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[ ZE] B3R TREEEK 1 (glucose transporter 1, GLUT 1) JE AN AEA Fiy S 51 HUR IR ROBMEZE S Py E . ik R
H RT-qPCR R 112 IR B 2E T (42 9] R, 7O BE ) R 52 40114571 J81 i 1 & F R R4 253 (fine needle aspiration, FNA)BRAS
H1GLUT1 mRNA ik i, SRJ5 R FH e Vb2 A AR SR FRH 2 GLUT 2R (P FEA T, W EEAZ I TAERHIE (re-
ceiver operating characteristic, ROC) 2T GLUTT 356 R IR Bz B2 Wi (. 25 3R - HURARZS 1Y FNA 7R oprm] UG I A
GLUT1 mRNA fy3%35 , H SRS g4k GLUT1 85 M ZRIEAKCFAE—30. PCREGARRW GLUT1 FERE R PESS 17 514 HUR R
Y B3GR K P IC B EMZE R (P> 0.05) 5 RMAEZEHIEL, BFREE T GLUTT R R A K 835 (P < 0.001), GLUT1
FEPRIZ W R g ) SRR R S B ROC I N TR AR (AUC) 231 62.9% .92.9%F110.797, FAR & GLUT1 JE R 25k S5 4F
5 PR RN B TR E O BRAFY SRR L 5 5 RS AR LB AR G (P > 0.05) , {H 55 AJCC AMH i 240G (P < 0.001) o
Z5iE : GLUT1 ZEFEARGING FUR B 2 W AT B = RS, VR AR i 2001 FF AR R MR AR Y S S48
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Glucose transporter 1 gene of fine needle aspiration specimen in the diagnosis of thyroid

cancer

Wu Ya', Cao Xingyue', Deng Hongyan®, Hang Jing’, Wang Jianxiang’, Li Xiao’, Yao Qing’, Shen Meiping*, Wu
Xiaohong'
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[Abstract] Objective: The aim of the study was to investigate the diagnostic value of glucose transporter 1(GLUT1) gene expression
in differentiating malignant thyroid nodules from benign ones. Methods: Reverse transcription Quantitative Real-time PCR (RT-qPCR)
was used to detect the expression of GLUT1 mRNA in 112 thyroid nodules (42 benign nodules and 70 malignant ones) and 52
peripheral normal thyroid cells of fine needle aspiration (FNA) specimens. Furthermore, immunohistochemistry (IHC) was used to
detect the expression of GLUT1 protein in postoperative thyroid nodule tissues. Receiver operating characteristic (ROC) curve was
plotted to evaluate the diagnostic performance of GLUT1 gene in diagnosing thyroid carcinoma. Results: The expression of GLUT1
mRNA can be detected in FNA specimens, and it was in line with the expression of GLUT1 protein in IHC. PCR results showed that
there was no significant difference in the expression of GLUT1 mRNA hetween benign nodules and normal thyroid cells (P > 0.05).
Compared to benign nodules, the expression of GLUT1 mRNA in thyroid cancer increased significantly (P < 0.001). The sensitivity,
specificity and area under the curve (AUC) of GLUTI gene in the diagnosis of thyroid cancer were 62.9% , 92.9% and 0.797,
respectively. The expression of GLUT1 gene in thyroid cancer was not correlated with sex, age, tumor size, number of nodules,
BRAF"" mutation or lymph node metastasis (P > 0.05) , but significantly correlated with AJCC staging (P < 0.001). Conclusion:
GLUT1 gene detection had high specificity in diagnosing thyroid cancer, making it an important reference for the preoperatively
differentiation of benign and malignant lesions.
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PR R4S 15 2 N 7 AR H UL )9 , Bl AR
R ROR 3R R, oA R 1K 19%~68%'" o F
HERGEME AR IR R T — 89 5CHE . HAT, 40
&1 25 I 4 i (fine-needle aspiration, FNA) KA =R
TS0 FFOPR B BOMEZS 15 0 AR . Bethesda HIIR
JUR 201 9 B 25 22 45 (Bethesda system for reporting
thyroid cytopathology , BSRTC) /& it >k [E fr I Fe 58 2%
A HUR IR A0 B B2 Wi e o SR, 24 BSRTC
Z5R4R T VI IVELV R, 2535 e B AN e ]
BHiZ W, FR 45 53505 2%~16% . 2%~18% 2%~
25%H 1%~6% " o FI X BRI, 24 H E IR T
FHAIE W TAR SR BS W . 2
G4 . Western blot S RT-PCR iiF B ) % Wi ¥ iz
A1 (glucose transporter 1, GLUT1)7E A H IR it Jes AR
JE A PR A R P g Rk R E TR
PERUIRBRZS 52, SR, GLUT1 SERIAE HUR AR ZS 15
AR FNA FRAS rp i) 2 S HAE A 5000 F AR Ji e
JAURRE 5 TR A 1L 180 A DL 0 A BIF 5 3 sk 4G
FNA#7Z GLUT1 565 mRNA (2635, 4% GLUTI
LD RO HUR R EE 1 b i 2k 22 5 S H: S il
PR R AE B9 AH DG, JF 0 — 25 20 B GLUT1 &[5 78
BSRTC I I\ IV 2 V 24515 v 5501 BLBAESS 19 1
{L, BETTERST GLUT 1 2 R A it DR R s
YER.

