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A functional variant at miRNA-122 binding site in IL-1a 3’ UTR 
predicts risk of recurrence in patients with oropharyngeal cancer
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ABSTRACT

IL-1a, an important regulator of immune and inflammation responses, has been 
implicated in cancer development and prognosis. An insertion (Ins)/deletion (Del) 
polymorphism (IL-1a rs3783553) in the 3’ UTR of IL-1a may disrupt a binding site 
for miRNA-122 and may affect its transcription level. Thus, this polymorphism may 
cause interindividual variation in immune and inflammation responses and thus 
may lead to different susceptibility to treatment response and prognosis of such 
patients. We evaluated the association of IL-1a rs3783553 polymorphism with risk 
of recurrence of squamous cell carcinoma of the oropharynx (SCCOP) in a cohort 
of 1008 patients. Log-rank test and univariate and multivariable Cox models were 
used to evaluate associations. Compared with patients with Del/Del homozygous 
genotype, the patients with Ins/Del+Ins/Ins variant genotypes had worse disease-
free survival (log-rank P < 0.0001) and increased risk of SCCOP recurrence (HR, 2.4, 
95% CI, 1.7-3.3) after multivariable adjustment. Furthermore, among patients 
with HPV16-positive tumors, the patients with Ins/Del+Ins/Ins variant genotypes 
of the IL-1a polymorphism had worse disease-free survival (log-rank P < 0.0001) 
and much higher recurrence risk than those with Del/Del homozygous genotype of 
this polymorphism (HR, 16.3, 95% CI, 5.0-52.7). Our findings suggest that IL-1a 
rs3783553 polymorphism may modulate the risk of SCCOP recurrence in patients, 
particularly for patients with HPV16-positive tumors. However, larger studies are 
needed to validate these results.

INTRODUCTION

Despite declining smoking rates in the United States, 
the incidence of squamous cell carcinoma of the oropharynx 
(SCCOP), a subsite of squamous cell carcinoma of the 
head and neck (SCCHN), is increasing [1]. The growing 
incidence of SCCOP may be mainly attributed to the 
increasing prevalence of infection with high-risk types of 
human papillomavirus (HPV), particularly HPV16 [2-4]. 
While surgery, radiotherapy, and chemotherapy have been 
used for treatment of SCCOP, the long-term survival of 
patients with SCCOP has improved only moderately. The 

one of the main reasons for low survival rate is due to the 
high rate of recurrence as patients with disease recurrence 
after multimodal treatment have a less than 5% rate of five-
year survival [5, 6]. The recurrence rates of SCCOP may 
differ among patients with similar clinical characteristics 
and similar therapeutic approaches, indicating that it is 
likely that other factors, such as genetic factors, may also 
contribute to risk of recurrence of SCCOP. Therefore, 
accurate prediction of recurrence risk in individual patients 
with SCCOP would help clinicians to ensure appropriate 
individualized treatment, which might lead to improved 
survival and better quality of life.
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The host immune and chronic inflammation responses 
play important roles in HPV infection and treatment 
response to radiotherapy. Persistent HPV infection may 
affect disease development and clinical outcome, suggesting 
the important roles of the host immune and inflammation 
responses in treatment of SCCOP, particularly in HPV-
related tumors. Interleukin (IL)-1α plays an important 
role in the regulation of immune response and the defense 
against viral infections [7]. Several studies have suggested 
that IL-1 either promotes or blocks the processes of 
tumorigenesis, tumor proliferation, angiogenesis, invasion, 
and metastasis [8-14]. Woodworth et al found that IL-
1α inhibited the proliferation of normal epithelial cells 
cultured from human cervix tissues [15], while IL-1α 
significantly stimulated the proliferation of cervical cell 
lines immortalized by transfection with HPV16 or HPV18 
DNA. Other studies found that gene expression for IL-1α 
was decreased in HPV16- or HPV18-associated cervical 
squamous cell carcinoma samples and HPV-infected cells 
[16, 17]. Given the crucial and conflicting roles of IL-1α in 
immune and inflammation regulation [7, 15-19], its genetic 
variants may affect the host immune an inflammatory 
responses and, subsequently the sensitivity to radiotherapy 
and prognosis.

