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The glucose metabolism characteristics of CD4" Treg cells and CD4" Teff cells in growth

environment of ovarian cancer cells
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[Abstract] Objective: To investigate the glucose metabolism characteristics of CD4*CD25*CD127™ regulatory T cells (Treg) and
CD4*CD25°CD127" effector T cells (Teff)in growth environment of ovarian cancer cells. Methods: Fluorescence-activated cell sorting
(FACS)separated CD4" Treg cells and CD4" Teff cells, then established a coculture system of human T cells with ovarian cancer cell
SKOV3. The expression levels of glucose metabolism related genes and proteins were determined by real-time fluorescence quantitative
PCR (RT-PCR)and Western blot. The levels of glucose uptake and glycolysis were detected by colorimetry. Results: Compared with
the CD4' Treg cells in single culture without SKOV3 and CD4" Teff cells, the expression levels of glucose metabolism related genes and
proteins in CD4" Treg cells cocultured with SKOV3 were elevated (P < 0.05) and the levels of glucose uptake and glycolysis were
increased | (59.7812.57)pm01 1)3.(44.93i1.86)pm01,P <0.05;(15.31 £ 2.05)mmol/L vs.(7.98 +0.88 )mmol/L, P < 0.05]. Conclusion:
The level of glucose metabolism in CD4" Treg cells is higher than CD4" Teff cells in ovarian cancer cell growth environment, ovarian
cancer cells could promote the expression levels of glucose metabolism related genes and proteins in CD4" Treg cells.
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Y 598 (ovarian cancer, OC) & IR 8 1 it 78
HE AT R A, 2020 ARG THAE R B, O 0
iAol 21 750 1, SET R BIIAE 13 940 i, 5 4F2E
TEANE) 40% , 1209 14 590 5 (LU T S0 A T
DI | T e PR E AT 4% I AESR IR 114
PPN T O FE I, H R 28 A 5 10 T ik 2
MY I A R B RSP AZ IR T 4
ISPk T2 AT ik A S iR T L E UG T —
SE TR E B S 52 A 1) S A ) TR B 2 H
PPEIRTT I FE AT IR P RCRI A R IR

iR S ORI A A A e A 2
G AT AP 58 A8 ALK, 975 1 R L ) 4 ol P 4
i (myeloid-derived suppressor cell, MDSC) . /i J§ #H
K BEA I (tumor-associated macrophage , TAM) | ]
P T 41 Y (regulatory T cell, Treg) 45, HiH Treg
20 i 2 O SRR S 4 ] SR BT A EE A R
TERMR NG b I A0 5 e e A 2 e A B R AR
B A, TR 200 i DR T AR A B BUE SR
= MR AR BE I A T 4 AR 5 D hg sz B R
1, ERR A T 240 ) S e A A D RE , AT A o —
R

A VR I 9T B, O SR A A1 I
CDA4" T 4 -5 e R LA B 3 1 W SR TR i
K, I HHH Treg MG LU BT, T i —20
W1 Treg 21 Jifd /2 5 ZUN 595 28 3 A1 1l CD4™ T 4
L7 A X — AR ) R B R, FRATTRT O S0
0 B A KRB FR ) CD4* Treg 41 it Fl CD4* Teff 2 iy
AR CRAE A T IR

1 #RFTTE

L1 ##

e SR I 50 mL g RS IR A EAR R A
G SRR 2 g 200 AR SKOV3 SR T R BB I
AN . AWFIE LR a5 — B R BE B
TEBIZE B3 2t HE (2945 : 2017-SRFA-064)

