
Carcinogenesis vol.30 no.6 pp.1003–1007, 2009
doi:10.1093/carcin/bgp099
Advance Access publication April 20, 2009

A let-7 microRNA-binding site polymorphism in the KRAS 3# UTR is associated with
reduced survival in oral cancers

Brock C.Christensen1,2, Benjamin J.Moyer1, Michele
Avissar1, Lauren G.Ouellet1, Silvia L.Plaza1, Michael
D.McClean3, Carmen J.Marsit1 and Karl T.Kelsey1,2,�

1Department of Pathology and Laboratory Medicine and 2Department of
Community Health, Center for Environmental Health and Technology, Brown
University, Providence, RI 02912, USA and 3Department of Environmental
Health, Boston University School of Public Health, Boston, MA 02118, USA

�To whom correspondence should be addressed. Tel: þ1 401 863 6420;
Fax: þ1 401 863 9008;
Email: karl_kelsey@brown.edu

MicroRNA (miRNA)-binding site polymorphisms that could con-
tribute to disease risk and prognosis are rapidly being identified
and investigated as this genetic variation may have a potentially
profound impact on human health. A recently described variant
allele in the KRAS 3# untranslated region that arises in the let-7
miRNA complementary site (KRAS-LCS6) and leads to increased
KRAS expression in lung cancer was examined for its association
with the occurrence of head and neck squamous cell carcinoma
(HNSCC). We examined the prevalence of the KRAS-LCS6 vari-
ant allele in a population-based case–control study of HNSCC to
determine if this KRAS-LCS6 genotype was associated with dis-
ease occurrence and patient survival. Although the KRAS-LCS6
variant genotype was not associated with the overall risk of
HNSCC, cases with the KRAS-LCS6 variant genotype had signif-
icantly reduced survival [hazard ratio (HR), 1.6; 95% confidence
interval (CI), 1.0–2.5] in models controlled for confounders of
survival. This risk was greatest in cases of oral cavity carcinoma
(HR, 2.7; 95% CI, 1.4–5.3). These data demonstrate that cases
with the KRAS-LCS6 variant have significantly reduced survival
time and suggest that this variant may alter the phenotype or
therapeutic response of this disease.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the eighth most
common cancer in men in the USA, with �45 000 new cases diag-
nosed in both sexes each year, resulting in over 11 000 deaths (1).
There are three major etiologic factors that contribute to HNSCC risk
and prognosis: tobacco use, alcohol consumption and human papillo-
mavirus (HPV) infection (2,3). In addition, genetic variation has been
shown to modify the risk of disease (4,5) and in certain instances has
been associated with patient survival (4,6). The majority of the current
literature has employed a biologically based candidate gene approach
to investigate the association of normal genetic variation with
HNSCC. Emerging studies are focusing both on employing
genome-wide platforms and investigating phenotypically well-
characterized genetic variation. The latter strategy now includes mi-
croRNA (miRNA)-related single nucleotide polymorphisms (SNPs)
which can occur in miRNA genes themselves, or in their target se-
quences (7,8). MiRNAs are short non-coding RNAs which prevent
translation of their target genes by binding the highly evolutionarily
conserved 3# untranslated regions (UTRs) of mRNAs (9). The highly
critical role miRNAs play in gene regulation is widely accepted, and
altered expression of miRNAs in human cancers has been well docu-
mented (10). Recently, critical examinations of miRNA expression

profiles in HNSCC have underlined the importance of miRNA expres-
sion alterations in HNSCC tumorigenesis (11,12).