1 X&FFAE

1.1 %

PEHL 2016 4E 1 H—2017 4E 12 A 7E R S EERFR
S — MR B AR 2 W R T FNA K2 1 R IR
S5 o WS AT I 491 7 — PRI RO (48 R AR
W5 ) B B R AR B TR R REE T ATCC
A3H015) FNA R EEE S K BRAFY“ 8 AR 4 I . Ak
Pt OSMESE AT @ HAA=S mm (L5 ; @ FUIRAR
G S S 2 48 (thyroid imaging reporting and
data system, TIRADS)3 2 J2 DL 945795 o HEBR b
Y OFEAS mRNA ¥ B o4l B R IR AR A 45715 5 @40
2= 25 81 BSRTC 125, By 148 & DL b (B =4
A 75 A 7 AT AR — > 4 B 1) S5 R AR i 3k 20% HL
W AR TF AR M 2ELE R BSRTC T (10,
V. VE VIS H R T ARILET , &, 11043t
V2S00 ARt . FARE IR G 4L 4UR Bl 2R 2
AR R B RO bR o AN 2445 5 A BSRTC
I 26 Py 535 288 75 BT 14F, B R DL B 0 k3%
A RAELETT o FA, S BE AR AL TR AR S5 b

A% 16 Bk H e AL R I GLUT1 B Rk, AR
F9R 28 BE B AR 3 22 1 23 v it ik (2012-SR-057)
12 Fi#
1.2.1 FNA 54 fa 524

ZERITIE SARREA Z A — 20 Al
TR AR 43 FH T Ry 5 vy 2 4 B 2 A D, 38 4 1
500 pL TRIzol H' F T RNA B HEHL, ) 3 FEA BT
180 L 2 M 4 ff W i, T BRAFY™ 3 [N 5 45 £
W 55 A5, P 5 28 ) 45 15 ] 300 1 5 B R B 40 e
(FEHR RS 57=10 mm) B F 500 pl TRIzol H1 o K5
5 HT Y RS AR CE A AN ) O 2 2 U IR
Fio A FNAZ5 3L 1250 34 & i B B AR AR
i BSRTC VA T2 W, 258530 6 K2, il 126
(ARSI s AR TR (R M2 ORH
2 ) IV 2E (B PE B/ ] BEE s v ) . V 2 (]
B FIVIZR GEME) .
1.2.2 DNAZRIRA BRAF" X FH = & 4|

