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Diagnostic efficacy of amide proton transfer MRI in the grading of gliomas and predicting tumor cell proliferation LI Xin-
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[Abstract] Objective: To evaluate the diagnostic efficacy of amide proton transfer (APT) MRI in the grading of brain
glioma and to study its correlation with the expression of cell proliferation bio-marker (Ki-67) level. Methods: Twenty-one
patients with pathology proven brain glioma, including low-grade glioma (LLGG,WHO grade [ ~ [l ) in 8 patients and high-
grade glioma (HGG,WHO grade [l ~ V) in 13 patients, underwent routine plain and contrast-enhanced MRI as well as
APT MRI. Five to ten regions of interest (ROIs) were manually drawn within the tumor parenchyma, the asymmetric mag-
netization transfer ratio (MTR,,..) was calculated and analyzed. Mann-Whitney-Wilcoxon test was used to compare the
MTR,m value between LGG and HGG and its correlation with the level of Ki-67 was analyzed using Spearman correlation
analysis. Results; The mean value of MTR,,, of HGG (4. 41% 4 2. 23%) was significantly higher than that of LGG
(3.83% +2.02%) ,with statistical difference (W=5816,Z=—3.01,P<C0. 05),and the HGG also showed higher expres-
sion level of Ki-67 (38.85% #21. 03%) than that of LGG (4. 13% + 2. 64) , with statistical difference (W = 2606, 2=
—11.54,P<C0.05). The MTR.,,. was positively correlated with Ki-67 value (»=0. 25, P<C0. 001). Conclusion: Amide pro-
ton transfer MRI might provide helpful information in the differentiation of HGG and LLGG,and may have potential signifi-
cance in predicting tumor cell proliferation.

[Key words] Brain neoplasm; Glioma; Amide proton transfer imaging; Magnetic resonance imaging; Ki-67

JEE TSI i U R 4000 LA BT BEE RS HEBR ST BUBURAATE T AN AL i — A AR L E VRN
H o f fiﬂﬂ%ﬂfPFﬁéﬂilB@E’Ji‘ﬁﬁﬁf”&F%‘%ﬁ%)ﬁm,Xl‘ﬂaﬁ

WHO 43 9 (9 e JBTR  R AR IR 13607 T B A B B BUG A B MR & 0,

%% 19 K 15 AR 22 L KPP 2016 4F B Y Ak iR

WHO 73 B 51T 70 B AT AE B M — S — o i R R IR 2 AR B AR T LA JE B b ¢ T

AT TR B AR R W 2 Ki-67 PR Rk, Ki-67 ZH 2PN IR i B A T B £ IR, DT S B 4 I N A AR
WAL R A R E B0 APT #i AR E A TE

PEZBAL:510080 I o il Ko B I 57— B Bt AT B CRR TR % .
REHE T R T B 5 L. 961 T BT AR AL BB P2 2255 5 T BR T AE il 2R H R 4 AR I B A O

BT R "V TF)

LR

HEARLBFL 55 e (b1 K 77 4R O 85 2 10 L 13ykpy14) [ e LB =l WA B - = B T S A

TEE R : R RS (1990 —) 4031 57 FF A3 A £ B PE 0, 3 3 M o A o R o3 Wi 58 B H e X i PN b gRE 1) S8 12 W S T TR

HTRERAR 2412 W MBE 5T T A

& AE S 912 - E-mail ; truechu@hotmail. com HCIT T 85 % g i 2 % VAN S5 Y . A RO R

ES T : [} A ARFEIE B 77 S T0H (81201074) 5 o e i 4%

ﬁ%}ﬁ??ﬁﬁg(amlde proton transfer, APT) 1%



356 TS5 8k 2017 4F 4 A58 32 %% 4 ] Radiol Practice, Apr 2017, Vol 32,No. 4

FE LI I to) i Ki-67 3255 bR 2 e 4 5 A %, B ik
AWFSERET APT A5 R B K iR o3 0 5 Ki-67
A — Sl A A3 AT 21 AN TR 5 S e RS 1 AN
XiF B w4 AL 5% 7% R (asymmetric magnetization transfer
ratios MTR ) s PR H X I J57 967 - 25 1 150000 ik 988 40
it 35 58 A 12 W 1A

