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[ Abstract | Background and purpose: Tumor microenvironment plays an important role in the introduction of
foreign factors that mediate tumor acquired resistance. The antitumor effects of many chemotherapeutic agents depend on
the level of oxygen pressure (p0O,) in tumor microenvironment. This study aimed to evaluate electron paramagnetic reso—
nance (EPR)-based monitoring on an oxygen—enriched tumor microenvironment to increase chemotherapeutic sensitivity.
Methods: MCF-7 cells were used to establish human breast cancer in nude mice. EPR was used to directly measure
PO, level in vivo. Tumor tissues were collected, and mitochondrial activity was assayed on the basis of the kinetics of
enzyme—catalyzed reactions. A laser Doppler monitor was used to detect regional blood flow. Tumor apoptotic rate was
analyzed by flow cytometry. Results: The tumor volume decreased more evidently in the chemotherapy group with oxy—
gen—enriched environment than that in the conventional chemotherapy group after the treatment was administered (P<0.01).
After chemotherapy was completed, the apoptotic rate of tumor cells was significantly higher in the chemotherapy group
with oxygen—enriched environment than that in the conventional chemotherapy group (P<0.001). This study examined the
mechanism of pO, changes in tumor microenvironment: This was related to the change of the balance between the oxygen
consumption and the regional blood flow in the tumor tissues after chemotherapy. Conclusion: Based on the characteristics

of p0O, changes in the tumor microenvironment after chemotherapy was completed, the selection of chemotherapy mode for
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the treatment in pO, peak time window improves the sensitivity of chemotherapy, which provides a new idea for individual -

ized chemotherapy in clinical applications.

[ Key words | Electron paramagnetic resonance; Tumor microenvironment; p0O,; Breast cancer

R AEUR SR A B Y A IE . — 11
iR A AR AU iR B B S A R 2R
Dy KA AL RS i ELAE iR R AL A pE
B P, A AR AN S VA R 24 (1 B
FEAARRZ Bz R o Wil e o a5 h 4R
53 (oxygen pressure, pO,) 8L AIH AR HATHAT
{1 1 G 2 N LB S RO 5 o el I
PR (electron paramagnetic resonance, EPR)N]
SE BRI ARAL AR H pO, I AL A i AR AL 1
TR SRR, IR T2 TR B R 5
H AR TR i1 EPREL AR X TR
ST IR /N BRI p O EA TR0 20 il UESE AR I
SRR T L AR St i s TR A
JAPEMCF-7#R BRES R B, A FHEPREAM
FALST e MR A p O AL MU, Sl ST AR TR i
PO TR, USRS finfby 7 skt

I 7y SR AW RS

1.1 ##
111 fmiask

FLIREEMCE -7 40 f bR A 26 AL )
PRI (American type culture collection, ATCC).
B IR T 5 10% 64 103 I DMEM S5 72 (35
E Gibco AT, ETFCOMEBNECHS5% . 37 C
TRLFIR B A TRLAR Th 3 R A5 4RI MEVERR BRI
HHRER R E S m s [ LR s -
VFAJIES . SCXK(#1)2012-0001 ] . A#fsr 4 HE
PREEBIRSAAC B ZE D 25T
1.1.2 AR A A

Tit 30 i 2R AR T Jg M e A Y TR I A
(NADPH-DH) . BEFIFR A0 (43R CIA R i (SCR)FI
2 i £ 2R C AR (C e O) S5 A6 T 1K50) Sz pi At B
% ESigmaswl, KW AMEAKIN , BT %
MR pHN7.4, 10 mmol/L. HEPES/NaOH .
140 mmol/L NaClF15 mmol/L CaCLFRiCI £ o

FITC—Annexin VAP AR TR SAH, ¥
HimAZREZ b, AREREEIN nef
mL. BCASE ¥ BRI &0 H 22 EPIERCE
AR T o BT RGP (GmbHL-Band
AR H F5 E Magnettech /A 7] o 0O 238 8 1L
FEIMAL (P10d7) ) H P FE Moor Instrument/A ],
1.2 FHik
1.2.1 ASUBBRASAAB AW E SR 4540

R NFLIIEMCF 74118k, FIEMCF-7
MIEIARBALB/c—nu/mw/ ) R AR sh Al 4)F
W PR AR BB ML 20 2 S 5 R B A I
FLARIEEMCF 740 L fict ] s 235 B2 A1 % 1074~ /m L4
AR S B T R LS, R N RS
0.1 mL, R o 2 ERMERARTHT
3 mmff, fHALiPcRMUBRIRE, FFLLE® 2
BRAALUN XTI, A 2 R A . 7
EPRWEI T 26 4 J8 g p O, W A8 BRI, 7 DUIR
S 2 2R AL (75 me/kg), FTorBIEE ST 3 TpO,
WA AT 2 B 0 Ay RNy 3 Jo) e Ak e, [
A5 7 8 VE 510.9% NaC LA W X0 IR ZH . ASHIF
FE RO/ N BRUBR IR 347 4 FH @B TR (55 me/kg) R TR
WEIE (15 me/kg) B4 BRI o
1.2.2 EPREAMN T #H KB EIKMCE—7 48 i 5
HIB IR B p O, K -F

B0 w g A AR S AR S U AR B
LiPcAi A | yE 4t IR H0.5~1 mm,
AT EPRAT MO, 0A5 5 o A S Hrh I di
HF1.1 GHz, IEIFEN16 mW, JEIEH0.045
GHz. #REFLiPen] I & 455 HoK P75 Ffl 0~ 150
mmHg, HREEH5.9 mG/mmHg,
1.2.3 7R g e ) 20 it 9% 4m e =

