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Genetic variation at chromosome 8q24 in osteosarcoma cases and controls
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Osteosarcoma is a primary bone malignancy that typically occurs
during the pubertal growth spurt. Only a few small association
studies have evaluated common germ line variation in individuals
with osteosarcoma. The 8q24 chromosomal region contains sev-
eral loci that are associated with risk of many different cancers.
We conducted an association study of common single-nucleotide
polymorphisms (SNPs) across 8q24 to explore the role this region
may play in osteosarcoma risk. We genotyped 214 tag SNPs in 99
osteosarcoma cases and 1430 controls (65 controls from a hospital-
based case—control study and 1365 controls from a population-
based study). Additive, dominant and recessive genetic models
were evaluated using unconditional logistic regression to estimate
odds ratios (ORs) and 95 % confidence intervals (ClIs). Analyses of
nine SNPs previously associated with cancer did not show strong
statistically significant associations. Of the remaining 205 SNPs,
7 were statistically significant (P < 0.05) in one or more genetic
models; the most significant association was observed for the ad-
ditive effect of the minor allele at rs8§96324 (OR 1.75, 95% CI
1.13-2.69, P = 0.01). This study suggests that several SNPs in
824 may be associated with osteosarcoma, but the susceptibility
observed was modest. Future large studies of osteosarcoma ge-
netic risk factors are warranted to improve our understanding of
the genetic contribution to this cancer of adolescents and young
adults.

Introduction

Osteosarcoma is a primary bone tumor that occurs primarily in ado-
lescents and young adults (1). Patients with localized osteosarcoma at
presentation have a 60-80% long-term survival rate but metastatic
disease carries a poorer prognosis (2). Little is known about the eti-
ology of osteosarcoma. Some studies suggest associations with height
(3,4) and birth weight (5), but the data are inconsistent (6,7). Osteo-
sarcoma occurs at increased frequencies among individuals with can-
cer predisposition syndromes, such as Li-Fraumeni Syndrome,
retinoblastoma, Diamond-Blackfan anemia and Rothmund-Thomson
Syndrome (8), but the genetic contribution to apparently sporadic
osteosarcoma is not well understood.

Abbreviations: CI, confidence interval; GWAS, Genome-wide association
studies; MAF, minor allele frequency; OR, odds ratio; SNP, single-nucleotide
polymorphism.
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A limited number of pilot studies have investigated common germ
line genetic variation in osteosarcoma. One study noted higher fre-
quencies of the Fokl Ff genotype in the vitamin D receptor gene in
osteosarcoma cases compared with controls but no association with
single-nucleotide polymorphisms (SNPs) in the estrogen receptor or
collagen Il genes (7). Another study suggested a lower frequency of
osteosarcoma in individuals with a tumor necrosis factor-alpha pro-
moter variant (9). Strong associations with common SNPs in the 7P53
gene were not noted in a pilot study of osteosarcoma (10). However,
another study on the same case—control set identified statistically
significant positive associations between a variant in the insulin-like
growth factor 2 receptor gene (/IGFR2), which alters methylation at
that site and osteosarcoma risk (11). Two other studies suggested
associations between polymorphisms in Fas (12) and MDM2 (13)
and risk of osteosarcoma and high-grade osteosarcoma in females,
respectively.

Genome-wide association studies (GWAS) have found associa-
tions between several SNPs at the chromosome 8924 locus and the
risk of different cancers, including prostate cancer (14-18), breast
cancer (19,20), bladder cancer (21) and colorectal cancer (22).
These SNPs appear to occur in different haplotype blocks in this
region (23) and are located in an apparent ‘gene desert’. The MYC
oncogene is ~300 kb from the region associated with cancer in
GWAS. The G allele of rs6983267 is preferentially amplified in
colorectal cancer tumors and affects a binding site for the Wnt-
regulated transcription factor 4 (24). It has also been shown that
this region physically interacts with the MYC promoter (25,26)
and that transcriptional enhancers in this region may be affected
by the cancer-associated variants (27).