M EFE

L

#2014 4 3 H —2015 4F 12 A EE AR BEFT MR ¥
A 21 ) B R E AR, Hoh 5 12 4 9
Bl AW 26 ~76 B, P ALAEIS 50 & A B AETE
MRI 46 2 {ij R 352 ARG Y7 8l 1 B, i & 2 B iy 22 F
AR B S g FEAE 52 HAP RGO I B (WHO T~ 11
08 1 A A5 A0 5 I Jon A MR R A e R B I e Y
FETE 40 L9 5 2 00 e R (WHO T~ IV 480 13 44
A 975 1) 228 1 2 TR A0 R I o B 40 JHL R /)N 240 e i Jo B
20 9RO LA IR 5 RE 40 B S 22 O A i 5 B 40 Y

2. Kt ik

{#i il Siemens Magnetom Trio 3. 0T MR 9 ##i1X
16 38 JE Sk £ P, W R Al AL G R i T, WL
T, WI #1540 FLAIR J7 51, % iRl o Gd-DTPA
(FEHZA D 5 & 0. 1 mmol/ kg, 4 7 3 5 J5 47 B il
T, WI £ 4. T,WI 14§ 2 % TR 500 ms, TE
8.9 ms,JZJE 6 mm, JZ B 0 mm, FFF 205320, i
B 230 mm X 184 mm; T, WI 3 #iZ%. TR 4000 ms,
TE 100 ms, )2 J& 6 mm, 4 [ 346 X 384, ) Hf
230 mmX 230 mm; T,-FLAIR #H #f = %. TR
9000 ms, TE 111 ms, )25 6 mm, 46 [ 205 X320, fL B
230 mm X 184 mm, APT BARLEHY s FHRiar 217, 1%
FEIw kL 75 B R0 J2 T EAT B2 R A S R R R
(chemical exchange saturation transfer, CEST) Ji% 1%
J7 91 SR Tt 1 — 5 I 1] 39240 A0 BRG 1Y 2D T, -GRE
3 39 4 = % . TR 1340 ms, TE 2. 46 ms, 2 J&
6 mm, 46 [ 104 X 128, #L#F 250. 0 mm X 203. 1 mm;
L. 6uT iy 0000 0 BSRE Bk op el 5 > 100 ms 19 1y Hr Bk o
AR ik i B Y R B 5 4. Sppm B AR AT G JF R
WOTH B3 A= 0. 225 ppm F1H— Uk A 4 53
AT 40 YA CTIUEE A BRI, G o SR A — AN A it fin 4
ok e g HE 2 Kl MO I THE S ARMEAL . 13 31 1) 40 A
) 9 R (0 K Hle TR 1% 22 i CEST 91 [ 45 10 ) b P44
EATIHE R AR B AR N ) MTR. B B Z 3. AT
HN AL i Hi 2438 5 it i BO GRE Mapping Xf B0 37 /&
By 34 5] BE AT AL GE .

3. APT nUf Y & b B e o3 By

{8 ] Siemens T/E G . 76 JoRg i kb 1 52 5 X8 b
BLEEHL 5~ 10 A~ & 248 X (ROD , Wl it MTR,.,,, {i .
MTR, . &AL W R,

N[TR“Sym — MTR+3. ;ppm]\;oMTR— 3. 5ppm

4.9 BRAS A S A AU o b

Xt NG e ST IR AR AR AT HE B, Je Ki-67 6z 411k e
8, FF 0 e o R E AT AR e . Ki-67 Pt i T 4
JRLAZ 968 200 A% L0 30 A 0 e € SO hy B P 5 2R .
T ) SR AL ISR 5 A A5 LT (200 £%) L 7E Ki-67 ¢
0 B 5 AR I DX 00 FA P ek Al L AT I 8. A 3 IR
I AE L BRI AR 5 A v A% 55 A0 BT 1% SF- 25 BH 1 4 e 3
PLA 3 8038 Ki-67 Ho J5ibr 10 48 %50 AR 3 41 T Y 3 5
5AL.