MiRNA have important roles in a broad range of 
biological processes, such as embryonic development, 
cellular differentiation, proliferation, apoptosis, and cancer 
development [20-22]. To regulate mRNA level and protein 
expressions, miRNAs bind to targeted mRNA in the 3’ 
UTR. Thus, polymorphisms in the 3’ UTR targeted by 
miRNAs can either abolish existing binding sites or create 
illegitimate binding sites, which results in the regulation 
of target genes that can affect expression of target genes 
[23, 24]. An insertion/deletion polymorphism (rs3783553, 
an insertion or deletion of TTCA bases) at the miRNA-122 
binding site, which is located in the IL-1α 3’ UTR, was 
shown to be associated with gastric, hepatocellular, 
nasopharyngeal, and thyroid carcinomas [12, 14, 20, 21, 
24]. Our previous study has found that IL-1α 3’ UTR 
rs3783553 polymorphism may be functional and influence 
susceptibility to HPV16-associated OSCC, particularly for 
SCCOP. However, no larger studies have examined the 
associations between the IL-1α rs3783553 polymorphism 
and risk of recurrence of patients with SCCOP. Therefore, 
we hypothesized that the IL-1α rs3783553 polymorphism 
at miRNA-122 binding site in IL-1α 3’ UTR is associated 
with risk of recurrence of SCCOP, particularly HPV16-
associated SCCOP. In the present study we assessed the 
association in a cohort of 1008 incident patients with 
SCCOP.

RESULTS

We had a total of 1,236 SCCOP patients from May 
1995 to October 2013, and there were 230 patients were 
excluded from the final analysis. We excluded these 

patients from final analysis because they were not incident 
patients; had no follow-up and treatment status; and no 
blood samples available for the study. We also compared 
the distribution of the characteristics in Table 1 between 
the 1008 study patients and the 230 excluded patients, the 
differences were not statistically significant (all P > 0.05) 
except for sex with a borderline significance (P = 0.057). 
Thus, the present study included a final cohort of 1008 
patient who were followed up, with an overall median 
follow-up time of 44.7 months (range, 1.7 to 170.9 
months); 181 patients experienced disease recurrence. The 
median follow-up durations for patients without and with 
recurrence were 50.9 and 11.6 months, respectively. Of 
the 181 patients with recurrence, 70 (38.7%) had distant 
recurrence, 49 (27.1%) had local recurrence, 20 (11.0%) 
had regional recurrence, and 42 (23.2%) had recurrence 
of more than one type. The mean ages at diagnosis for 
the overall cohort, patients who developed recurrence, 
and patients without recurrence were 55.8, 58.6, and 55.2 
years, respectively.

Table 1 presents patients’ demographic, risk, and 
clinical factors and the corresponding 5-year actuarial 
recurrence rates. Patients in the overall group were 
predominantly male (86.5%) and non-Hispanic white 
(90.6%). The univariate Kaplan-Meier analyses showed 
that age, ethnicity, smoking, alcohol use, comorbidity, 
and treatment were significantly associated with DFS (all 
P < 0.05), whereas significant associations were not found 
for sex and index cancer stage (all P > 0.05).

Table 2 shows the genotype distributions of the 
IL-1α 3’ UTR rs3783553 polymorphism, 5-year actuarial 
recurrence rates, and results of univariate and multivariable 
analyses of the associations of the polymorphism with 
recurrence risk. The patients with Ins/Ins or Ins/Del 
genotype had a significantly worse DFS than those with 
in patients with Del/Del genotype (log-rank P < 0.0001) 
(Figure 1A). Multivariable Cox proportional hazards 
regression analysis was performed to evaluate the 
association between the IL-1α 3’ UTR rs3783553 
polymorphism and recurrence risk in patients with SCCOP. 
The adjusted confounders included age, sex, ethnicity, 
smoking status, alcohol status, comorbidity, stage, and 
treatment. As shown in Table 2, compared with those 
with Del/Del genotype, the patients with Ins/Ins or Ins/
Del genotype had a significantly increased risk of disease 
recurrence (HR, 2.4, 95% CI, 1.7-3.3).