MYC is an oncogene with many functions that are still being elu-
cidated, including transcriptional activation and repression (28). Mu-
tations in MYC are not prevalent in cancer cells, instead MYC
deregulation appears to occur through insertional mutagenesis, chro-
mosomal translocations and gene amplification (28). MYC has been
shown to be highly amplified in a subset of osteosarcomas (29,30)
and is overexpressed in relapsed and metastatic osteosarcoma (31).
A mouse transgenic osteosarcoma model demonstrated that brief
inactivation of MYC results in sustained osteosarcoma regression
and differentiation of malignant cells into mature osteocytes (32).

Genetic variation in the 8q24 chromosomal region may be associ-
ated with osteosarcoma because several SNPs in this region are asso-
ciated with cancer and several studies have found amplification of the
chromosome 8q24 region in osteosarcoma tumor tissues (33,34). In
addition, the 8q24 SNPs may affect MYC function, which is thought
to play a role in osteosarcoma pathogenesis. We genotyped 214 tag
SNPs across 8q24 in 99 osteosarcoma cases and 1430 controls. We
hypothesized that the nine SNPs previously associated with cancer
had the highest prior probability of being associated with osteosar-
coma and they were analyzed first. Subsequent analyses evaluated the
remainder of the 8q24 SNPs.

Materials and methods

Study design

Osteosarcoma cases (n = 99) were derived from the Bone Disease and Injury
Study of Osteosarcoma (5), which is a hospital-based prospective case—control
study that collected blood samples and questionnaire data on individuals seen
at orthopedic surgery departments in 10 USA medical centers between 1994
and 2000. Osteosarcoma patients were identified at the time of limb salvage
surgery. There were no identified cases of Paget’s disease of the bone in this
study. Orthopedic controls from Bone Disease and Injury Study of Osteosar-
coma (n = 65) consisted of individuals with benign tumors (26%) and other
non-neoplastic conditions, such as inflammatory diseases, cysts and trauma,
excluding those with hip fracture or osteoporosis. Institutional review boards at
each of the medical centers approved the study protocol and informed consent
was obtained from all study subjects. DNA was isolated from blood samples
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using standard procedures. This study was limited to individuals who were
self-identified Caucasians in order to reduce potential effects of population
stratification.

An additional 1365 cancer-free Caucasian control subjects were derived
from the Prostate, Lung, Colorectal, Ovarian Cancer Screening Trial. Men
and women, ages 55-74 years, were enrolled in the screening trial from 10
different centers in the USA between 1993 and 2001. All subjects included for
this study were required to have completed a baseline questionnaire, provided
a blood specimen and consented to participate in etiologic studies of cancer
and related diseases. Controls were limited to Caucasians living in the conti-
nental USA without a diagnosis of colon adenoma or cancer at baseline. DNA
was extracted from blood specimens using standard procedures. The institu-
tional review boards at the National Cancer Institute and 10 screening centers
approved the study.

Genotyping

Genotyping was conducted on a Custom Infinium® BeadChip (iSelect)™ from
Illumina (San Diego, CA). The iSelect panel was created by investigators in the
Division of Cancer Epidemiology and Genetics, National Cancer Institute, to
target genetic variation in genes potentially important in carcinogenesis and
cancer risk. Tag SNPs were identified from the HapMap CEU population as-
suming a minor allele frequency (MAF) >5% and a r* threshold >0.80 using the
Tagzilla module of the GLU software package (http://code.google.com/p
/glu-genetics/) across the region of chromosome 8q24 previously identified in
other GWAS as cancer risk loci. In this study, a total of 214 tag SNPs across the
region of chromosome 8q24 from 128232156 to 128832477 were genotyped.
The genotype completion rate was >95.1% for all SNPs. The concordance rate
between duplicate samples on the iSelect panel was 99.5%. Only SNPs con-
sistent with Hardy—Weinberg equilibrium among controls were analyzed in this
study.