LA L 4 AL 53 B R Ficoll (R FRIVEAE Py il b
ATBRZ ) s KRPH 2 vhifi (AL mt AR R W HoAR A R
/N 5 CD3/CD28 T 4 a4 1 % 2k (Invivogen 2 HJ
FEH) ; BERE I BT IR & (Biovision A Fl , 2 [H ) 5 b
W% A 43 1157 5 (Cayman, J2[E ) ; RNeasy Micro Kit
(Qiagen A F] , 3£ [ ) ; PrimeScript RT reagent Kit (Ta-
KaRa /A ], HZ) ;SYBR Premix Ex Taq™ T (K5
AP TREA R T s PCR 5149 (RS 5t 4 Wi B 2B 4Bt
4 FRZ 7] ) ; Rabbit anti-human B-actin mAb , Rab-

bit anti-human LDH-a mAb ,Rabbit anti-human Glut1
mADb . Rabbit anti-human PKM2 mAb . Rabbit anti-hu-
man GPI mAb ., Rabbit anti-human HIF-1a mAb (Cell
Signaling 2% 7] , 3& [# ) 5 30% N 4 BE % . Anti-CD4-
FITC . Anti-CD25-APC , Anti-CD127-PE (Bio-Rad A
A, L) ; B £ 4 (PVDF) i (Amersham Phar-
macia 23 7 , 3¢ [#) s B P L FBIS95 45 (BD 24 7], 7
) s HRPFRic I 405 1eG (AU 5T A2 S A= e
ARA PR ) 5 40 i B4 BCA 5 1 I 7 17
(AR RAEYBARARAF),

1.2 7k

1.2.1 AKX 5 ikFed 3 CDA" Treg 28 it F= CD4" Teff
2 JieL,

FHECS0 mLIEH ARYSNA L (EDTAHLEE) , Ficoll
Wior NSRS Z 0 (PBMC) , PBS P S I
W5, AR B Anti-CD4-FITC 40 L. Anti-
CD25-APC 50 plL.Anti-CD127-PE 30 wL, % iF ket
%75 20 min, PBS {i Jt)5 {1 BD FACS Aria I 34T
Grife. A5O3 EE IR YA A 96 FLAR, LA 20 wL Treg
AN SEREER AT AR
1.2.2  CD4" Treg.CD4 Teff 48 it 15 SKOV3 # 5 3k 3%

WCEE Y 18 5 1 CD4” Treg 21 it A1 CD4” Teff 2 ity
FAERARAS A% SKOV3 411, PBS TE V5 1145
A A 0.4 wm FLAE/INE 1 24 FLES TR, SKOV3 4]
LA 2x10° A4t i B fLAH T Transwell #t T =, CD4*
Treg il 5 CD4" Teff 4 L LA 8x10° 4~ 4 i B-£L 35l
BT Transwell By |2, B ZARF R 1.5 mL/AL, &
37 °C 5% CO i F-AAILNEF7 72 h ), AR P2 T 44
JHL, EAT R B S5
1.2.3 583582 2 PCR(RT-PCR) 55 52

Y 5 SKOV3 i g HE 55 IR A5 19 CD4 Treg 4
Mo LA K 55 SKOV3 4 i 4% 5% J5 ) CD4* Treg . CD4”
Teff 241 i , PBS 35 ¥t J5 F RNeasy Micro Kit 42 B
RNA , #3500 ng/mL J5,37 °C 15 min, 85 °C
5 s 251F F R H PrimeScript RT reagent Kit 257 &0KF
JE& RNA %5 565 ¢DNA , FEJH RT-PCR A U B 51
AH 2 Fi [R5 245 B 4% 32 B 1 3 (glucose transporter3,
Glut3) | 7 %) ¥ % iz 85 H 1 (glucose transporterl ,
Glutl) B4 5% R T la (hypoxia-inducible factor-1
alpha, HIF-1a) . A\ i %5 05 6 85 2 5 44 iff (glucose-6-
phosphate isomerase, GP1) | & I 1k B 1 (enolasel,
ENO1) . M2 %Y N [ /2 % /i (M2 - pyruvate kinase,
PKM2) . %L /2 it &0 B (lactate dehydrogenase, LDH -
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o) BERR TN B S A B 1 (triose-phosphate isomerasel ,
TPI1) i mRNA FiEKFo 5P H R 1, 3
TR FAE 4 95 °C 30 595 °C 55,57 C 305,72 C
34 5,40 MIEH ;72 °C 5 min, 95 °C 15 5,60 °C 1 min,
95 °C 155,60 °C 15 s; 450 s o
1.2.4 #mhe %% G R I Fe Western blot 5% 3

