGFBP-6 protein expression; C、D: adjacent normal tissues, negative for IGFBP-6 protein expression. A and B are shown at × 40 magnification (bar=500 μm), and C and D are shown at ×400 magnification (bar=50 μm). The red arrows indicate IGFBP-6 protein expression in the cytoplasm of epithelial cancer cells, and the green arrows indicate no
IGFBP-6 protein expression in adjacent normal tissues.

Table 1

IGFBP-6 protein expression in TSCC, BSCC and LSCC tissue samples and matched adjacent normal
tissue samples

Groups
TSCC cancer tissues
matched non-cancer tissues
BSCC cancer tissues
matched non-cancer tissues
LSCC cancer tissues
matched non-cancer tissues

n
112
44
84
40
116
48

IGFBP-6 expression
High expression
Low expression
[n(%)]
[n(%)]
42 (37.5)
4 (9.1)
37 (44.0)
3 (7.5)
71 (61.2)
5 (10.4)

levels and other clinicopathological characteristics,
such as age, alcohol consumption, lymph node metastasis and pTNM stage.
High IGFBP - 6 expression is predictive of
poor prognosis
As determined via univariate Cox regression analyses, high IGFBP-6 expression (P=0.001), histopathological grade (P=0.020), T stage (P=0.007), lymph node
metastasis (P=0.001), and pTNM stage (P=0.001) were
significant prognostic factors for survival (Table 3).
The multivariate Cox proportional hazards regression model demonstrated that high IGFBP-6 expression (P=0.002) and pTNM stage (P<0.001) were the
strongest predictors of survival (Table 3). KaplanMeier survival curves demonstrated that patients with
high IGFBP-6 levels or stage Ⅲ + Ⅳ tumors exhibited significantly shorter survival times than patients
with low IGFBP-6 levels or stage Ⅰ + Ⅱ tumors (Fig.3).

DISCUSSION
In this study, we found that IGFBP-6 mRNA and
protein expression was significantly higher in HNSCC
tissues than in adjacent normal tissues by qRT-PCR
and immunohistochemistry. High IGFBP-6 expression (P=0.002) and pTNM stage (P<0.001) were the

70 (62.5)
40 (90.9)
47 (56.0)
37 (92.5)
45 (38.8)
43 (89.4)

χ2

P value

12.262

<0.001

16.563

<0.001

35.221

<0.001

strongest predictors of survival. Interestingly, IGFBP-6
levels were higher in men than in women, which may
be due to sex related steroid effects on IGFBP-6[18].
IGFBP-6 expression has been linked to tobacco consumption, which is one of the most important risk
factors for HNC[19]. We also observed an association
between IGFBP-6 expression and tobacco consumption. These demonstrated that IGFBP - 6 plays an
important role in HNC development. Recent studies
have shown that IGFBP-6 dysregulation plays a role
in tumorigenesis by inducing alternations in β-catenin
transcription[20], hypoxia[10], P53 transcription[21], sex
steroids[22], and TGF-β transcription[23]. IGFBP-6 expression has been detected in several cancer cells and
models, including IGF2-dependent tumors, such as
RMS, neuroblastoma and colon cancer.
IGFBPs, which comprise of three structural domains of approximately equalsize, have been shown to
inhibit IGF activity by competing with the IGF-I receptor (IGFIR),thereby preventing IGFIR binding[24]. Under specific conditions, several IGFBPs may enhance
IGF activity[25]. The IGFBP superfamily can prolong
IGF half - lives, enhance IGF - dependent metabolic
clearance, and coordinate and regulate a variety of biological activities[26-28]. IGFBPs are involved in physiological growth and are also associated with several
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Table 2
Groups
Total
Age (years)
≤60y
>60y
Sex
Female
Male
Tobacco consumption
Yes
No
Unknown
Alcohol consumption
Yes
No
Unknown
Tumor location
Oral
Larynx
Tumor classification
TSCC
BSCC
LSCC
Histopathological grade
High
Moderate
Low
Unknown
T stage
T1+T2
T3+T4
Unknown
Lymph node metastasis
Yes
No
Unknown
pTNM stage
Stage Ⅰ + Ⅱ
Stage Ⅲ + Ⅳ
Unknown

