
C

Introd
glycoly
catalyz
pyruva
perform
metas
Metho
Penici
mediu

UOK2
labeled
99% o
MCT1
and 75
contrib
this do
be rate
injectio
(4.8±0
likely i
measu
influen
glutam
that o
UOK2
cells[5]

Concl
are im
influen
these 
Refere
Med 2
 
Ackno

Figure 
alanine
the me
MCTs t
 

haracterizatio
R

1Depart

duction: A hallm
ysis leads to an 
zed by the enzym
ate (MCT1) and
med thermal lab
tatic RCC (UOK2

ods: UMRC6 a
llin/Streptomycin
m was collected

62 cells by 26%
d lactate (derived

of the 13C labeled
 (influx of pyruva
5% higher expre
buted to the incre
oes not result in a
e-limited by the L
on of HP [1-13C] 

0.6 and 5.1±0.5 
influenced by a 
urement of time-
nce on the obser
mate pool of the t
f UMRC6 cells 
62 cells than the
. 
usion: Our therm

mportant determi
nced by a combi
cells is the first s
ences: [1] O. Wa

2010, 63, 322. [4]

owledgements: 

 1. Representative 
e after incubation fo
dia (c), intracellula
to betaactin (e), in 

on of localized
Renuka Sriram1, K
tment of Radiology

mark of cancer c
increased flux o

me lactate dehyd
 lactate (MCT4)
beling with [3-13C
262), and compa

and UOK262 ce
n). The cells were
d and the cells w

%, it is not signific
d from [3-13C] py
d lactate was tran
ate), and MCT4 

ession of MCT4 (
eased extracellu
an observable in
LDH enzyme in t
pyruvate in an 

nmols/s/107 cell
combination of 
to-maximum HP
rved HP pyruvate
two RCC cell line
(0.051±0.002 μ
e UMRC6 cells. 

mal labeling stud
nants of RCC a
nation of factors

step towards clin
arburg, Science 1
] P. Sonveaux, e

W81XWH-11-1-

1D 1H spectra of (
or 24 hours with [3-
r metabolite conce
UMRC6 (white) an

d and metastat
ayvan R Keshari1,
y and Biomedical I

cell metabolism, 
of pyruvate to la
drogenase enzym
). In order to un
C] pyruvate in h
ared the thermal 
ells (n=3 each)
e incubated in m

were extracted wi

cantly different f
yruvate) is higher
nsported out of t
(efflux of lactate

(p<0.03) than UM
lar lactate obser

ncrease in intrace
these two RCC c
MR-compatible b
s, respectively) 
factors including
 lactate and HP 
e/lactate kinetics
es. [5]The 4-12C g
mols/106 cells). 
These observat

dies suggest that
aggressiveness a
s including MCT 
ical translation o
1956, 123, 309. 
t al., J Clin Inves

0383 Peer Revie

a) intracellular and 
13C] pyruvate in UO
ntration and relativ
d UOK262 (striped

tic renal cell c
 Bertram Koelsch
Imaging, Universi

first postulated 
actate, which ca
me (LDH), is a fu
nderstand the va
human renal ce
labeling data to 
) were grown 

medium containin
th methanol and

from that in the U
r in the metastati
he cell by 24 ho

e) in the two RCC
MRC6 cells. The 
rved in the UOK2
ellular 13C labele
cells. The dynam
bioreactor. The f
within the timefr

g LDH, MCT1 an
lactate total are

s. The steady-sta
lutamate pool in 
Similarly, the 4

tions are consist

t the biotransport
and metastatic p
and LDH expres

of this technology
[2] R. A. Gatenby
st 2008, 118, 393

ewed Cancer Re

(b) extracellular la
OK262 cells. Lactat
e  mRNA expressio

d) cells. 

carcinoma met
1, Mark Van Criek
ity of California, S

 
by Warburg[1], is
n lead to cance

unction of the enz
arious factors th
ll carcinomas (R
the HP MR data
to 50% conflue
g 15mM [3-13C] 

d chloroform and

UMRC6 cells. In
c UOK262 cells
urs in both RCC 
C cell lines. UOK
combination of 

262 cells. Even t
d lactate. This su

mic flux of pyruva
flux of HP pyruv
rame of the bior
nd MCT4 expres
a under the curv

ate thermal label
the UOK262 cel

4-13C labeled glu
tent with the kno

ters of pyruvate a
potential. The ob
ssion. Understan
y for renal cancer
y, et al., Cancer 
30. [5] Y. Yang, e

esearch Concept 

abeling of lactate an
te concentrations in
on of LDH-A and 

tabolism using
kinge1, John Kurha
San Francisco, San

s elevated glyco
er invasiveness a
zyme activity and
hat contribute to
RCC) cell lines 
 and the express
ency in DMEM
pyruvate and 1g

d were lyophilize
containing 
extracts an
800 MHz
probe. 1D 
TD=24K p
Direct Car
carbon lab
30° pulse, 
the deconv
13C] pyruv
cells encap
as previou
conducted
13C, Varian
intervals o
of LDH and
Results an
spectrum o
of 13C sate
demonstra
in the me
direct mea
and pyruv
cells had a
the UMRC
lactate in t
the UOK26
metabolite
intracellula
similar. Alt