The biological relevance of miRNA-binding site SNPs in influenc-
ing the risk of human diseases such as cancer has recently been
reviewed by Chen et al. (7). An example of a miRNA-binding site
SNP that has been shown to alter disease risk is a let-7 complementary
site SNP in the 3# UTR of KRAS (13). The let-7 family of miRNAs has
been shown to regulate KRAS (14). A member of the family of RAS
oncogenes that are well-characterized GTPases, KRAS is activated by
somatic mutation in many human cancer types (15). Activation of the
KRAS proto-oncogene via mutation in adenocarcinomas of the lung,
colon and pancreas is well documented (16). In contrast, similar mu-
tations of KRAS in squamous cell carcinomas are relatively rare
(15,16) although the growth-promoting character of KRAS activation
(associated with companion modes of activation of this and related
pathways) is almost certainly a feature of most solid tumors and, in
fact, amplification of KRAS has been reported to promote growth of
HNSCC (17). A recent study of non-small cell lung cancer (NSCLC)
indicated that individuals with ,40 pack-years smoked and any var-
iant allele in the KRAS let-7 complementary site SNP (KRAS-LCS6)
had a significantly increased risk of disease (13). Further, these au-
thors characterized the function of the KRAS-LCS6 SNP, determining
that the variant allele was associated with both increased KRAS ex-
pression and decreased let-7 levels (13). Work in another lab has
shown that low levels of let-7a-2 correlate with poor survival in lung
adenocarcinoma (18). We hypothesized that activation of the KRAS
pathway might be accomplished in squamous cell carcinomas via
action of this normal variant and thereby associated with susceptibil-
ity to this disease and with patient outcome.

Here, we have examined this hypothesis in a population-based
case–control study of HNSCC. Further, we examined the potential
association of the KRAS-LCS6 SNP with disease outcome, defined
as overall patient survival.

Materials and methods

Study population

The study population has been described previously (5,19). Briefly, incident
cases of HNSCC were identified from nine medical facilities in the Boston
metropolitan area, with the histological classification of malignancy ascer-
tained from the pathology report of the participating hospitals and confirmed
by an independent study pathologist. Population-based controls were drawn
from the same greater Boston population and matched to cases by gender, age
(±3 years) and town of residence using the Massachusetts town lists. All cases
and controls enrolled in the study provided written informed consent as ap-
proved by the institutional review boards of the participating institutions. Sur-
vival time was determined for cases using publicly available databases.

DNA isolation and genotyping

DNA was extracted from whole blood or buccal cells with the QIAamp DNA
mini kit according to the manufacturer’s protocol (Qiagen, Valencia, CA).
Genotyping of the KRAS let-7 microRNA binding site SNP was done using
Taqman� allelic discrimination (Applied Biosystems, Foster City, CA) with
a custom-designed primer probe set—forward primer: GCCAGGCTGGTC-
TCGAA, reverse primer: CTGAATAAATGAGTTCTGCAAAACAGGTT, re-
porter sequence 1: CTCAAGTGATTCACCCAC-VIC and reporter sequence 2:
CAAGTGATGCACCCAC-FAM. Genotyping was performed in a blinded
fashion, appropriate controls were included in each run and �10% of samples
were duplicated in a coded fashion as quality assurance with .95% concor-
dance observed between replicates.

Statistical analysis

Data were analyzed using the SAS software, and all P-values represent two-
sided statistical tests. Tests for Hardy–Weinberg equilibrium were conducted.
Unconditional logistic regression was used to calculate adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) for the association of KRAS let-7

Abbreviations: CI, confidence interval; HNSCC, head and neck squamous cell
carcinoma; HPV, human papillomavirus; HR, hazard ratio; miRNA, micro-
RNA; NSCLC, non-small cell lung cancer; OR, odds ratio; SNP, single nucle-
otide polymorphism; UTR, untranslated region.
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microRNA binding site SNP genotype and HNSCC risk adjusting for age, sex,
HPV16 status, alcohol consumption and tobacco smoking pack-years. For
analyses by tumor location, cases were grouped according to International
Classification of Diseases-9 code, with oral cancer encompassing International
Classification of Diseases-9 141–145, pharyngeal cancers 146–149 and laryn-
geal cancers 161. As homozygous variant and heterozygous genotypes had
similar ORs and in order to improve power for examination of the rare variant
allele, these groups were combined with homozygous wild-type as the referent.
Patient survival was examined using Cox proportional hazards modeling to
control for variables related to patient survival. These survival probability
models included variables representing the combined homozygous variant
and heterozygous genotypes (any variant) and were controlled for patient
age (in decades) and tumor stage (1 or 2 versus 3 or 4). Normalized signal
data resulting from miRNA microarray were averaged within tumor sites (oral
and pharyngeal) for each let-7 homolog. MiRNA expression data were sub-
jected to a two-sided, unpaired, Student’s t-test assuming equal means and
unequal variance to determine differences in expression between tumor sites.

