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Abstract; [ Objective ] To explore the correlation of the expression of DNA damage homologous
recombination repair related-proteins in soft tissue leiomyosarcoma (LMS),as well as its relation-
ship with patients" clinical prognosis. [Methods ] 61 cases of LMS formalin-fixed paraffin-embed-
ded tissue microarray to detect the expression of LMS in RAD51 recombinase (RAD51),RADS2
homolog, DNA repair protein (RAD52),ATM serine/threonine (ATM) and ATR serine/threonine
(ATR) were using immunohistochemistry SP method. [Results| The 1-year,5-year and 10-year
survival rates of 61 soft tissue LMS patients were 87% ,46% and 19% ,respectively. Moreover, the
median OS time was 44.7 months,median DFS time was 30.3 months and median PFS time was
17.0 months. The positive expression rates of RAD51,RAD52,ATM and ATR in LMS were
45.9%(28/61),62.3%(38/61),16.4%(10/61) and 60.7% (37/61),respectively. Kaplan-Meier analy-
ses indicated that RAD51,RAD52,ATM and ATR were all important prognosticators on OS of
LMS patients (P<0.05). Furthermore ,Cox regression method showed that RAD52,ATM and ATR
were independent prognostic factors in LMS patients with OS(P<0.05). Moreover, ATM was the
independent prognostic predictors of LMS patients’ DFS(P<0.05) and RAD52 with the PFS(P<0.05).
[Conclusion] DNA damage homologous recombination repair proteins RAD52,ATR and ATM
could act as the independent prognostic factors for soft tissue LMS patients.

Subject words:leiomyosarcoma; RAD51 recombinase ; RAD52 homolog; DNA repair protein; ATM
serine/threonine ; ATR serine/threonine
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SP A &, DAB W iRk & A —Hi g A
et A2 R S w2 D BRAR BRI A AT
RAD51 . RAD52 ATR 1 ATM )% F 3L g Je 4 4141
AR BAPEXT B PBS AR —Hi VR B M X B
1.3 FliEtRAE

o5 41 Ak BH P 25 0 H b o R R 1P 40

938

BEHLALEE 10 4> i A% I EF (x400) , B4 HLEF 314 100
AL, 3 SRS S €058 5 R BH 1 48 B o5 i g 4 A
MO ], RADST ATR A1 ATM BH 235 T 40
JL A RN 40 B BT, RADS2 FHME Ik EEEHM M, 2
W O-FE R PR, YO BE G 0 4),
RN 14y B8R 20 A8l 3 43 FH 4N
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26%~50%H 2 53 ,>50%H 3 57, PIRITSr AR AT 3
SR E PHPESS S .0~2 2 FBATE,3~9 2 R FATE .,
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JRELHG 2 IMS Z H 2 25T 8 % 2015 4F 6 H KK
B 5 H AL B O ) TG 2 1
1.5 SitZ4eE

K H SPSS19.0 4t itk 4 i 47 43 Hf . RADSI
RAD52 ATR F1 ATM &35 1) FH M 5 LMS [ 116 IR
o BEARIE SR FH 2 K580, DU R 1 7E LMS T A A ¢
PR A Spearman 58 AH X081 5 A AF 53 B R H
Kaplan—Meier 12 #i fifi E £7 i £k , Log—rank #5 % £ 17
B ZE AT 5 Cox [M1IH 5 14T 22 X 26 43 A 3800 7l 7
HiUE . P<0.05 N2ERAFIT#E L,
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20 HALFBIABEENIRKRER

2000 4 1 H % 2012 4 6 H FARUIBRA A2
S LR A e L 2 61 ), B 18 I, Lotk
43 i, BFAEEY 19~90 % IR 55 % 5 = ok
¥ 39 ), rh/ARS e e 22 f); s ALPE LMS 40
], 1 K/ Z2 I8 LMS 21 415 B R85 b ¥ 25 151, 9 ik
wE CEFE) M 25 6], B2 BB 11 491 ;4% AJCC
ST ~ T3 33 ), T~V 28 fil ;61 4 & A
BIRAT T B4k yT , 16 51 6391 58 25 47 i 2 TR U
Bk, ARG BEATARIT 07 4 B, ALY 16 B, AT
3 AT 7 AT ESE 25 7 9], 35 A Ab g 7 4,
S IERE 6 )

