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Table 1. Clinicopathologic parameters in 62 patients
with soft tissue sarcomas

Clinicopathologic parameters Cases
Age (median) 1~82(56)
Gender
Male 31
Female 31
Histologic type
Liposarcoma 20
MFH 17
RMS 9
LMS 6
SS 7
MPNST 3
Site
Thigh 18
Upper arm 7
Retroperitoneum 5
Head and neck 5
Buttock 4
Forearm 4
Back 3
Others 16
Tumor size (cm)
<10 36
=10 26
FNCLCC grade
1 15
2 23
3 24
AJCC stage
land 1l 29
I and IV 33
Total 62

MFH, malignant fibrous histiocytoma; RMS, rhab-
domyosarcoma; LMS, leiomyosarcoma; SS, synovial
sarcoma; MPNST, malignant peripheral nerve sheath
tumor
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2. MGMT2| Hzx2]a}sH

)

Zzte] sefolmt HE &4l mebd Gz,
A<3ket & 120% microwave pressure cooker®l|
A 15%3 0.01M sodium citrate buffer
(Ventana-Bio Tek solutions Turson, AZ) 2 A

AL Bt % %o}% ol THRole AEF ek 7] SectionEe 3% IAFSbragolA
o] 20, 9' d AR Zz]:rLZO] 17°ﬂ FAEI8F P33l 5% normal goat serumolA blockdF T,
o] 94|, H& o"] 6oll, A& §Fo] 7o, g WA HE dALE Vectastain ABC elite kit
bz A7 ‘1?%0] 3dgdoen, o5 Ui 71E3 7 (Vector laboratories, Burlingame, CA, USA)E
FE] dolg Ho]AZS o] & 6}04 AIHEE At ©]83 MPAQ] Diaminobenzidine(DAB) & ©]&
AENE Feda2RPY AMd T eiAE 89 3 avidon-biotin peroxidase complex ¥H o 2 3}
Table 2. Expression status of MGMT protein in soft tissue sarcomas (n=62)
Clinicopathologic parameters MGMT protein expression, n (%) Pvalue
Loss (n=20) Preserve (n=42)
Gender
Male (n=31) 10 (32.3%) 21 (67.7%) 0.607
Female (n=31) 10 (32.3%) 21 (67.7%)
Histologic type
Liposarcoma (n=20) 6 (30.0%) 14 (70.0%)
MFH (n=17) 9 (52.9%) 8 (47.1%)
RMS (n=9) 1(11.1%) 8 (88.9%)
LMS (n=6) 2(33.3%) 4 (66.7%)
SS (n=7) 1(14.3%) 6 (85.7%) 0.282
MPNST (n=3) 1(33.3%) 2 (66.7%)
Tumor size (cm)
<10 (n=36) 10 (27.8%) 26 (72.2%) 0.419
=10 (n=26) 10 (38.5%) 16 (61.5%)
FNCLCC grade
1(n=15) 0 (0%) 15 (100%)
2 (n=23) 8 (34.8%) 15 (65.2%) 0.005
3 (n=24) 12 (50.0%) 12 (50.0%)
AJCC stage
| and Il (n=29) 2 (6.9%) 27 (93.1%) 0.000
Il and IV (n=33) 18 (54.5%) 15 (45.5%)

MFH, malignant fibrous histiocytoma; RM S, rhabdomyosarcoma; LM S, leiomyosarcoma;
SS, synovial sarcoma; MPNST, malignant peripheral nerve sheath tumor
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3. Methylation-Specific PCR (MSP)

DNA+= QIAamp DNA Micro Kit (Qiagen,
Hilden, Germany)& °]&3dte] BEad x=d
13 g9 EF5o=rRH FEst.
CpGenome™ Fast DNA Modification Kit
(Chemicon, S7824, Temecula, CA, USA)E
o] 8-3t] 2 ug genomic DNAZE bisulfite &3}
Atk DNA HEE2 Wizard DNA Clean-Up
83t 3
NaOH, ethanol-precipiated® *2]g+ &

system (Promega, Madison, WI)< ©]
Az &

Table 3. Expression status of MGMT protein in group 1A (n=26) and group 1B (n=27)

