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The Global Histone Modification Patterns of Osteosarcoma
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Background: Epigenetic alteration may affect a patient’s prognosis by altering the development
and progression of the tumor. Some recent reports have identified a correlation between histone
modification and patient outcome. However, no studies have been conducted on global histone
modification in osteosarcomas. Methods: We investigated histone modification in 54 cases of
osteosarcoma by performing immunohistochemical staining. The immunohistochemical expres-
sion of four histone modification markers, acetylated H4 lysine 12 (H4K12Ac), acetylated H3 ly-
sine 18, trimethylated H3 lysine 27, and dimethylated H3 lysine 4 were evaluated. Results: High
H4K12Ac expression was correlated with patient age (p=0.011). However, the other histone mod-
ification markers showed no correlation with any of the clinicopathological data such as survival,
tumor grade, tumor site, metastasis, age, or gender. Gonclusions: Our study showed that all four
histone modification markers are expressed in osteosarcoma (median expression rate, 40 to 60%).
However, we did not find a correlation with the clinicopathological factors except for age. Further
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Osteosarcomas are primary high-grade malignant tumors in
which the neoplastic cells produce osteoid, and they are the
most common non-hematopoietic primary malignant tumor of
bone. Osteosarcoma can occur at any age, but 60% of patients
are under the age of 25-years. Treatment for osteosarcoma re-
quires a combined approach including surgery for the primary
tumor and systemic chemotherapy.! The response to preopera-
tive chemotherapy is one of the most important prognostic fac-
tors. The survival rate is less than 20% when treatment for os-
teosarcoma consists of only surgery.”* Osteosarcoma molecular
markers have recently been a focus of research, including the
traditional prognostic factors such as tumor grade, metastasis
and chemotherapy response. For example, matrix metallopro-
teinase (MMP)-2, MMP-9, urokinase plasminogen activator,
chemokine receptor 4, and ezrin are molecular prognostic fac-
tors for osteosarcoma and potential therapy targets.*’

A recent study suggested that epigenetic changes may con-
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study to evaluate the reason for the association between H4K12Ac and patient age is needed.
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tribute to the development and progression of cancers includ-
ing leukemia,” indicating that molecular mechanisms are pres-
ent that regulate gene expression without changing the DNA
sequence. Alterations in DNA methylation, modification of
histone tails, chromatin remodeling, and micro RNAs have
been investigated as mechanisms of epigenetic change.”"* Epi-
genetic alterations may affect a patient’s prognosis by involving
cell growth, differentiation, and cell death of the tumor.'* His-
tone modifications seem to have a role regulating transcription
and other nuclear processes.”” Some recent reports have identi-
fied a correlation between histone modification and outcomes
from prostate cancer, non-small cell lung cancer, and esophageal

cancer.'+10

However, no study has been conducted on global
histone modification in osteosarcoma. We performed immuno-
histochemistry, analyzed the expression pattern of modified his-
tones, and investigated whether a correlation exists between mo-

dified histone expression and clinicopathological parameters.



Histone Modification in Osteosarcoma

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of Kyung Hee University. Fifty-four formalin-fixed, paraffin-
embedded osteosarcoma specimens from 52 patients were used
for immunohistochemical staining, and the specimens were ob-
tained prior to chemotherapy. Samples were collected from 1983
to 2005 in the Department of Pathology at Kyung Hee Uni-
versity Hospital and the University of Buenos Aires Hospital.
All cases were evaluated by two investigators (DSI and PYK),
using hematoxylin and eosin-stained sections. The hospital re-
cords were also reviewed for each case. Immunohistochemical
stains were performed on unstained slides. Briefly, 4-pm tissue
sections were cut from the microarray paraffin blocks, dried, de-
paraffinized and washed, and then endogenous peroxidase activ-
ity was blocked with 3% hydrogen peroxidase. After being wash-
ed with Tris-buffer, the slides were blocked with protein serum
(Dako, Glostrup, Denmark). The sections were then incubated
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with a primary antibody for acetylated (Ac) H4 lysine (Lys) 12
(H4K12Ac; 1:50, Cell Signaling Technology Inc., Danvers,
MA, USA), Ac H3 Lys 18 (H3K18Ac; 1:500, Cell Signaling
Technology Inc.), trimethylated (triMe) H3 Lys 27 (H3K27-
triMe; 1:200, Cell Signaling Technology Inc.) and dimethyl-
ated (diMe) H3 Lys 4 (H3K4diMe; 1:500, Abcam Inc., Cam-
bridge, UK). The primary binding antibody was visualized us-
ing the LSAB kit detection system (Dako). Nuclear staining
utilized the normal histone staining pattern for each antibody.
The staining results were reviewed by two investigators (DSI
and PYK), and the percentage of tumor cells showing positive
immunoreactivity was determined at x 200 magnification using
a microscope. We calculated the percentage of nuclear-stained
tumor cells and all cases were dichotomized into high expres-
sion (higher than the median) and low expression (lower than or
equal to the median) for the correlation with the clinicopatho-
logical parameters.

