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Abstract

Objectives: A cross-sectional epidemiological study explored genetic susceptibility to oral precancer and cancer in Puerto
Rico (PR).

Materials and Methods: Three hundred three individuals with a benign oral condition, oral precancer (oral epithelial
hyperplasia/hyperkeratosis, oral epithelial dysplasia), or oral squamous cell carcinoma (SCCA) were identified via PR
pathology laboratories. A standardized, structured questionnaire obtained information on epidemiological variables; buccal
cells were collected for genetic analysis. Genotyping was performed using TaqmanH assays. Allelic frequencies of single
nucleotide polymorphisms (SNPs) were evaluated in cytokine genes and genes influencing tumor metastasis. Risk estimates
for a diagnosis of oral precancer or SCCA while having a variant allele were generated using logistic regression. Adjusted
models controlled for age, gender, ancestry, education, smoking and alcohol consumption.

Results: Relative to persons with a benign oral lesion, individuals with homozygous recessive allelic variants of tumor
necrosis factor (TNF-a) 2238 A/G SNP had a reduced odds of having an oral precancer (ORadjusted = 0.15; 95% CI 0.03–0.70).
The transforming growth factor beta-1 (TGFb-1 2509 C/T) polymorphism was inversely associated with having an oral SCCA
among persons homozygous for the recessive variant (ORcrude = 0.27; 95% CI 0.09–0.79). The matrix metalloproteinase gene
(MMP-1) variant, rs5854, was associated with oral SCCA; participants with even one variant allele were more likely to have
oral SCCA (ORadjusted = 2.62, 95% CI 1.05–6.53) compared to people with ancestral alleles.

Conclusion: Our exploratory analyses suggest that genetic alterations in immune system genes and genes with metastatic
potential are associated with oral precancer and SCCA risk in PR.
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Introduction

Incidence rates for oral and pharyngeal cancer (OPC) in Puerto

Rico are among the highest in the Western Hemisphere [1]. In the

course of conducting an epidemiological study of oral cancer and

precancer in Puerto Rico, we identified a deficit in the detection of

oral premalignant lesions and in situ cancers on the island relative

to that observed on the United States mainland [2,3]. In addition

to socioeconomic and screening disparity issues that are likely

responsible for the observed deficit, genetic variants in the immune

system and genes that contribute to the metastatic potential of oral

cancers may play a role in the excess of oral cancer on the island.

Cytokines are small molecular-weight regulatory proteins of the

immune system that are secreted by active immune cells (mostly T

cells, especially helper T cells and antigen-presenting cells) and

other cell types (epithelial and endothelial cells, fibroblasts,

keratinocytes, etc.), which are part of the body’s immune

surveillance system [4–6]. Variability in the coding and non-coding

sequences of cytokine genes can strongly affect immune system

activity and its capacity to monitor and clear cancerous cells.
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Animal models provide evidence indicative of cytokine involve-

ment in the immune system activation process during oral

carcinogenesis [7]. In addition, studies conducted on the Indian

subcontinent [8,9], Taiwan [10], Europe [11], and in southern

Thailand [12] have reported associations between cytokine gene

polymorphisms and oral cancer. To date, however, associations

between immune system response gene variants have not been

studied in relation to oral precancers or cancers among Puerto

Ricans.

Because oral squamous cell carcinomas have a tendency for

micrometastases to the head, neck, and upper body [13,14], and in

light of the observed deficit in early-stage oral cancers diagnosed in

Puerto Rico, we elected to include in our analyses genetic variants

with the potential to influence oral cancer metastasis.

The current paper reports the results of an exploratory analysis

of single nucleotide polymorphisms (SNPs) present in T helper

Th1 and Th2 cytokine and tumor metastasis genes in relation to

the risk of being diagnosed with an oral precancer or squamous

cell carcinoma (SCCA) in Puerto Rico.

Materials and Methods

Study participants
Details regarding the study and its implementation have been

reported previously [15,16]. Briefly, during the period February

2003 through October 2007, all individuals diagnosed with either

a benign oral condition, an oral precancer, or oral SCCA were

identified via one of six pathology laboratories located around

Puerto Rico. Initially, oral cancer cases were not included in the

enrollment; their recruitment began in July 2004. Benign oral

conditions (the comparison group) were defined as histopatholog-

ical diagnoses of a benign adenoma, amalgam tattoo, cyst,

fibroma, fibrous histocytoma, granuloma, hemangioma, incon-

tinentia pigmenti, inflammation, benign ulceration, lipoma,

mucocele, mucositis, papilloma, Sjoegren syndrome, sialandenitis,

or reactive, non-epithelial hyperplasia. Oral precancer was defined

as a histopathologic diagnosis of oral hyperkeratosis (HK), oral

epithelial hyperplasia (EH), or oral epithelial dysplasia (OED).

Eligible anatomical sites included the lip (mucosa), tongue,

gingiva, floor of mouth, palate, and other and unspecified parts of

the mouth (ICD-O-3 C00.3-C00.6, C02-C06).

