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Abstract
Insulin-like growth factor binding protein 7 (IGFBP7) functions mostly independent of the IGF
signaling pathway and acts as a tumor suppressor in multiple cancers, but roles of IGFBP7 genetic
variants in cancer remains unknown. In a hospital-based study of 1,065 patients with squamous
cell carcinoma of head and neck (SCCHN) and 1,112 cancer-free controls of non-Hispanic whites,
we investigated associations between two putatively functional IGFBP7 promoter single
nucleotide polymorphisms (SNPs) (−702G>C, rs11573014 and −418G>A, rs4075349) and
SCCHN risk. A significantly lower SCCHN risk was observed in those subjects carrying −418AG
(adjusted OR=0.82, 95% CI=0.67–0.99) and −418AG+AA (adjusted OR=0.82, 95% CI=0.69–
0.99) genotypes than those carrying the −418GG genotype, but not for the −702G>C SNP.
However, those subjects carrying two common homozygous genotypes of these two SNPs
(−418GG and −702GG) had an increased risk (adjusted OR=1.21, 95% CI=1.00-0.1.46) than did
those carrying variant genotypes (−418AG+AA and −702CG+CC). This increased risk was more
evident in subgroups of never smokers and subjects with oral cancer. Further functional analysis
showed that the IGFBP7 −418A allele had significantly higher promoter and DNA-protein
binding activities than did the G allele, suggesting a tumor suppressor role of this allelic change in
the SCCHN etiology. We conclude that the functional variant −418 G>C in the IGFBP7 promoter
is associated with reduced risk of SCCHN, likely by enhancing the IGFBP7 promoter and DNA-
protein binding activities. Larger studies are needed to validate our findings.
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Introduction
Squamous cell carcinoma of the head and neck (SCCHN) is a heterogeneous cancer
originated from the oral cavity, oropharynx, hypopharynx and larynx, which accounts for
over 90% of all types of head and neck cancer [1]. In 2009, there were estimated 48,010 new
cases and 11,260 deaths of SCCHN in the United States [2]. While the history of tobacco
and alcohol use remains the most well-recognized risk factors for SCCHN, increasing
evidence suggests that genetic variations in genes involved in carcinogen metabolism, cell
cycle regulation, DNA repair, apoptosis and other cellular processes play important roles in
the etiology of SCCHN [3,4].

The IGFs (insulin-like growth factors) signaling pathway regulates cell growth,
differentiation and apoptosis through a system consisting of IGF-I, IGF-II, IGF receptors
(IGF-IR and IGF-IIR), insulin-like growth factor binding proteins (IGFBPs) and IGFBP
proteases [5,6]. To date, there are at least six reported and well-characterized IGFBPs
(IGFBP-1 to -6), all containing highly conserved cysteine-rich N-terminal and C-terminal
domains and a variable mid-region [7]. These six IGFBPs have been characterized by their
high binding affinities to IGFs and found to be able to either positively or negatively
regulate the IGFs signaling pathway, depending on different cell types [7,8]. Recently,
several new cysteine-rich proteins have been identified, named as IGFBP-related proteins
(IGFBP-rPs) that share structural similarities with conventional IGFBPs in the N-terminal
domain but bind to IGFs with a much lower affinity [7]. IGFBP-rP1 (also called IGFBP7,
MAC25, TAF, or PSF), the first identified member of IGFBP-rPs, has been reported to
function mainly in an IGF-independent manner, because of its weak binding affinity to IGFs
[9].

Indeed, studies have shown that IGFBP7 is involved in multiple pathways. For example,
IGFBP7 binds to insulin with a high and specific affinity [9], and it is regulated through the
proteolytic cleavage by a membrane-bound serine proteinase matriptase [10]. In addition,
DNA methylation, retinoid acid, and transforming growth factor beta 1 (TGF-β1) have all
been reported to be regulators of the IGFBP7 transcription [11–13]. The expression level of
IGFBP7 has also been reported to be associated with tumor development; and in many
cancer types, such as cancers of the breast, prostate, lung, colon and rectum, and thyroid,
IGFBP7 was reported to act as a tumor suppressor through the regulation of cell
proliferation, cell adhesion, apoptosis, cellular senescence and angiogenesis [14–23].
Paradoxically, several studies suggested an oncogenic role of IGFBP7 in glioma, because
IGFBP7 was shown to induce cell growth, migration and angiogenesis of glioma cancer
cells [12,24]. These studies suggest that IGFBP7 may play different roles in different
cancers.

