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Glucose decreases respiratory control ratio in El-4 tumor cells
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EL-4 aseiles thymoma cells are shown to have ligh aerobic glycolysis and decreised Pasteur effect. At the same time, glucose produces a much

smaller inhibitory effTeet on gell respiration (Crabiree effect) than in Ehrlich aseites careinoma (EAC) cells, Ln intaet EL-4 cells, the respiralory

control ratio (RCR) was found Lo be 6.2 with endogenous substrates and 8.0 with glutamine, Glucose decreased the RCR 10 3.2, by stimulating

the stale 4 respirition. In rat thymoeytes and EAC eells, such an effect of glucose was absent (RCR of 7.0 and 7.2, respectively), Il 15 suggested

that in EL-4 tumor cells, the high aerobic glycolysis and small Crubtree effect may be due to glucose-induced *uncoupling® of oxidation and
phosphorylation.

Respiration; Acrobic glycolysis; Respiralory conlrol; Oxidative phiosphorylation; EL-4 asaites tumor cell

1. INTRODUCTION

Rapidly growing tumor cells have some unusual bio-
energetic  features: increased aerobic pglycolysis,
Crabtree cffect (inhibition of respiration by glucose)
and decreased Pasteur effect [1,2]. Several mechanisms
for such energy metabolism have been suggested, e.g.
small mitochondria content and their abnormal struc-
ture [1,2], elevated ATPases activities [3,4], high hexo-
kinase activity and its association with mitochondrial
outer membrane [3], increased level of fructose-2,6-di-
phosphate, a glycolysis activator [6]. However, the con-
tribution of the proposed mechanisms in the bioenerget-
ics of tumor cells has not been fully evaluated.

The inhibitory effect of glucose on tumor cell respira-
tion has been intensively studied {7-9]. The most ac-
cepted explanation of this eftect is the limited access of
ADP and phosphate for H™-ATP-synthase ol mitochon-
dria in the presence of glucose, although another mech-
anisin (decreased respiratory substrates availability)
was also suggested [10]. The effect of glucose on the
respiratory controi ratio (RCR) has not been studied
systematically and there have only been a few repoits
about the RCR of intact tumor cells (e.g. in AS-30D
hepatoma the RCR. was found to be equal to 6-7 [11]).

Below a new mechanism of high aerobic glycolysis in
tumor cells is deseribed, i.e. glucose-uduced decrease in
efficiency of oxidative phosphorylation.
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dobreviaeions, CCCP, wirbouyl vyanide mechioruphenyliydrazone;

DNP, 24.dinitrophencl, EAC, Ehrlich ascites carcinoma; HBSS,
Hank’s balanced sal' solution; RCR, respiratory eontrol rittie,
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2. MATERIALS AND METHODS

The EL-4 wseites thymoma and Ehrhieh asciies earemmoma {(EAC)
were grown as described previously [12], The cells were washed with
HIB5S and resuspended in FIBSS with 20 mM HEPES bufller (pH 7.4)
with or without glucose (10 mM)}, Thewr viabilily estimiited by Trypan
blue staining was equal 1o 95%. They weie then incubated (107 cells
= ml™) at 37°C under aerobic conditions with the compounds to be
investiguted, and the cell suspension was used for lactate and ATP
determination Solvent controls (ethanol and dimethyiswfoxide) wera
in¢luded.

Thymecytes were isolated [rom Lhe thymus of lemale Wistar rats
(160-150 g), washed by FIBSS and resuspended in the same medm.
Thew viability was aboul 20%,

Cell respirztion was monilored by a Clark oxygen electrode gt 37°C
in HBSS, The RCR of intaei cells was determined as deseribed hy
Makaslima et al. [L1], namely dividing the maximal respiritory rawe
in the presence of sligomnyein + CCCP (state 3) by the respiratory rate
m the presence of oligomyein only (stale 4). Glycalysis was measured
by Lictate production; the latter was determined in the incubation
medium with laclale debydrogenase [13]. ATP was deterrmned by ihe
luerferine=lucilerase method with a LKB Wallag 1251 luminometer.

CCCP and HEPES were [rom Sigmy; rotenone and DNP were from
Serva; oligomyein and lactale dehydrogenase were from Reanal, the
ATP assay kit was from Calbiochem; all other reagents were of analy(-
iedl prade.

The data shown are means = 5.E.M. of 3-8 independent determina-
tions,

3. RESULTS AND DISCUSSION

EL-4 ascites thymoma. as with other rapidly growing
tumors, has a high aerobic glycolysis and decreased
Pasteur effect (aboui 40%) (Table 1), However, glucose
had much smailer elfect on EL-4 cell respiration (Table
I) than in EAC where respiration was inhibited aboul
2-fold (data not shown). The endogenous and glucose-
supporied respirations of EL-4 cells were almost totally
(>95%) inhibited by roteneone, an inhibitor of NADH
dehydrogenase (Table I) and by 1 mM cyanide, an in-
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Table 1
Effects of glucose and inhibilors of oxidative phosphorylation on respiration. plyeolysis and ATP levels in EL-4 cells

Canditions Respiration Glycolysis ATP (% of initial)
(M Oxmuin 0% cells™) (nM lactate/min: 10° celis™!)