After receiving surgeon-of-record permission to contact an

identified subject, we contacted the individual, first via mail, and

then via telephone to answer any questions regarding the study

and to schedule an in-person interview. At the scheduled in-person

interview and after obtaining informed consent, one of two

trained, blinded interviewers administered a standardized, struc-

tured questionnaire. The interview included questions on socio-

demographic (e.g., race/ethnicity, date of birth), lifestyle (e.g.,

alcohol consumption, tobacco use), and dietary/nutritional (e.g.,

fruit and vegetable consumption) factors. In addition, buccal cells

were obtained from which genetic material was extracted and

stored. To ensure sample integrity and an adequate amount of

DNA for extensive genotyping, a whole genome amplification

process (WGA) was also conducted.

Genes selected for genotyping
In order to select genes for genotyping, we reviewed pertinent

literature and followed a candidate gene approach while

considering fundamental genes that can modulate the balance

between T helper 1 and 2 (Th1/Th2) responsiveness of T cell

activation, immunosuppression [e.g., transforming growth factor

beta-1 (TGFb-1)], and immune system cellular surveillance against

tumor cells [interleukins (IL)].

In addition, we included previously published genetic variants

implicated in tumor metastasis, e.g., plasminogen activator, or

urokinase, known to play a role in extracellular matrix degrada-

tion, thereby promoting tumor cell migration and proliferation

[17–20], and several matrix metalloproteinases (MMPs), including

the MMP-1 SNP [21–23]. Further, in that genetic variants of the

insulin-like growth factor receptor were previously reported to be

associated with oral epithelial carcinoma progression [24], it too

was included in our genes of interest.

Because there is no centralized, validated genomic information

resource for Puerto Rican-specific cytokine or metastasis-promot-

ing gene SNP variant information, we used frequency comparisons

of the International Hapmap European ancestry and HapMap

African genetic data sets to compare those to frequencies obtained

in the Puerto Rican sample after genotyping. In addition, we

evaluated the potential contribution of the population substructure

to separate the influence of ethnicity, which we previously

published as being approximately 70% European, 24.5% African,

and 5.7% detectable Native American genetic ancestry [15].

Genotyping was performed using Taqman assays (Applied

Biosystem Inc., now part of LifeTechnologies, Grand Island, NY),

which enable the use of probes as short as 13 bases. A

nonfluorescent quencher was applied to mitigate background

fluorescence, and an ABI 7900HT thermocycler and associated

software were used to determine allele status.

Statistical analysis
Descriptive frequency information for each variant allele

included in our investigation was determined based upon

HapMap data as well as data from Puerto Rican participants.

Hardy-Weinberg equilibrium (HWE) testing was carried out to

detect unusual frequency distributions in the study population and

deviations from HWE noted. We did not include variants that

deviated from HWE testing in our genetic modeling.

Allele frequencies of the genetic variants were assessed and

aggregated by diagnostic status. Because multiple IL-1 and IL-10

cytokine SNPs were genotyped, we further examined whether

haplotype structures of certain variants inherited in linkage

disequilibrium could contribute differently to oral precancer or

cancer risk. HaploView 4.2 version software (MIT Broad Institute,

Cambridge, MA) was used to determine genomic and chromo-

somal location of the haplotypes [25]. We searched and compared

the International HapMap 3 version of the population data to

ascertain ethnicity-specific block structures. We retrieved block

information for White and African populations, which were

similar in structure. The European data appeared to provide the

most appropriate structure for Puerto Rican participants, further

confirming our previous ancestry estimate analyses in which we

found our study population had approximately 70 percent

European ancestry [15].

IL-1 and IL-10 haplotypes were reconstructed from the SNP

genotype data using PHASE software [26] that employs a

Bayesian methodology in which the prior allelic distribution,

recorded in a centralized genetic information source, HapMap

project, was chosen to approximate the distribution described in

our sample [27,28].

Associations between each haplotype and a diagnosis of oral

precancer or cancer were examined by performing haplotype

trend regression. The probabilities of having different haplotypes

for each individual were incorporated as predictor variables

accounting for haplotype phase uncertainty.

We have carried out HWE testing for the entire sample

population. For those genetic variants that met HWE

(PHWE.0.05), we used dominant and recessive disease models to
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estimate odds ratios (ORs) and their 95% confidence intervals

(95% CI) for being diagnosed with an oral cancer or precancer in

relation to having a given genetic variant. We also applied additive

models to identify relationships between the selected variants of

genes important in immune system activity as well as genes

influencing OPC metastatic potential, in each instance in relation

to disease risk associated with having each additional copy of the

variant allele. ORs were adjusted for known risk factors (age,

gender, self-reported ancestry, education, smoking and alcohol

consumption).

We did not apply multiple comparison procedures to adjust

levels of significance for observed measures of association because

our primary analytic aim was to explore potential associations

between each gene variant and the various disease outcomes under

study. In addition, we were concerned that correcting for multiple

comparisons would lead to an unacceptable level of type-2 errors.

For selected SNPs that showed an association with oral

precancer or cancer in our statistical and genetic modeling, we

explored the function of the applicable gene variant using SNPInfo

and FuncPred software (http://snpinfo.niehs.nih.gov/snpinfo/

guide.htm).

Ethics Statement
The research protocol and consenting procedures were

reviewed and approved by the institutional review boards at

New York University and the University of Puerto Rico, Medical

Sciences Campus, San Juan, Puerto Rico. In addition, as de-

identified biological samples were sent to and DNA extracted at

the University of New Mexico Health Sciences Center, School of

Medicine, the UNM HSC Institutional Review Board reviewed

the molecular component of the research protocol and determined

that it did not involve human subjects and was therefore classified

as exempt from review.

