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Change and clinical significance of plasma circulating DNA levels in burn patients
Liu Xiao', Ren Hui', Peng Daizhi’, Liu Xiaoling’, He Bin®*, Zhang Yilan®, Qian Wei’, Li Ruifu®, Duan Xiaodong” ,
Zhou Lingz(]School of Nursing, *State Key Laboratory of Trauma, Burns and Combined Injury, Institute of Burns, Southwest Hospital,
Third Military Medical University, Chongqging, 400038, China)

[ Abstract | Objective  To observe the dynamic changes of plasma circulating DNA in burn patients
and investigate its clinical significance. Methods  According to clinical stages after burn, total 108 plasma
samples were collected from 32 cases of burn patients (burn surface area >30% ) during post-burn days 1 -3,
4 -7,8—-14, and 15 - 21 respectively. They were subjected in March to July 2013, including 25 males and
7 females at a mean age of 42. Twenty-five patients were thermal injuries, and 7 were chemical burns with a
median time of 6.5 h after injury. Plasma circulating DNA was extracted with QIAamp DNA Blood Mini Kit and
quantified with Quant-iT PicoGreen fluorescent dye reagent. Combined with clinical data, plasma circulating
DNA level was analyzed for its variation after burns and its clinical significance. Results  Plasma circulating
DNA levels in the first blood sample of 32 burn patients (taken within 1 =3 d after burns) had a significantly
positive correlation with percentage of total body surface area (TBSA), burn index, third degree burn area,
and Acute Physiology and Chronic Health Evaluation [ (APACHE II ) score (P <0.01). Plasma DNA levels
of burn patients presented a slight uplift firstly, and then a reduction as time went by. The patients with =50%
TBSA burnt and those died had significantly higher DNA levels compared to the patients with 30% to 50%
TBSA burnt and the survival patients respectively ( P <0.01). DNA levels were positively related to Multiple
Organ Dysfunction Score (MODS) (P <0.01) and some clinical and laboratory indicators (P <0.05). Plasma
DNA level of first blood sample, APACHE I score, MODS, burn surface area ( BSA) , third-degree burn area
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and burn index on admission were all significant correlated with the clinical outcome. Conclusion

Plasma

DNA level is closely correlated with burn conditions and clinical processes, and might be regarded as a helpful

indicator for burn severity and prognosis.

[ Key words |

burn; circulating DNA; plasma; severity; prognosis

Supported by the National Key Technology R&D Program (2009BAI87B03) and the Special Project of Scientific Research of Health Industry (201202002).

Corresponding author: Ren Hui, E-mail; renhui_tmmu@ 163. com; Peng Daizhi, E-mail: dzpengmd@ 126. com

T T R 05 A A B i R T B R e L 4L
5, 3T 520 o e S5k S A9 35 DA T LA e T R
ZHE NS A S R AR BE,
WA R (H AT  S0H WRE  R E
WG oAl SE 4545 . B FR DNA 2 57 41 o b 1Y
DNA, BIE B |2 A7 T8 358 £ B s SR 7E P9 F
A AL T, G A T S B R A TE S A
e ERLEE , A R A R R M B K
B G VB (RS T R T M 455 T e )
Y (E L ROL 5 ok BT A T R E
B BT B B H TEF DNA B RIFSEE D
Chiu 257 % FH92 5 5 PCR 7 %) 28 fhilbetsi i
Beffi 24 h RIS DNA JEAT 5 BEBTSE, R LR35
EER DNA KR TH 5, F- 5L ( BSA) R AR
I FEJ A DG 5 Fox 2515 5 TRFSE 19 115455 2835 1.2 9
413 mRNA J% DNA ZERef5i 1 ~3 d K465 10 JARKE,
RIRIL G BSA HHG , (8 Bl b 478 5142 IR R 114 3 25 00
88, AR A B s 00 i UG L8 40T . AR
FO I e R T e T et B e, s 5 M R 2 I3 0
PR DNA 7K, R Bl e 15 6 Pt 1 3 25 A8 AL B A, 4
WrH: 5 MODS $F43 I R 5 52 56 28 £ fb 45 b i A 06 5
Z,HE A B L EER DNA K F-7ER G S 1 3 e
VIRIENS