W4 5 SKOV3 i i 45 3510 J5 1) CD4 Treg 4

ML S 5 SKOV3 4 il 2 4% 55 J5 1 CD4" Treg  Teff 4fi
Jil, PBS YEV AN 2 k25 B3 , AR 2 26 11 4
PEHCAN M A EE 1, F BCA 32 28 S RGN 28 A v R, T
il 10% 73 B AN 490 AR I , 4578 1 B 2R LR d A
& VKIE , [F] I DL 1 Marker 7E 43 -1 % 8, 80 V i
JEN HL UK 2R S A BB R0 58 43 B, R R R 100 V
A2 Pk IE 24 5], 2 Loading buffer B 37k 2 A iE

&1 PCR3|MFFI—5R
Table 1 PCR primer sequences

RN AR L5 14(5'—3") NG (5 —3")

Glutl TTGGCTCCGGTATCGTCAAC GCCAGGACCCACTTCAAAGA
Glut3 GCTCTCTGGGATCAATGCTGTGT CTTCCTGCCCTTTCCACCAGA
ENO1 TCATCAATGGCGGTTCTCA TTCCCAATAGCAGTCTTCAGC
GPI AGGCTGCTGCCACATAAGGT AGCGTCGTGAGAGGTCACTTG
TPI1 AGGCATGTCTTTGGGGAGTC AGTCCTTCACGTTATCTGCGA
HIF-1a CCATTAGAAAGCAGTTCCGC TGGGTAGGAGATGGAGATGC
LDH-a CCAGCGTAACGTGAACATCTT CCCATTAGGTAACGGAATCG
PKM2 GCCGCCTGGACATTGACTC CCATGAGAGAAATTCAGCCGAG
B-actin GAGCTACGAGCTGCCTGACG GTAGTTTCGTGGATGCCACAG

#B5 , 100 mA HL I A5 F T2 1 h 50 min, {§ ] 5%
JI6 B W5 9 5 A 3 b, i FH 5% BSA $$ % bt A LDHa
Glutl . GPI, PKM2. B -actin ¥ 1: 1 000 # B¢ )5 , 5
PVDF [ 4 CHEIRIFE 17, 55 2 K IXTBST PR 3
WIE , FH 5% B NR WA A PR i S AL P il (horse
radish peroxidase, HRP)FRic LI T4t 1gG 2 si i
4% 1:5 000 %8¢, 5 PVDF B2 I % K 5 2 h, F
FH IXTBST YL 3 U5 M ECL & 687 A FF) B 4%
1= 1RSI N PVDF R i, (i R GG T,
1.2.5 AR
1.2.5.1 #HBERER

Wi 4 5 SKOV3 40 Jifg 3 1% 5% )5 (9 CD4* Treg £
CD4" Teff 2 il , PBS 75 e 1181, LABEFL 3x10° 4~ 4H i
Al A 96 FLAR P, A 100 WL TG I3 55 72 L
AT, Y H PBS PRIAAIAR, N A 100 WL 5 2%
BSA 9 KRPH ZZ #hif , T & 40 min, 011 10 pL 9
10 mmol/L 2- i S A 4384 (2-DG) I 20 min, F-285d
NADPH =4z NADP P& LS AG R N I 412 nm
WA ARSI W' AR, R EIF% 10 min &G0 19K, 5
100 pmol FRfEFLIK G BEE IR 1.5~2.0, BLHT BT AT FLIK
N BE A Ay e 2L, FAR I B o 1 20 IO 32 {1 4 55
Ry 4 AR U A 2SS 2-DG 1 i e AL R R
BOK-.
1.2.5.2 #EBERE 0