Written informed consent was obtained, and the consent form

stipulated that all participants agreed to provide health question-

naire information and biological samples for research purposes.

Results

A total of three hundred three individuals were identified as

having been diagnosed with a study-eligible oral condition,

consented to participate in the study, and provided usable

questionnaire data and buccal cells from which usable DNA was

extracted.

Table 1 presents summary characteristics of study participants

by diagnostic group. While the racial distribution was similar

across the diagnostic categories, persons in the oral SCCA group

were more likely to be older, male, and less well-educated than

persons in the benign and precancer groups. Table 2 summarizes

the SNPs evaluated, their frequency distribution based on

HapMap data, their frequency distribution in our study, and

HWE testing results. Table 3 reports all allele frequencies by

diagnostic group for each variant allele in the study.

Table 4 presents results from our logistic regression modeling of

cytokine and metastasis-promoting gene variants, as well as IL-1b
gene haplotypes, all of which passed HWE. The results presented

in the table and described below in terms of functionality

prediction are restricted to selected gene variants for which at

least one crude or adjusted OR was 2.0+ or conversely, #0.5, i.e.,

biologically meaningful associations, or when the observed

association was statistically significant at the 0.05 level. Findings

from all additional analyses are presented in Table S1, S2, S3.

We found evidence of an association between rs361525, a

TNF-a variant, and having an oral precancerous lesion relative to

having been diagnosed with a benign oral abnormality. Using

additive genetic modeling, individuals with homozygous recessive

allelic variants of the TNF-a 2238 A/G SNP had a significantly

reduced odds of having an oral precancer (crude OR = 0.22, 95%

CI 0.05–0.93) compared to individuals who were heterozygous for

the allelic variant. The OR was 0.15 (95% CI 0.03–0.70) after

adjusting for age, gender, smoking, alcohol consumption, educa-

tion, and self-reported ancestry. When we pooled both precancer

and squamous cell carcinoma cases, the crude and adjusted odds

ratios were 0.50 (95% CI 0.22–1.13) and 0.30, (95% CI 0.11–

0.80), respectively. Our findings regarding rs361525 were similar

when dominant genetic modeling was employed.

Functionality evaluation of the TNF-a 2238 A/G promoter

sequence, rs361525 SNP revealed that this allelic variant, located

at a transcriptional factor-binding site of the promoter region of

TNF-a gene, may directly disturb the level, location or timing of

TNF-a expression. http://snpinfo.niehs.nih.gov/snpinfo/snpfunc.

htm

Additional analyses of cytokine gene variants also suggest a

relationship with oral cancer or precancer. Using an additive

model, the interleukin-4 (IL-4) 2524 C/T SNP, rs2243250
allelic variant was consistently associated with a relatively weak

reduction in the odds of being diagnosed with an oral precancer or

oral SCCA; the ORs were statistically significant only when oral

precancerous lesions and oral SCCA were combined and

compared to participants with benign oral abnormalities (crude

OR = 0.70; 95% CI 0.50–1.00).

The functionality prediction of the rs2243250 allelic variant

SNP is similar to that of TNF-a rs361525 in that the gene variant

is considered a potential transcription factor binding site in which

changes can profoundly influence production of the Th2 type of

cytokine.

The rs1800469 SNP, a transforming growth factor beta-1

(TGFb-1 2509 C/T) polymorphism, was negatively associated

with having an oral SCCA among persons homozygous for the

recessive variant (crude OR = 0.27; 95% CI 0.09–0.79). After

adjustment for covariates, the association remained strong, but

was only marginally significant (adjusted OR = 0.26, 0.60–1.10).

When we used FuncPred software to evaluate the potential

functionality of the TGFb-1 2509 C/T SNP, it was predicted to

be a strong binding site for approximately 50 different transcrip-

tion factors.

Haploblock analysis of the four genotyped IL-10 SNPs resulted

in tagging rs1800896 SNP as the significant contributor to the

haplotype structure. When we examined the four polymorphisms

independently using a recessive genetic model, the rs1800896
SNP was negatively associated with oral SCCA (Figure 1, Table 4),

while two SNPs, rs1800871 and rs1800872, were positively

associated with the risk of having a diagnosis of oral precancer or

cancer. ORs for the fourth SNP, rs1800890, were highly

unstable.

After running functionality prediction on the rs1800896,

rs1800871 and rs1800872 SNPs, they were revealed to be

transcription factor binding sites directly influencing production of

IL-10, an essential Th2 type of cytokine.

We also identified two IL-1 blocks consistent with IL-1a and IL-

1b locations. These blocks were similar to recorded ethnic group

structures based on updated International HapMap 3 project

results (Figure 2). When crude ORs were generated, 2 members of

the IL-1b blocks (rs1143627, rs16944) as CG haplotype were

associated with oral SCCA risk (Table 4.)

In addition to cytokine polymorphisms, we found that among

the set of metastasis genes, one crucial genetic variant, rs5854,

located in the matrix metalloproteinase gene (MMP-1), was
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associated with oral SCCA risk. Participants who had even one

variant allele were more likely to have been diagnosed with an oral

SCCA (adjusted OR = 2.62, 95% CI 1.05–6.53) compared to

people with ancestral alleles (Table 4).