Because HPV is an important prognostic factor for 
SCCOP and because IL-1α is one of important regulators in 
inflammation response, we further explored the associations 
between IL-1α 3’ UTR rs3783553 polymorphism and risk of 
recurrence of SCCOP patients with HPV16-positive tumors. 
Since we found that the patients with common homozygous 
Del/Del genotype of the IL-1α 3’ UTR rs3783553 
polymorphism were approximately three times as likely 
as patients with the corresponding Ins/Ins+Ins/Del variant 
genotypes to have HPV16-positive tumors (OR, 3.2, 95% 
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Table 1: Characteristics of patients with SCCOP (N = 1008)

Variable No. (%) of patients
No. of patients with 

recurrence
5-year recurrence 

rate (%) P a value

No. of patients 1008 (100) 181 0.20

Age

 ≤ 57 years 621 (61.6) 85 0.15 < 0.0001

 > 57 years 387 (38.4) 96 0.27

Sex

 Male 872 (86.5) 161 0.20 0.3110

 Female 136 (13.5) 20 0.19

Ethnicity

 Non-Hispanic white 913 (90.6) 146 0.17 < 0.0001

 Other 95 (9.4) 35 0.41

Smoking

 Never 388 (38.5) 51 0.14 0.0004

 Ever 620 (61.5) 130 0.23

Alcohol use

 Never 247 (24.5) 26 0.10 0.0005

 Ever 761 (75.5) 155 0.23

Comorbidity

 None or mild 913 (90.6) 157 0.19 0.0370

 Moderate to severe 95 (9.4) 24 0.27

Index cancer stage

 1 or 2 72 (7.1) 11 0.19 0.5280

 3 or 4 936 (92.9) 170 0.20

Treatment

 X/XC/XS/S 947 (93.9) 166 0.19 0.0030

 SXC 61 (6.1) 15 0.32

aP: Log-rank test for DFS between the two groups.
X, radiotherapy; C, chemotherapy; and S, surgery.

Table 2: Association between IL-1α rs3783553 genotypes and SCCOP recurrence in patients with SCCOP (N = 1008)

Genotype No. of recurrences/
No. of patients

5-year recurrence 
rate Log-rank P value aHR*, 95% CI

IL-1α rs3783553 < 0.0001

 Del/Del† 45/444 0.10 1.0

 Ins/Del + Ins/Ins 136/564 0.25 2.4 (1.7-3.3)

HR, hazard ratio
*Adjusted for age, sex, ethnicity, smoking status, alcohol use status, stage, comorbidity, and treatment.
†Reference group
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CI, 1.9-5.7) (data not shown), we then performed univariate 
and multivariable analyses to determine the effect of IL-
1α 3’ UTR rs3783553 polymorphism on risk of recurrence 
among 324 SCCOP patients with HPV16-positive tumors. 
As shown in Figure 1B, a significantly worse DFS was 
found in patients with IL-1α 3’ UTR rs3783553 Ins/Ins+Ins/
Del genotypes than in those with corresponding Del/Del 
genotype (log-rank P < 0.0001). Furthermore, multivariable 
Cox proportional hazards regression analysis (Table 3) 
showed that the patients with IL-1α 3’ UTR rs3783553 
Ins/Ins+Ins/Del genotypes had an approximately 16.5-fold 
significantly increased risk for recurrence compared with 
those with the corresponding Del/Del genotype (HR, 16.3, 
95% CI, 5.0-52.7). Additionally, we did not assess the 
similar associations between the IL-1α 3’ UTR rs3783553 
polymorphism and recurrence risk among the patients with 
HPV16-negative tumors, since we did not have enough 
sample size or number of outcome events in these patients 
for meaningful statistical analysis.

DISCUSSION

In this cohort study of 1008 patients with incident 
SCCOP, we found that the IL-1α 3’ UTR rs3783553 Ins/
Ins+Ins/Del genotypes were significantly associated with 
an increased risk of recurrence; furthermore, we found 
that these Ins/Ins+Ins/Del genotypes were significantly 
associated with the increased risk of recurrence among 
SCCOP patients with HPV16-positive tumors. These results 

suggest that the IL-1α 3’ UTR rs3783553 polymorphism 
may predict risk of recurrence among SCCOP patients, 
particularly for those with HPV16-posiitve tumors.