Associations between IGFBP-6 expression and HNSCC clinical parameters
n

IGFBP-6 expression
High expression
Low expression
[n(%)]
[n(%)]

312

150 (48.1)

162 (51.9)

123
189

54 (43.9)
96 (50.8)

69 (56.1)
93 (49.2)

107
205

41 (38.3)
109 (53.2)

66 (61.7)
96 (46.8)

65
179
68

41 (63.1)
83 (46.4)

24 (36.9)
96 (53.6)

122
135
55

53 (43.4)
75 (55.6)

69 (56.6)
60 (44.4)

196
116

79 (40.3)
71 (61.2)

117 (59.7)
45 (38.8)

112
84
116

42 (37.5)
37 (44.0)
71 (61.2)

70 (62.5)
47 (56.0)
45 (38.8)

166
121
13
12

70 (42.2)
70 (57.9)
7 (53.8)

96 (57.8)
51 (42.1)
6 (46.2)

214
36
62

103 (48.1)
24 (66.7)

111 (51.9)
12 (33.3)

61
218
33

31 (50.8)
109 (50.0)

30 (49.2)
109 (50.0)

167
83
62

81 (48.5)
46 (55.4)

86 (51.5)
37 (44.6)

χ2

P value

1.417

0.234

6.213

0.013

5.326

0.021

3.761

0.052

12.752

<0.001

0.885 △

0.355

13.577 ▽

<0.001

7.015

0.030

4.236

0.040

0.013

0.910

1.062

0.303

△ Correlation between IGFBP-6 expression in TSCC and IGFBP-6 expression in BSCC. ▽ Correlation among IGFBP-6 expression in TSCC, IGFBP-6
expression in BSCC and IGFBP-6 expression in LSCC.

diseases, including cancer[29]. IGFBP-6 is a member
of a family of six high-affinity IGFBPs and has been
shown to function as an IGF2-dependent and IGF2independent onco-suppressor gene[30,31].
HNCs comprise of a variety of malignant neoplasms
occurring at different sites within the upper aero-digestive
tract, such as the oropharynx, hypopharynx, larynx and
tongue[4]. Adrenocortical cancer studies have found that
several IGF-related genes (IGF2, IGF2R, IGFBP3 and
IGFBP-6) are significantly up-regulated in adrenocortical carcinomas[32]. Thus, IGFBP-6 expression may

play an important role in maintaining tumor cell proliferation and preventing tumor cell differentiation. However, IGFBP-6 levels may be lower in malignant cells
than in normal cells, thus suggesting that IGFBP-6
exerts inhibitory effects in some tumors. In RMS research, IGFBP-6 inhibited proliferation and promoted
apoptosis of RMS cells in vitro, and dramatically inhibited xenograft growth in vivo, at least in part, by inhibiting IGF- Ⅱ [7]. Moreover, the addition of IGF- Ⅱ did
not negate the IGFBP-6 apoptosis-promoting effect[33].
Furthermore, IGFBP-6 interacts with Ku80, which is
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Table 3 Univariate and multivariate analyses of the prognostic factors for overall survival in HNSCC
prognostic factors

HR

IGFBP6 expression
High vs. Low
Age (years)
60 y vs. >60 y
Sex
Female vs. Male
Tobacco consumption
Yes vs. No
Alcohol consumption
Yes vs. No
Tumor location
Oral vs.Larynx
Histopathological grade
High vs. Moderate vs. Low
T stage
T1+T2 vs. T3+T4
Lymph node metastasis
Yes vs. No
pTNM stage
Stage Ⅰ＋Ⅱvs. Stage Ⅲ＋Ⅳ