Statistical analyses

Unconditional logistic regression was used to estimate the odds ratio (OR) and
95% confidence intervals (CIs) for the strength of the association between
osteosarcoma risk independently for each SNP, adjusting for sex. We evaluated
the log-additive (which assumes an additive effect of each copy of the minor
allele), codominant, dominant and recessive genetic inheritance models for
each SNP in relationship to osteosarcoma case status. When there were no
individuals homozygous for the minor allele, the codominant model was only
used to evaluate the heterozygote compared with the homozygote of the com-
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mon allele, and the other inheritance models also only compared these two
categories. The homozygote of the common allele was used as the referent
category for the additive and codominant models. The gene—dose effects for
each SNP were estimated by a linear trend test by coding the genotypes based
on the number of variant alleles (0, 1 and 2). Statistical analyses were per-
formed using SAS software, version 9.1 (SAS Institute, Cary, NC) and PLINK
software, version 1.06 (http://pngu.mgh.harvard.edu/purcell/plink/).

Statistical power was calculated using Quanto (35) using the log-additive,
dominant and recessive models, 99 cases and 1430 controls, baseline popula-
tion risk of 0.0000001 and type 1 error of 0.05. For the log-additive model,
power was >80% to detect an OR of 1.82 assuming MAF of 10% and 1.53
assuming a MAF of 30%.

We estimated the correlation between SNPs (%) with PLINK. We evaluated
the linkage disequilibrium structure across the 8q24 chromosomal region using
HapMap genotype data and Haploview version 4.1 (36,37). SNPs with MAFs
of at least 1% present in the HapMap (release 27) Caucasian population (CEU)
from Utah were used to create Figure 1.

Results

Subject characteristics

The characteristics of study participants, 99 osteosarcoma cases and
1430 controls, are shown in Table I. The median age of the 99 oste-
osarcoma cases was 20 years (range 8—80.4). There were 65 orthope-
dic controls derived from the Bone Disease and Injury Study of
Osteosarcoma. Their median age was 18.5 years (range 7.2-68.5).
Osteosarcoma cases and orthopedic controls had nearly equal num-
bers of males and females. The Prostate, Lung, Colorectal, Ovarian
controls were older with a median age of 62 years (range 55-75).
There were more males (63.9%) than females (36.1%) in the Prostate,
Lung, Colorectal, Ovarian controls. All participants were self-identified
Caucasians and from the continental USA.

8q24 SNPs previously associated with other cancers

Our primary hypothesis was to test whether or not the nine SNPs
associated with other cancers in the 8q24 chromosomal region
(14,17,19,20,22) were also associated with osteosarcoma; therefore,
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Fig. 1. Linkage disequilibrium on chromosome 8q24 in the HapMap Caucasian (CEU) population, release 27, determined using Haploview and SNPs with MAFs
of at least 0.01. SNPs associated with other cancers are noted with the black arrows. Those associated with osteosarcoma in this study are noted with grey arrows.
This region represents chromosome 8q24 nucleotides128342000-128807000. SNPs shown (left to right) are rs185852, rs620861, rs13281615, rs896324,
rs10505477, rs10808555, 156983267, rs7014346, rs1447295, rs17766217, rs12155672, rs4242382, rs7017300, rs7837688, rs7386167 and rs9642880.
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Table I. Characteristics of cases and controls