The rs5854 SNP was predicted by FuncPred software to be a

microRNA binding site. Further, based upon information

obtained through the miRBase database (http://www.mirbase.

org/index.shtml; University of Manchester, UK), presence of the

T variant allows binding of six different miRNAs.

Discussion

Immune system variants could reflect an overall immune system

genetic susceptibility toward cancer development. The current

study was based on an a priori interest in evaluating pro-

inflammatory and anti-inflammatory cytokines as well as metas-

tasis-promoting genes in relation to oral precancer and cancer.

We assessed associations between multiple SNPs in relation to

the various disease outcomes of interest. Given the hypothesis-

generating nature of the study, we elected to report OR-specific

findings from each of our gene- and haplotype-specific analyses

whether or not an association was identified and whether or not

an observed association was statistically significant (Table 4 and

Table S1 through Table S3). By so doing, we provide others

with the opportunity to compare their findings to ours. Given

the multiple analyses conducted, it is possible that one or

another of our findings may have resulted by chance alone.

With that caveat in mind, our analysis identified several SNPs

that may be related to oral precancer or cancer in the Puerto

Rican study population.

Hispanics are underrepresented in oral cancer genetic research

despite the fact that some population groups, including Puerto

Ricans, have high oral cancer incidence rates [1,29–31]. In the

current paper, we present results demonstrating that immune

system variation may influence tumor surveillance and immune

response through cytokine production. In addition, we found that

the matrix metalloproteinase-1 genetic variant, even the presence

of only one variant allele, increased the risk of having oral cancer

among Puerto Ricans.

It is important to note that although the International Hapmap

database reports ‘‘Hispanic ethnicity’’ genotype and allele

frequency information for most of the SNPs used in our study,

Hapmap data were compiled using genetic material from Mexican

donors, which is not necessarily reflective of Puerto Ricans or their

genetic ancestry. To enhance accessibility of Puerto Rico specific

genetic information, we provide frequency data, stratified by

diagnostic group, for each of the variants under study.

Tumor necrosis factor alpha (TNF-a) polymorphisms are

frequently noted in oral cancer research [10,32–34]. TNF-a
promotes cancer cell apoptosis and tumor-associated killing

through the tumor necrosis factor-related apoptosis-inducing

ligand (TRAIL) signaling pathway. Nuotomi et al. and Sharma

at el. both found that the rs361525 promoter 2238 variant

increased TNF-a expression and resulted in increased serum

production of the cytokine [35,36]. They also documented

increased attraction of neutrophil granulocytes to the lung by

TNF-a production. Based upon their findings, one can hypoth-

esize that an increased producer phenotype could be advantageous

during oral carcinogenesis.

The same TNF-a SNP, rs361525, 2238 intronic A allelic

variant was previously described as being less frequent in oral

cancer cases in Taiwan relative to healthy controls [10], a finding

consistent with the protective association we observed among

Puerto Rican cases. Notably, the possible protective effect

observed in our study was strong, especially as regards precan-

cerous lesions. The similarity in results across disparate popula-

tions warrants further, more detailed oral cancer genetic

susceptibility research.

Haploblock analysis of the four genotyped Interleukin 10 (IL-10)

SNPs revealed that one SNP (rs1800896) was negatively

associated with oral SCCA, while two other SNPs, rs1800871
and rs1800872, were positively associated with the risk of having

a diagnosis of oral precancer or cancer. These results suggest that

in future studies it will be prudent to investigate these allelic

Table 1. Distribution of demographic variables by oral diagnostic category.

Variable
Benigna

n (%)
Precancerb

n (%)
SCCAc

n (%)

Age (years) 30–49 52(33.6) 18 (20.9) 7 (11.3)

50–59 37(23.9) 20 (23.3) 9 (14.5)

60–69 43 (27.7) 26 (30.2) 18 (29.0)

$70 23 (14.8) 22 (25.6) 28 (45.2)

Gender Female 97 (62.6) 46 (53.5) 16 (25.8)

Male 58 (37.4) 40 (46.5) 46 (74.2)

Race White 100 (64.5) 55 (64.0) 38 (61.3)

Black 16 (10.3) 9 (10.5) 9 (14.5)

Others (including Mestiza, Hispanic, Asian,
Taino descendent etc.)

39 (25.2) 22 (25.6) 15 (24.2)

Education (years) ,12 37 (23.9) 28 (32.6) 34 (54.8)

12/High School 29(18.7) 15 (17.4) 19 (30.6)

.12 89(57.4) 43 (50.0) 9 (14.5)

Total 155 (51.2) 86 (28.4) 62 (20.5)

aOral benign conditions.
bOral HK/EH+OED cases.
cOral SCCA.
doi:10.1371/journal.pone.0079187.t001
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alterations independently, rather than using a tagging SNP that

potentially conceals unknown effects of linked variants and falsely

diminishes the effects of IL-10 genetic variants in oral carcino-

genesis.

Interleukin1 (IL-1) is one of the strongest T cell activator

cytokines. High IL-1 b production is reported to be immunosup-

pressive in in vitro oral squamous cell carcinoma cultures, but the

role of different allelic variants on oral cancer risk has not been

explored to date. Based on our analysis, the CG haplotype variant

of rs1143627 and rs16944 SNPs of IL-1b gene was significantly

associated with an increased risk of having oral SCCA using an

additive disease model.