Results

Table I describes the characteristics of the study population. The mean
age, distribution of gender and distribution of race between cases and
controls were similar. An increased relative risk of HNSCC with in-
creasing pack-years smoked was observed: subjects in the highest
quartile had an OR of 3.6 (95% CI, 2.5–5.2), and this relationship
has been described previously in our study population (4,5,19). Spe-
cifically, compared with oral and pharyngeal cancers, the magnitude
of increased laryngeal cancer risk for heavy tobacco users was greatly
elevated (OR, 21.2; 95% CI, 7.9–57.0). In addition, relative to sub-
jects who drank two or fewer drinks per week on average, individuals
in the heaviest drinking quartile (.15 drinks per week) had a signif-
icantly increased risk of HNSCC overall (OR, 2.5; 95% CI, 1.7–3.7),
though this association did not hold for risk of laryngeal cancer.
Further, as previously reported (3), HPV16 seropositive individuals
had a significantly increased risk of HNSCC (OR, 4.2; 95% CI, 2.9–
6.0), with risk of pharyngeal tumors being the greatest (OR, 8.1; 95%
CI, 5.0–13.2).

We examined the association of the variant genotype of a KRAS 3#
UTR let-7 miRNA-binding site SNP (KRAS-LCS6) with case status.
Genotype frequencies were within Hardy–Weinberg equilibrium. In
models controlling for potential confounders, we did not observe an
association between presence of the KRAS-LCS6 variant allele and
risk of HNSCC or an association with specific sites of this disease
(Table I). In addition, the estimate of risk of HNSCC among KRAS-
LCS6 variant allele carriers was not modified after stratifying on
smoking pack-years, alcohol consumption or HPV16 seropositivity
(data not shown).

Next, we examined the association of the KRAS-LCS6 variant
genotype with disease survival. Figure 1 shows the Kaplan–Meier
survival probability plots stratified by KRAS-LCS6 genotype for all
cases and for specific tumor locations. Using a multivariate Cox
proportional hazards model to control for potential confounders of
the association of the variant allele with disease survival, revealed
that cases carrying any KRAS-LCS6 variant allele had a significantly
increased hazard ratio (HR, 1.6; 95% CI, 1.0–2.5) (Table II). To
determine if this effect varied by tumor location, we stratified the anal-
yses by tumor site. Cases of oral cancer with any variant allele at KRAS-
LCS6 had significantly reduced survival (HR, 2.7; 95% CI, 1.4–5.3)
(Table II). Pharyngeal tumors (HR, 1.4; 95% CI, 0.6–3.4) and laryngeal
tumors (HR, 3.1; 95% CI, 0.7–13.4) did not demonstrate any significant
survival association based on KRAS-LCS6 genotype.

While increased KRAS expression is a known functional conse-
quence of variant KRAS-LCS6 genotype, decreased levels of let-7
expression have also been associated with presence of the variant
allele (13). Hence, to provide confirmation that the differences that
we observed in survival were associated with differences in the tumor
phenotype; we first investigated whether differential expression of
let-7 was associated with KRAS-LCS6 genotype. MiRNA microarray
data were available for a subset of tumors (array data Gene Expression
Omnibus accession #GSE11163; tumors with genotype data n 5 14).
We first investigated the expression of let-7 levels using data detailed
in Avissar et al. (20). Consistent with the literature, compared with