1 #MEFE

1.1 R+

WA B B RE 2013 45 3 =7 H UG 1B £ I R %
o ALK T 30% A 18 ~ 65 % AR AT 1 bati
FEA 5 R A g A5 7 T R W A A e 1 R I R S
FUAIE L o 0 R 1 52 405 6 TR A B B R) LA B B2 T L
P A 3 S P (R TE 4y ( APACHE 11 $F43) e 4e % (v 11 B
eI x 172 + R I EE Rt FL x2/3 + T EERE AL x 1) .
FEARACRAE 4 TER I 10 S R 3 132 W7 IR S5 AARAE , DA & 1M
ORI S T O WUE R B DA R A A A AR
Marshall 25" A28 ) MODS 343 )7 i, % 32 {51l 50 5 OO VR I A %€
S I o0 M I R P A b 28 R G O R T I, TR
ICARASRAE YK B EHAR Y MODS 343, ARFRESE =5
KPR B FIZ: 0y 2tk . (BB B RS 5,
1.2 2ZXA5MNE

M3 DNA $2HH & (QIAGEN 24w, 2 [H ) , DNA ¥ Bl

SEIRF £ (Invitrogen, JE[E ) , Thermo Varioskan Flash 42 K £
THRERFFRIY ( Thermo Scientific 2\ &), 5 ) , GT16-3 Kl & & =
BOAL.D75-3 BUGH A X B0 ML (AL AL R E O ALA R
NI
1.3 #&ndg4r
L3101 IIRMARAIREE  He BB A3 R 3301 53 ) T-hetd
JE1~34~78~14.15~21 d, F4E 8 % JC 1 % kL F EDTA
Bt R R MAE T, ERE MIARA 108 1y, FrateA T RE
J5 2 h 92 000 x g B0 10 min, /NOEERS 1R M2 Z 1.5 ml
BLASH,12 000 X g B0 10 min, 5 [T 1L 200 pL/ 454055 5
T 80 CUkAHIRAT
1.3.2 M3KAEEF DNA ACEFRIAEIN 200 wl il 5 b A i o
Joi  FeaR A AR E UL S UMLK DNA, JF9 T 50 L PR 2% o
W, RIS 3R AEER DNA FRFEAS , 0RAF T - 20 CUkAE. L/h
A= ik DNA(Sigma, FE[E) AR s, AT 1 x TE 22 5o B il i
0.25 ~1 000 ng/mL, L4 DNA ¥ 22 100 S 4R 30, i
B E R R DNA FRUE S 100 pL 51 3% DNA Rl AR 5 pL
(MA 1 x TE 2% s 95 wL), 0. 005 x Quant-iT PicoGreen
dsDNA Reagent 100 pL, {5 GG EIRE 2 ~5 min, £
T bR (5 B 56 UK AR AR B K 430y 480 nm 5
520 nm , ARFEFZIC DNA FRifl i DG E -5 #7 mbr e £, 7
FIFH DNA REUREAS (56 O3 AR A 1 1M 5 &5 DNA R
1.4 %t

PEII LE et I R I R 445 Jm 25 1 IS e DAARUEER A
FoR R XK T HUR . AR B T AR TR B ]
IR T AT MHE DNA JK Kb 56 7 3T 3 55 i 28 i L
HAIE(M) & 25% ~T5% 430 X ] (IR ) 3R7R , PR ST AR A L
% Mann-Whitney U ¥:56, W48 5 AH 5% 341 2% F Spearman 45
PAHFIT o ZiXE AR AL il Z8 (receiver operator character-
istic curve, ROC) ™! % 12 F Hi ! (area under the curve, AUC) F
FIFEHr APACHE T34y \MODS 3143 | Ifil 3¢ 75 #F DNA 7K - %3t
TR T {6, 2% A SPSS 18. 0 K MedCalel2. 7. 3. 0 G534
7, 8 S 3R 56

2 HR

2.1 WAANJRE 8RR TH

I AJe il 32 ], Jerp 125 B1(78. 1% ), kT Bl
(21.9%) , V¥ 4F i 42 % o e be 0 T ALK 431 T 0
(30% <BSA<50% )12 1 (37.5% ) , ¥F = Ha105 (BSA >50% )
20 f7(62.5% ) o HORTCAIET B 6 ) (18. 8% ) , AFiF &
26 i (81.2% ) o Fiehe o T AR S i PR 25 e 23 41, BERL STk
Lo Horp, SERERRAALAY BSA 5 I BEGe 5 AR B 25/ T AR EE