Interleukin 4 (IL-4) is involved in the regulation of apoptosis and

migration of macrophages in numerous cancers. The action of IL-

4 during carcinogenesis is possibly linked with the presence and

induced cellular activity of tumor-associated macrophages (TAM),

which exhibit so-called M2 phenotypes that promote progression

and cancer metastasis [37–39]. Furthermore, these macrophages

enhance matrix remodeling which links immune system cellular

activity with metastatic potential, especially through MMP-1

activation [40].

In keeping with our results that suggest a probable protective

effect of the rs2243250 variant against tumor development, it has

been reported that in prostate cancer, the IL-4 59 variant of

promoter sequence, rs2243250 decreases IL-4 activity [41].

The transforming growth factor beta superfamily of cytokines is

thought to have complex and contradictory growth effects in

several cancers. We found that the rs1800469 SNP, a

transforming growth factor beta-1 (TGFb-1 2509 C/T) promoter

polymorphism, showed protective effects in relation to oral cancer.

In addition, the SNP was predicted by FuncPred software and

logic minimization to be a strong binding site for approximately 50

different transcription factors. Our findings highlight the need for

more oral cancer-oriented, basic immunological studies; perhaps in

vitro experiments in which this fundamental cytokine may be used

for clinical benefit in oral cancer prevention.

After adjusting for covariates, we found that persons with one or

more variant allele for the MMP-1 SNP, rs5854, had over a 2.5-

fold increase in the odds of oral SCCA. Similar to our findings, a

previous study involving 96 Chinese patients reported that the

presence of MMP-1 homozygous allelic variants in the promoter

region of the gene contributed to an increased risk of oral

squamous cell carcinoma [42].

MMP-1 proteins, also called interstitial collagenases, break

down the extracellular matrix in normal developmental and

disease processes. MMPs are frequently noted as contributing

factors in cancer metastasis, allowing restructuration of connective

tissue surrounding the tumor. The MMP-1 enzyme breaks down

types I, II, and III interstitial collagens.

We also provide new information based upon our Puerto Rican

oral cancer cases showing that the T allelic variant of the MMP-1

gene potentially promotes several microRNA binding sites. It has

been proposed that miRNA sequences can influence not only gene

expression but also contribute to methylation patterns and activity

changes in some epithelial tumors [43,44].

MMP-1 has been used as a target of first-generation matrix

metalloproteinase inhibitor, first as an adjunct to standard

chemotherapy in non-small cell lung carcinoma patients and then

in the treatment of HIV-related Kaposi’s sarcoma and prostate

cancers. Our results indicate genetic susceptibility at the MMP-1

gene that could have potential applicability in oral squamous cell

carcinomas; however, based on the National Cancer Institute

Clinical Trial information database, MMP-1 inhibition has never

been used in oral cancer therapy (http://www.cancer.gov/

clinicaltrials/search/results?protocolsearchid = 8196085).

Taken together, potential biological links were demonstrated in

our analysis; we found that IL-4 variants were present in Puerto

Rican participants, and the detected variants can influence tumor

infiltrating macrophage activity and their presence in and

surrounding the lesions. The tumor infiltrating M2 macrophages

promote the matrix remodeling process through increased MMP-1

activation. We identified that even one variant allele of the MMP-

1 gene increases the risk of having an oral cancer diagnosis in

Puerto Rico. MMP-1 activation enhances the spreading of

cancerous cells, thereby contributing to the increased metastatic

potential of oral tumors and advanced stage at diagnosis.

Our results not only confirm previous reports, but might suggest

molecular and cellular interactions linking genetic variability in

immune cell activation and increased metastatic potential among

oral cancer cases residing in Puerto Rico. Unfortunately, however,

our limited sample size precludes a meaningful formal evaluation

of gene-gene or gene-environment interactions.

Table 3. Allele frequencies of the genetic variants (minor
allele) in cytokine genes and genes with metastatic potential
by diagnostic status.

dbSNP ID
Benign oral
conditiona Precancerb SCCAc

Precancer &
SCCA

rs2069705 0.349 0.394 0.375 0.386

rs2243113 0.013 0.006 0.018 0.011

rs1800587 0.319 0.306 0.330 0.316

rs1143634 0.161 0.179 0.214 0.193

rs1143627 0.507 0.441 0.527 0.475

rs16944 0.497 0.447 0.464 0.454

rs2069762 0.313 0.335 0.254 0.304

rs1800797 0.280 0.265 0.196 0.238

rs2227306 0.352 0.318 0.366 0.337

rs4073 0.517 0.447 0.527 0.479

rs361525 0.059 0.012 0.054 0.028

rs1800629 0.092 0.0647 0.100 0.079

rs2239704 0.352 0.429 0.446 0.436

rs1800896 0.365 0.347 0.304 0.329

rs1800890 0.240 0.317 0.214 0.276

rs1800872 0.286 0.335 0.348 0.340

rs1800871 0.269 0.294 0.339 0.312

rs20541 0.210 0.206 0.232 0.216

rs1800925 0.243 0.247 0.218 0.236

rs2243248 0.102 0.124 0.0536 0.096

rs2243250 0.375 0.306 0.286 0.298

rs2069812 0.477 0.494 0.366 0.443

rs3819025 0.194 0.159 0.125 0.145

rs1800470 0.487 0.506 0.402 0.465

rs1800469 0.424 0.435 0.357 0.404

rs4065 0.470 0.418 0.445 0.429

rs648253 0.408 0.406 0.482 0.436

rs5854 0.230 0.229 0.295 0.255

aOral benign conditions.
bOral HK/EH+OED cases.
cOral SCCA.
doi:10.1371/journal.pone.0079187.t003
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We note that several potentially interesting SNPs were not