Table I. Participant characteristics of HNSCC cases and controls genotyped for KRAS-LCS6

Characteristic All study participants Oral cancer
(n 5 283)

Pharyngeal cancer
(n 5 132)

Laryngeal cancer
(n 5 98)

Cases
(n 5 513), n (%)

Controls
(n 5 597), n (%)

OR
(95% CI)

OR
(95% CI)

OR
(95% CI)

OR
(95% CI)

Age (years), mean (SD) 59.7 (11.5) 61.0 (11.4)
Gender

Female 135 (26.3) 165 (27.6)
Male 378 (73.7) 432 (72.4)

Race
White 468 (91.2) 544 (91.1)
Non-white 45 (8.8) 53 (8.9)

Tobacco (lifetime pack-years)a

�1 104 (20.2) 224 (37.5) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)
.1 to �8 45 (8.8) 75 (12.6) 1.3 (0.8–2.0) 0.8 (0.5–1.3) 0.8 (0.3–1.9) 3.6 (1.1–12.5)
.8 to �34 120 (23.4) 155 (26.0) 1.5 (1.1–2.2) 1.1 (0.7–1.9) 1.1 (0.6–2.1) 6.7 (2.4–18.7)
.34 244 (47.6) 143 (24.9) 3.6 (2.5–5.2) 2.9 (1.8–4.7) 3.6 (2.0–6.5) 21.2 (7.9–57.0)

Alcohol use (lifetime average
drinks/week)a

�2 82 (16.0) 146 (24.5) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)
.2 to �6 80 (15.6) 169 (28.3) 0.8 (0.5–1.2) 0.8 (0.5–1.3) 0.8 (0.4–1.7) 0.8 (0.4–1.7)
.6 to �15 90 (17.5) 137 (22.9) 1.1 (0.7–1.6) 1.1 (0.7–1.9) 1.2 (0.6–2.5) 0.8 (0.3–1.7)
.15 261 (50.9) 145 (24.3) 2.5 (1.7–3.7) 2.9 (1.8–4.7) 2.2 (1.1–4.3) 1.6 (0.8–3.2)

HPV16 seropositivityb

No 370 (72.1) 482 (89) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)
Yes 143 (27.9) 59 (11) 4.2 (2.9–6.0) 3.0 (2.0–4.5) 8.1 (5.0–13.2) 2.2 (1.2–4.2)

KRAS-LCS6 genotype
Wt/Wt 413 (80.5) 500 (83.7) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)
Wt/Var þ Var/Var 100 (19.5) 97 (16.3) 1.3 (0.9–1.8) 1.2 (0.8–1.8) 1.5 (0.9–2.5) 1.2 (0.6–2.1)

Models are controlled for all variables in tables. SD, standard deviation.
aTobacco pack-years and average drinks per week based on quartile distribution in controls.
bSeurm HPV16 antibody status was available for 1024 subjects, remaining subjects were coded as missing and included in the model.
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tumors from KRAS-LCS6 wild-type individuals, tumors from variant
allele carriers had significantly reduced expression of three let-7
miRNAs (Table III). Next, we examined these tumors for site-specific
let-7 miRNA expression levels and found that four let-7 miRNAs had
significantly reduced expression in oral tumors compared with
pharyngeal tumors (Table IV). Since three oral tumors (no pharyngeal
tumors) were from patients carrying a variant allele, we next restricted
to oral tumors and found no significant difference in let-7 expression
levels by KRAS-LCS6 genotype (data not shown).

Finally, since the KRAS-LCS6 variant genotype is known to result
in increased KRAS levels (13), we examined existing mRNA expres-
sion array data on 16 tumors with available patient blood and geno-
typing data (B.C. Christensen, C.M. Marsit, K.T. Kelsey, unpublished
data). Tumors from patients carrying the KRAS-LCS6 variant allele
(n 5 5) had increased KRAS mRNA relative to wild-type individuals
(n5 11) and this observation approached statistical significance (P5
0.10).