W 4E 5 SKOV3 41 Jifd 3 1% 3% J5 () CD4* Treg 1l

CD4" Teff 2Hfid, PBSIE VETTEL, LABEAL 3x10° /Nl Y
A 96 FLA T, A 200 wL RPMI 1640 55950k , &
F37 C 5% COIEFA 1552 24 h, 10 000 v/min 25
05 min, WEE VB, 00 B e ) S He 2
PRI _E W L-FLBR (L-lactate ) 4 25 5 5 HR UG AR
HEM S A AR A
13 %it%riE

FEAR R SE 56 2544, A FHAS [R) A B4 0 )
BEAS  HEAT 3 R Sy 1 A S S U &5 S ] SPSS
27.0 A TN B, A5 LB A B e 22 (x + 5)
P AR L BCR R 8R . LP <0.05 225 A
GiitEE .

2 # R

2.1 9P B e A KRB P CD4' Treg 2 FELAE Xt
LS N R A= S e e o

B85 1) CD4 Treg 4MIE-5 UP SLE AL SKOV3
12 F: 72 h )5, RT-PCR Fl Western blot £ il HOp# AL
WA BRI A I RGE KT, SRR, 5
SKOV3 H::5 52114 CD4* Treg 20 M , BEAC5HH 6 8 4
FE (Glutl . Glut3 \HIF-1ac ,PKM2 .ENO1.GPI ,LDH-
o TPI1) YRk P34 e 35 8 TR 5 SKO V3 ks 3%
A GRS, PR U S 0 i R K PR
A DA 3 A M I CD4* Treg 4 A 15 AH 56 5L
BESEKOEFRak IR (B 1A) o RIS % 30 78 1 5590 20
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M A= K IR EE H Y CD4 Treg 20 AR B AH ¢ 4 5
1 (Glutl \LDH-o \PKM2 ,GPI) 23k 7K 2 i 25 5 T
K5 SKOV3 55 3240 (P < 0.05) , 45 755 B 598 41 Jifd
H KIS AT LUAEHE NS JE I CD4* Treg 2 LA 15
FHOCEE (1 BIEAKCF L (B 1B) o X 2e 45 1 R
CD4" Treg i 5 UP §L96 4 i 85 5% 5, H 3 200
WA SC I R B mRNA FIER 238K - S0 00 , $R

i Ieg S ER 1 Y CD4* Treg 20 B APAREA S BN T% R
22 PR BEmiet KINBL F 49 CD4" Treg 2m il 44X,
HAR & KR Fo 2 & KT 3 T CD4 Teff 20 e

CD4" T 4t L 7 Iebeg Swib R b P AR 4l LR T bR i
DIREHFAE A] 43 R T RE 25 A 22 [ AH By,
RARIE AR g2 Dihe , I A 45 2 F e
FRHERE . 5 CD4* Treg . Teff 20 fif 5 B 55 Ja 2 g 3L

A 2.5 CTreg
£
;ﬂg 204 * = * m Treg+SKOV3
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~= 0.5
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PKMZP,;; S 60 kDa £ 064 - % =064 £ ok
GPI g 60 kDa 5 ’; 1.0+ g g 1.0+
—— e 2 4. & S 04- 2
Glutl = = s 60 kDa E o 5 0.54 ‘_j o E 0.5
2 0.2 2
[DH-o e 37 kDa .
. 0 0 0 0-
B-actin “45 kDa ) T T T T
> ORI s O @b
AN w0 w0 w0
&5 & & 55
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A+ 5 SKOV3 IR FRATIG CD4 Treg AR ARBAHSCIE R A F 157K F 5 B: 55 SKOV3 IR FRATIR CD4 Treg AN AU RBAICE F #9215