detected as influencing oral cancer or precancer risk in our pilot

study sample. For example, IL-2 cytokine is also a strong T cell

activator [6] and used in several epithelial cancers as adjuvant to

chemo- or radiation therapy. However, we did not detect any

variants that would show possible immunological potential in this

study.

Puerto Ricans are understudied and underrepresented in oral

cancer research and prevention efforts. While currently available

strategies are likely sufficient to achieve recent World Health

Organization goals for reducing oral cancer [45], future preven-

tion measures may ultimately integrate genetic aspects of disease

susceptibility. We found evidence among our participants

supportive of the possibility that genetic alterations in several

essential immune system genes influencing host factors and

diminished immune surveillance may contribute to the enhanced

risk of oral cancer and precancer in Puerto Rico.

We urge interested colleagues and stakeholders to launch large

oral cancer and precancer research efforts serving Hispanic

communities disproportionately affected by oral and pharyngeal

cancers. Results of those future efforts will likely benefit other

ethnic groups as well.

Supporting Information

Table S1 All SNPs used in genetic disease additive modeling in

the Puerto Rican oral precancer and cancer study participants.

OR = Odds Ratio. 95% CI = 95% confidence interval. Crude p-

value = p value resulted in modeling that estimated unadjusted

odds ratios. Adjusted p-value = p-value of the odds ratios adjusted

for age, gender, self-reported ethnicity, smoking status, alcohol

intake, and fruit & vegetable consumption. Precancer: Oral

precancer was defined as a histopathologic diagnosis of oral

hyperkeratosis (HK), oral epithelial hyperplasia (EH), or oral

epithelial dysplasia (OED). SCCA = squamous cell carcinoma

(XLSX)

Table S2 All SNPs used in genetic disease dominant modeling

in the Puerto Rican oral precancer and cancer study

participants OR = Odds Ratio. 95% CI = 95% confidence

interval. Crude p-value = p value resulted in modeling that

estimated unadjusted odds ratios. Adjusted p-value = p-value of

the odds ratios adjusted for age, gender, self-reported ethnicity,

smoking status, alcohol intake, and fruit & vegetable consump-

tion. Precancer: Oral precancer was defined as a histopathologic

diagnosis of oral hyperkeratosis (HK), oral epithelial hyperplasia

(EH), or oral epithelial dysplasia (OED). SCCA = squamous cell

carcinoma

(XLSX)

Table S3 All SNPs used in genetic disease recessive modeling in

the Puerto Rican oral precancer and cancer study participants

OR = Odds Ratio. 95% CI = 95% confidence interval. Crude p-

value = p value resulted in modeling that estimated unadjusted

odds ratios. Adjusted p-value = p-value of the odds ratios adjusted

for age, gender, self-reported ethnicity, smoking status, alcohol

intake, and fruit & vegetable consumption. Precancer: Oral

Figure 1. Haplotype analysis of IL-10 cytokine gene variants among Puerto Rican oral precancer and cancer study participants.
Footnote: The graph denotes the physical location of the allelic variants on the chromosome and within the examined gene. Bayesian analysis was
used to estimate the frequency and structure of the variants among our sample compared to the HapMap Caucasian healthy donor frequencies (see
Methods section for more details and references).
doi:10.1371/journal.pone.0079187.g001
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precancer was defined as a histopathologic diagnosis of oral

hyperkeratosis (HK), oral epithelial hyperplasia (EH), or oral

epithelial dysplasia (OED). SCCA = squamous cell carcinoma

(XLSX)

Acknowledgments

This work would not have been possible without our study participants

who provided genetic material dedicated to oral cancer research. We also

thank our committed colleagues at the NYU-UPR RAAHP Oral Cancer

Center at the School of Dentistry, San Juan, Puerto Rico; especially

Carmen J Buxo, MPH, DrPH, Lumarie Cuadrado, MSD, and Jennifer

Guadalupe Berrios, BS for participant recruitment. Furthermore, we are

indebted to all participating Pathology Laboratory personnel around

Puerto Rico for diagnostic information and especially to Drs. Ellen

Eisenberg and Stanley Kerpel who reviewed all microscopic slides collected

during the study.

Author Contributions

Conceived and designed the experiments: EE MB DEM. Performed the

experiments: EM KAMW AM. Analyzed the data: LL HS DEM YD EE.

Contributed reagents/materials/analysis tools: MB DEM. Wrote the

paper: EE DEM MB AM.

References

1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, et al. GLOBOCAN 2008

v2.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 10

[Internet]. Lyon, France: International Agency for Research on Cancer; 2010.

Available: http://globocan.iarc.fr. Accessed 2013 Oct 16.