DNA $2BCR H FFPE A DNA 4358 6 (B8
R B SRR Ok A PRS2 2 T B
52 o F Nanodrop®ND-2000 43 66 B 1145 0 DNA
W FE AN 2 E |, DNA 20 225K 0D260/0D280 7E 1.8~
2.0 Z 8] . BRAF™™™ K5 I . ¥ f A\ 2§ BRAF %
V600K 7728 kil 12551 4 (R st SEAEAN /) U A5 2047
FE4E . ABI7900 292 & PCRAGHATY 1Y,
WS R TRAR (95 °C 5 min) 5 15 D EH B k
(959 255,64 °C 20 5,72 °C 20 s) ; 31 MG FF LE A
(939C 255,60 °C355,72°C20s), #HHFEA CT (<
28 B SRy BH A (5278 7Y ) 5 ) Ay B4 (BRp A7)
1.2.3  mRNA #2854 RT-qPCR ¥ 3§

R4 12050 358 B 45 F TR1zol (Invitrogen 23 H) , 36
) $ BCH R IR 45 95 FNA b5 A8 /7 & RNA, Nano-
drop®ND-2000 43 ' BE THAG I mRNA (1% v & A 2
B, SR )5 F ] 5%Prime Script® RT Master Mix 257 &
(TaKaRa 2% 7], H 7% ) ¥ mRNA j¥i %% & ¢cDNA, 7E
StepOnePlus %¢ ) & & PCR Y (ABI, £ [ ) k47
qRCR ¥ 34 , L SYBR® Premix Ex Taq™ (TaKaRa 2
A, HA) M RNARZR , LAB-Actin HINZ: . 581 iT
IR GLUT1 L5141 5'-GGCCAAGAGTGTGCTA-
AAGAA-3", FiiF514 5'-ACAGCGTTGATGCCAGA-
CAG-3";B-Actin L if5|# 5’ - CATGTACGTTGC-
TATCCAGGC-3", T U514 5'-CTCCTTAATGTCAC-
GCACGAT-3' o KW AN 195 °C 20 s T AR 14
95 C 55,60 °C 31 5,40 MER . FrAEARYER
3o TEPCRAL LEATH 15 A58 CTA, PR 2
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200 BE PR AT AR E HE 24T
124 SR BB AL R4 GLUT & & 9 ik

IRCHDRBRES T ARG A i A MR ZH 2 A TIESE 4 pum
Ph o A GLUT1 iAo S IR TR Cha M8 2 4
], RAB-0526) o H AL , AT IR AT L R B
52, 1%Triton X-100 {240 I , 3%id A AL 2 BR
PR AR A Bt L L 1 LS T — it
4 CR& P E E 5, A P, 37 CROLIEE
30 min, A DAB A, 75 T B P26,
J&i F Harris 75 R K Y% 5 min, ARG AL EER K, HPE
W3t R JE 7E WA T MBI R R . S50
JE AR B IUR RN S A PR 5 o AR Rem-
mele 25 R I , G Y (O 1F-43=2L (05 5 x Y {6 P
A LA, G SR S 0~3 43 TG, 55, Th L i e (n
BAE fi 96 2 6L LG £91) 43 2 O~4 532 0% , <10% , 11%~
50%,51%~80%,>80%. FxZGPEHMAILERIT N
FIPE=(073) , 55 BHPE+(1~3 73 ) , 48 B ++ (4~8
530 B PE+++(9~1241) o
1.3 %tk

Bl 22 SPSS 23.0 73T AL BE, 5 HEBEREEE SR DALY
Bre FifE 22 (x £ 5) Fow, AR B 7 22 43 Fr fil
LSD -2 K5 9 o VOB @ 4G 58, AH SC 1 23
Spearman SE A . SR MedCale 15.2.2 #4857 i
Z TAEFFAE (receiver operating characteristic, ROC)
2k, He$E GLUT1 mRNA MIXE ik B2 W7 HUIR IR
WA, IR R 5 Lt 26 R T AR (area
under the curve, AUC), P <0.05FE/R~NERELG %