Discussion

The importance of miRNA and miRNA-binding site polymorphisms
(mirSNPs) in disease risk and prognosis are rapidly being defined and
investigated in human cancers (7,8). We investigated the prevalence of
a recently characterized variant allele in the 3# UTR of KRAS which
inhibits downregulation by its cognate miRNA let-7 in a population-
based case–control study of HNSCC. Previous work has demonstrated
that KRAS is regulated by the let-7 family of miRNAs (14), and
characterized the associations between the KRAS-LCS6 variant allele
and increased KRAS expression, as well as reduced let-7 expression

(13). Importantly, we found that presence of any KRAS-LCS6 variant
allele was significantly associated with poor prognosis in HNSCC,
and that prognosis was worst among cases of oral cancer.

Aberrant activation ofKRAS via somatic mutation is a well-recognized
cancer-related alteration identified in many types of human tumors
(21). More specifically, KRAS mutation in NSCLC is significantly
more prevalent in adenocarcinomas than in squamous tumors (22),
and a paucity of KRAS mutations have been observed in other squa-
mous tumors such as HNSCC. In one review, 19% of NSCLCs had
KRAS mutation compared with only 3% of HNSCCs (16). An increase
in KRAS expression associated with the KRAS-LCS6 variant allele
could therefore be a surrogate for KRAS activation via somatic muta-
tion. Evidence for the hypothesis that the KRAS-LCS6 variant allele
may substitute for KRAS mutation comes from the observed increase
in the risk of NSCLC in patients carrying the KRAS-LCS6 variant
allele who are low to moderate smokers (13). However, we did not
find any association between the KRAS-LCS6 variant allele and risk of
HNSCC. Further, risk was not modified when stratifying on exposure
to tobacco, alcohol or HPV16 seropositivity. Although our finding
suggests that KRAS-LCS6 variant allele-associated KRAS activation
does not confer an increased risk of HNSCC, cases of HNSCC car-
rying the KRAS-LCS6 variant allele had significantly reduced survival
compared with wild-type individuals. We also found independent
contributions of HPV16 seropositive status and tumor stage to survival,
and although tobacco and alcohol increase risk of HNSCC, we did not
observe independent survival effects for either of these exposures.

In the context of no increased risk of HNSCC for individuals with
the variant allele, our observation of significantly reduced survival
among HNSCC cases carrying the KRAS-LCS6 variant allele suggests

Fig. 1. Kaplan–Meier survival probability plots stratified by KRAS-LCS6 genotype for head and neck tumors with available staging data. Survival time is defined
as time from diagnosis to death or last known follow-up where crosses represent censored values. The log-rank method was used to test for a difference between
strata. Solid lines represent cases with wild-type KRAS-LCS6 genotype; dotted lines represent cases carrying any KRAS-LCS6 variant alleles. (A) All tumor sites,
n 5 344, P 5 0.20. (B) Oral cancers, n 5 190, P 5 0.06. (C) Pharyngeal cancers, n 5 91, P 5 0.65. (D) Laryngeal cancers, n 5 63, P 5 0.83.
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that the variant phenotype may be associated with tumor progression
rather than initiation. Studies of KRAS expression in HNSCC have
indicated that amplified KRAS promotes the growth of HNSCC (17),
and presence of K-ras protein in HNSCC tumors has been associated
with late-stage tumors and increased tumor size (23). We observed
that both increased KRAS expression and reduced levels of let-7 ex-
pression were associated with presence of the KRAS-LCS6 variant
allele, and these findings are consistent with those of Chin et al.
(13). In addition, we found reduced let-7 miRNA levels in oral tumors
relative to pharyngeal tumors. Although this is in part due to three of
the oral tumors being variant allele carriers, restricting the analysis to
oral tumors did not reveal an effect for KRAS-LCS6 genotype on let-7
expression, suggesting that variant allele status alone does not fully

account for the observed differences in let-7 expression levels by
tumor site. Instead, tumors from different sites may have differential
let-7 miRNA expression due to normal cell of origin differences in
miRNA expression profiles.