To date, this is the first epidemiological study 
to assess the association between the rs3783553 
polymorphism and risk of recurrence of SCCOP. Although 
we do not know how this IL-1α 3’ UTR variant influences 
the recurrence risk of tumor HPV16-positive patients, 
it is biologically plausible that this variant may be 
either functional or in linkage disequilibrium with other 
functional variants of IL-1α, thereby altering the function 
of IL-1α, or with alleles at other nearby susceptibility 
loci. Such functional variants could increase or reduce 
IL-1α expression levels and thus affect the regulation of 
the immune and inflammation as well as inflammatory or 
apoptotic responses. For example, IL-1α 3’ UTR rs3783553 
Del/Del genotype might alter regulation in these pathways 
which might enable many HPV-infected cells to escape or 
counterattack against the immune system and might not 
enhance apoptotic response, leading to more likely to be 
HPV-positive tumors and subsequently better response to 
radiotherapy [7]. Therefore, this IL-1α polymorphism may 
serve as a prognostic biomarker for clinical outcome of 
SCCOP.

Growing evidences have suggested that the 
polymorphisms in the miRNA target site may influence the 
strength of miRNA binding, regulation of target genes and 
affecting the individual’s cancer risk [25, 26]. The rs3783553 
lies within a predicted binding site (seed region) for human 
miR-122, which is a liver specific miRNA comprising 

Figure 1: Kaplan-Meier estimates for the cumulative recurrence rates of patients according to IL-1α rs3783553 
genotypes (A. all SCCOP patients and B. Tumor HPV16-positive SCCOP patients).
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up to 70% of all hepatic miRNA which mostly regulates 
lipid homeostasis [27-29]. MiR-122 was found to be 
downregulated in hepatocellular carcinoma with a function 
of tumor suppressor [30]. Furthermore, Gao et al. reported 
the rs3783553 polymorphism affects the transcription of 
IL-1α by altering the binding strength of miRNA-122 [21]. 
Subsequently, this polymorphism has been identified to be 
associated with decreased risks for developing hepatocellular 
carcinoma, nasopharyngeal carcinoma, gastric cancer, 
papillary thyroid carcinoma, and cervical cancer [12, 14, 
20, 21, 31]. More recently, a case-control study has reported 
the associations between this polymorphism and risk of 
SCCOP, particularly the risk of HPV16-associated SCCOP, 
which suggests a joint effect of the IL-1α polymorphism and 
HPV16 infection on risk of SCCOP [32].

Since this polymorphism is within the functional 
region of the gene’s 3’UTR of IL-1α, we speculated that 
this IL-1α genetic variant may have potentially functional 
effect on expression levels of IL-1α by altering the 
efficiency of translational initiation, leading to inter-
individual differences in susceptibility to radiotherapy. 
Indeed, we previously reported that the Del/Del genotype of 
this polymorphism is significantly correlated with increased 
expression of IL-1α in serum. While the functional 
relevance of this polymorphism has not yet been elucidated, 
our results might partially suggest a functional correlation 
between this polymorphism and expression of IL-1α, which 
may provide preliminary evidence of biological plausibility 
for the observed association in the current study.

Since IL-1α plays an important role in immune 
and inflammatory responses, we thus further explored 
the roles of IL-1α 3’ UTR rs3783553 in recurrence of 
SCCOP patients stratified by tumor HPV16 status. We 
found that the modifying effect of the IL-1α 3’ UTR 
rs3783553 polymorphism on SCCOP recurrence was 
more pronounced in SCCOP patients with HPV16-positive 
tumors. These results suggest that IL-1α 3’ UTR rs3783553 
polymorphism may modulate risk of recurrence in patients 
with HPV16-positive tumors. The mechanism behind 
such results among patients with SCOOP is not fully 
understood. We expect that the IL-1α 3’ UTR rs3783553 
variant genotypes may result in decreased expression of 
IL-1α (25), which may confer protective effects against 