Clinicopathologic

MGMT protein expression

MGMT protein expression

in group 1A (n=26), n (%)

In group 1B (n=27), n (%)

parameters

Loss(n=7) Preserve (n=19) P-value Loss(n=10) Preserve(n=17) P-value

Gender

Male 2 (18.2%) 9 (8L.8%) 5(333%)  10(66.7%)  0.706

Female 5(333%)  10(667%)  °3%®  5(17%) 7(58.3)
Histologic type

Liposarcoma 1(9.1%) 10 (90.9%) 4 (57.1%) 3 (42.9%)

MFH 4 (57.1%) 3 (42.9%) 4 (66.7%) 2 (33.3%)

RMS 0(0%) 2 (100.0%) 1(16.7%) 5 (83.3%)

LMS 1(25.0%) 30wy O 1(50.0%) 160006 0140

sS 1(50.0%) 1(50.0%) 0 (0%) 4 (100%)

MPNST 0 (0%) 0 (0%) 0 (0%) 2 (100%)
Tumor size (cm)

<10 3(231%)  10(76.9%) 5(294%) 12 (70.6%)

=10 4(30.8%) 9(69.2%) %90  5(500%) 5(5000) 0410
FNCLCC grade

1 0 (0%) 12 (100%) 0 (0%) 3 (100%)

2 2 (33.3%) 4(66.7%) 0008  4(36.4%) 7(538%) 0328

3 5 (62.5%) 3 (37.5%) 6 (46.2%) 7 (63.7%)
AJCC stage

land Il 1(63%)  15(93.7%) 1 (10.0%) 9.(90.0%)

11 and IV 6 (60.0%) a@00% %905 95209 g%  00%
Disease progression

Progression-free 2 (14.3%) 12 (85.7%) 2 (16.7%) 10 (83.3%)

Progression 5 (41.7%) 7(83%) 010 g(533%) 7(a676) 0098
Overall surviva

Alive 2(143%)  14(85.7%) 3(17.6%)  14(824%)

DOD 5 (50.0%) 56500 %%l 666.7%) 3(333w) 000

group 1A : patients who didn't receive chemotherapy
group 1B : patients who received chemotherapy

MFH, malignant fibrous histiocytoma; RMS, rhabdomyosarcoma; LMS, leiomyosarcoma; SS, synovial sarcoma;

MPNST, malignant peripheral nerve sheath tumor
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(sense)¢} 5'-AAC TCC ACA CTC TTC CAA
AAA CAA AAC A-3" (antisense)it}. wEs}
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product® £ZA|Zl 5'-TTT CGA CGT TCG
TAG GTT TTCGC-3'(sense)®} 5-GCA CTC
TTC CGA AAA CGA AAC G-3" (antisense)
At

PCR &&E< PCR buffer 2.5 49(x10),
primer 1.0 4, 2.5mM dNTP 2.5 #, hot start
Taq polymerase (Takara) 0.2 4 (1U)ZE %3}s}
), HFT WL 25 woltt. TF e o
Zoytk: 95¢ollA 5E3E, 94¢ollA 30%3t 339, 59
cold 30x3t, zEla 72¢ColA 40%3F, mER|ERe
2 72¢CelA 10 ¥, PCR WeEL 2.5%
agarose gelollAl 7719 %F3ta ethium bromide®
gAg & UV illumination & 7431853t}

e s-d DNA iz DNA W CpG din-
ucleotide?] & €3} cytosine?l Sssl methy-
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1. Clinical and histopathological findings
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Fig. 1. Immunohistochemical staining for MGMT. Brown-colored nuclear staining was regarded as positive staining.
(A) Tumor with positive staining. (B) tumor showing loss of MGMT expression. Intratumoral endothelial
cells act as an internal positive control in the background (< 400).
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Table 4. Multivariate analysis of prognostic factorsin group 1A (n=26)

Variables Grouping Pvalue Ratio of risk 95% ClI
AJCC stag LIV vs1,] 0.005 2751 2.65~285.22
FNCLCC grade G2,G3vsGl 0.773 0.78 0.14~4.27
MGMT protei Loss vs expressio 0.356 0.32 0.03~3.60

Cl, confidence interval

Table 5. Multivariate analysis of prognostic factorsin group 1B (n=27)