Human IGFBP7 is a 30 kDa protein encoded by the IGFBP7 gene that is located on
chromosome 4q12–13 with five exons. Although IGFBP7 is believed to play important roles
in the development of multiple cancers, no well-designed association studies have been
conducted to assess the roles of genetic polymorphisms of the IGFBP7 gene in cancer risk.
It has been hypothesized that the genetic variations in the promoter-regulatory region might
affect the gene expression level and, therefore, modifying the cancer susceptibility. Thus, we
conducted a hospital-based case-control study of 1,065 SCCHN patients and 1,112 cancer-
free controls of non-Hispanic whites to evaluate the association between the promoter
polymorphisms of IGFBP7 and SCCHN risk and performed additional experiments to
unravel the underlying molecular mechanisms.
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Materials and methods
Study subjects

The recruitment of study subjects for the present study has been previously described
[25,26]. Briefly, we initially recruited 1,111 newly diagnosed, untreated SCCHN (i.e.,
cancers of oral cavity, oropharynx, hypopharynx, and larynx) patients and 1,130 cancer-free
controls at The University of Texas M. D. Anderson Cancer Center between October 1999
and October 2007. The SCCHN patients and cancer-free controls were all non-Hispanic
whites and frequency matched by age (± 5 years) and sex. Sixteen patients with second
primary tumors, primary tumors of nasopharynx or sinonasal tract, or any histopathologic
diagnoses other than SCCHN were excluded. The self-reported, cancer-free controls were
recruited from those outpatient clinics visitors at M. D. Anderson Cancer Center, who
agreed to participate in the study and were not genetically related to the patients already
enrolled in this study. All potential study subjects were first surveyed by using a short
questionnaire to determine their willingness to participate in this study. In the face-to-face
interview by a trained interviewer using a structured questionnaire, the subjects provided
information about demographics and risk factors, including age, sex, ethnicity, history of
tobacco and alcohol consumption from each individual after having signed a written
consent. Among all eligible subjects, the response rate for SCCHN patients and cancer-free
controls were approximately 93% and 85%, respectively. Among these SCCHN cases and
controls, 30 cases and 18 controls either failed to be genotyped or showed inconsistent
genotyping results in repeated genotyping and thus were excluded from the analysis.
Therefore, our final analysis included 1,065 SCCHN patients and 1,112 cancer-free controls.
Each subject donated one-time 30-mL venous blood to be used for biomarker assays,
including DNA extraction for genotyping. The research protocol was approved by the M.D.
Anderson Institutional Review Board.

Polymorphism selection and senotyping of IGFBP7
As of April, 2010, the IGFBP7 gene reportedly had 951 variants or single nucleotide
polymorphisms (SNP) (http://www.ncbi.nlm.nih.gov/projects/SNP/), most of which are
extremely rare, nonfunctional, or not validated by additional genotyping in the HapMap
database (http://hapmap.ncbi.nlm.nih.gov/). In the NCBI SNP database, there are only four
common (MAF- minor allele frequency ≥ 0.05) potentially functional promoter SNPs
(rs4074555, rs11573018, rs4075349 and rs11573014). However, the first two SNPs
(rs4074555 and rs11573018) failed to be genotyped in all currently available genotyping
platforms, including polymerase chain reaction (PCR)-restriction fragment length
polymorphism (RFLP), SNPlex, and Taqman, nor these two SNPs were validated by the
HapMap Project. Although rs4074555 and rs11573018 were genotyped in the NIH
Polymorphism Discovery Resource (NIHPDR) 90 individual screening subset
(http://www.ncbi.nlm.nih.gov/) with MAF of 0.193 and 0.119, respectively, these two initial
reported SNPs may have to be re-examined in the population of non-Hispanic Caucasian due
to the possibly ethnic difference in the allele/genotype frequencies. Therefore, we genotyped
the other two SNPs (−702G>C, rs11573014 and −418G>A, rs4075349) by the SNPlex
assay in the DNA Core Facility at MD Anderson Cancer Center, according to the protocol of
manufacturer (Applied Biosystems, Foster City, CA). The data output from the SNPlex
assays were analyzed in the GeneMapper software (Applied Biosystems) to determine the
genotypes. The samples failed to be genotyped in the SNPlex assays were also re-evaluated
with the PCR-RFLP method. Approximately 10% of the samples were randomly selected
and repeated with RFLP, and the error rate was less than 1%. One case with inconsistent
genotype results was excluded from the final analysis.