5536 BT ¥ = K B OK ¥ ¥ M Vol. 36, No. 7
710 2014 44 A 15 H ] Third Mil Med Univ Apr. 15 2014
Fx1 MANEEHNELER

o Fehe B4 Fiell R4S =y 441

B TR i RS e T4
P (5 %) 8:4 17:3 20: 6 5:1
AEW (%M, IR) 41.0(36.5~45.0) 45.5(34.0~52.0) 43.0(38.0~49.0) 39.5(33.0~59.0)
BSA(% ,M,IR) 37.5(35.0~43.5) 70.0(61.0 ~81.0)% 51.0(40.0 ~65.0) 90.5(80.0~95.0)°¢
e 1 BT AR 9.0(2.0~14.0) 2.5(0.0~11.5) 4.0(1.0~13.0) 2.0(0.0~3.0)
BT a7 1 FR 19.5(16.0 ~27.0) 30.0(18.0~37.5) 28.0(18.0~35.0) 20.0(11.0~32.0)
T e 5 T A 6.0(2.5~9.5) 27.0(10.0 ~51.0) 2 10.0(6.0 ~27.0) 53.5(32.0~81.0)4
ERUGEN

IR E] (3 I 1A, M, IR )
TR % ,M,IR)
SefiRA
It ()
et (B)
i R4S Jm (F: 3ET0)

16.5(4.5 ~26.0)
12.5(10.0 ~27.5)

9
3
12:0

4.0(3.0~6.5)"
20.0(12.5 ~37.5)

16
4
14: 6>

6.5(4.0~25.0)
15(10.0 ~30.0)

20
6

3.5(3.0~4.0)d
40.0(20.0 ~50.0) ¢

5
1

a; P<0.01,b: P<0.05, 5 & FRpGati;c. P<0.01,d; P<0.05,5 GEamrtiz

PR (P =0.000,P =0.000) ; ££i% 411 BSA 55 T 8 47 1 X
WE/NFATAH(P =0.000,P =0.022) , FFEEREAGAHEIR
TR ] 2 PR AT T R4 (P =0.026) s JET-4H IR TR
A ) S BT TAAE AL (P =0.022) , IR FAR I K T
TEYL(P =0.049) , 6 HIFET BB TR T >50%
2.2 SR HEER DNA KP4 7 ke & 5

[F 1 RS MK 4 B 5 3 R8s $2 L DNA, Jif A PicoGreen
PSR BRI, 45 R B8 SRR R RE(CY)
4.84% ;%F[R] 1 Gy 1L 3% DNA ARAS HEAT 5 R E SR, 45 2R BoR
ZREAS DNA [HibiE] CV K 2.56% , UK 1 WhRdE
SRR R ST AR i 6, RS DUSE FEL Y 0. 25 ~ 1 000 ng/mL,
R*$70.999 8,
2.3 R PAER DNA K-F 5 B ds g oL e 48 X 547

LA RBE 1 DUAH TR bR T BB ABESS 1 UCR M2
(Befh 1 ~3 d) AT A PR 40 A & B, L3 A 31 DNA /KF 5
BSA Bete %0 M Beffimi L APACHE 11 45 & i 25 1E A 56
(P<0.01) 15 B3 B R T B3 4 T ROV A 0 35 A 56 6 R
(%2),

R2 RGIRGBRERESE 1 ~3 Rk DNA KT 555

ERME XD
Bt Py Spearman 2525 A% R %L
BSA 0. 000 0.612
Betifa kit 0. 000 0.380
T et T AR 0.002 0.280
APACHE T4 0.004 0.495
& BER i A 0.053 -0.181
N Be it iR 0.272 -0.103

2.4 g B E AR IEIR DNA K630 AT AL

Pt B MU AR ER DNA Kt Bt i BE A Ak i it 1] 1
Fis, SRR IEI AR TS T R, Hh frE R
P4 LK AREE DNA K =g A Be i )e 4 ~7 d, T )5 24
ST PR B R AL M A IR DNA /K e TR0 )5 8 ~
14 d BB, WSR3 B B A 4L, B ot BT R R R A
R PR ATE AR 1 UCR LA I 2K G R DNA /K- 83 =

TR E R4 (P <0.01)

P 2 g AT e PR 25 Jry o 7 J8 3 L3R AR PR DNA K- 1 5y 25
AR AT TR 25 A A A R SRR AEAR (DL, SE T AR BRI ) 1 ~
3 d Y R AEFR DNA JRP- B35 & TR AR 41 (P <0.01)