Variables Grouping Pvalue Ratio of risk 95% ClI

IAJCC stag LIV vsi 0.976 1.05 0.52~20.91
FNCLCC grade G2,G3vsGl 0.262 4.45 0.33~60.63
MGMT protei Loss vs expressio 0.024 19.10 1.47~248.94

Cl, confidence interval

Table6. MGMT promoter hypermethylation status in soft tissue sarcomas (n=44)

MGMT promoter hypermethylation, n (%)

Clinicopathologic parameters Pvalue
+(n=11) - (n=33)
Gender
Male (n=22) 7 (31.8%) 15 (68.2%)
Female (n=22) 4 (18.2%) 18 (81.8%) 0.488
Histologic type
Liposarcoma (n=15) 2 (13.3%) 13 (86.7%)
MFH (n=10) 4 (40.0%) 6 (60.0%)
RMS (n=8) 4 (50.0%) 4 (50.0%)
LMS (n=3) 0 (0%) 3 (100%)
SS (n=6) 1 (16.7%) 5(8.3%) 0.282
MPNST (n=2) 0 (0%) 2 (100%)
Tumor size (cm)
<10 (n=28) 8(28.6%) 20 (71.4%)
> 10 (n=16) 3 (18.8%) 13 (81.2%) 0.719
FNCLCC grade
1 (n=11) 0 (0%) 11 (100%)
2 (n=16) 1(6.2%) 15 (93.8%) 0.000
3(n=17) 10 (58.8%) 7 (41.2%)
AJCC stage
I and I (n=25) 5 (20.0%) 20 (80.0%)
Il and IV (n=19) 6 (31.6%) 13 (68.4%) 0.228

MFH, malignant fibrous histiocytoma; RMS, rhabdomyosarcoma; LMS, leiomyosarcoma; SS, synovial sarcoma;
MPNST, malignant peripheral nerve sheath tumor
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Al FHEo] 71538 dE 53Tt 2447} (45.3%) 2. Loss of MGMT expression status and

TP AR, 29900014 (54.7%) A association with clinico pathological
HAY Aozt Atk Hd FA71HE 267014 parameters

(1~180704) ollem, HF FAY 344(64.2%)

oA AEATE. 26d= & F T ANEE LA & MGMT HAZASSHE BE FolA 34

431 o
ko (group IA), 27dE € & FIAEE Uit o2 APt [HC d49 T2 Fig. 1o &
(group IB). LA FE= 15414 MAID (Mesna,  Al3tAt. MGMT @de] 442 20904 S
Adriamycin, Ifosfamide, Dacarbazine), = &d  th(32.3%). MGMT @2 tFEe] 71ZA
= vincristine, cyclophophamide, dactinomycin, &M X, WA zdA FFHo=2 THEG,
taxotere, or cisplantin 2.2 X 83} th MGMT 2&deo 448 FNCLCC grade(p=0.005)

Table 7. MGMT promoter hypermethylation in group 2A (n=21) and group 2B (n=21)

o . MGMT promoter hypermethylation MGMT promoter hypermethylation

Clinicopathologic in group 2A (n=21), n (%) in group 2B (n=21), n (%)
parameters
+ (n=3) - (n=21) Pvalue + (n=7) - (n=14) Pvalue

Gender

Male 1(11.1%) 8 (88.9%) 5 (41.7%) 7 (58.3%)

Female 2 (16.7%) 10(833%) 0612 2 (22.2%) 7@78%) 0%
Histologic type

Liposarcoma 1 (10.0%) 9(90.0%) 1 (20.0%) 4 (80.%)

MFH 1 (20.0%) 4(80.0%) 2 (50.0%) 2 (50.0%)

RMS 0 (0%) 2(1000%) 0212 4(66.7%) 2(333%) 0228

LMS 0 (0%) 2 (100.0%) 0 (0%) 1 (100%)

ss 1 (100.0%) 0 (0%) 0 (0%) 4(100%)

MPNST 0 (0%) 1(100.0%) 0 (0%) 1 (100%)
Tumor size (cm)

<10 2 (16.7%) 10 (83.3%) 5 (35.7%) 9 (64.3%)