5. et ot

i SPSS 20. 0 4t i # 4 (IBM, Armonk, NK)
#47 Mann-Whitney-Wilcoxon £ 5 , b % 55 11K 2 1)) ¢
R B MTR, o (8 M Ki-67 £iEKFEHN2ZR, KA
Spearman AH K73 BT BF 58 & 2 BUE 5 Ki-67 [ AH .
P<<0.05 M ERAGITFEX.

(D

& R

2 O TR ) MTR e (R 4. 4100 2. 23,
TR TR 1) MTR,. {4 3. 83%0 2. 022, &A%
Zom B MTR (19 22 5 A 23 22 3 (W =
5816,Z= —3.01,P<C0.05),

R 0 IS R ) K67 AR ic 8 Bk 38, 850 £
21. 03 %0 AR WS TG Jg 4. 13% 2. 64 % . 5 ) e
IR 1 Ki-67 1Y 2 3k /K- W 2 & T AR 40 e B g 22
A S E L (W=2606,Z=—11.54,P<0.05),
MTR..,.. 1 5 BT 1Y Ki-67 Fric 5 B2 A A 6 &R
(r=10.25,P<C0. 001>, & Ik g I T 98 1) %
MRI,APT [} Ki-67 K 1.2 .

i

IS8 I 958 A i DL T DI R e I P R R 42
bR AR L2016 4 WHO Hfig #h 2 2 58 g 4 25
Ve 43 1~ IV 9 Hodr 10 11 2o AR 903 i o
I I IV 5k ok e 0 e S gt . R MIRT X6 i
T AT HER 1 AR I 20 90 B A R T I DR IR T S 13 4%
I HLRE 4 o I AS B .

APT Ji A8 2 3 F b4 10 5% 4% 1% (CEST) 1) —
Tl s i UG T AR L B T B2 R R AR Y
Jok e Sk 6 R 240 L PN 90 S B R 2 IR b s R T
H T X S S B T AR B 193 R 1 T AR A 5 A1 U A
TR R KT T R A Al A B e DR Ol A A 4



ATz 2017 45 4 A% 32 %45 4 ] Radiol Practice, Apr 2017, Vol 32, No. 4

357

T 437K B 5 5t ol 1 R L 08 T AT LA o 4 SR B R
5 1A A8 A A TG0 1 R 21 0 N U A6 v B 1 0
2 ik AT AT 6] 42 i s B 3 A 20 A 0 4 3 AR
AH A AR B B BT B Ak A 5 A N A S 11
RGN LT T BTG T R DL & pH (A G .
AT IR A5 A ZUAF T B, R S R TR 22 R AR A 11
B R X — DX 3t R s 2 51 R T A e A 3 IR
T B TE . BBk CEST 0% (1 3 58, o AR X
fTE AL 1% 3286 2R (MTR,,., f5) 38 5. 10 24 41 41 3F 55 o
pH (B 4K I, 220 56 B f F M 38 K, JHG 58 e
P LIRS A R KB AR ME S R . MTR,G (E
e,

FE R MRT 448 v, 1 5 459 15 00 B i e it g o i
(AR IR 15 D0 » /S B8 AR g b 452 7 Je 98 1) 2 0 R L. 24
20 Y0 WA 28 J31) J5¢ o 938 E 1 A 4 i Bt 26 B Oy B I 0
b T 1/3 1 M o R 38 5k 451 il B oA DL B g
AR LR S A S R 43 A S Ak 25 1 43
FEARSEa— K L e i MRI P45 K 3 o
AL W T AT BRI R R . (A iE4T APT
JAG s R 995 K 0 15 5 58 B e MIT Ry {EL BT X6F G J55 980
5 B0 G AT B HE B B R AT IR AR . APT & B A
SRS E AT 2K E = & pH (A 5%, E7E ik i