500 s i Y |
a L R ey et (|
400
3
< 300
=
= 200
-
Z
a
100+ é il ;
0_
1-3 4-7 8~14 15-21
beti I KA (e/d)

a:P <0.01, 5 M & Bokeds 41k 42
1 85 BE MRIEIR DNA K ERFEETL

a T mpeRrZE|
8007 YAl
600+
=
=
>
=
.g( 400
®¥
-
Z
2 200+ g é
= 4
=
T T T T
1-3 4~7 8~14 15~21
Betiila KA (id)

a:P<0.01,5 R AEmLE
2 FEGKRE R BEER DNA KFHEhETK



H36 BH T
2014 4£4 A 15 H

=

B OR ¥ ¥ M
J Third Mil Med Univ

Vol. 36, No. 7

Apr. 15 2014 711

2.5 R PAER DNA K-F 5 MODS 3 4 | 16 /R 45 47 69
H8 K 5 AT

108 {73 I3 ARA 1 L H G IR DNA /KF- 5 3% MODS 43
TEAERERIEARICR (P <0.01) o B5 5 RIRIRARE Y K&
G R FEEL L F RS BE A D B T S5 A B0 8 B AH 5& 4T
B, MG DNA /K- 5.0 3 PRI AT 2R A & D-J 4k
B REGE (AST) (Mgl LB LB BRI ZE C MR 2R & RS
FIRE WA (P <0.01) , 5 il FLER KT 5 6 F8 55 il
TGS ] (APTT) RHELR 2B FIFAHX(P<0.05), 5K &,
M/MRELE 5 2 8 RAHSC (P <0.05,3 3),

%3 IM#{EIR DNA kF5 MODS | I RIEHREIHE X E S

i RAE AL R R Spearman SEZUAA K AL PE
JIRe:3 0.448 <0.01
D- Rk 0. 448 <0.01
MODS 43 0.423 <0.01
N 0.41 <0.01
NS 0.402 <0.01
RS R 5 0.399 <0.01
WM 475 0.385 <0.01
B C 0.377 <0.01
[1Kz] 0.34 <0.01
AST 0.334 <0.01
QiR 0.321 <0.01
MIREA 0.265 <0.01
BHLTER 0.231 0.014
1N Y] -0.228 0.015
APTT 0.282 0.021
7L 0.259 0.021
PR -0.227 0.029
ks -0.199 0.033

2.6 o PEER DNA /K-F 506 Kk 45 By 69 48 % 541 &
ROC w#y & 5 #7

AR B I PR 25 5, o 40 A 9145 g 6T 401 S A A7 4L

2 Mann-Whitney U #1562 41 8] A e il 1fil 3¢ 75 35 DNA 7KF 5

IEPE4Sr (APACHE 11 ¥4 \MODS 343 ) Be /517 ot ( BSA | 1T B

PR BT d0 WA B2 5 (P <0.05) , HA& MR 5IE

PR&Y R 3 5t 3 TEAH O (P < 0.05) s ROC fh £k 4 7 3155 4%

AUC, PP IA] FEAea T 25 22 53 (P > 0. 05) 3 6 DR ARIK 5 il
ROC #iZk /34, AUC i TAL— I Ar , (H-5 45 IR R 2 G
BEZEF(P>0.05,%4),

3 g

EFR DNA [YBFFE AR AR 22 25 00 375 i 3K , T A F
58 VI A A2 5 1 8 1 58 ot ok st o 1t 400 i 7T i A
FEF B T DNA, I3 H A0 3R DNA & A K
T e, I T RE B LT B R LS Hb S A
EEF DNA ZKE" L H AT, M2 A6 EF DNA 646 I 7
TR 3t E B PCR J5ikxt GAPDH A 2K B Bk
H P (B-globin) | B-actin % A\ K 5K L N HE 47 45 S vk
PG R T A S M A REER DNA JKSF- . AR HFSE
1% il PicoGreen 9 6 B AGIN J5 125 , AT X BL322 1L ¢ A B
DNA JEFT2545 1 i o B, HoA 8 m i R B0, I 4
ST R A ]