=10 1(11.1%) g(8eow 012 2 (28.6%) 5(71.4%) 0972
FNCLCC grade

1 0 (0%) 9 (100.0%) 0 (0%) 2 (100%)

2 0 (0%) 6(100.0%) 0013 1(11.1%) 8(889%)  0.045

3 3 (50.0%) 3 (50.0%) 6 (60.0%) 4 (40.0%)
AJCC stage

land Il 1(6.7%) 14 (93.3%) 3(37.5%) 5 (62.5%)

Il and IV 2 (33.3%) 467 0184 4(30.8%) 9(69.2%) 097
Disease progression

Progression-free 1(6.3%) 15 (93.7%) 2 (18.2%) 9 (81.8%)

Progression 2 (40.0%) 3(600%) 018 5 (50.0%) 5(500%) 0183
Overall surviva

Alive 1(5.9%) 16 (94.1%) 3(27.3%)  11(72.7%)

DOD 2 (50.0%) 2(s00%) 0080 4(57.1%) 3a29%) O

group 2A : patients who didn't receive chemotherapy

group 2B : patients who received chemotherapy

MFH, malignant fibrous histiocytoma; RMS, rhabdomyosarcoma; LMS, leiomyosarcoma; SS, synovial sarcoma;
MPNST, malignant peripheral nerve sheath tumor
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3. MGMT promoter hypermethylation status
and association with clinicopathologic
parameters

MSPel €3t MGMT 31z} §-9] midsle] 2%
< A FEZF MoA JHssidth MGMT 314
29 WEsle] HinE 25.0%%tH(11/44<)). EE
< Fig. 3¢ FAE At MGMT =22 79

sl FENCLCC grade Zrelle 98 Ao
o3t FTRAE Ko FAHIAYE(p=0.058)7 AE EAHp=0.000) (Table 6).
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Fig. 2. Kaplan-Meier survival curves of patients with soft tissue sarcoma. (A) Loss of MGMT expression and overall
survival in group A (n=26) whodidn’t receive chemotherapy (p=0.051). (B) Loss of MGMT expression and
overal survival in group B (n=27) who received chemotherapy (p=0.039).

Table 8. Correlation between MGMT hypermethylation and MGMT protein expression in soft tissue sarcoma (n=44)

MGMT protein expression

MGMT hypermethylation Loss Preserve Pvalue
+ 9 2 0.000
- 4 29 '
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Fig. 3. Promoter hypermethylation status of MGMTgene by methylation-specific PCR. PCR
products were amplified unmethylated (U) and methylated (M)-specific primers.
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Prognostic Significance of O>-MGMT and Promotor Hyper methylation in
Patients with Soft Tissue Sarcomas

Jeung Tak Suh, M.D., Jeung Il Kim, M.D., Jong Seok Oh, M.D., Kyung Un Choi, M.D*.

Department of Orthopaedic Surgery, College of Medicine, Department of Pathology*,
College of Medicine, Pusan National University, Pusan, Korea

Purpose: The DNA repair protein, O®-methylguanine-DNA methyltransferase (MGMT),
removes akyl adducts from the O° position of guanine. Epigenetic inactivation of MGMT has
been found in human neoplasia and considered one of the implicated factors in chemoresistance.

Materials and Methods: Sixty-two patiensts with soft tissue sarcomas (STS) were anayzed
for the status of MGMT protein expression by immunohistochemistry and the promoter hyper-
methylation of the MGMT gene using methylation-specific PCR.

Result: The loss of MGMT expression was found in 20 cases (32.3%) of total 62 STS.
MGMT promoter hypermethylation rate was 25.0% (11/44 cases). The loss of MGMT expres-
sion showed significant association with high AJCC stage, high FNCLCC grade, and aggressive
behavior. However,when the group who received chemotherapy was anayzed (n=27), loss of
MGMT expression was correlated with worse survival in multivariate analysis (p=0.024).
MGMT promoter hypermethylation is associated with high FNCLCC grade. MGMT promoter
hypermethylation status had a strong correlation with loss of MGMT expression (p=0.000).
Conclusion: Our results suggest that MGMT promoter hypermethylation and loss of MGMT
expression had a tendency to be associated with poor prognosis and that loss of MGMT protein
expression is frequently occurs viaMGMT promoter hypermethylation.
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