Huang et al. Page 3

Mutat Res. Author manuscript; available in PMC 2011 September 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.ncbi.nlm.nih.gov/projects/SNP/
http://hapmap.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/


Construction of reporter plasmids
We first amplified a 1,593-bp IGFBP7 promoter with PCR (from −1597 to −5 relative to the
transcription start site) from human head and neck carcinoma cell line MDA-1386Ln
(obtained from Dr. Jeffrey N. Myers at M. D. Anderson Cancer center), which has a GG
homozygous genotype at −418 position, with the primers (forward) 5’-
AAGGTACCAGTGAGCCAAAATCTCACCACT-3’ and (reverse) 5’-
AAGCTAGCGCGCGAGTGAGCCGTGTC-3’. The underlined sequences represented the
KpnI and NheI restriction enzyme sites in forward and reverse primers, respectively. The
amplified PCR products were then cloned into the basic-pGL3 firefly luciferase vector
(Promega, Madison, WI) at the KpnI and NheI restriction sites. Different fragments of the
IGFBP7 promoter were generated with a series of deletions of KpnI plus either NdeI, PvuII,
StuI, or SacI (New England Biolabs, Beverly, MA), on the cloned IGFBP7-PGL3 containing
the 1,593-bp promoter, followed by the Klenow enzyme (Sigma –Aldrich, St. Louis, MO)
treatment and re-ligation. The corresponding A allele containing IGFBP7-PGL3 was
generated with a site-directed mutagenesis kit, according to the manufacturer’s protocol
(Agilent Technologies Stratagene, La Jolla, CA). The −418G and −418A constructs were
sequenced to confirm the orientation and integrity of each insert (Figure 1).

Transient transfection and luciferase reporter gene assay
The human colon cancer cell line HCT116 (a gift from Dr. Bert Vogelstein of John Hopkins
University School of Medicine) and head and neck carcinoma cell line MDA-1386Ln were
cultured in 1X Dulbecco’s modified Eagle’s medium (DMEM) containing 10% fetal bovine
serum (Sigma-Aldrich, MO), and human head and neck carcinoma cell line UMSCC-17B (a
gift from Dr. Reuben Lotan at M. D. Anderson Cancer Center) was cultured in DMEM/F12
medium with 10% fetal bovine serum at 37 °C in 5% CO2. A total of 1×105 of each cell line
were plated onto each well of the 24-well plates and transiently transfectd with 1.0 µg of
−418G or −418A reporter constructs using FuGENE HD transfection reagent (Roche
Applied Science, IN). The 50 ng of p-TK renilla luciferase (pRL-TK) (Promega) was co-
transfected as an internal control. After 48 hr of transfection, the luciferase activities of both
firefly and renilla luciferase were quantified by a Dual-Luciferase Reporter Assay System
(Promega), and the ratios of these two activities were obtained as relative luciferase activity,
according to the manufacturer’s instructions (Monolight™ 3010 Luminometer, BD
Biosciences, San Jose, CA). The fold induction of relative luciferase activity was measured
by setting reporter gene activity of construct with the G allele as 1. The experiment was
performed in triplicates, and the mean and standard error of fold induction were calculated
and tested by Student t test in Stata 10.0 (StataCorp LP, College Station, TX).