®©

Fig. 1. Immunohistochemical staining for (A) acetylated H4 lysine 12, (B) acetylated H3 lysine 18, (C) trimethylated H3 lysine 27, and (D) di-
methylated H3 lysine 4 antibodies in osteosarcoma shows strong nuclear expressions.
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Statistics

Statistical analyses were conducted using the SPSS ver. 17
(SPSS Inc., Chicago, IL, USA). A p<0.05 was regarded as sig-
nificant.

RESULTS

We analyzed 54 cases of osteosarcoma from 52 patients that
ranged in age from 6 to 66 years, with a mean age of 22 years.
Of these cases, 29 were male, and 23 were female. The follow-
up period ranged from 1 to 205 months, and the mean follow-
up time was 64 months. Of the tumors, 52 cases were conven-
tional osteosarcomas (46 osteoblastic type, one fibroblastic type,
four chondroblastic type, and one giant-cell rich osteosarcoma),
and two were the telangiectatic type of osteosarcoma. The fe-
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mur was the most common site for a tumor, followed by the
pelvic bone and humerus. Forty-nine of the 54 cases had high
grade tumors at the time of diagnosis, and five cases were low
grade.

The immunohistochemistry staining pattern showed nuclear
expression and similar intensity for all four makers. The per-
centage of positive nuclear-stained cells for the anti-H4K12Ac,
H3K18Ac, H3K27triMe, and H3K4diMe antibodies ranged
from 0 to 100%. The median positive percentage for each anti-
body was 60%, 40%, 60%, and 60%, respectively. High ex-
pression of each antibody was seen in 25, 26, 25, and 22 of the
54 cases, respectively (Fig. 1). H4K12Ac was correlated with
age (p=0.011), whereas H3K27triMe and H3K4diMe showed
low p-values with age (p=0.061 and p=0.052, respectively)
(Table 1). The other clinicopathological variables, including sut-
vival, showed no correlation with expression of the H4K12Ac,
H3K18Ac, H3K27triMe and H3K4diMe antibodies. A Ka-

Table 1. Correlation between histone expression and the clinicopathological parameters

Histone modification patterns

Characteristics n % H4K12Ac H3K18Ac H3K27triMe H3K4diMe
Low High  p-value  Low High p-value Low High  p-value Low High  p-value
Age® (yr)
<40 45 83.3 21 24 0.011 24 21 0.698 23 22 0.117 26 19 0.228
>40 7 16.7 7 0 3 4 6 1 6 1
Sex
Male 29 5538 17 12 0.438 17 12 0.278 19 10 0.112 19 10 0.58
Female 23 44.2 11 12 10 13 10 13 13 10
Metastasis
Yes 14 326 8 6 0.927 7 7 0.916 8 6 0.903 8 6 0.594
No 29 674 17 12 15 14 16 13 19 10
Stage®
| 16 356 10 6 9 7 8 8 12 4
Il 18 40 6 12 0.406 8 10 0.789 9 9 0.406 9 9 0.508
Il 4 8.9 4 0 3 1 4 0 3 1
vV 7 155 5 2 4 3 4 3 4 3
Grade?
High 49  90.7 26 23 1.000 24 25 0.353 26 23 1.000 29 20 1.000
Low 5 9.3 3 2 4 1 3 2 3 2
Type?
Osteoblastic 46 85.2 23 23 22 24 24 22 26 20
Chondroblastic 4 7.3 2 2 2 2 1 3 2 2
Telangiectatic 2 3.7 2 0 0.445 2 0 0.404 2 0 0.307 2 0 0.552
Fibroblastic 1 1.9 1 0 1 0 1 0 1 0
Giant cell rich 1 1.9 1 0 1 0 1 0 1 0
Site?
Femur 29 58 15 14 14 15 17 12 17 12
Humerus 4 8 2 2 2 2 2 2 3 1
Tibia 6 12 3 3 0.263 3 3 0.882 3 3 0.584 3 3 0.383
Pelvis 7 14 2 5 3 4 2 5 3 4
Face 4 8 4 0 3 1 3 1 4 0