B BERAR R KR 2 e

Wik ’:;"‘.A"..'.'{F';..; (I, a) T\WI &M & 2
] ; X : : 4 & > s
" - ..,.. . 3 ..'. :..D.: Z:%ﬂam’]%"“'f&&.%%{g%(m—)’
<t .."' ."-.'.v"‘.o Wl b LW EEAE &
e 4. .
& 4_~; TR y ". ‘?\. j&%{g,‘;—; ¢) i‘g?&*ﬁ?’}&ﬁ:ﬂ“}’
) L T o ! X . "
ok Jats - 7"‘2,.," BMEBERH Y B, D
LR PR O & - R
o 1.:: d‘ §‘. - "v' APT B =i 245125 (%
% ":.‘-‘.:' ‘*,"’:"’ w G LRMAKER
,.." : .:".-\. GRS » WP LT R Ki67 4B
.. .
e, S ‘-',-""\.’ o X ' dRie e A 2% (X 200).
b . ,a"a'. e R
» ."‘ P " Ly S )
RS el A _\’,g"@

RN pH B S Al H N T 0. 1 A AL OH:
XF APT 4 5% me vl 20 A it W) APT E& FE 5
P4 S0 AR R0 Rt DA Sy A5 200 i PN R 1 N 2 O 1 e
O i S B R R 5T A I B R G 1Y
Bm. HNMEA RS & WS 8 m,
APT AR R4 A5 5 #9538 55 - MTR.. (B 1Y S K, 7T
(] 245 200 Ik e 200 JH N 28 190 B D 22 IR 5 & i — 2B X
e AP ) JE B 9 2R A7 4 03] AR AL B R Y 12 T

FAN AR E AR T MTR, (5 Ki-67 #1J5
FERACE A . Ki-67 TR A7 A6 T 3% 48 40 i A%
)RR ERERNES . EM T 10 SR Ak,
HH AH X 43 75 395kD H1 345kD Wi 4% £ B AELH . J2 5
R FEAH SR 2 1 BE AT 5E 1 B e Ik JRe 4 i 1Y 48 5
R R ). BFR R L Ki-67 SR R
P HEFE R P A O R IS BT IR 1Y) LS A A S RN
M K67 B ARk K T R A A R R TR 2%
R o 20 R R G 22 L 2 G A R L 2 %A R G OR L A
ML N 526 8 B 3 2 oA ) B B R 2 K
a2 T APT 4 BE I 41 28 P9 14 i 5 2R
H M 2 ik, ok B2 3 @ 0 APT & i 15 5 4 &
MTR . {3 55 G APT 8045 Rl 18] 422 S ke Ji 97 240 i
)6 R B U0 R A S PR R B Rl RIBTT I SR



358 T 2F Sz 2017 4F 4 A% 32 %5 4 ) Radiol Practice, Apr 2017, Vol 32,No. 4

Ve HE N WU WAL RER AL AR A M EE R .

APT JRAZR AU HAE T A5 245 K 9 B 7 1T &5 A
MATRT L) o A 32 1 A B B 1) IR ] T I8 1 A 21
2L Y PN U U R AR R 22 Ik, i 4 i 1 5E T
B fHZ L APT AR WA —E WA R, 2D A7
B — WA BE AT 5 )2 R A BE 3 IBCM R 7Y 58 4%
GE . Hii T APT MR 09 7 B 5 K A5 M b B B
{228 % A MRT V- 49 5 35 58 R 25 g s KRB/
T V6 5 B M DX I 1] BB RS HE . 72 — € ¥ b
M LR HERE . S350 AP TE PREAR BUN LI
Je IR R0 B T e 8 1) 0910 50 Ml 20 o i B R A
R A ST 58 R UE S ASF 50 45 2R ) A 17

SR T APT HEA RE 5 THE B 1 56 1) s A 2 ) M
J5 968 I R e JSE IS A 40 M P 4 B T B8R R L A M S R
12 W Kl RYG 7 HH BE SR LR WA M (R f5 R
5% 3k
(1] sk TR0 08 . Ki-67 Al MMP-2 15 5 5 83 rh 32 35 (1 fF 5T 32 Jié

(7. Sz R 22 24 75, 2015, 22(5) 1 470-473.