Nuclear extract preparation and electrophoretic mobility shift assay (EMSA)
The nuclear extracts from UMSCC-17B cells were prepared according to the method of
Andrews and Faller [27]. Complementary single-stranded oligonucleotides (5’-
GTAATGAGCACTCAGGTGTCTCAGGCCCA -3’ for the G allele and 5’-
GTAATGAGCACTCAGGTATCTCAGGCCCA -3’ for the A allele) were biotin-labeled
using the 3’-end biotin labeling kit (Thermo Scientific, Rockford, IL) and re-annealed to
perform the DNA binding assays using the LightShift Chemiluminescent EMSA kit
(Thermo Scientific, Rockford, IL). The competition was performed with a 50-fold excess of
unlabeled oligonucleotides. Supershift experiments were performed with anti-GATA2
antibody (Abcam Inc., Cambridge, MA) or nonspecific rabbit IgG (Santa Cruz
Biotechnology, Santa Cruz, CA).
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Statistical analysis
The chi-square tests were used to test the differences in the distributions of categorical
variables, including age groups, sex, tobacco and alcohol use, and genotypes of IGFBP7
polymorphisms between the cases and controls. Crude and adjusted (for age, sex, smoking
and drinking status) odds ratios (ORs) and 95% confidence intervals (CIs) were obtained
from unconditional univariate and multivariable logistic regression analyses to evaluate the
associations between IGFBP7 polymorphisms and SCCHN risk, which were also stratified
by the subgroups of age, sex, tobacco use, alcohol use, and tumor sites. Homogeneity of
ORs between different strata and trend tests were evaluated using a Cochrane-Mantel-
Haenszel test as previously described [28], followed by analyses of gene-environment
interactions, which were evaluated by the P value for the interaction term in multivariate
logistic regression models with adjustment for age, sex, smoking and drinking status.
Haplotypes for the IGFBP7 polymorphisms were constructed according to the PHASE
program [29,30], and Pearson’s chi-square test was used to test for the difference in
haplotypes distributions between cases and controls. All tests were two-sided, and P < 0.05
was considered significant. All data were analyzed with SAS statistical software program
(SAS/STAT version 9.1.3; SAS Institute Inc., Cary, NC).

Results
Characteristics of the study population

In our final analysis, 1,065 SCCHN cases and 1,112 controls of non-Hispanic whites were
adequately matched by age and sex (P = 0.643 and 0.605, respectively). The mean age ±
standard deviation was 57.2 ± 11.2 years (range 18–90) for cases and 56.7 ± 11.0 (range 20–
87) for controls. The median age for both cases and controls was 57 years, and there were
more males than females in both cases (75% vs 25%) and controls (76% vs 24%).
Comparing with controls, the cases were more likely to be smokers and drinkers (P < 0.001
for both), which were further adjusted for in the subsequent multivariate logistic regression
analyses. The likely human papillomavirus (HPV)-associated oropharyngeal cancers
accounted for approximately half of the cases (50.4%) in the study population (Table I).

Association between IGFBP7 polymorphisms and risk of SCCHN
The IGFBP7 gene structure and locations of the two SNPs (−702G>C, rs11573014 and
−418G>A, rs4075349) as well as their genotyping assays with sequencing confirmation are
displayed in Figure 1A. The distribution of −702G>C genotypes in control subjects agreed
with the Hardy-Weinberg equilibrium (HWE) (P = 0.156), but the distribution of −418G>A
genotypes in control subjects deviated from HWE (P = 0.045), suggesting potential biases
may exist. When the −418GG genotype was used as the reference, a reduced risk of SCCHN
was significantly associated with the AG genotype (adjusted OR, 0.82; 95% CI, 0.67–0.99)
but not the −418AA genotype (adjusted OR, 0.85; 95%CI, 0.65–1.11) (likely due to fewer
subjects in this subgroup) after the adjustment of age, sex, smoking and drinking statues. In
the dominant model, the combined −418AG+AA genotypes were also associated with
significantly reduced risk of SCCHN (adjusted OR, 0.82; 95% CI, 0.69–0.99). However, no
significantly altered risk was observed for the variant −702CG and CC genotypes, when the
−702GG genotype was used as the reference (Table II).

The combined analysis of the two SNPs substantially improved the risk estimates, in which
a reduced risk of SCCHN was observed in those who carried both of the variant genotypes
(OR, 0.76 and 95% CI, 0.60–0.96 for −418AG+AA and −702CG+CC) in a variant-
genotype dose-response manner (P for trend = 0.026 for crude ORs and 0.071 for adjusted
ORs) (Table II). In other words, an increased risk of SCCHN was observed in those subjects
carrying the common homozygous genotypes of both SNPs (−418GG and −702GG)
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(adjusted OR, 1.21, 95% CI, 1.00-0.1.46) than those carrying variant genotypes (−418AG
+AA and −702CG+CC) (Table II).

To further evaluate the association between the combined variant genotypes of IGFBP7
−418G>A and −702G>C SNPs and SCCHN risk, we conducted a stratified analysis by
subgroups of age, sex, smoking and drinking status, and tumor sites. As shown in Table III,
an increased risk of SCCHN associated with the common homozygous genotypes of both
SNPs (−418GG and −702GG) was more evident in the subgroups of never smokers
(adjusted OR, 1.36; 95% CI, 1.01–1.83) and patients with cancer of the oral cavity (adjusted
OR, 1.35; 95% CI, 1.02–1.77), compared with those having any of the variant (other)
genotypes (Table III). However, there was no evident of an interaction between the
combined genotypes and the variables used for the stratification (data not shown).