aFisher’s exact test; Linear by linear test.

Low, lower than and equal to; High, higher than median percentage of tumor cells showing positive for histone markers (chi-square test).
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plan-Meier analysis also showed no correlation between survival
and H4K12Ac, H3K18Ac, H3K27triMe, and H3K4diMe (p=
0.70, p=0.08, p=0.09, and p=0.40, respectively).

DISCUSSION

Osteosarcomas are the most common primary malignant tu-
mors of bone. Preoperative chemotherapy has improved the over-
all survival of patients with osteosarcoma. Yet because this type
of tumor shows highly aggressive behavior, such clinicopatho-
logical factors as tumor site, stage, metastasis, recurrence, and
the response to preoperative chemotherapy have been suggested
as prognostic factors.'” Furthermore, molecular factors such as
vascular endothelial growth factor, pigment epithelium derived
factor, MMPs, urokinase plasminogen activator, and ezrin have
also been evaluated for their therapeutic potential in osteosarco-
ma."” Histone modification has recently been suggested as a
new prognostic marker. Seligson e «/.'* reported that histone
modification is correlated with prostate cancer recurrence, while
Barlési e al." reported on the correlation between histone mod-
ification and the prognosis of non-small cell lung cancer. Tzao ez
al.'® revealed a correlation between histone modification and an
esophageal cancer prognosis. In our study, histone modification
markers were selected based on previous studies, and our results
showed that all four markers were expressed at a median from
40-60%. However, our study only showed a correlation between
H4K12Ac modification and age (p=0.011). The group under
age 40-years showed higher H4K12Ac expression than those
over 40-years. Additionally, none of patients over age 40 ex-
pressed H4K12Ac. However, H3K27triMe and H3K4diMe
were correlated with patient age. The former studies showed no
correlation between histone modification and patient age in sev-
eral human carcinomas.' In our study, other clinicopatholog-
ical factors such as gender, metastasis, tumor stage, histological
type, and site were not cortrelated with histone modification.
We performed a Kaplan-Meier survival analysis to determine
whether histone modification predicted patient outcome, but it
also did not reveal a correlation. We had thought that these re-
sults were evidences that histone modification affects the devel-
opment of osteosarcoma in young-age patients. However, pa-
tient age is still debatable as a prognostic factor for osteosarco-
ma. Bacci e al."® reported a worse prognosis for patients aged
14-years and younger, but Carsi and Rock" reported a poor 5-
years survival for patients older than 40-years. Although previ-
ous studies did not reveal a correlation between histone modifi-
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cation and age in human cancer, several studies have revealed
decreased histone modification in the elderly of an animal mod-
el They suggested that decreased histone modification is an
aging process and that decreased chromatin function with age
is due to such epigenetic changes. Therefore, further studies are
needed to determine why histone modification is correlated in
patients with an osteosarcoma. In conclusion, we demonstrated
that all four histone modification markers (H4K12Ac, H3K18-
Ac, H3K27triMe, and H3K4diMe) were expressed in osteosat-
comas (median expression rate, 40 to 60%). However, the ex-
pression was not associated with any clinicopathological factor,
except age.

REFERENCES

1. Ferrari S, Palmerini E. Adjuvant and neoadjuvant combination che-
motherapy for osteogenic sarcoma. Curr Opin Oncol 2007; 19: 341-6.