BE s — R BE T, 61 B EE T 41 FlsET,
10 1144 988 A= 47,10 191 JC 9 A= 47 ;43 B B2 Kk e
%, 18 B JCE K% #% (Table 1),
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KON 87% 46% Al 19% ; 5 A= 47 ] (overall
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Table 1 Soft tissue leiomyosarcoma patient characteristics

Variable N(%) M(Ei?;;l?s Meg;i?];}g S Me((j:li?lt_}ng P
Age(years old) <55 29(47.5) 449 0.981 26.0 0.640 17.8 0.789
>55 32(52.5) 44.6 343 16.5
Gender Male 18(29.5) 73.0 0.618 70.6 0.035 23.1 0.277
Female 43(70.5) 40.1 24.0 16.5
Tumor type Spindle 39(63.9) 71.9 0.050 38.1 0.057 17.2 0.387
Epithelial/Polymorphic 22(36.1) 30.0 23.4 16.8
Differentiation High 39(63.9) 78.0 0.000 38.1 0.037 25.8 0.000
Moderate/Low 22(36.1) 223 21.0 10.5
Location Retroperitoneal  25(41.0) 34.5 0.449 32.0 0.590 16.1 0.752
Viscera 25(41.0) 433 20.6 15.7
Cutaneous 11(18.0) 78.8 394 19.6
Tumor size(cm) <5 18(29.5) 94.0 0.000 60.4 0.005 19.5 0.089
5~10 20(32.8) 46.3 404 259
>10 23(37.7) 25.5 19.2 10.2
Postoperative Therapy Non—chemotherapy 41(67.2) 24.0 0.605 20.0 0.263 12.5 0.230
Chemotherapy 20(32.8) 60.5 36.1 19.8
Metastasis and Recurrence No 18(29.5) 64.3 0.261 108.0 0.000 19.0 0.840
Yes 43(71.5) 39.5 21.0 16.2
AJCC stage I 6(9.8) 120.0 0.000 100.7 0.022 - 0.080
| 27(44.3) 68.5 293 243
] 12(19.7) 24.0 18.0 14.8
v 16(26.2) 16.8 - 10.7

survival ,08) K 44.7 A~ H | A Jo R A4 710 (disease-
free survival ,DFS) >} 30.3 4~ H |, " 437 Jo i3k & A= 17 19
(progress-free survival ,PFS)>4 17.0 1~ H
2.2 RAD51.RAD52.ATM #1 ATR 7 LMS A A
R R

RADS51 ,ATM il ATR PR35 T 20 B A% Fn 4 it
5T ,RADS2 PHAE 35 2 AE 40 i it (Figure 1 A~D),
61 il LMS 1 41 2158 /v RAD51,RAD52 ATM }
ATR B 3543 51k 28 14 .38 14 .10 511 F1 37 ],
BH 26 15 300 51K 45.9% .62.3% .16.4%F1 60.7%

RADS2 185 K54 (1) LMS 20 4 v BH M 36 3k R
TR RN ALh (74.4% vs. 33.3%,P
=0.003), 1M RADS52 ik 5 & B9 AFE I i
ORI o Y N Y VA2 NV N e v
B XA, [FEF RADS1 . ATM Fil ATR 7£ LMS A%
BTSN R 10 I S A 0 A
S HBAE B IR K /N TEGE 24 AH 5 (Table 2)
2.3 LMS A RAD51,RAD52.ATR #1 ATM Fix
s

£t Spearman fHX /34T, 78 LMS 4141 RAD5I1
5 RADS52 Y FHPEZ I8 5 1EAH C (1=0.581, P<0.001) ,
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RADS1 5 ATM My BHPE R IR 2 IEA I (1=0.303, P=
0.018),RAD51 5 ATR M FHPE R IE 2 IEMC (r=
0.338,P=0.008) ,RAD52 5 ATM K ATR ¥ FH 1 % 15
134 5L 1IE M 54 (1=0.344 , P=0.007 ;1=0.343, P=0.007 ) ,

2.4 RADS51.RAD52 . ATM #1 ATR Rix 54 EFWiE

Kaplan —-Meier 4 f7 73 #7 45 & . 75 RADS1,
RAD52 ATM il ATR ) FH ML 5 LMS B34 1 8
A AE A B A G (P ¥9<0.05) . RADST BHE 2 ik
() B L A A7 148 RADST B BB 3 B 3 T BRI
(37.9 ™~ H vs. 80.8 4~ 1), M RADS2 PHM: A 1 &
H A AR A B i D F RADS2 Bl E (37.4
H vs. 8744 H) . ATM FHEF AR B A7 447
W EED T ATM BIPER BB E (200 T~ H
vs. 47.3 - ), ATR FHEZR 5 00 B & b 0 B fF
DT ATR IR B EE 371 N H s
77.3 ™ H)(Figure 2 A~D)