TG IR AU BRI 5 T LA 4 R 52 4
AW M2 I B DNA 5 B30 I T 20 29 40 i 3R 3T
ZIG R . XIS AR DNA AKOF- 1 3 2548 1k
HEATAHT , % BBe s 035 LA ER DNA 7K BB
TR B IS SO = R R 35, FF 5 BSA e+
B R TE R  APACHE T1 43 25 14517 10 25 1 4
oo AT RER TV E MY IR SRR ) Z A2
JRIRTE , 20 O SR FE. 5 6 s A% B 444 22 1717 35 Bk AL i 0 21>
A BB B LI G ER DNA 3 22 5 it 20 4 [ /K Fi i fr)
(Ui , 4 U340 T B 1Y) DNA il 2 AL, S 31k
WY 3K A FF DNA Kt — T, Horh BB
ZHHE MIRAE PR DNA /5 WM TP g e A 4 b B, Al
BEJE T 2 0 1 ™ TR R AT T IR B 405 B T 4
() ik e R TR W B T QI R FE AL, Bk T
DNA ({3 — B0

G FF DNA -t ] Sfe 50T 8 T 200 e A0 Zm it
e AL T B 1 R A A R A T g, TR

4 HEBENERIDETFEIR DNA kF APACHE I iE4y MODS E4 515K %5 BHEX 54

g BET4H A 51 PREG JR5 1) Spearman ,

s (M,25% ~75%IR) (M,25% ~75%IR) FERASFHL e P S R
1ML 2% AEFF DNA (ng/mL) 300.62(86.06 ~812.66)  52.46(37.64.30 ~98.60)" 0.382 0.782 83.3 83.3% 69.2%
APACHE 143 20.5(14.3 ~25.3) 8.0(6.0~12.3)¢ 0. 601 0.942 14.5 83.3% 88.4%
MODS 43 8.0(7.8~11.5) 4.0(3.0~6.0)" 0. 687 0.926 6.5 100% 69.2%
BSA(% ) 90.5(80.0 ~95.0) 51.0(40.0 ~65.0)° 0.578 0.926 71.5 83.3% 92.3%
T RE B (% ) 53.5(32.0~81.0) 10.0(6.0~27.0)" 0.408 0.801 29.5 83.3% 80.8%
Pelite (% ) 75.6(55.0 ~89.8) 38.5(25.7 ~50.2)® 0.572 0.923 50.5 100% 76.9%
6 fEPRIK & 0.826 0.949 83.3% 100%

a; P<0.01;b: P<0.05, 5mbik



5536 BT
712 2014 44 A 15 H

CEE NI S
J Third  Mil

Vol. 36, No. 7

Med Univ Apr. 15 2014

TR " T ELR 235 | H A 2H 2R 20 i % A
TR B 1 i A PR DNA 32 B U
FIE A ) B A R A T IR R B, A
095 5 B B R R P B AL B BT A7 A A L, 2 5 10
L A O S AR R T R R U A T
AN RN SE B B MV I B B4, B S EE S B
SRR I, B IS B IV I B DNA 14 £ m]
eSS T M EUE R AH G,

B e R e S s 1 H R B R R BBE , TCE IR
B2 2 45 2 230 g B 15 4 00 o AR A0F 5% & 0l 3R
DNA 7K3F-5 MODS 743 B Wi S A5 | 1L 5 B0 -5 38 1L
JREIE B B T 2242 B Th e A 8 AR 5%, P Ifi 2% DNA
XI5 45 4 B DhRe 2 Pt AT — & i VE H
V2B AR R W] I J 4G R DNA Y& B2 7 — @ f2JE |
]S e B 5 R B 2 A R AR N I M A B
DNA 7K 1] % XL W5 473 I 240 Ji s B0 45 A 32, A
VERBE G HUIAZ B B RR B b SR A b o T —
TRFSE N R B, R AR R G R DNA K-
BfEE ARG B T, M ELAG 35 DNA ZE41 45 24 h
WY T BEFEEE T RETOIN 1 B IR RS /o AR &
BIET- 2 be i i 3 A Be it I 2% DNA /K- 5 3% = T A7
TG0 F8 bR IBE G XHbe 5 Wil Je HA B R B X
(HARWFFAEA S I T FEA 5/, HAE R 0] 4
AR K . T — 058 i AEY KRR AR
PEAT U0 E P (0 S Tl b 880 e e A5 40 300 4 1 2
DNA 7K fég W0 45 232, JF-4 1l 2% DNA 7K PG o 22 95
DUEL, P45 A @R AR 2K DNA 5 54047, 44k X e
BT AT, LA tE—25 B Il 3K DNA K- 7E R840
5 BB HE I AR .

S50k
(1] 2. FRERO Rty [T]. ek, 2008, 24(5) .
390 -392.