IR AL AR, P < 0.05,°P < 0.01(n=3),
E1

5 SKOV3 #£3E 5 8i/5 CD4" Treg AR HENRGIEXEEME B RRIEXKE

Figure 1 The expression levels of glucose metabolism-related genes and proteins of CD4" Treg cells before and after co-cul-

ture with SKOV3

KiFR)a , e 2 B C A O R A9 mRNA
A RIR KOV, 25 5 % PR D S A0 i A KBRS v
1Y) CD4" Treg ZH AUBEA AR OC 8 M2 (Glutl . Glut3
HIF-1a,PKM2.ENO1.GPI.LDH-« . TPI1) [ PKM2
Ah, FeIRKH B 25 T CD4 Teff 40, (P < 0.05,
K1 2A) , 467 B 5595 40 M A K IR 5% v CD4” Treg 4
L 1 A 35 A DG 5 PR 2 SR K P18 T CD4” Teff 24
Lo 7E B L 40 M A K IR BE Y CD4 Treg 41 B
R4 ¢ 4 4> 11 (Glutl . LDH-o . PKM2 ., GPI) &
PKM2 4, Rk 7K -3 1 315 T CD4" Teff 41 i (P <
0.05, ¥l 2B) , $2& 7~ B 51 9 40 A A= 4 36 5% v CD4”
Treg 4 Jfd (%) 15 A 3 AH OC 28 11 813K 7 & T CD4”
Teff ZHHL
23 PR BEamie st KIRBE F 4 CD4 Treg 20 A0 AE 4R
BRF 3 T CD4" Teff 20 it

W BUE WA 1 28 — 2P 2 sy — 2P

N Y 2T il R TR 5 v CD4 Treg | Teff 41 Y
A CIARRAE , FRATTHE DU P 8 3 A A D
PRI mRNA IR 2R KPR B, A T
HTE B SR 20 AR PR T RS IOK Y . 45
WAL 3 B, B SL38 40 i AR K AR T ) CD4 Treg 2
i 4] 255 A B RO S 5 F CDA Teff 40, 22 5% Ge it
277 L[ (59.78+2.57 ) pmol vs.(44.93+1.86 ) pmol , P <
0.05 ], #2771 B 598 4 M A= K FR B T CD4” Treg 2 ifd
HHAE CD4* Teff 2 i ELAT B 8 1 4 A MR B3 HCRE g, A
TR 22 R A 0
24 9P RRmmied KIRBE F 69 CD4" Treg 2m o5 B
figt K 2 T CD4" Teff 2a it

2 B A B A LN IS, S EEAT o AR
ORISR S R i A 2 5 5K, Lo A
ST JITAT W AR A 6 2 A ik A BT A 20 28 3 1Y
L[EBTBL, T AFRA T HAL T CD4' Treg .CD4" Teff 24
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Figure 2 The expression levels of genes and proteins related to glucose metabolism in CD4'Treg and CD4"Teff cells in the

growth environment of ovarian cancer cells
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Figure 3 The levels of glucose uptake of CD4" Treg and
CD4 " Teff cells in the growth environment of

ovarian cancer cells
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[(15.31 + 2.05) mmol/L vs.(7.98 + 0.88) mmol/L, P <
0.05 ], $2 7 B 59 40 e A= K FRBE H CD4” Treg 41 Jifd
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Figure 4 The levels of glycolysis of CD4" Treg and CD4*

Teff cells in the growth environment of ovarian

cancer cells
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FRFRAEHE T S AL B R 1 77 A ATP BT S0 AR ;
5 RO TE TC A AR T T o LR Mo S TE A0
J A M FLIR X i BE 7= AR NAD®, 7 M I At
FEH B AR, BRI A R T 45 o 0o R TR R e ek
7 i A T PR A S BRI PL R I
W5 AT TG R K/ N R 3 SRR AR 1Y
TR T 1