2 # R

2.1 e JR4FE

ABFFEALE 110 B 11240557, 058 A RERnSS
T — IR WA 1 LS 3L 7061, R4
53 42 (51 2 5 22 VG R B 45 71 8130 1 HE IR A
Y Hf 52 151 . AR RRCE AR I N T R MR
(P<0.01). A . 457550 H & BRAF“" 58 A8 7E [
WSS Z B 22 R B A S E X (P <0.05),
FIr A 255, 86 19l AR IER , g 45 2R 3L IR 9
70 5], 45 5 Pk FEUR A B 15 51 0 30k v P R 1 9
Y245 B BSRTC T 28459536 561 (X Bk,
BSRTC I 2454534 28 5] (342 R4 ) , BSRTC 1245
AT 13 (8 7 R A, 5 A ) ,BSRTC IV 24577 1441
(RAPE),BSRTC V ZE45 7 3t 15 41 (33 A %) F1
BSRTC VIZE&575 35 50 451 (30 ) .

F1 AREABERETHIGERETR
Table 1 Clinal features of the study population and nod-

ules
izt RPE(n=42) EMHG=70) PH
PR n(%) | <0.001
% 1(2.4) 21(30.0)
u 41(97.6) 49(70.0)
IR (%) 48.12 £ 10.96 40.66 + 13.06 <0.01

KA d(mm) 2096 + 11.28  17.89 + 13.42  >0.05
FUR BRI fE

FTs(pmol/L) 434+079  455+077 >0.05

FT.(pmol/L) 16.14 +4.04 1656 £2.79  >0.05

TSH(mIU/L) 1.90+£1.40  235+138 >0.05
A8 H (%) ] <0.05

R 21(50.0) 21(30.0)

E3 21(50.0) 49(70.0)
BRAF'*[n(%) ] <0.001

Lisgacpiv| 42(100.0) 11(15.7)

FRASTY 0(0.0) 59(84.3)

2.2 FNACARA Y GLUTI A B¢ Rk K+ 5 KRB
S JE AL GLUT1 & & &k 6948 % A7

BERC L B FNAC KIS AT FAR DGR A8 7 i
FFODR R 445 45 AR I g B U7 DT AR AR 16 451 (4491)
S5 FECR AR, 12 4 FECR R L S RAg ) | 32 H s
HALK I GLUT1 2 H ARk . e gl ib 4 R im
GLUT1 & FATE IE 5 HUR IR U P e ik, 451 1
PR AR A S22 R 3353 BE PR e 2k, HE DR v S22 PR v
PR (E1A~D) o R PEE5T K HUIR IR GLUTI
EHRBBREIWEE, AN, GLUTI EHERES
AR HT FNAC FAS H mRNA A K S IEA & (P <
0.001,2).
23 GLUTIARAERMHEY FREEALY FL
B FARAR 2 B 49 mRNA & A K-F

GLUT1 K&K 78 TE 5 HUR BR 4 | R P 23515 Fn
AR Z A mRNA A Rk 1 22 5 B A ge it
SRS HIEH UM RSSO L, HUR B
GLUT! & [F ) 3k 34 i 3538 5 (P < 0.001) . HAR
JRdEE T GLUTT mRNA B AHXS 3Rk &2 R R4S 19 1Y
1.94 4% . 1 GLUT1 JE A 7E [ 25757 41 R E 5 HUIR
BRARMZH 2 (6] A 2R TE A 25 57 (R 3A) o IBAh, 4
HROC 2k, YE#E Youden 85U A (Y,.=2.34) 1
hy S ) LW 2 Y B TR, B A R R LR S
P£ 2 AUC (95% CD) 43 5115 62.9% , 92.9% i1 0.797
(0.711~0.867, 8 3B) . GLUT1 4 K78 HUR AR H )
FEIREARWS R M N S5 ECE O BRAFY
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E: GLUTT 2 FI7E RPEZE 1R AR I o i AT
E1 FRIBEALH GLUTIEBHRIE
Figure 1 The expression of GLUT1 protein in thyroid tis-
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Figure 2 Correlation between the expression of immuno-
histochemical GLUT1 protein and the relative
expression of GLUT1 mRNA in FNA specimens