Not surprisingly, different cell types have been shown to have
different miRNA expression profiles (24). Therefore, the lack of
disease risk for KRAS-LCS6 variant allele carriers may be ex-
plained by a better tolerance of normal head and neck epithelium
to variant allele-associated phenotypic alterations. However, in the
context of an evolving tumor, the KRAS-LCS6 variant allele phe-
notype (increased KRAS and reduced let-7 expression) may differ-
entially contribute to tumor progression in oral cavity tumors
relative to tumors from other head and neck sites. As normal oral
and pharyngeal epithelium are different cell types with specific

Table II. Cases of HNSCC carrying the KRAS-LCS6 variant allele have significantly reduced survival

Covariate All HNSCC cases Oral cancer cases

Total n 5 344, n (%) HR (95% CI) P-value Total n 5 190, n (%) HR (95% CI) P-value

Age
�50 77 (22.4) 1.0 (reference) 50 (26.3) 1.0 (reference)
.50 to �60 111 (32.3) 1.1 (0.6–2.2) 0.73 62 (32.6) 1.4 (0.7–3.0) 0.38
.60 to �70 106 (30.8) 1.8 (0.9–3.4) 0.09 48 (25.3) 1.3 (0.6–2.9) 0.51
.70 50 (14.5) 3.5 (1.8–6.9) ,0.001 30 (15.8) 3.3 (1.4–7.4) ,0.005

Gender
Female 85 (24.7) 1.0 (reference) 54 (28.4) 1.0 (reference)
Male 259 (75.3) 1.5 (0.9–2.5) 0.16 136 (71.6) 1.6 (0.8–3.4) 0.20

Race
White 312 (90.7) 1.0 (reference) 177 (93.2) 1.0 (reference)
Non-white 32 (9.3) 1.2 (0.6–2.1) 0.63 13 (6.8) 0.8 (0.3–2.1) 0.62

Tobaccoa

�1 68 (19.8) 1.0 (reference) 44 (23.2) 1.0 (reference)
.1 to �8 29 (8.4) 0.2 (0.1–0.9) ,0.04 20 (10.5) 0.3 (0.1–1.2) 0.08
.8 to �34 86 (25.0) 1.1 (0.6–2.1) 0.73 48 (25.3) 0.9 (0.4–2.0) 0.78
.34 161 (46.8) 1.5 (0.8–2.7) 0.20 78 (41.0) 1.4 (0.6–3.1) 0.39

Alcohol usea

�2 55 (16.0) 1.0 (reference) 29 (15.3) 1.0 (reference)
.2 to �6 55 (16.0) 0.8 (0.4–1.7) 0.49 32 (16.8) 0.7 (0.2–2.0) 0.46
.6 to �15 57 (16.6) 0.6 (0.3–1.3) 0.23 33 (17.4) 0.9 (0.3–2.4) 0.77
.15 177 (51.4) 0.8 (0.5–1.5) 0.54 96 (50.5) 1.1 (0.4–2.9) 0.84

HPV16 seropositivity
No 241 (70.1) 1.0 (reference) 143 (75.3) 1.0 (reference)
Yes 103 (29.9) 0.6 (0.4–1.0) ,0.05 47 (24.7) 0.7 (0.4–1.3) 0.26

Stage
1 or 2 97 (28.2) 1.0 (reference) 55 (29.0) 1.0 (reference)
3 or 4 247 (71.8) 2.3 (1.4–3.8) ,0.002 135 (71.0) 3.4 (1.7–6.9) ,0.001

KRAS-LCS6 genotype
Wt/Wt 275 (80.0) 1.0 (reference) 159 (83.7) 1.0 (reference)
Wt/Var þ Var/Var 69 (20.0) 1.6 (1.0–2.5) ,0.04 31 (16.3) 2.5 (1.3–4.9) ,0.01

Models are controlled for all variables in tables.
aTobacco pack-years and average drinks per week based on quartile distribution in controls.