HPV infection among patients with SCOOP. This IL-1α 3’ 
UTR rs3783553 polymorphism has been reported to affect 
the level of IL-1α [21]. The decreased levels of IL-1α may 
decrease immune and inflammation responses to HPV16 
infection, leading to decreased HPV clearance capacity and 
increased risk of persistent HPV16 infection. Furthermore, 
decreased levels of IL-1α can fail to arrest growth of HPV-
infected cells and deduce apoptosis of HPV-infected cells. 
Finally, Patients with HPV16-positive tumors are more 
likely to have intact p53 rather than mutated p53. These 
patients might have apoptosis in response to genotoxic 
injuries, such as radiotherapy. Therefore, the IL-1α 
3’ UTR rs3783553 variant genotypes may reduce the 
inflammation and p53-induced apoptotic responses among 
patients with HPV16-positive tumors, leading to worse 
response to definitive radiotherapy and subsequently the 
increased likelihood of disease recurrence. However, these 
hypotheses need to be verified in future studies.

Although this study reveals some significant 
associations between IL-1α 3’ UTR rs3783553 
polymorphism and recurrence risk of SCCOP, there 
are several limitations including lack of details on 
radiotherapy (e.g., dosage, treatment cycles, duration, 
etc), the limited number of outcome events in HPV16-
positive, multiple ethnicities inclusion, and the relatively 
short follow-up time, as well as the hospital-based nature 
of the study. In conclusion, our findings suggest that the 
IL-1α 3’ UTR rs3783553 polymorphism might modulate 
the risk of recurrence of SCCOP, especially in patients 
with HPV16-positive tumors. Therefore, to confirm the 
validity and utility of these polymorphisms as clinical 
prognostic biomarkers, future prospective well-designed 
larger studies are needed to validate our results and 
further explore the molecular mechanisms underlying the 
observed associations.

MATERIALS AND METHODS

Study subjects

The cohort of patients with incident SCCOP for 
this study were consecutively enrolled from May 1995 
to October 2013 as described previously [33]. Briefly, 

Table 3: Association between IL-1α rs3783553 genotypes and HPV-positive SCCOP recurrence in patients with 
SCCOP (N = 324)

Genotype No. of recurrences/
No. of patients

5-year recurrence 
rate Log-rank P value aHR*, 95% CI

IL-1α rs3783553 < 0.0001

 Del/Del† 3/171 0.03 1.0

 Ins/Del + Ins/Ins 42/153 0.30 16.3 (5.0-52.7)

HR, hazard ratio
*Adjusted for age, sex, ethnicity, smoking status, alcohol use status, stage, comorbidity, and treatment.
†Reference group
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all patients had newly diagnosed, histopathologically 
confirmed, previously untreated SCCOP and were 
recruited without discrimination regarding age, sex, 
ethnicity, or clinical stage except that patients with distant 
metastases on presentation were excluded. All subjects 
signed an informed consent form that was approved by 
the Institutional Review Board of The University of Texas 
MD Anderson Cancer Center. Approximately 95% of 
contacted patients consented to enrollment in the study. 
For the analysis described in this paper, some participants 
were excluded if they 1) had known distant metastases; 
2) had any prior cancer except nonmelanoma skin cancer; 
3) had a primary sinonasal tumor, a salivary gland tumor, 
cervical metastases of unknown origin, or a tumor outside 
the upper aerodigestive tract; 4) had no blood samples 
available for genotyping (this was the case for some 
patients who were recruited early in the parent study); 5) 
had treatment performed outside of our institution; or 6) 
underwent only palliative treatment.

Patients were monitored through their treatment 
and posttreatment course with scheduled regular clinical 
and radiographic examinations. Patients were considered 
disease free if absence of disease was documented at the 
date of the last visit with the head and neck surgeon, 
head and neck radiation oncologist, or head and neck 
medical oncologist. There were no universal standards 
for imaging. Typically, patients had either routine 
serial imaging or follow-up imaging on the basis of 
symptoms or findings on physical examination. Patients 
were regarded as having disease recurrence if they 
experienced appearance of a new lesion of the same 
histology verified by biopsy (incisional, excisional, or 
needle biopsy) and reappearance of any lesion that had 
disappeared.