Cox ZHNZE AT EE R B . IE K/ (<5em
vs. 5~10cm,HR=3.75,P=0.022;<5cm vs. >5cm,HR=
8.08,P<0.001) i J@ 25 %1 (HR=3.20, P=0.010) . 5> {L 72
& (HR=4.71,P=0.003). IIfi K4+ (HR=12.83,P<
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Table 2 The expression of RAD51,RAD52,ATM and ATR in soft tissue LMS
and its correlations with different clinical features

Variable RADS51 RADS2 ATM ATR
® O L P ®HOLP®OOLP®EOEP
N 28 33 38 23 10 51 37 24
Age(years old) <55 12 17 046050 15 14 2.63 0.11 5 24 0.030.87 17 12 0.100.76
>55 16 16 23 9 5 27 20 12
Gender Male 9 9 017068 12 6 0.21 065 4 14 0.63043 28 15 1.220.27
Female 19 24 26 17 6 37 9 9
Tumor type Spindle 16 23 1.0403124 15 0.03 0.87 7 32 0.190.66 22 17 0.820.37
Epithelial/Polymorphic 12 10 14 8 3 19 15 7
Differentiation High 19 20 03505624 15 0.03 0.87 7 32 0.190.66 23 16 0.13 0.72
Moderate/Low 9 13 14 8 3 19 14 8
Location Retroperitoneal 15 10 3.390.07 17 8 059 044 5 20 040053 16 9 0.20 0.66
Others 13 23 21 15 5 31 21 15
Tumor size(cm) <10 17 21 0.060.81 22 16 0.83 0.36 5 33 0.770.38 22 16 0.32 0.57
=10 11 12 16 7 5 18 15 8
Metastasis and Recurrence No 10 8 096033 6 12 9.120.003 3 15 0.01 097 10 8 0.96 0.33
Yes 18 25 32 11 7 36 27 16
AJCC stage I~1 15 18 0.01094 22 11 059 044 4 29 0960.33 19 14 0.29 0.59
m~1v 13 15 16 12 6 22 18 10
sv o MR AR M R ek
PR, AR JF A AT R SR

\cq vou

x‘.ﬂ

'\
\,&:

Figure 1 The expression of RAD51(A),RAD52(B),ATM(C) and ATR(D)
in soft tissue leiomyosarcoma(SPx40)

0.001) RAD52 (HR=8.73,P=0.001) ATM (HR=2.99,
P=0.033) % ATR(HR=3.19, P=0.014)7¢ fifJi £ 41 s 11
0 LMS 35 OS 1) 7l 57

ESLLPER T s

940

B
w

M A

AT 1 25 P %2 k) (Table 3).

X LMS 8 # 1y DFS # 17 Cox
Z R 51 & B, DNA i 1518 2 M
KA ATM BH M B 0 T ]
BIAME R #E 2 (HR=7.57,P=0.024),
Y B AR /NT 5em WY B & DFS N
PETRT 10em A5 (HR=12.78,
P=0.003)(Table 4), X}t & LMS &
H B PFS ¥E47 Cox Z & M &
B, RADS2 ik Fl e i) o3 A0 78 B
JERZ M LMS % PFS 1 2l 7 T 5
¥ (HR=4.96,P=0.011;HR=13.3,
P<0.001)(Table 5).

3o #

PLAA 40 B i DNA i 03 18 2 &
GE ] A XA ) DNA 45345 % AN [R]