Table III. Tumors from patients harboring a variant allele at KRAS-LCS6
have lower let-7 family miRNAs expression levels compared with tumors
from wild-type individuals

miRNA Mean (SD) by KRAS-LCS6 genotype P-value�

Wild-type (n 5 11) Any variant allele (n 5 3)

let_7a 14.1 (0.48) 13.5 (0.28) 0.05
let_7b 13.6 (0.42) 13.0 (0.43) 0.10
let_7c 13.6 (0.44) 12.9 (0.28) 0.02
let_7d 12.2 (0.43) 11.7 (0.23) 0.02
let_7e 9.3 (0.73) 8.8 (0.54) 0.26
let_7f 11.1 (0.50) 10.7 (0.38) 0.16
let_7g 10.5 (0.50) 9.8 (0.65) 0.21
let_7i 11.3 (0.04) 10.3 (0.50) 0.07

SD, standard deviation.
�Two-sided unpaired t-test.

Table IV. Let-7 family miRNA expression is lower in oral tumors compared
with pharyngeal tumors

miRNA Mean (SD) by tumor site P-value�

Oral (n 5 10) Pharyngeal (n 5 4)

let_7a 13.7 (0.19) 14.7 (0.65) 0.02
let_7b 13.3 (0.29) 13.7 (0.73) 0.18
let_7c 13.1 (0.18) 13.8 (0.67) 0.02
let_7d 11.8 (0.12) 12.4 (0.52) 0.005
let_7e 9.0 (0.76) 9.7 (0.55) 0.15
let_7f 10.2 (0.18) 11.4 (0.56) 0.003
let_7g 10.1 (0.34) 10.6 (0.63) 0.08
let_7i 10.9 (0.45) 11.4 (0.51) 0.10

SD, standard deviation.
�Two-sided unpaired t-test.
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transcriptomes, alterations in let-7 family miRNA expression will
impact expression of miRNA target transcripts in a cell-type-
specific way. Hence, differential dysregulation of miRNA targets
could explain the more aggressive phenotype associated with re-
duced survival in oral cancer relative to head and neck tumors from
other sites. Further support for this hypothesis comes from
Tokumaru et al. (25) who demonstrate that let-7 downregulates
dicer, a critical component of the miRNA processing machinery.
In fact, reduced let-7 levels have been shown to result in both
increased dicer expression and altered miRNA expression patterns
(25). Slight alterations in dicer expression could result in wide-
spread dysregulation of miRNA activity. Since we observed no
difference in the KRAS-LCS6 variant allele frequency between
tumor sites, alterations in KRAS and let-7 expression may simply
have a more profound effect in cancers of oral epithelium due to
cell-type-specific patterns of miRNA expression and their regula-
tory target transcripts. Indeed, individual miRNAs are thought to
potentially regulate dozens, if not hundreds of mRNAs (26). How-
ever, since different cell types have different mRNA expression
profiles, altered expression of a single miRNA could have pro-
foundly different impacts due to cell-type-specific differences in
the constitutively expressed target transcripts.

Our study suggests that patients with HNSCC carrying the KRAS-
LCS6 variant allele have significantly reduced survival compared
with wild-type individuals. Notably, response to treatment is un-
likely to affect KRAS-LCS6-related reduced survival as these pa-
tients undergo standardized tumor stage-specific treatment
modalities, and tumor stage is controlled for in our survival analysis.
These findings were tumor site specific with cases of oral cancer
having the worst prognosis, whereas cases of laryngeal and pharyn-
geal carcinoma with the variant allele did not have an altered sur-
vival pattern. Further studies are necessary to confirm these findings
and to determine the mechanism through which the KRAS-LCS6
variant genotype alters the phenotype of these tumors. In addition,
our findings suggest that patients with tumors of the oral cavity
carrying the KRAS-LCS6 variant allele may benefit from the devel-
opment of small RNA-based therapeutics.
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