2. Morse DE, Psoter WJ, Cuadrado L, Torre T, Figueroa N, et al. (2009) A deficit

in biopsying potentially premalignant oral lesions in Puerto Rico. Cancer Detect

Prev 32: 424–430.

3. Morse DE, Psoter WJ, Cuadrado L, Torre T, Figueroa N J, et al. (2008)

Detection of very early oral cancers in Puerto Rico. Am J Public Health 98:

1200–1202.

4. Smith AJ, Humphries SE (2009) Cytokine and cytokine receptor gene

polymorphisms and their functionality. Cytokine Growth Factor Rev 20: 43–

59.

5. Hofmann SR, Ettinger R, Zhou YJ, Gadina M, Lipsky P, et al. (2002) Cytokines

and their role in lymphoid development, differentiation and homeostasis. Curr

Opin Allergy Clin Immunol 2: 495–506.

6. Roitt I (2006) Immunology. New York, NY: C.V. Mosby.

7. Liu YC, Ho HC, Lee MR, Lai KC, Yeh CM, et al. (2012) Early induction of

cytokines/cytokine receptors and Cox2, and activation of NF-kappaB in 4-

nitroquinoline 1-oxide-induced murine oral cancer model. Toxicol Appl

Pharmacol 262: 107–116.

8. Gaur P, Mittal M, Mohanti B, Das S (2011) Functional variants of IL4 and IL6

genes and risk of tobacco-related oral carcinoma in high-risk Asian Indians. Oral

Dis 17: 720–726.

9. Gaur P, Mittal M, Mohanti BK, Das SN (2011) Functional genetic variants of

TGF-beta1 and risk of tobacco-related oral carcinoma in high-risk Asian

Indians. Oral Oncol 47: 1117–1121.

10. Liu CJ, Wong YK, Chang KW, Chang HC, Liu HF, et al. (2005) Tumor

necrosis factor-alpha promoter polymorphism is associated with susceptibility to

oral squamous cell carcinoma. J Oral Pathol Med 34: 608–612.

11. Vairaktaris E, Yapijakis C, Serefoglou Z, Avgoustidis D, Critselis E, et al. (2008)

Gene expression polymorphisms of interleukins-1 beta, -4, -6, -8, -10, and tumor

necrosis factors-alpha, -beta: regression analysis of their effect upon oral

squamous cell carcinoma. J Cancer Res Clin Oncol 134: 821–832.

12. Kietthubthew S, Wickliffe J, Sriplung H, Ishida T, Chonmaitree T, et al. (2010)

Association of polymorphisms in proinflammatory cytokine genes with the

development of oral cancer in Southern Thailand. Int J Hyg Environ Health

213: 146–152.

Figure 2. Haplotype analysis of IL-1 cytokine gene variants among Puerto Rican oral precancer and cancer study participants.
Footnote: The graph presents actual physical location of the allelic variants on the chromosome and within the IL-1 gene. Bayesian analysis was used
to estimate the frequency and structure of the variants among our sample compared to the HapMap Caucasian healthy donor frequencies (see
Methods section for more details and references).
doi:10.1371/journal.pone.0079187.g002

Cytokines in Oral Cancer in Puerto Rico

PLOS ONE | www.plosone.org 9 November 2013 | Volume 8 | Issue 11 | e79187



13. Sternberg S (1994) Diagnostic Surgical Pathology, 2nd Edition: Raven Press,

NY, NY.
14. Flint PW, Haughey BH, Lund V, Niparko JK, Richardson MA, et al. (2011)

Cummings Orolaryngology - Head and Neck Surgery. Philadelphia, PA: Mosby

Elsevier.
15. Erdei E, Sheng H, Maestas E, Mackey A, White KA, et al. (2011) Self-reported

ethnicity and genetic ancestry in relation to oral cancer and pre-cancer in Puerto
Rico. PLoS One 6: e23950.

16. Li L, Psoter WJ, Buxo CJ, Elias A, Cuadrado L, et al. (2011) Smoking and

drinking in relation to oral potentially malignant disorders in Puerto Rico: a
case-control study. BMC Cancer 11: 324.

17. Duffy MJ (2004) The urokinase plasminogen activator system: role in
malignancy. Curr Pharm Des 10: 39–49.

18. Tsai MH, Chen WC, Chen HY, Tsai FJ (2004) Urokinase gene 39-UTR T/C
polymorphism is associated with oral cancer. J Clin Lab Anal 18: 276–279.

19. Lescaille G, Menashi S, Cavelier-Balloy B, Khayati F, Quemener C, et al. (2012)

EMMPRIN/CD147 up-regulates urokinase-type plasminogen activator: impli-
cations in oral tumor progression. BMC Cancer 12: 115.

20. Yoshizawa K, Nozaki S, Kitahara H, Kato K, Noguchi N, et al. (2011)
Expression of urokinase-type plasminogen activator/urokinase-type plasmino-

gen activator receptor and maspin in oral squamous cell carcinoma: Association

with mode of invasion and clinicopathological factors. Oncol Rep 26: 1555–
1560.

21. Impola U, Uitto VJ, Hietanen J, Hakkinen L, Zhang L, et al. (2004) Differential
expression of matrilysin-1 (MMP-7), 92 kD gelatinase (MMP-9), and

metalloelastase (MMP-12) in oral verrucous and squamous cell cancer. J Pathol
202: 14–22.