Clinical data, such as stage at presentation of the 
index tumor, treatment, comorbidity, and recurrence, were 
obtained from review of the medical records. The sixth 
edition of the American Joint Committee on Cancer TNM 
staging system was used to determine disease stage at 
the time of presentation for all study patients. Definitive 
radiotherapy was defined if the patients received radiation 
treatment only or radiation treatment in combination with 
any other therapeutic modalities. Medical comorbidities 
were classified according to a modification of the 
Kaplan-Feinstein comorbidity index (Adult Comorbidity 
Evaluation 27), which reflects the presence of related 
comorbidities as none to mild, moderate, or severe [34]. 
Data on alcohol use and smoking status were collected at 
the initial presentation. “Ever drinkers” were defined as 
patients who had drunk at least one alcoholic beverage per 
week for at least 1 year during their lifetime, and patients 
who had never had such a pattern of drinking were 
considered “never drinkers.” Patients who had smoked at 
least 100 cigarettes in their lifetime were defined as “ever 
smokers,” and patients who had smoked fewer than 100 
cigarettes in their lifetime were categorized as “never 
smokers.”

IL-1α 3’ UTR rs3783553 genotyping

For this study, we extracted genomic DNA from 
a leukocyte cell pellet using the QIAamp DNA Blood 
Mini Kit (QIAGEN Inc., Valencia, CA) in accordance 
with the manufacturer’s instructions. Genotyping using 
a polymerase chain reaction (PCR) assay was performed 
as previously described [21]. DNA fragments containing 
the polymorphism were amplified with the forward 
primer 5’-ATTGGTCCGATCTTTGACTC-3’ and reverse 
primer 5’-TGATAA CAGTGGTCTCATGG-3’. The 
PCR products were analyzed by 6% non-denaturing 
polyacrylamide gel electrophoresis and visualized by 
silver staining. The genotypes were determined by the 
numbers and the lengths of the bands in the gels. Repeat 
analysis was performed on a randomly selected subset 
of 10% of the samples, and the results were in 100% 
concordance with the initial analysis.

Tumor HPV16 detection

Paraffin-embedded tissue biopsies or specimens 
from study patients with tissues available were used to 
extract DNA for tumor HPV16 detection using the specific 
PCR and in situ hybridization methods as described 
previously [35]. For quality control, a subset of samples 
were re-assayed for tumor HPV16 status. The results 
of the re-run samples were 100% concordant with the 
original results.

Statistical analysis

We first used Student's t test to compare the mean 
age and follow-up time for patients with and without 
recurrence. The primary endpoint of the study was 
recurrence. Time to event was calculated from the date 
of diagnosis of the index SCCOP to the date of clinically 
detectable recurrence (local, regional, or distant). Patients 
who were not known to have had an event at the date of 
last contact and patients who were lost to follow-up or died 
of other/unknown cause were censored. The associations 
between individual epidemiologic risk factors, clinical 
characteristics (including stage, comorbidity, and 
treatment variables), and time to recurrence were initially 
assessed using univariate Cox proportional hazards 
regression models.

The associations between individual epidemiological 
factors, clinical characteristics, and treatment variables, 
and time to recurrence, were initially assessed using 
univariate Cox proportional hazards regression models. 
The data were consistent with the assumptions of the 
Cox proportional hazards regression model from the 
examination of Kaplan-Meier survival curves and log-
minus-log survival plots. The associations between 
variables and disease-free survival (DFS) were evaluated 
using the log-rank test. We assessed the associations 
between individual epidemiologic risk factors, clinical 
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characteristics (including stage, comorbidity, and treatment 
variables), and time to recurrence using both univariate 
and multivariable Cox proportional hazards regression 
models. Associations between IL-1α 3’ UTR rs3783553 
polymorphism and risk of recurrence were quantified by 
calculating hazard ratios (HRs) and their 95% CIs. The 
Cox model included adjustment for potential confounders, 
including age, sex, ethnicity, smoking status, alcohol use 
status, tumor stage, comorbidity, and treatment. For all 
analyses, statistical significance was set at P < 0.05, and 
all tests were two-sided. SAS software (version 9.2.3; SAS 
Institute) was used to perform all statistical analyses.
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