WKL S5 R 38 0 ARG (P > 0.05) , 1117 -5 e 1)
AJCC W] S AH & (P < 0.001) , B GLUT1 JE A 1
FIRBE AJCC A BB S iR m (% 2) o #F—H
2% GLUT1 RN AEBSRTC T VI IV & V4595 Rz
W7 R B (O A o 485 2R 2 PR GLUT 1 35 IR A

5T R s B T RS T HA2 W IR

HZk(B)

Figure 3 Relative expression of GLUT1 in normal thyroid
cells, benign nodules and thyroid cancers (A)
and receiver operating characteristic (ROC)
curve of GLUT1 gene in diagnosing thyroid can-
cer(B)

A RBURE E S B2 AUC (95% CIL) 4351 h 75.0%
85.7%%110.857(0.694~0.953, €l 4) .

3 i

5 IEH USR] Fof e 4 i B (s e 4 R
SRR, R IR 52 05 BR ) A 480
— ZR B AR 2 O A B P R i A LR I g
i, % FE M VR EORE A, AR B AR RO
(Warburg Effect)”™ o H T W B2 7= BE 0K I A K
A A SAAL DRI A e 20 B SR T B B U A
PR AN PN, DA T T A0 B ) i AR i
TR o T 200 5k H 75 W 2 S AROR T A E  1)
GLUTI. #OR#Z i s R, GLUT 78 HU AR B
HA A A KA i F

TEABIGE T, % F RT-qPCR 4 A I AR i 5%
5 FNAFRAH GLUT1 mRNA iR IATE I, IF H A
H 5 ARG s 404k GLUT1 2R 1 2635 K A —FL
PCR 25 5 7R HUR IR IR P GLUT A9 23k 12 It
TFIEH R MR AL B R 251541, 1 GLUT1 R GA7E
RS SIER HURIR R M 22 7 X 5
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F2 FRBRED GLUT1 EE RiA KT 5in R EmEHHE

HIX &
Table 2 The relationship between GLUT1 mRNA rela-
tive expression of thyroid carcinoma and clini-

cal or pathological features

RN HURIREE  mRNAAX

{t R g PR AR BH P

AP >0.05
<55% 56 2.72+1.29
=55% 14 3.88 +2.38

L AN >0.05
d<20 mm 56 2.96 + 1.60
20 mm<d<40 mm 3.29 +1.97
d>40 mm 6 248 + 1.41

51 >0.05
5 21 3.03 +1.40
‘8 49 2.92+1.72

EERTEEE| >0.05
iil/os 21 271+ 1.11
EAa 49 3.06 = 1.80

BRAF " >0.05
Lisgecpiv 11 273+ 1.16
G 59 2.99 +1.70

N WER s >0.05
KRS 46 2.81 +1.81
L5 24 322+ 1.16

AJCC4rH <0.001
I 60 2.69 +1.27
[|R:E 6 3.70 + 1.37
1/1V 3 4 5.84 +3.44"

5AJcC T, P <0.001; 5 AJcC TTIAHEL,*P < 0.05,

Matsuzu %5228 F RT-PCR A FDR AR 4535 AR S5 hrAs
GLUT1 mRNA Fik 7K A —2, 5 HUR IR ES 1R
JG FRAs S e 2H AL K2 Western blot 7 GLUT1 & [ 316
T BEAE—3 ", T} Chandan %5152 %0928 20 AL K
A HT FNA A7 7 H GLUT1 [ 335, & ¥L GLUT1 &
1 7E R BRIRE FNA RS ik 1 52 [T, L R ]
AESEARHT FNA FRAS /D i G 4 A ) R AU R LA
FONREREIN e B R ARG R A g P-
CR R % 3 5 T haredifb.