B4 53X, TG B RE 1 00 57 T A 5 ) 4 S 3
i 23 4 B X DNA 51455770 7 A 345
M RADS1 F1 RADS2 2774 DNA 3 44 ifif

PEM 321, DNA &
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y ——RAD51- L4 —-RAD52-
~=RAD5 1+ g RLLER
0.8 0.8
E E
-
2 06 ‘E 0.6
£ =
3 3
O o
0.4F 0.4
02F 021
P=0.021 P=0.009
1 ] ] ] ] ] ] ] ] ]
0 36 72 108 144 180 0 36 72 108 144 180
0OS(month) 0S(month)
l-year(%)  2-year(%) S-year(%) Median-OS(m) I-year(%)  2-year(%) 5S-year(%) Median-OS(m)
RADS51- 91 82 56 80.0 RAD52- 96 87 73 87.4
RAD51+ 82 54 31 37.9 RAD52+ 82 58 30 37.4
1.0 1.0 == ATR-
== ATR+
0.8 0.8
E E
= 2
= 06 =z 06
g g
3 3
O o
0.4 0.4
0.2 0.2
P=0.043
1 1 1 ] 1 ] 1 ] ]
0 36 72 108 144 180 0 36 72 108 144 180
0S(month) 0S(month)
1-year(%)  2-year(%) S-year(%) Median-OS(m) 1-year(%)  2-year(%) 5S-year(%) Median-OS(m)
ATM- 90 75 49 473 ATR- 96 88 60 77.3
ATM+ 70 40 0 20.0 ATR+ 81 57 37 37.1
Figure 2 Relationship between RAD51(A),RAD52(B),ATM(C)and ATR(D) expression
and overall survival time in soft tissue leiomyosarcoma

PRI ERE R T P 7E DNA #0318 &2 it
BoHEM X RIFAUIH, A 2%3# N H RAD51 Al
RADS2 43 J& A%l 37 (1) P 2% 6 52l i 110200 s th A
5T RADST % RADS2 A E, 58 i) P8 41
s kAR 2 B TR U A2 RADST Al
RADS2 #H HAE T, 2L [mIAE R 18 52 58 B T i ry 4R A
F, @it BRCAI/BRCA2 #52 LIF 15 5 1% 4%
ATM F/5 ATR 8422200 76 DNA 5343 i 38 ik
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FE  ATM A1 ATR AE FH 5C & 1 A W 8 2270 (BB o
14) 2 WA 25 6 S0 I 8 AT o s R A B B T, UG
S5 T R RADST il RADS2 25 DL 1 240 Jifd 1)
[Fi] Y5 E 2 48 A o R 8

IEAEK , T DNA J5 4% 1 [m] il = 4 4% 52 AH O 2R
HAEME ARt R 2, B[R BT R RADST
RADS52 ATM #1 ATR P4 & 2 1 1 i g =2 18] £ FH ¢
R HAR A, HR S5 ER e T 7E b 2 IR )
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Table 3 Multivariate analysis of prognostic factors of overall survival Befrgeg | ok fa] i >t 5 G B g 56 v A L
for soft tissue leiomyosarcoma patients .
d P U, i+ ATM ATR \RADS1 il RADS2 75

iabl H I P R .
X“(i o 1123 357";003 o ooy TURURILESE LU b £ 6L A
ge ( <55yrs/>55yrs d .76~3. b v 9 . - PSRN
Gender(Female/Male ) 2.59 0.76~8.79 0.134 19U & 1 ’ T BAT B A i R A5 5 28 °
Tumor type (Spindle/Epith or Poly) 320 1.32~7.74 0010 AT K B, 70 1 WL 9
Differentiation (High/Moderate or Low ) 471  1.72~1291 0.003 Fr RAD51 RAD52 #3555 ATM #1 ATR
Tumor site (Retroperitoneal/Viscera) 0.47 0.19~1.14 0.096 N N —
(Retroperitoneal/Cutaneous ) 0.39 0.13~1.21 0.102 Y28 SEIE A IE/J ol RfADsz ~ATM 7l
Tumor size(<Scm/5~10cm) 375  121~11.66 0022  ATR 8 R K 25 00 -1 LA R A
(<5em/>10cm) 8.08 253~2572  <0.001 I B T B 7 PR 25 sk 6 26 1 45 3k B
Post—chemotherapy (No/Yes) 0.91 0.32~2.54 0.852 p H 4 ) kS E A m
Clinical stage( [ ~11/ M~V ) 12.83  3.56~ 46.17  <0.001 EJ%%”““‘iﬁ%ﬁ%&gﬁ*ﬁ%Eit”ﬂj
RADS1(Negative/Positive) 105 038292 0921  WFIEERAH 2 WBEHAEEE s bR
RAD52(Negative/Positive) 873  245-31.11  0.001 JE PR B S T ATR R ATM B9 335 2 1F
ATM(Negative/Positive) 2.99 1.09~8.17 0.033 S 3 ] il ol G3EEE ATM
ATR(Negative/Positive) 319 127802 ool % FFHTMRNIREUR K5,