[2] Pignatti F,Bent MVD,Curran D, et al. Prognostic factors for sur-

vival in adult patients with cerebral low-grade glioma[J]. Off J

Am Soc Clin Oncol,2002,20(8) :2076-2684.

[3] Siegal T. Clinical relevance of prognostic and predictive molecular

B2 AMBF-tRAEREZNm
Wi (%), & T,WI & i
BEERE ). T2 E %,
%M A 4 2K 43 b

~

H

Ik

.‘5’-

T, WI = A g 55 M 36 55 244
5 ) Wik TGS
e P N R R =
A, ) APT B+ i & 2 9
BHEET(éE); o) SiA
g e mE R, BT =M
Ki-67 3 B AT 38 3 4 60%
(X200),

O

markers in gliomas[]J]. Advan Tech Stand Neurosurg, 2016, 43
(1):91-108.

[4] FRE S, 2m . P/ b, 5. 2016 4 WHO mhfik pf 28 5 48 i 73 25
BABELT. O S B  2016,31(7) :570-579.

(5] ZFRd0, £ HEIC, 4. B BT T 56 B il 3 Ik 018 7E A 4 A%
L N M ELT ] DAk S 4> F B AR (T D , 2014, 3
(3):428-431.

[6] Jiang SS, Yu H, Wang XL, et al. Molecular MRI differentiation
between primary central nervous system lymphomas and high-
grade gliomas using endogenous protein-based amide proton trans-
fer MR imaging at 3 Tesla[J]. Eur Radiol,2016,26(1) :64-71.

L7] XRBA. E W] BER B TR g or s e e (], h EE 2R3
A,2014,30(8) :1256-1259.

[8] Sakata A.Okada T,Yamamoto A,et al. Grading glial tumors with
amide proton transfer MR imaging: different analytical approaches
[17.] Neuro Oncol,2015,122(2) : 339-348.

[9] Louis DN,Ohgaki H, Wiestler OD,et al. The 2007 WHO classifi-
cation of tumours of the central nervous system[ ]]. Acta Neuro-
pathol,2007,114(2) :97-109.

[10] Zhou JY,Hong XH. Molecular imaging using endogenous cellu-

lar proteins[J]. Chin ] Magn Reson,2013,30(3):310-320.

[11] Tee YK,Harston GW],Blockley N,et al. Comparing different a-
nalysis methods for quantifying the MRI amide proton transfer
(APT) effect in hyperacute stroke patients[ J]. NMR Biomed,
2014,27(9):1019-1029.



TSz 2017 45 4 A% 32 %45 4 ] Radiol Practice, Apr 2017, Vol 32,No. 4

(12]

[13]

[14]

[16]

Yuan J,Chen SZ,King AD,et al. Amide proton transfer-weigh-

ted imaging of the head and neck at 3T;a feasibility study on

359

gy and MRI signal intensities[ J]. Eur Radiol, 2013, 23 (10):
2846-2853.

healthy human subjects and patients with head and neck cancer [17] i Mgy, TH I, 4, MRI ) 2559 98 F9 31 & 5 2 500 ki e it
[J]. NMR Biomed,2014,27(10) ;1239-1247. Y B WM B AT FE (] ], WS 22 5258, 2014,29(8) : 893-895.

Togao O, Hiwatashi A,Keupp J,et al. Scan-rescan reproducibili- [18] Zhou JY,Blakeley JO, Hua J.et al. A practical data acquisition

ty of parallel transmission based amide proton transfer imaging method for human brain tumor amide proton transfer (APT) im-

of brain tumors[ J]. ] Magn Reson Imaging, 2015,42(5):1346- aging[ ] ]. Magn Reson Med,2008,60(4) :842-849.