univariate analyses
P value

multivariate analyses
P value
95% CI

HR

2.377

0.001

1.464-3.860

2.203

0.002

1.346-3.606

1.462

0.127

0.898-2.380

1.442

0.163

0.863-2.410

1.200

0.476

0.727-1.982

0.922

0.737

0.574-1.481

1.248

0.348

0.786-1.983

1.533

0.020

1.069-2.198

1.338

0.129

0.919-1.947

2.070

0.007

1.216-3.524

0.560

0.056

0.309-1.014

5.543

0.001

3.498-8.782

4.731

0.001

2.943-7.606

5.763

<0.001

3.398-9.773

B
IGFBP6

1.0

NO or low expression of
IGFBP6
high expression of
IGFBP6
NO or low expression of
IGFBP6-censored
High expression of
IGFBP6-censored

P<0.001

0.8
0.6

1.0

pTNM stage

P<0.001

Stage Ⅰ + Ⅱ
Stage Ⅲ + Ⅳ
Stage Ⅰ + Ⅱ -censored
Stage Ⅲ + Ⅳ -censored

0.8
Overall survival

A

Overall survival

95% CI

0.6

0.4

0.4

0.2

0.2

0.0

0.0
0

20 40
60
80 100
Analysis time(months)

120

0

20

40
60
80 100
Analysis time(months)

120

Fig. 3 HNSCC patient survival curves generated via the Kaplan-Meier method and analyzed by the log-rank test. A: IGFBP-6+
HNSCC patients (green line) exhibited significantly poorer overall survival than IGFBP-6- patients (blue line); B: HNSCC patients with pTNM stage
Ⅲ + Ⅳ disease (green line) exhibited significantly poorer overall survival than patients with pTNM stage Ⅰ + Ⅱ disease (blue line).

involved in DNA repair and stability[34]. In a lung cancer study involving mice, IGFBP-6 levels were lower
in lung adenoma and adenocarcinoma tissues than in
normal lung tissues[35]. In addition, many studies have
shown that IGFBP-6 levels are decreased in other cancers, such as neuroblastoma, prostate cancer and colon
cancer[36-38]. However, two studies on ovarian cancer
have yielded discrepant results:one study reported increased serum IGFBP-6 levels[39], and the other study
reported decreased IGFBP-6 levels[40]. Notably, IGFBP-6 has been reported to be down-regulated in nasopharyngeal cancer cells and to regulate the expression of the transcription factor EGR-1, thereby acting

as a tumor suppressor gene[31]. Both cell apoptosis and
IGFBP-6 expression are increased by JNK activation
and NF-κB (nuclear factor κB) inhibition in oral cancer cells[41]. However, the direct effect of IGFBP-6 on
apoptosis in these cells was not studied. In our study,
we observed high levels of IGFBP-6 expression in
TSCC, BSCC and LSCC, which is consistent with the
results described above. We found high expression
of IGFBP-6 in some sites of HNC, suggesting that
increased IGFBP-6 could represent a compensatory
response to increased IGF- Ⅱ activity,or it may reﬂect
IGF-independent actions[18].
Together, our findings indicate that IGFBP-6 may
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act as a tumor oncogene in human BSCC, LSCC and
TSCC. Additionally, IGFBP-6 expression in BSCC tissues was correlated with LSCC development, but not
TSCC development, indicating that its expression may
be affected by different tumor microenvironments. Elucidating the mechanism underlying these interactions
will require further research. Our present investigation
also revealed that in addition to IGFBP-6 expression,
positive lymph node metastasis may also be used as a
prognostic factor for HNC.
This study demonstrated that IGFBP-6 expression
was associated with HNC and examined the clinical
significance of IGFBP-6 expression in HNC. Further
studies are needed to confirm the effects of IGFBP-6
at the cell and animal levels and to explore the molecular mechanisms underlying its biological functions.
In particular, studies elucidating the mechanisms underlying the involvement of IGFBP-6 in HNC will be
carried out in the near future.
In summary, we conclude that IGFBP-6 may be useful as a prognostic factor for HNCSS, and that IGFBP-6
may also be a novel therapeutic target in patients with
HNCSS.
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