22. Patel BP, Shah SV, Shukla SN, Shah PM, Patel PS (2007) Clinical significance

of MMP-2 and MMP-9 in patients with oral cancer. Head Neck 29: 564–572.
23. Yen CY, Chen CH, Chang CH, Tseng HF, Liu SY, et al. (2009) Matrix

metalloproteinases (MMP) 1 and MMP10 but not MMP12 are potential oral
cancer markers. Biomarkers 14: 244–249.

24. Zavras AI, Pitiphat W, Wu T, Cartsos V, Lam A, et al. (2003) Insulin-like

growth factor II receptor gene-167 genotype increases the risk of oral squamous
cell carcinoma in humans. Cancer Res 63: 296–297.

25. Barrett JC, Fry B, Maller J, Daly MJ (2005) Haploview: analysis and
visualization of LD and haplotype maps. Bioinformatics 21: 263–265.

26. Stephens M, Donnelly P (2003) A comparison of bayesian methods for haplotype
reconstruction from population genotype data. Am J Hum Genet 73: 1162–

1169.

27. Kingman JF (2000) Origins of the coalescent. 1974–1982. Genetics 156: 1461–
1463.

28. Kingman JFC (1982) On the Genealogy of Large Populations. Journal of
Applied Probability 19A: 27–43.

29. Mayne ST, Morse DE, Winn DM (2006) Cancers of the Oral Cavity and

Pharynx In: Schottenfeld D, Fraumeni JF, editors. Cancer Epidemiology and
Prevention. 3rd ed. Oxford: Oxford University Press. pp. 676.

30. Suarez E, Calo WA, Hernandez EY, Diaz EC, Figueroa NR, et al. (2009) Age-

standardized incidence and mortality rates of oral and pharyngeal cancer in

Puerto Rico and among Non-Hispanics Whites, Non-Hispanic Blacks, and

Hispanics in the USA. BMC Cancer 9: 129.

31. Cruz GD, Salazar CR, Morse DE (2006) Oral and pharyngeal cancer incidence

and mortality among Hispanics, 1996–2002: the need for ethnoregional studies

in cancer research. Am J Public Health 96: 2194–2200.

32. Qidwai T, Khan F (2011) Tumour necrosis factor gene polymorphism and

disease prevalence. Scand J Immunol 74: 522–547.

33. Serefoglou Z, Yapijakis C, Nkenke E, Vairaktaris E (2008) Genetic association of

cytokine DNA polymorphisms with head and neck cancer. Oral Oncol 44:

1093–1099.

34. da Silva SD, Ferlito A, Takes RP, Brakenhoff RH, Valentin MD, et al. (2011)

Advances and applications of oral cancer basic research. Oral Oncol 47: 783–

791.

35. Noutomi T, Itoh M, Toyota H, Takada E, Mizuguchi J (2009) Tumor necrosis

factor-related apoptosis-inducing ligand induces apoptotic cell death through c-

Jun NH2-terminal kinase activation in squamous cell carcinoma cells. Oncol

Rep 22: 1169–1172.

36. Sharma S, Ghosh B, Sharma SK (2008) Association of TNF polymorphisms

with sarcoidosis, its prognosis and tumour necrosis factor (TNF)-alpha levels in

Asian Indians. Clin Exp Immunol 151: 251–259.

37. Sica A, Schioppa T, Mantovani A, Allavena P (2006) Tumour-associated

macrophages are a distinct M2 polarised population promoting tumour

progression: potential targets of anti-cancer therapy. Eur J Cancer 42: 717–727.

38. Lu CF, Huang CS, Tjiu JW, Chiang CP (2010) Infiltrating macrophage count: a

significant predictor for the progression and prognosis of oral squamous cell

carcinomas in Taiwan. Head Neck 32: 18–25.

39. De Palma M (2012) Partners in crime: VEGF and IL-4 conscript tumour-

promoting macrophages. J Pathol 227: 4–7.

40. Yang JH, Sakamoto H, Xu EC, Lee RT (2000) Biomechanical regulation of

human monocyte/macrophage molecular function. Am J Pathol 156: 1797–

1804.

41. Tindall EA, Severi G, Hoang HN, Ma CS, Fernandez P, et al. (2010)

Comprehensive analysis of the cytokine-rich chromosome 5q31.1 region suggests

a role for IL-4 gene variants in prostate cancer risk. Carcinogenesis 31: 1748–

1754.

42. Cao ZG, Li CZ (2006) A single nucleotide polymorphism in the matrix

metalloproteinase-1 promoter enhances oral squamous cell carcinoma suscep-

tibility in a Chinese population. Oral Oncol 42: 32–38.

43. Gomes CC, Gomez RS (2008) MicroRNA and oral cancer: future perspectives.

Oral Oncol 44: 910–914.

44. Wu BH, Xiong XP, Jia J, Zhang WF (2011) MicroRNAs: new actors in the oral

cancer scene. Oral Oncol 47: 314–319.

45. Petersen PE (2005) Strengthening the prevention of oral cancer: the WHO

perspective. Community Dent Oral Epidemiol 33: 397–399.

Cytokines in Oral Cancer in Puerto Rico

PLOS ONE | www.plosone.org 10 November 2013 | Volume 8 | Issue 11 | e79187