LR EAITRT . H2R AT S R 4R AL
7 S5 AL B /N FRSCEE I IRg 1 20, R R LA 7 1
RN BT Ak e T A B A AR &
FEWE A F488 nm, WA K515 nm3HHF YE AL
MFITCEE, WK KT 560 nmPFEAFA I PL,



(¥ BBAERL) 20164E5E26857H

591

1.2.4  HLMAR KA ALIE 69 Ko Fe—fR 0L

FHEAS = RO AR K AR (a) . B (D). %
AN V= (12)ab’ T RS AT 259 hbH2
HIFE AR 2B KA IR (IR)=(1 - S T 2H A AR (AR B/
3 1% HEZH SRR AR FR) " 100%
1.2.5 3K %53 do R AR AU ) Bk 95 B 3R
L E (regional blood flow, RBF)

R B 9 ZH 2 p O, B W (B A i RS RBF AR
fbo FR/NEUREES , BY I Rz Ik b 2% s 41 41,
W EAR 202 mm W AR BT bR e . A1
T — Vi i 1 YT -5 PO 2238 8 I R A A
%, WNRBF.
1.2.6 MBHEREEARNADH-DH, SCRA=
CcOE AN

YIBUME 4020, 0 °C PBSFEA byt ffi
EH B —D-WRN A I — o — D W A 2 A
L T BEN2-F I LTk VU 218 5 A i 55
R I HEPESZE il A1 W M 2R A, NADH-
DH. SCRAICcOWE M43 FINADH-DH . SCRFI
CeOIE TG PR TR . THCRE (). 4000
B ZCH & 550 nm M 18.5 mmol/(L. + em), NADH
#J & 340 nm 46.22 mmol/(L + cm), ZHZVE AW
FHBCAZE A -4 3% — 3
1.3 ZEitFahiE

K HISigma Plot 12.548 1184 #E 47 B ik
Mo A S E B R Hxts KR . A pO, R
ZH R T 2200, SRR A 1 5k
KRR Z0M . P<0.05hEFH G+

=\,
= 9'&

2 45 R
21 ANIBEBEEBEERKTEDMERMIFE
pozﬂ‘xk'f't

E/NERMCF =78 4 98 W08 B2 R T 4%
F3 mmAF A LiPctREl, A3 JE il EPR WL
IR A2 p O, Ak o % 4 20 M 598 90 i p O L (EL
J(10.14 +0.31) mmHg, Fifi % e 16 K i
WA pO, BT, EH A pO,JE Mg (E
[ (16.82 £ 0.84) mmHg | , BIEH/NRILIRAH

AUhpp0, [(13.71 +0.41) mmHg ] @& T 5
(P<0.01), FfiJmHZpO B HFEAL,
2.2 AR A MBI EpO,IEE K B A
% K AT BEAIL

Figs B SR A= R, 4R Bp O, & (A,
SO, 23R LA 2 YA BRI L1 20 p 0,35
Wi LT, BLZEHARIERIEEA,), FEpO,
BHTRRAR A1) o A LB 220 o988 20 23 SR AR 6 P A
W ARIR, 25 25 HiRg 2 2R AR BN ADH-DH
SCR. CcOif PEHA ALY 1 i 2 AR (K124),
IS 20 B RE RBFIN 2 W /R 5 25 24 i 22 S 0 4e it
R SL(P>0.05, EI3A). AMTZITTE2RALST,
FETEPRIEI A& L4525 J5 55 1 R PR 3 p O, 0%
{EL(B,), MCETZI s 2 2R AR BENADH-DH |
SCR. CcOif IR, 251 i Pk (P<0.01, &
2B), RBFS5Z42YH12: 57 LG X (P>0.05,
KI3B). B ZI15553 ALY, RI7F ARG PO,
M TR, TH3RpO MR A 5 & T,
JETH5RK(Co) iR BIEAR . C I 21 Mg 2H 2L 4ok
AT A e B, o 24 T I JRE 2 2k A il
NADH-DH. SCR. CcOifPE¥E ALy Rl 8% F
[ (P<0.05, [E12C), RBFH4ZS 2571 3% PR AR
(P<0.05, K3C). CsHFZITTEE4RALYY, %zh)a
H 1 RpO M T I — H YRR, MR
HALRAAENADH-DH ., SCR. CcOWEM: 51k
SR TCH] A8 K (P>0.05, [K2D), RBFEALITH
I W FAIG(P<0.01, [EI3D),

N
W

Tumor pO,/mmHg
a8

—_
o

14

B 1 R R MEARpO, T

Fig. 1 Monitoring of changes in pQO, levels in tumor

microenvironments at various medication times
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Fig.2 Changes in mitochondrial enzyme activity based on NADH-DH, SCR, and CcO at pO, peak time in tumor tissues in each cycle of

chemotherapy

A: Four days after the first chemotherapy; B: One day after the second chemotherapy; C: Five days after the third chemotherapy; D: One day after

the fourth chemotherapy (*, #, A: P<0.05, as compared with 0 day)
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Fig. 3 RBF measurements at different time points in each cycle of chemotherapy
A: RBF measured at the peak time of pO, after the first chemotherapy; B: RBF measured at the peak time of pO, after the second chemotherapy;

C: RBF measured at the peak and trough time of pO, after the third chemotherapy; D: RBF measured at peak time of pO, after the fourth chemo-
therapy
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A: pO, peak-based chemotherapy; B: Conventional chemotherapy
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