G to A allelic change at −418 location of the IGFBP7 promoter resulted in the increased
promoter activity

We used a series of 5’ deletion methods to determine the regions of the promoter required
for the IGFBP7 gene expression. As shown in Figure 1B, we found that the reporter gene
construct containing sequences from −513 to −5 relative to the transcriptional starting site of
IGFBP7 had the highest luciferase activity. The luciferase activity was not increased in
longer fragments but was dramatically decreased when the region of −1597 to −1321 was
included. Therefore, we believed that the region from −513 to −5 was the functional
promoter region, which is consistent with our finding that only the −418G>A SNP was
individually associated with SCCHN risk. We then used this −513 to −5 region to determine
the allele-specific effect of −418G>A on the IGFBP7 promoter activity. Compared with the
−418G, the IGFBP7 promoter containing −418A showed a significantly lower reporter gene
expression in two human head and neck carcinoma cell lines MDA-1386Ln and
UMSCC-17B and a human colon cancer cell line HCT116 (P < 0.01 for all) (Figure 1C),
suggesting that the G to A allelic change at the IGFBP7 −418 site resulted in increased
promoter activity in a non-tissue specific manner.

To further determine the underlying mechanism for the differential regulation of the
IGFBP7 promoter activity at −418G>A, we used TFSearch
(http://www.cbrc.jp/research/db/TFSEARCH.html) and transcription element search
software (TESS) (http://www.cbil.upenn.edu/cgi-bin/tess/tess) to predict any potential
transcription binding site change at −418G>A. We found that the GATA-binding protein 2
(GATA-2) was predicted by both sites to be able to potentially bind to G and A alleles
differentially. The predicted GATA-2 binding motif from TESS is shown in Figure 2A.
Based on this prediction, we therefore preformed an electrophoretic mobility-shift assay
(EMSA) to test whether GATA-2 differentially binds to the G and A alleles at −418 site of
IGFBP7. As shown in Figure 2B, the oligonucleotide containing A allele had a significantly
stronger binding to the nuclear protein extract from UMSCC-17B cells than that with the G
allele, and the excess of unlabeled oligonucleotides with the G or A allele competed for this
binding activity. This result is consistent with that from the luciferase reporter gene assay.
However, GATA-2 antibody did not result in the supershift (Figure 2B), indicating that,
contrary to the prediction by TFSearch and TESS, GATA-2 may not be the transcriptional
factor that binds to the promoter of IGFBP7 at −418 location. Therefore, more intensive
molecular characterization of this binding site around the −418 location is warranted.

Discussion
In this hospital-based case-control study of 1,065 SCCHN patients and 1,112 cancer-free
controls in non-Hispanic whites, we investigated whether the two common, validated
IGFBP7 promoter polymorphisms are associated with SCCHN risk. We found that IGFBP7
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−418AG and AG+AA genotypes were significantly associated with reduced risk of SCCHN.
This effect was further enhanced when the −418AG+AA variant genotypes were combined
with the −702CG+CC variant genotypes, compared with the combined −418GG and −702
GG genotypes. In other words, those who carried the combined −418GG and −702 GG
genotypes had a statistically significantly increased SCCHN risk, compared with those who
carried any of the variant genotypes (i.e., −418AG, −418AA, −702CG and −702CC).
Further stratified analysis showed that this effect was more profound in the subgroup of
women (borderline significant), never smokers and those who had oral cavity cancer.
Additional functional analyses showed that the IGFBP7 promoter harboring the −418A
allele had both significantly higher luciferase activity and DNA-protein binding activity,
suggesting that the change of the IGFBP7 G allele to A allele may play a tumor suppressor
role in the etiology of SCCHN. However, it remains unknown what transcription factors
may bind to this polymorphic site in the promoter. To the best of our knowledge, this is the
first epidemiological study to have investigated the roles of IGFBP7 polymorphisms on
susceptibility to cancer and the related molecular mechanisms.