2. Wang T, Fan L, Watanabe Y, ef al. L5235, an RNA-binding protein
as a potential therapeutic target for lung cancer. Br ] Cancer 2003;
88: 887-94.

3. Yantiss RK, Woda BA, Fanger GR, et al. KOC (K homology domain
containing protein overexpressed in cancer): a novel molecular mar-
ker that distinguishes between benign and malignant lesions of the
pancreas. Am J Surg Pathol 2005; 29: 188-95.

4. Dass CR, Nadesapillai AP, Robin D, ef al. Downregulation of uPAR
confirms link in growth and metastasis of osteosarcoma. Clin Exp
Metastasis 2005; 22: 643-52.

5. Foukas AF, Deshmukh NS, Grimer R, Mangham DC, Mangos EG,
Taylor S. Stage-IIB osteosarcomas around the knee. A study of MMP-
9 in surviving tumour cells. ] Bone Joint Surg Br 2002; 84: 706-11.

6. Perissinotto E, Cavalloni G, Leone F, et al. Involvement of chemo-
kine receptor 4/stromal cell-derived factor 1 system during osteo-
sarcoma tumor progression. Clin Cancer Res 2005; 11(2 Pt 1): 490-7.

7. Wan X, Mendoza A, Khanna C, Helman L]. Rapamycin inhibits ez-
rin-mediated metastatic behavior in a murine model of osteosarco-
ma. Cancer Res 2005; 65: 2406-11.

8. Lund AH, van Lohuizen M. Epigenetics and cancer. Genes Dev
2004; 18: 2315-35.

9. Gibbons RJ. Histone modifying and chromatin remodelling enzy-
mes in cancer and dysplastic syndromes. Hum Mol Genet 2005; 14
Spec No 1: R85-92.

10. Bhalla KN. Epigenetic and chromatin modifiers as targeted therapy
of hematologic malignancies. ] Clin Oncol 2005; 23: 3971-93.

11. Esteller M. The necessity of a human epigenome project. Carcino-
genesis 2006; 27: 1121-5.



150

12. Jones PA, Baylin SB. The fundamental role of epigenetic events in
cancer. Nat Rev Genet 2002; 3: 415-28.

13. Esteller M. Cancer epigenomics: DNA methylomes and histone-
modification maps. Nat Rev Genet 2007; 8: 286-98.

14. Seligson DB, Horvath S, Shi T, ef al. Global histone modification pat-
terns predict risk of prostate cancer recurrence. Nature 2005; 435:
1262-6.

15. Barlési F, Giaccone G, Gallegos-Ruiz M], et al. Global histone modi-
fications predict prognosis of resected non small-cell lung cancer. |
Clin Oncol 2007; 25: 4358-64.

16. Tzao C, Tung HJ, Jin JS, et al. Prognostic significance of global his-
tone modifications in resected squamous cell carcinoma of the eso-
phagus. Mod Pathol 2009; 22: 252-60.

17. Clark JC, Dass CR, Choong PF. A review of clinical and molecular

1

19.

20.

2

8.

—_

Sung—Im Do - Sung-Jig Lim - Youn—-Wha Kim, et al,

prognostic factors in osteosarcoma. ] Cancer Res Clin Oncol 2008;
134: 281-97.

Bacci G, Longhi A, Versari M, Mercuri M, Briccoli A, Picci P. Prog-
nostic factors for osteosarcoma of the extremity treated with neoad-
juvant chemotherapy: 15-year experience in 789 patients treated at
a single institution. Cancer 2006; 106: 1154-61.

Carsi B, Rock MG. Primary osteosarcoma in adults older than 40
years. Clin Orthop Relat Res 2002; (397): 53-61.

Kawakami K, Nakamura A, Ishigami A, Goto S, Takahashi R. Age-
related difference of site-specific histone modifications in rat liver.
Biogerontology 2009; 10: 415-21.

. Peleg S, Sananbenesi F, Zovoilis A, ef al. Altered histone acetylation

is associated with age-dependent memory impairment in mice. Sci-
ence 2010; 328: 753-6.