1 ATR & 235 19 58 35 A A7 301 fn i
AEAF IR s S [al ke, R E S P

Table 4 Multivariate analysis of prognostic factors of disease-free

survival for soft tissue leiomyosarcoma patients RADS2 & ik #27n & 0 oA fE W A0
Variables HR 95%CI P R A A 3 2% PTRE 2 B T RADS2
Age(<55yrs/>55yrs) 091  028~3.02 0.879 B kUt A0 2K 25 W 10 T 25 0 S BUR F T
Gender(Female/Male ) 0.27 0.06~1.19 0.083 B A A
Tumor type (Spindle/Epith or Poly) 325 097~10.87  0.055 H ” ° . - . .
T R etk on o) 130 (90-A28 (G0 B ATV U5 16 A A, BEAE A9 F 52 4B
Tumor site (Retroperitoneal/Viscera) 456 1.26~16.43 0.020 K ,RADS1 K& RAD52 4 DNA it 5
(Retroperitoneal/Cutaneous ) 237 0.50~11.27  0.278 (3 i N S . o
VIR A e i Tk R
Tumor size (<5¢m/5~10cm) 352 0.80~15.48 0.096 ﬁ? " %%i.: N it l—% B _ ferr it
(<Sem/>10cm) 1278 2.34~69.82  0.003 PESF I RS o A = IR B o N
Post—chemotherapy (No/Yes) 0.91 0.28~2.95  0.878 SR S G UE 52 RADS T n] i 2 Jirb 77 4 B i
RADS51(Negative/Positive) 0.66 0.19~230  0.516 TR iR223) Jn M FE P RADST 10 %
RADS2(Negative/Positive) 048  0.12~1.96 0310 o e N
ATM(Negative/Positive) 7.57 1.30~44.09 0.024 5 i LR AR W01 A8 A e e S 1 XL
ATR(Negative/Positive) 098  034~2.82  0.964 PG /o= o= = T VN DR 0 S

RADS1 7 2 35 L 9l & B 45 4k L 3 7% A

Table 5 Multivariate analysis of prognostic factors of progression-free N S S ks PR el T
survival for soft tissue leiomyosarcoma patients BB ARG, Al AT A Dy Bl 0 A7) 7 A0
MagbRz— B, TR LA R AT A

Variables HR 95%C1 P
= 3 pan|
Age (< 55yra/>55y18) 224 097-517  0.059 B, R HR A LMS A1Z1H RADS2 15 ]
Gender(Female/Male ) 207 0.66~651 0213 PERBREF R T ARNAE KR
Tumor type (Spindle/Epith or Poly) 098 0.35~2.68  0.961 41 P18 RADS2 AR 5 -0 LA i &
Differentiation (High/Moderate or Low) 13.30 3.34~52.91 <0.001 N i PR N A
Tumor site (Retroperitoneal/Viscera) 1.02 0.35~295 0971 KRHAT AR TG 2k — P RAEA )
(Retroperitoneal/Cutaneous ) 042 0.11~1.59 0.201 iEﬁﬁﬁjEE‘@ﬁ*ﬂ il o
Tumor size (<5¢m/5~10cm) 2.17 0.56~8.58 0.259 KREFFEHI MR T DNA $455 [A)
(<5c¢m/>10cm) 4.94 1.44~16.97 0.011 TE AR A TS Ji e 3
Post—chemotherapy (No/Yes) 1.45 0.56~3.74  0.446 {E\ 6 5L PR LA R 2Rk ﬁ B
RAD51(Negative/Positive) 091 032~257 0856 J B RAD52 ATM H1 ATR AJ A 2 - f AL
RADS52(Negative/Positive) 496 1.44~17.09 0.011 RRE 1Y 0h <7 T s I (B i T LI
ATM(Negative/Positive) 1.66 0.45~6.16 0.450 e, . Kl 45 > P
ATR(Negative/Positive) 179 0.52~6.10  0.355 R i fie g 1% iﬁ:f jﬁ S ﬂ: {T: . %
Ve el el iesem) 299 0.85-10.57  0.088 SR, AWRTEEZ DNA 45143 ] 5

Number of metastatic sites(Single/Multiple) ~ 2.54  0.70~9.19  0.157 BEEANFE LSS LW IR REBRILITIE
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