[2] AR, XNFS, XV 5, 45, Bet a5 2748 MR Jat i 20 1 45 1
S AT )], bz, 2012, 28(2) : 87 -95.

[3] Fox A, Gal S, Fisher N, et al. Quantification of circulating cell-free
plasma DNA and endothelial gene RNA in patients with burns and rela-
tion to acute thermal injury[ J]. Burns, 2008, 34(6) ; 809 - 816.

[4] Wong B C, Lo Y M. Cell-free DNA and RNA in plasma as new tools
for molecular diagnostics[ J]. Expert Rev Mol Diagn, 2003, 3(6):
785 -797.

[5] Chan A K, Chiu R W, Lo Y M, et al. Cell-free nucleic acids in plas-

ma, serum and urine; a new tool in molecular diagnosis[ J]. Ann Clin

Biochem, 2003, 40(Pt2); 122 - 130.

[6] Lo Y M, Rainer T H, Chan L Y, et al. Plasma DNA as a prognostic
marker in trauma patients[ J]. Clin Chem, 2000, 46(3) ;: 319 —323.

[7] Chiu TW, Young R, Chan LY, et al. Plasma cell-free DNA as an in-
dicator of severity of injury in burn patients[ J]. Clin Chem Lab Med,
2006, 44(1); 13 -17.

[8] Marshall J C, Cook D J, Christou N V, et al. Multiple organ dysfunc-
tion score; a reliable descriptor of a complex clinical outcome[ J]. Crit
Care Med, 1995, 23(10) ; 1638 - 1652.

[9] Xz, filiH SPSS VEZ A8 5EMERE ) ROC fhZ AT [T]. HEA
T, 2003, 19(9) : 1151 —1152.

[10] 2. BB E(M]. Bif: RIEREEOR ML, 2001 12.

[11] Lui Y Y, Chik K W, Chiu R W, et al. Predominant hematopoietic
origin of cell-free DNA in plasma and serum after sex-mismatched
bone marrow transplantation[ J]. Clin Chem, 2002, 48(3): 421 -
427.

[12] Jahr S, Hentze H, Englisch S, et al. DNA fragments in the blood
plasma of cancer patients; quantitations and evidence for their origin
from apoptotic and necrotic cells[ J]. Cancer Res, 2001, 61(4):
1659 - 1665.

[13] Harada T, Izaki S, Tsutsumi H, et al. Apoptosis of hair follicle cells
in the second-degree burn wound unders hypernatremic conditions
[J]. Burns, 1998, 24(5) : 464 —469.

[14] Gravante G, Palmieri M B, Esposito G, et al. Apoptotic death in
deep partial thickness burns vs. normal skin of burned patients[ J]. J
Surg Res, 2007, 141(2) . 141 - 145.

[15] Hobson K G, Cho K, Adamson L K, et al. Burn-induced thymic ap-
optosis corresponds with altered TGF-beta(1) and Smad 2/3[J]. J
Surg Res, 2002, 105(1): 4 -9.

[16] Tan J Q, Zhang H H, Lei Z J, et al. The roles of autophagy and ap-
optosis in burn wound progression in rats[ J]. Burns, 2013, 39(8) :
1551 - 1556.

[17] van-der-Vaart M, Pretorius P J. Circulating DNA. Iis origin and fluc-
tuation[ J]. Ann N Y Acad Sci, 2008, 1137 18 -26.

[18] Gill M, Dias S, Hattori K, et al. Vascular trauma induces rapid but
transient mobilization of VEGFR2 ( + ) AC133 ( + ) endothelial pre-
cursor cells[ J]. Circ Res, 2001, 88(2): 167 —174.

[19] Crosby J R, Kaminski W E, Schatteman G, et al. Endothelial cells of
hematopoietic origin make a significant contribution to adult blood ves-
sel formation[ J]. Circ Res, 2000, 87(9) : 728 —730.

[20] Ren B, Liu F, Xu F, et al. Is plasma cell-free DNA really a useful
marker for diagnosis and treatment of trauma patients? [ J]. Clin
Chim Acta, 2013, 424, 109 - 113.

[21] Macher H, Egea-Guerrero J J, Revuelto-Rey J, et al. Role of early
cell-free DNA levels decrease as a predictive marker of fatal outcome
after severe traumatic brain injury[ J]. Clin Chim Acta, 2012, 414,
12 -17.

(r#%5:2013-09-29 ; &[] :2013-10-30)

(/% A =)