T % L KRAS 5 BRAF " 545 ] i 1F | 4
GLUT1 A 3A 5 , i 17172 e FH LR i o) 46 260 i 10 £
%, B, GLUT i b Bl 296 A i A e
TR 48" o Durante % F 5% & Bl 5 BRAF'
5 A R FEOLR RS A EE , BRAFY 5 75 1 HOIR i g vh
1 GLUT1 mRNA 3k B AN, AW 58 s If ok

<1111~
A P <0.001

I 6+
)—‘Q J
.H}l‘( 4 -
z ] T
E 47 i
= ] . —
Z ol : .
E 1 ;E e
E ]
30 :

K T

B
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0 02 04 06 08 10
145k
B4 GLUT1EEIEBSRTC [ +MM+IV+VELETHEFR
EMRTHMNE

Figure 4 The value of GLUT1 gene in diagnosing malig-
nancy in BSRTC 1 ,1I,1V and V nodules

B BRAFY 58 48 7 HHOMR B 962 9 GLUT1 335 b
BRAF" " B A5 AU LR i & , 3 AT RESZ 90 B 22
S AU I BRAFY S AR R 5 . C T
GLUT1 JE K 3k & 15 5 bk L S5 56 88 HAa G,
W —WFSE LR GLUTT 3 R AE A Ik B 55 e R 41 v
MR B T A W L2 B R 4 i 4 ) 22 5%
WA FE L AN PR &I GLUT1 &
RIKOF 55 bk L5 5 B A M o Jozwiak 557 & R
GLUT1 &3k -5 FER B 041 R 43 B 25 DI AH G, I IR
I, GLUT1 B R i Rk iy o AR it
I A 20300 155 9 GLUT T 2K () 258 i Hb A IR i 35
ikt . SRR #E— 2 Hr T GLUT1 7 BSRTC
LIV K V25T rh S 5] OB MESS T e, 45
RARIGLUTY 7R85 i A — 12 Wi i (8,
XHE7R GLUTT B PR AT AR A AR T FNA A6 I i) 5l By i2
Wririk . SR Z W5 R ] GLUT1 Rk 5 AR AR
FE AL AR BE B YA 56, GLUT1 78 HUAR BR AR 434k gss
AR IR R d e Y R A R R B
R I8 0 38 B BE SRR Y AN, BT RS
GLUTT FH 1 26 3k i HOIR AR 2Lk R R A e,
GLUT1 BH 22 35 i HE R B ZL S R 28 28 1 2B A2 )
AR, (EAFE R, IS A HOR R
GLUT1 Ay IAHR 248 =, GLUT1 A 23534 57 21| by
TUPREE RS2, ] BEAE R PRAE X ] 12 s k4 DX Y
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JIIEE B AT RE

AT AAE—E R E . B, BRI REA
S RS M R RE AT EE AR T o R WA 2 B Y
25 RO IER i o PSR BSRTC 1126451y
FER TR, i A BE DT PPAl RO, AT e
SEGE TR IE IR Z . 735h AR AR
IR TR ORI, T LAY R A — 2D 05T
GLUT1 B AI7EAS [F] 28 2 FAR Jii v i s o, R I
AT AN TR 28 L FRAR i AR 2 B U (L

i bR IR AW S8 0 X GLUTT i R 78 HOIR
FRZE T ENA BRAS e B A W, GLUTT R I
X FAR T T 6412 Wi ELAT 050 v W) B0 R S 1
Shy AR R 28515 AR BT IR 0 6 ) i L5 1100 b B 12 Wi
itk
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