G5h 1h
Counirol 0.67 = 0.06 0.11 +£ 0,01 M £9 75 £ 2
Rolenone 0.04 & 0.02 008003 47 0.3 40 07
DNP 123+ 0.03 - 3102 -
cCccp 1.13 £ 0.04 - 20x01 ~
Ohgomyein 0.15 % 0.01 - 7401 -
Glucose 0.54 £ 0.04 1.95 £ 0.04 - 92 + §
Glucase + rotenone 0.04 4 0.02 3202020 - M + 3
Glucose -+ DN 0.86 = 0.02 7.00 1 0,40 - 81 =11

The cells were incubated m HBSS at 37°C; respiration, glycolysis and ATP levels were deterimined as deseribed in seetion 2. Concentrations uses
rotenone 2 xM; DMNP 250 #M; CCCP 4 uM; oligomyein 1 yg/ml; glucose 10 mM., The minhal ATP level was 15 = 2 nM/10° cells,

hibitor of cytochrome oxidase (data not shown). An some tumor cells they suppressed this process [3,4]. Thi
inhibiter of mitochondrial H*-ATPase, oligomycin, may indicate that at least two ATPases with high acti
also significantly (>70%) suppressed endogenous respi- ity (Na", K™-ATPuse and H*-ATPase) do not play an
ration, indicating its tight coupling te phosphorylation significant role in the high aerobic glycolysis of the:
{Table 1}. Uncouplers (DMNP and CCCP) stimulated en- cells. We also tested another possibility, and found th:
dogenous respiration about 1.7-1.8-fold. The en- the RCR of EL-4 cells was significantly (about 2-iok
dogenous respiration could maintain cell ATP levels tor decreased in the presence of glucose. As shown in Tab
I h and all inhibitors of oxidative phosphorylation 11, the RCRs of EL-4 cells were 6.2 with endogenol
caused rapid ATP depletion, which was totally pre- substrates and 8.0 with glutamine, but glucose d
vented by glucose (Table 1). The endogenous glycolysis creased this value to 3.2, mainly by stimulating the sta
of thesa cells was very low, so only exogenous glucose 4 respiration. This effect was absent in the normal cou,
could maintain high ATP levels in these cells, terpart of thymoma cells, thymocytes: their RCR w

Thus, the above data show that endogenous respira- about 7.0, independent of glucose (Table 11). The san
tion, as well as glycolysis, are effective in the ATP pro- RCR of intact thymocytes was found previously (14].
duction in the studied cells. However, aerobic glycolysis similar lack of effect of glucose on the siate 4 respiratis
in EL-4 cells had no inhibitory effect on cell respiration was also found in EAC: their RCR was 7.2 (data n
in conirast (o EAC (see above) and many eother tumor shown).
cells [1]. Such an effect may be due to the following Thus, here we describe a new mechanism of increas
possible reasons; increased ATPase activily in glucose- acrobic glycolysis in tumor gells: glucose-induced low(
respiring cells and (or) decreased efficiency of phospho- ing of the efficiency of oxidative phosphorylation. Tl
rylation. effect was found in EL-4 thymoma but not in norn

An inbibitor of Na*,K*~-ATPase, | mM ouabain, and cells (thymoeyies) or in EAC cells showing significa
oligomyein were found to be without effect on aerobie Crabitree effect. The above finding may also explain t
glycolysis in EL-4 cells (data not shown), although in small Crabtree effect in EL-4 cells: their respiration

Table I1
Effeet of glucose on the RCR of EL-4 tumor cells and thyinocytes (Thym.)
Subsirate Respiration (% of ¢control)
Oligomygcin Qkgomyein + CCCP RCR
EL-4 Thym, EL-4 Thym EL4 Thym.

Endogenous 23zl 26+ 5 142+ 9 18919 6.2 £ 0.4 1.3 207
Glucose 39 = 3 214 124 £ 11 202220 32 £05* 7.0 £ 0.7
Gluramine 24 4 2 - 193 & 20 - 8008 -

Al paramelers werc determined as deseribed i section 2. Concentrations: giucase 10 mi, giwiainine % mii, oligomycin | gg/ml, CCCP 2,
The respirations m controls fer EL-4 thymoma and thymocytes were 0.67 ¢ 0.06 and 0.I1 % 0.008 aM/min 10° cells, fcspccm
*P < 0.01 comparing with endogenous respiration,
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partially uncoupled aad cannot be inhibited by glycoly-
sis, in contrast io EAC cells. As found previously, un-
couplers were able to prevent the Crabtree effect in
tumor cells [1]. Resting thymocytes had ne significant
aerobic glycolysis, so their respiration was not inhibited
by glucose {data not shown).

The significance of this uncoupling effect of glucose
in other tumor cell lines has to be evaluated, but recent
data on the energetics of I’388 leukemia cells may also
indicate a low efficiency of their oxidative phosphoryla-
tion in glucose-containing media: the respiration in oli-
gomycin-treated cells was 449 of controls [15] (cf. Table
1I).

Why does glucose increase the state 4 respiration?
One possibie explanalion may be the following, 1t has
been shown that endogenous respiration of tumor cells
is due to fatty acids oxidation. Glucose significantly
decreased this process, stimulating fatty acid synthesis
[1,8]. So, addition of glucose may increase endogenous
free fatty acid levels. As was shown previously, a low
concentration (10 4M) of palmitate significantly de-
creased the RCR of isolated skeletal muscle mitochon-
dria due to stimulation of the state 4 respiration [16,17).
A much higher content of endogenous free fatty acids
was found in tumor mitochondria than in liver [18], and
bovine serum albumin, which binds fatty acids, inhib-
ited endogenous ATPase activities of human tumor mi-
tochondria [19].
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