Although we could not find relevant data from published studies to compare with our
findings, our relatively large study size appeared to have an adequate statistical power to
detect the effects of IGFBP7 variant genotypes on SCCHN risk. The −702G>C
(rs11573014) was only genotyped in the NIHPDR 90 subset with C allele frequency of
0.112 and CG and GG (but no CC) genotype frequencies of 22.4% and 77.6%, respectively.
These frequency data are similar to those (0.153 for C allele and 27.1% and 71.1% for CG
and GG genotype frequencies) in our 1,112 controls (Table 2). The −418G>A (rs4075349)
was the only one genotyped in the HapMap database
(http://hapmap.ncbi.nlm.nih.gov/- dbSNP b126) for 226 Utah residents with Northern and
Western European ancestry from the CEPH collection with T/A allele frequency of 0.407
(compared to 0.411 for our 1,112 controls) and CC/GG, CT/GA and TT/AA genotype
frequencies of 32.7%, 53.1% and 14.2% (compared to 33.2%, 51.4% and 15.5% for our
1,112 controls), respectively. These data suggest that any genotype errors in our controls are
unlikely to have an effect on our findings. However, the corresponding allele and genotype
frequencies were 0.667 and 11.9%, 42.9% and 45.2% for 168 Han Chinese in Beijing (CHB)
and 0.688 and 8.9%, 44.6% and 46.4% for 224 Africans of Yoruba in Ibadan, Nigeria
(http://hapmap.ncbi.nlm.nih.gov/ - dbSNP b126), suggesting some ethnic difference in both
allele and genotype frequencies of this −418G>A SNP.

We noticed that the distribution of IGFBP7 −418G>A genotypes deviated from HWE in
control subjects (P<0.05). Such HWE deviation may be caused by violation of its
assumptions [31], in which one of the possible explanations is genotyping error, and the
other is selection bias. We believe that genotyping error is unlikely to cause the deviation
from HWE, because we did not observe any significant discrepancy in the results of both
SNPlex and PCR-RFLP assays for approximately 10% of repeated genotyping samples, and
the genotypes were also confirmed by direct sequencing. In addition, the genotyping
frequencies of −418G>A three genotypes were close to those reported in Hapmap,
suggesting the distribution of these genotypes may have been selected for, through
evolution. Another possible reason for the violation of HWE is that the controls were
recruited from cancer-free, outpatient clinics visitors at MD Anderson Cancer Center;
therefore, they may not fully represent the general population, an inherent limitation of the
hospital-based case-control study. Therefore, our results may not be generalizable to the
general population. Nevertheless, our finding is biologically plausible as evidenced by a
series of functional analyses of the impact of variant alleles on the IGFBP7 regulation.
Furthermore, our relatively large study size appeared to have an adequate statistical power to
detect the effects of IGFBP7 variant genotypes on SCCHN risk. Our finding of an increased
risk associated with genotypes other the combined GG/GG genotypes in the subgroup of
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never smokers is consistent with the notion that susceptible individuals are more sensitive to
expose to low doses of exposure. However, this subgroup finding often suffers from reduced
statistical power or simply due to chances. Therefore, such a finding needs to be validated in
future larger studies.

IGFBP7 is encoded by the IGFBP7 gene and has been shown to interact with multiple
proteins, playing important roles in the development of multiple cancers, mostly
independent of the IGF signaling. For example, IGFBP7, along with other tumor
suppressors, including insulin-degrading enzyme (IDE) and phosphatase and tensin homolog
(PTEN), can antagonize insulin and protect another tumor suppressor gene, retinoblastoma
protein (RB), from inactivation, therefore helping suppress cancer development [32]. A
recent study has also showed that the activated BRAF oncogene (BRAF600E) induces
melanoma cell senescence and apoptosis through regulation of the secreted IGFBP7 protein
[33]. Moreover, experiments both in human cell lines and mouse models support a potential
role of IGFBP7 in the treatment of melanoma and colorectal cancer [34]. In lung cancer,
over-expression of IGFBP7 reduces the anchorage-independent growth, activates caspase-3,
and induces apoptosis in lung cancer cells [17]. Taken together, these studies and others
have demonstrated that IGFBP7 acts as a tumor suppressor gene in most cancer types, such
as cancers of the breast, prostate, colon and rectum, melanoma and lung, through the
induction of senescence and apoptosis, or the inhibition of proliferation in cancer cells
[17,18,21,33,35].