N (%) male N (%) female Median age Age range Mean age (standard deviation) Total N
All controls 907 (63.4) 523 (36.6) 62 7.2-75 60.9 (9.9) 1430
Orthopedic controls 35 (53.8) 30 (46.2) 18.5 7.2-68.5 25 (15.2) 65
PLCO controls 872 (63.9) 493 (36.1) 62 55-75 62.6 (5.2) 1365
OS cases 56 (56.6) 43 (43.4) 20.4 8-80.4 26.6 (16.0) 99
N, number of individuals; OS, osteosarcoma; PLCO, Prostate, Lung, Colon, Ovarian Cancer Cohort.
Table II. Association of SNPs in the 8q24 chromosomal region and osteosarcoma by inheritance model
SNP, location (references) Genotype  No. control (%)  No. cases (%) OR (95% CI) P Pirena Dominant P Recessive P
8q24 SNPs previously associated with other cancers
rs620861, 128,404,855 (15,16) G/G 577 (40.4) 49 (49.5) 1 (ref)
A/G 652 (45.6) 39 (39.4) 0.70 (0.45-1.08) 0.11
A/A 201 (14.1) 11 (11.1) 0.64 (0.33-1.25) 0.19 0.086 0.071 0.39
rs13281615, 128,424,800 (19) A/A 445 (33.2) 37 (39) 1 (ref)
A/G 656 (49) 43 (45.3) 0.79 (0.50-1.25) 0.31
G/G 238 (17.8) 15 (15.8) 0.77 (0.41-1.42) 0.39 0.31 0.27 0.04
rs10505477, 128,476,625 (39,40) G/G 407 (28.5) 24 (24.2) 1 (ref)
AIG 696 (48.7) 52 (52.5) 1.27 (0.77-2.09) 0.35
A/A 326 (22.8) 23 (23.2) 1.19 (0.66-2.14) 0.57 0.55 0.37 0.95
rs7014346, 128,493,974 (41,42) G/G 632 (44.3) 37 (37.4) 1 (ref)
AIG 614 (43) 48 (48.5) 1.35 (0.87-2.10) 0.19
A/A 182 (12.8) 14 (14.1) 1.30 (0.69-2.46) 0.42 0.25 0.17 0.73
rs1447295, 128,554,220 (20,43,44)  C/C 1165 (81.5) 77 (77.8) 1 (ref)
A/IC 253 (17.7) 22 (22.2) 1.35 (0.82-2.21) 0.24
A/A 11 (0.8) 0(0) 0 0.44 0.32 0.22
rs6983267, 128,482,487 (20,40,45) T/T 389 (27.2) 23 (23.2) 1 (ref)
G/T 702 (49.1) 51 (51.5) 1.23 (0.74-2.04) 0.43
G/G 339 (23.7) 25 (25.2) 1.24 (0.69-2.22) 0.47 0.47 0.39 0.75
rs4242382, 128,586,755 (46) G/G 1168 (81.7) 77 (71.8) 1 (ref)
A/G 249 (17.4) 22 (22.2) 1.37 (0.83-2.24) 0.22
A/A 12 (0.8) 0(0) 0 0.43 0.31 0.2
rs7017300, 128,594,450 (23) A/A 1077 (75.4) 67 (67.7) 1 (ref)
A/C 325 (22.7) 31 (31.3) 1.56 (0.99-2.42) 0.051
C/IC 27 (1.9) () 0.59 (0.08-4.38) 0.60 0.17 0.087 0.48
rs7837688, 128,608,542 (23,47) G/G 1169 (81.8) 78 (78.8) 1 (ref)
G/T 248 (17.4) 21 (21.2) 1.29 (0.78-2.13) 0.32
T/T 12 (0.8) 0(0) 0 0.57 0.43 0.21
8q24 SNPs associated with osteosarcoma
rs185852, 128,362,638 G/G 934 (65.4) 60 (60.6) 1 (ref)
AIG 440 (30.8) 31 (31.3) 1.09 (0.70-1.71) 0.69
A/A 54 (3.8) 8 (8.1) 2.28 (1.04-5.02) 0.039 0.13 0.35 0.043
rs896324, 128,465,694 A/A 1225 (85.7) 76 (76.8) 1 (ref)
A/G 191 (13.4) 21 (21.2) 1.79 (1.08-2.97) 0.025
G/G 13 (0.9) 2(2) 2.75 (0.61-12.52)  0.19 0.011 0.02 0.29
rs10808555, 128,478,693 A/A 679 (47.5) 37 (37.4) 1 (ref)
AIG 595 (41.6) 52 (52.5) 1.61 (1.04-2.48) 0.033
G/G 156 (10.9) 10 (10.1) 1.17 (0.57-2.40) 0.67 0.19 0.05 0.78
rs17766217, 128,573,679 T/T 531 (37.2) 47 (47.5) 1 (ref)
C/IT 692 (48.4) 42 (42.4) 0.69 (0.45-1.07) 0.096
C/IC 206 (14.4) 10 (10.1) 0.56 (0.28-1.13) 0.1 0.046 0.05 0.23
rs12155672, 128,576,206 G/G 366 (25.6) 23 (23.2) 1 (ref)
A/G 728 (50.9) 42 (42.4) 0.92 (0.55-1.56) 0.76
A/A 336 (23.5) 34 (34.3) 1.59 (0.92-2.76) 0.098  0.079 0.6 0.022
rs7386167, 128,637,894 G/G 618 (43.2) 37 (37.4) 1 (ref)
A/G 626 (43.8) 40 (40.4) 1.07 (0.67-1.69) 0.78
A/A 186 (13) 22 (22.2) 1.95 (1.12-3.39) 0.018  0.041 0.26 0.018
rs9642880, 128,787,250 G/G 416 (29.2) 39 (39.4) 1 (ref)
G/T 704 (49.4) 42 (42.4) 0.63 (0.40-0.99) 0.048
T/T 306 (21.5) 18 (18.2) 0.62 (0.35-1.11) 0.11 0.065 0.034 0.43