n contrast, the to
(p=0.03 and 0.0
 cell lines. Fig 1
K 262 cells had
the higher LDH 
though UMRC6 c
uggests that the
ate to lactate in t
vate to lactate w
reactor experime
ssion and/or act
ve, may further e
ing study reveale
lls (0.166±0.034
utamate was sig
own mutation in

and lactate (MCT
bserved HP pyru
nding the metabo
r evaluation. 
research 2006, 

et al., in Cancer 

Award; RSNA S

nd 
n 

g hyperpolari
anewicz1, and Zhe
n Francisco, Calif

olysis, even in th
and metastasis[2

d cofactors, and 
o the observed 
established from

sion of LDH enzy
M medium (sup
g/L glucose for 24
d[3]. The extracts
1.27mM TSP a

nd medium were
spectrometer fit
1H spectra were

points, SW = 12K
rbon detection 
beled metabolite

TR=3s, NS=204
volution algorithm
ate experiments
psulated in algin

usly described[3]. 
 in a narrow-bor
n Instruments). 

of 3s using 10° p
d MCTs was obt
nd Discussion:
of UOK262 extra
ellites of intrace
ates [3-13C] satel
edia. The high r
asurements of the
ate. Fig 1c sho
a 2.5 fold higher 
C6 cells. Howev
the media of UM
62 cells (p<0.01

e concentrations
ar concentrations
though the 13C l
otal intracellular 
5 respectively). I
e shows the rela
50% higher exp
and MCT4 expre
cells demonstrat
production of int

these two RCC l
as similar in the
ent. The measur
ivity in these RC
elucidate which o
ed additional inte
μmols/106 cells)

gnificantly increa
n the enzyme fum

T1 and 4), LDH, 
uvate/lactate dyn
olic underpinning

66, 5216. [3] K. R
Genetics and Cy

Scholar Grant; P4

ized and therm
n Jane Wang1 

fornia, United Stat

he presence of 
2]. The flux of py
monocarboxylat
HP pyruvate/lac

m localized RCC
yme and MCT tra
plemented with
4 hours. Followin
s were reconstitu
as a concentratio
e measured on 
tted with a triple
e obtained with p
KHz, TR=3s and
was also used 
s with proton de
48. Spectra were
m provided with T
s were also cond
ate beads in the 
Bioreactor HP e

re 11.7T Varian 
HP 13C signals 
ulses. Relative m
tained by qRT-PC
 Fig 1a is a repr

acts, demonstrat
llular alanine an
lite peaks of pyr
resolution proton
e labeled pools o

ows that the me
lactate concentr

ver, the fraction
MRC6 cells is hi
1). Fig 1d shows
s in the two 
s of alanine in b
abeled alanine i
pool of lactate a
It is clear from Fi
ative mRNA expr
ression of LDH e
ession in the UO
te 2 fold higher M
tracellular 13C lab
ines was then m

e UMRC6 cells a
red HP pyruvate
CC cells. Future 
of the above fact
eresting isotopom
) is three fold hig
ased (three fold,
marate hydratas

and other key T
namics in the R
g of the observe

R. Keshari, et al.
ytogenetics, Vol. 

41EB013598 P4

mal 13C MR 

tes 

oxygen. Elevate
yruvate to lactate
te transporters fo
ctate kinetics, w
Cs (UMRC6) an
ansporters. 
 10% FBS an
ng incubation, th
uted in 600μl D2O
on reference. Th
Bruker Avance 

e resonance cry
presaturation wit
d 256 repetitions

to measure th
ecoupling using 
e quantified usin
TOPSPIN. HP [1
ducted on these
 10mm bioreacto
experiments wer
INOVA (125MH
were acquired a

mRNA expressio
CR.  
resentative proto
ing clearly, peak

nd lactate. Fig 1
ruvate and lactat
n spectra enabl
of lactate, alanin
dium of UOK26
ration than that o

nal enrichment o
igher than that o
s the intracellula
cell lines. Th

both cell lines ar
is elevated in th
as well as the 13C
ig 1c and 1d tha
ression of LDH-A
enzyme (p<0.02

OK 262 cells likel
MCT1 expression
beled lactate ma

measured after th
and UOK262 cell
e-to-lactate flux i

studies, such a
tors has the mos
mer pattern in th

gher (p<0.02) tha
, p=0.029) in th

se in the UOK26

TCA cycle enzym
RCC cells is likel
ed HP MR data i

., Magn Reson 
196, 2010, 45. 

1 Center grant.

d 
e, 
or 

we 
d 

d 
e 
O 
e 
II 

yo 
th 
s. 
e 
a 
g 

1-
es 
or 
re 
z 

at 
n 

n 
ks 
b 
te 
e 
e 
2 

of 
of 
of 
ar 
e 

re 
e 
C 
at 
A, 
), 
ly 
n, 
ay 
e 
ls 
is 

as 
st 
e 
n 
e 
2 

e 
ly 
n 

3051Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