In the current study we demonstrated that IGFBP7 −418A had a higher promoter activity
than −418G and that IGFBP7 −418A variant genotypes were associated with reduced risk of
SCCHN, supporting a tumor suppressor role of IGFBP7 in SCCHN, a finding consistent
with that of previously published studies. In an early study for the characterization of the
murine mac25 gene promoter, Sp1 and methylation were found to regulate the expression of
IGFBP7 [36]. More recently, the transcriptional factor AP-1 was identified to be able to bind
to the promoter region of IGFBP7, participating in regulation of the IGFBP7 expression by
BRAF600E in melanoma cells [33]. In addition, several studies showed that IGFBP7
expression was regulated by some epigenetic mechanisms. For example, hypermethylation
of CpG islands in the IGFBP7 gene silenced the IGFBP7 expression, and demethylation
resulted in the activation of IGFBP7 [37–39]. In our present study, we found that the higher
promoter activity driven by the −418A allele of IGFBP7 may be regulated by the direct
DNA-protein binding, but subsequent experiments ruled out GATA-2 as the potential
transcriptional factor that could differentially bind to −418A and −418G as predicted by
bioinformatics tools.

In summary, our study indicated that individuals carrying the IGFBP7 −418A variant
genotypes may have a reduced risk of SCCHN. This is because the IGFBP7 promoter with
−418A has a higher promoter activity than −418G, which may result in different expression
levels of IGFBP7. Therefore, the change of IGFBP7 −418G to −418G may play a tumor
suppressor role in SCCHN. However, the exact underlying molecular mechanisms for the
roles of the IGFBP7 −418 G>A polymorphism and IGFBP7 expression in the etiology of
SCCHN need to be further unraveled by more rigorous mechanistic studies. Although our
study population is relatively large, an uncontrolled selection bias may have existed due to
the nature of hospital-based case-control study. Considering this limitation, other large,
population-based, preferably prospective studies are needed to further validate our findings.

Abbreviations

CI confidence interval
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IGFBP7 insulin-like growth factor binding protein 7
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Figure 1.
The IGFBP7gene structure, its promoter reporter gene constructs, and luciferase assays. A,
Genomic structure and locations of two selected promoter SNPs, alone with their genotyping
assays with sequencing confirmation; B, Identification of the functional region of the
IGFBP7 promoter by a series of sequential deletions. C, Luciferase assay for the two
IGFBP7 promoter constructs with −513 to −5 sequences relative to the transcriptional
starting site, and containing G and A alleles at −418, respectively. The −418G and −418A
constructs were sequenced to confirm the orientation and integrity. **denotes P < 0.01 for
the difference between alleles G and A.
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Figure 2.
Electrophoretic mobility shift assay (EMSA) for detection of DNA-protein binding at −418
of the IGFBP7 promoter. A, Prediction of GATA-2 binding site at the IGFBP7 promoter
−418 position by TESS (http://www.cbil.upenn.edu/cgi-bin/tess/tess), the letter shown in
bold representing the position of −418G>A; B, EMSA with biotin-labeled −418 G (lanes 1
to 4) or A probes (lanes 5 to 8) and UMSCC-17B nuclear extract; C, Supershift assay.
GATA-2 antibody and normal rabbit IgG were used to determine the binding specificity.
NS, non-specific binding; FP, free probe.
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Table I

Demographic characteristics of SCCHN cases and cancer-free controls of a non-Hispanic population

Variables
Cases
No. (%)

Controls
No. (%)

P valuea

All subjects 1,065 (100.0) 1,112 (100.0)

Age group (y)

  Range 18–90 20–87 0.643

  Mean 57.2 ±11.2 56.7±11.0

  ≤ 57 (median) 567 (53.2) 581 (52.2)

  >57 (median) 498 (46.8) 531 (47.8)

Sex 0.605

  Female 262 (24.6) 263 (23.7)

  Males 803 (75.4) 849 (76.4)

Smoking Status <0.001

  Never 298 (30.0) 544 (48.9)

  Former 363 (34.1) 406 (36.5)

  Current 404 (37.9) 162 (14.6)

Alcohol Status <0.001

  Never 296 (27.8) 488 (43.9)

  Former 229 (21.5) 180 (16.2)

  Current 540 (50.7) 444 (39.9)

Tumor Sites

  Oral Cavity 318 (29.9)

  Oropharynx 537 (50.4)

  Hypopharynx   42 ( 3.9)

  Larynx 168 (15.8)

a
Two-sided χ2 test.
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