1353. L19]  skA% . E W, B e, 55 K B MR Sk 5t 7 %6 % 8 5
Louis DN, Perry A, Reifenberger G, et al. The 2016 World HE2 R A S PR B ZE LT ). o RS S A% 7 2014, 48 (9) : 736-

Health Organization classification of tumors of the central nerv- 740.

ous system:a summary[ ] ]. Acta Neuropathol, 2016, 131 (6): [20] BBl AEFF XG55, KWK REME S Ki-67 78 1K 594 12 W

803-820. HAH SR LT ] oo [ B 22 B 2 B 241, 2012, 34.(5) : 503-508.

Law M, Yang S,Wang H,et al. Glioma grading: sensitivity,spe- [21] E4RE .M. F . 55, I B8 o Ki-67.Kras 1 Braf & H 1

cificity.and predictive values of perfusion MR imaging and pro- ZE3R Kl R 2 LT, BRAR Mg B2 2%, 2013,21(3) :507-510.

ton MR spectroscopic imaging compared with conventional MR [22] @B, &5 5T 10 Fn % 4% i S 4R AR oy ik Wk aR LT ). b [ B T

imaging[J]. AJNR,2003,24(10) ;: 1989-1998.
Schifer ML, Maurer MH, Synowitz M, et al. Low-grade (WHO

[I) and anaplastic (WHO [ ) gliomas: differences in morpholo-

Pk (EE,2015,1(4) :17-21.

(e fi B #7:2016-10-01 & [8] H 4 :2017-02-01)

(AR EZE)(AXB)HBH

(B FEERIRATARBKFHRET A TPHRHBERFRAFEXRES.5ZES AN LEABRYETS
RIF AR E2HT 3L AF, AABRHERES REFHRESFARY AT o, 2 2E NI FIRLES
MHHER FHE. 2ONB XK CT HER ANKPEAAREHT BELH BESF BBERFF
EFHET @O F R IRR, 2T RYBREFG LB EL,

AR ABZHABFRFEHEALECHA  FEHAFZI LHEERTRAA . E5A(TRFERY
T G fE O & 5 IR0 3B AL ) MAT IR E S F L AR A (CAJ—CD I ) RATH £ B 7).

2012 EMRAFIMERXEETZEEX XM

1. XA e A Gl EHR, FAREREREL, AN A TE B EH. L%
W, T Y B ORF R AT T

2. AR EABERT /. AW EEIA— 1, PXFRBEHMNAD 455 1.5 B4TEITH) . LA
PR IAEATH KA AAGIZ B, B ARATH — P 3 xR A AR % & A5 O e 4 AL
R E) R AL, R 2ANRAEBA L M EAE S A AT AR T R, A 4
WRETAEHTFTH, FEAH—AEFGEAN IRAFR S —1EH R AAWN B E5 2, E-mail #it,

3. RAGMBZEMERLLFTHIWELIEGELE, HEERIEANERTARE . FLLEF. R
— R WmZF R,

4. wHERARAE XA L, K498 — K 3~5 AR A ARG MeSH 4 & (B F £ M7 28 TR
FO ke A, MeSH Mk P RiZ#EAM .5 THI RN B wE, 85K EN, 2ETEREIAL
P kLA,

5. AR KA ZEREA AR HEEPRANGIRFELHD, HBERS LALE LFEEEHRE
I k. RAR — AR T A SR — B,

6. REBEEARIL AENRAEL AT, HEILB LA T, 8L THEIKK., BHHEAM
AW R E R ERSBAR R BB E K,

T. BELRLIRAMEHF AR T EF LR L, A HEFTRRIEE GEEEELFLEL
AR PubMed 5 B R A XK R &), LK—KRY T30 5. AFRAY  RELETH BABIR
ENEAE IR R, AEIHO RS HBEELP EAGEBIRFHI, ATEART T IEST A
E. IR REIRAHST TR,

e 5 2 5 B ) i 4