Statistically significant (P < 0.05) SNPs are shown in bold. The ORs and 95% Cls for the SNPs with P < 0.05 in the dominant or recessive models are noted in the
text. For SNPs previously associated with other cancers, the representative references for the primary cancer association are cited. No., number; ref, referent

genotype.

we evaluated these genotypes first (Table II and Figure 1). Analyses of
these nine SNPs did not show any strong statistically significant asso-
ciations (Pyeng = 0.05). A positive association of borderline signifi-
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rs7017300 was noted (OR 1.56 and 95% CI 0.99-2.42); however,
no statistically significant trend was observed (Pyeng = 0.087).



Additional SNPs associated with osteosarcoma

Since it is possible that other variants in the 8q24 region could be
associated specifically with osteosarcoma but not other cancers, we
conducted a comprehensive analysis of the additional 205 tag SNPs
across 8q24 that were genotyped in this panel (Table II and Figure 1).
The most significant association with osteosarcoma risk was observed
for 1s896324 (P ena = 0.01) with increased risks of 1.79 (95% CI
1.08-2.97) and 2.75 (95% CI 0.61-12.52) for the heterozygotes and
variant homozygotes, respectively. The dominant model also resulted
in a statistically significant association for rs896324 (OR 1.79, 95%
CI 1.08-2.97, P = 0.025).

Three additional SNPs were associated with osteosarcoma in the
dominant model: rs10808555 (OR 1.51, 95% CI 0.99-2.31),
rs17766217 (OR 0.66, 95% CI 0.44-1.00) and rs9642880 (OR 0.63,
95% CI 0.41-0.96). The variant allele at rs10808555 was more com-
mon in the cases, whereas for the latter two SNPs, the variant allele
were more common in the controls, providing a protective effect.
None of these SNPs were in the same haplotype block (Figure 1)
and were not correlated (2 < 0.1).

The minor allele of rs738617 was associated with osteosarcoma
most strongly in the recessive model (OR 1.89, 95% CI 1.15-3.11,
P = 0.018); there were 22.2% of osteosarcoma cases homozygous for
the variant allele compared with 13% of controls. A second associa-
tion was noted in the recessive model at rs12155672 (OR 1.68, 95%
CI 1.09-2.59, P = 0.022) with 34.3% of cases and 23.5% of controls
being homozygous for the variant allele. A third positive association
in the recessive genetic model was noted for rs185852 with OR 2.22
(95% CI 1.02-4.81, P = 0.043).