BRI, 7R AR TE L IE LT A I 40 AT
SR A A = A LR, S AR N BUAFIAR 350 o 31X
Tl b A 14 B G2 50T 228 A T3 240 LR T 41 B8 o
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I, ORI A TR A A A 3 R M R AT B
982 240 B X e AR AR A () T A2 RE 3, LR TR S
1EH A0 8 37 5 e R AR AR N BB AR KA b
S TR B v T 40 M 1) 8 3R AR 1) X — T =,
R A T IR e, AR BB AN RERL L A
L A PR A — s R A IR, 7= A A v e P A A
i AR D e R P B F B
LH P A AN 35 v 40 e e A ) £ R X T T 1
KM R R W B R

DL FE N, Teff 41 3 B 52 B i 45
PEF TR, Treg 20 M 00 LA AS 5 R SE AL A S £ ZEAR
D5 30 BRI AR R A Ry X B a3 N
(1), CL A ST IE S 7E R SR 58 1) Treg 20 i AE
3K FE Teff 210 B3 25 7K S 19 Glutd, FEH A 5 5 fR e
fiat B2 A AN AR T R T AN 1 £
TR, Treg 41 AT BE-5 5 40 M & VETH AR A4
Aol 928 Tk B 15 v ) Tef 200 JEL Lk DA T 5 B0 3
%, SRTTRET Treg A0 I FN Teff 40 I 7E M Jga (HER 55
(AR R anfer, B AT 2R MR K4 ie, 1 L
F T~ 40 B A e AR B | 2 i 5% £ 4 P e /DS BRUEE
T A5 2R /N BRI B 40 M 7 5 — [l |- A 6
IR ™ P FRATT B3 B A 14 A1) Treg
20 BN Teff 40 AL, FTALUL B 5L 95 G2 TR B , 4R35 B
SR AN A KRB P Treg 40 MO FI Teff 2400 AR 44
FEAE

WFFT 4 S 2 30, K Aa 3 A AME I () CD4 Treg
L5 51 S8 A0 i SKOV3 3L 33 I | JLWHAR I b 1 At
HH G HE PRI B 1 238 7K -2 18 T 1E 7 BE 3= 1 CD4”
Treg 20/, AL T (- 0100 T 4000 R 55 ZEHR im0 A

AT AL AT LA LE A AR i i 3, T X A R 7K
B SR AR AL 2 H AR 1 3 -7 il 3R 0K Glutd
SN AR BB R AR Y, 2 20 AL T MR
B2 AT R ] o ioRe S e 2 st T = 1 R 3
1, Glut ik 13 S i CD4" Treg 4i i 1 CD4” Teff
20 B S HBC, R SRS o, T EL T AR TR A
G L7 1 JE A8 B Teff 240 A X B R | [ i 5 22 A0
B IR AR DR A Bk A R T 7 SR S A, IX T AR
AAC IS SR WD 8 48, )™ AR Y 2 B R At AR
IR B SR A WA R A 70 D v 7K ST B B A P 2
P M A LA SR H A R BT T S R g o, [+
5845 2R IO SR8 20 i A A R A58 P CD4 Treg 4
PR B EEE H A gt K 835 15 T CD4” Tef£ 411
Ui 7R O SR AR AR R PREE T , CD4* Treg 41 A UM
A5 00 20 AT e 22 TH AR T 22 B SR, 04 2800 40
J A FE DI RE , A 7 iR A K, ()N 38 75 B 59 200
Al R I 55 CDA' T 41 i 7316 2 Treg 41 i M T 15
Si HOEA QK X SE45 SRARTE ] 1 g 4 i 1) A
SR T R TP 52 b S e 20 M A 3B, X i
SEANNE AT A P i B R S AT
AR, AR REE L HI ) CD4” Treg 41 AL AR AT AT
T GBI DI RE , SOk S U SR Y g iR T R A
ARAF A S B
TR JRS T 40 i T 2 Treg 40 OWE A0 2%
IR ESVIN iU BN & ) o R L = = R 1 AN
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