We evaluated the haplotype structure of the 8q24 chromosome
region in order to better understand the location of these SNPs in
relation to SNPs associated with other cancer. The SNPs genotyped
in our study were tag SNPs and by definition have very little correla-
tion or linkage disequilibrium. The majority of SNPs reported here
reside in different haplotype blocks based on HapMap CEU data.
However, rs17766217 (suggested a dominant association) and
rs12155672 (suggested a recessive association) are located only
2527 bp apart and are in the same haplotype block in the HapMap
CEU population. They were not correlated in our controls, 2 = 0.03.

Discussion

This study is one of a limited number of studies that have evaluated
common genetic variation in osteosarcoma, a rare cancer. The
common variant common disease hypothesis has been tested ex-
tensively and proven that there are numerous common SNPs asso-
ciated with common diseases, for example, the association
between variants in complement factor H and macular degenera-
tion (48-51). The contribution of common genetic variants (i.e.
MAF >1%) to rare diseases is not yet known. The role of rare
variants in common or rare diseases is an area of active study
(52). Rare cancers that occur at young ages, such as osteosarcoma,
may have a stronger genetic component simply because there
has been less time for environmental exposures to contribute to
carcinogenesis.

We hypothesized that genetic variation in the chromosome 8q24
locus could play a role in osteosarcoma risk because this region is
often amplified in osteosarcoma tumor tissues, contains MYC and
GWAS of prostate, breast, colorectal and bladder cancer have iden-
tified specific SNPs in this region as cancer risk factors. The primary
colorectal cancer risk variant, 16983267, has recently been shown
to indirectly affect MYC function through putative transcription
factor-binding sites (24-26). Although MYC is still ~330 kb away
from 16983267, and even farther away from some of the other SNPs
associated with cancer, it is the best candidate because of its impor-
tant role in controlling cellular proliferation. It is amplified
and overexpressed in many malignancies, including osteosarcoma.
Notably, MYC inhibition resulted in differentiation of osteosarcoma
cells to mature osteocytes (32).

Genetic variation in osteosarcoma cases and controls

We initially focused on SNPs with a high prior probability for
association because they had been associated with other cancers.
One SNP which was previously associated with prostate cancer
(17), rs7017300, yielded a borderline association in the heterozygous
state, but no significant trend was observed, suggesting that this may
be a false positive association. Analyses were evaluated for multiple
genetic models because prior studies of have not specifically impli-
cated one inheritance model over another. Analyses of the dominant
and recessive inheritance models did not identify any further associ-
ations between the nine SNPs previously associated with cancer and
osteosarcoma.

We evaluated additional SNPs across 8q24 to explore the hypoth-
esis that different regions in this area may be associated with risk of
different cancers. These analyses identified three statistically signif-
icant associations in the additive model (rs896324, rs7386167 and
rs17766217), three in the dominant model (rs896324, rs10808555
and rs9642880) and three in the recessive model (rs7386167,
rs12155672 and rs185852). Although suggestive, we cannot rule
out the possibility that these findings could be due to chance. The
current study was limited by the number of cases. We augmented
our statistical power by including a large number of controls and had
sufficient power to detect effects as low as 1.5-1.8 assuming a type 1
error of 0.05. However, our power was limited due to multiple
testing, and none of the SNPs remained statistically significant after
adjustment for the number of tests performed. Therefore, although
we observed some suggestive evidence of association between
genetic variation at the 8q24 chromosomal locus and osteosarcoma,
larger studies are required to confirm this finding. The role of
MYC in osteosarcoma pathogenesis and presence in osteosarcoma
tumors suggests that this locus may still play an important role in
osteosarcoma.

In summary, this pilot study suggests that SNPs in the 8q24 region
are not strongly associated with osteosarcoma but several SNPs with
small effects may be present. Future large studies of osteosarcoma
genetic risk factors are warranted to improve our understanding of
the genetic contribution to this cancer for adolescents and young
adults.
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