R4 FAA AIE ALE n

AA 2% FzAd YAA R4 Aerad] H3tsg”
AeA G o3 Qe el

¥ # B -F #H =

—Abstract—

Oxidation of Each Carbon of Lactate in Various Cancer Tissues of Human

Chong Hun Lee and Sang Don Rhee

Department of* Physiology, Seoul National University College of Medicine,

Seoul, Korea

Tissue homogenates of 10 kinds of human cancer tissues were incubated in medium containing either
one of C4-1, C"-2, or C-3-lactate as a substrate in order to observe the oxidative pathway of
lactate in cancer tissues. Lactate concentration in incubation medium was maintained at 50 mg%. At
the end of incubation period, gas samples and incubation media were analyzed for total CO: produc-
tion rates, radioactivities of respiratory CO,, lactate uptake rates and pyruvate appearance rates. The
following results were obtained.

1. Lactate uptake rates in all of cancer tissues examined were less than 2.5 #gM/hr/gm and much
lower than those in normal tissues.

2. In the 10 kind of human cancer tissues, total CO; production rates were less than 10 uM/hr/
gm, in all cases. These lower values impressed that oxidative metabolism in tumor tissues generally
inhibited as compared with that in normal tissue. On the other hand, fractions of CO, derived from
lactate to total CO, production rates were less than 15% except one case These facts showed that
oxidation of lactate into CO, was greatly inhibited in tumor tissues.

3. Respiratory CO, yields from C-1 carbon of lactate in various cancer tissues were mean of 77. 7%
of total CO; yield from lactate and CO; yields from C-2 and C-3 carbon of lactate were mean of
9.1% and 12.6% respectively. These facts showed that carboxyl carbon of lactate oxidized more easily
than @ and 8 carbon of lactate.

4. In 10 kinds of cancer tissues, fractions of disappeared lacteate from media into CO; and pyruvate,
which expressed as RLD co; and RLDpy respectively, were about 5% in except 3 cases and less than
3% except one case. These fact showed that almost of disappeared lactate from media were degraded
into compounds other than CO; and pyruvate.

From the above date, it was suggested that in the oxidative pathway of lactate in cancer tissues
CO, was easily produced from carboxyl carbon of lactate by oxidative decarboxylation as in the normal

tissue, and further oxidation of 2 carbon unit via TCA cycle was inhibited.
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Table 1.  Concentration adn specific activity of lactate in the incubation -media
Group Substrate Medium Volume Conc. of lactate| SA of med. lactate
1 Cl-1-lactate XK-R-P 10cc 50 mg% 3. 19X 10%*pm/mgC
2 Cl4-2-lactate K-R-P 10 ce 50 mg% 3.18X10* ”
3 C1-3-lactate K-R-P 10 cc 50 mg% 2.24X10* ”
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Table 2. Metabolism of lacte-1-C! by various human cancer tissues(groub 1)
Total R
Lact. SA of CO, Equi. Pyruv,
Tumor tiss. No. of uptake SéOOf medium léSOA Croj from amt. |RLDco,| appear. |RLD py.
case | rate 2 Jact. 2 l;a?e' L-1-C* of lact. rate
Unit IyM/h/g) cpm/mge | cpm/mge l % ‘pM/h/g uM/h/gl pM/h/gl % uM/h/g 9%
Uterine i
Cervix 8 1.56 4, 400 31,900 13.8 2.4 0.33 0.11 7.1 0.03 1.02
Stomach 4 1.32 4,150 ” 13.0 2.9 0.36 0.12 9.1 0.03 2.27
Liver 2 0.67 2,750 " 8.5 1.3 0.11 0.04 6.0 0200 0.30
Lung 2 1.78 5, 260 " 16.5 2.0 0.33 0.11 6.2 00.1 0.56
Tongue 1 2.45 11, 600 ” 35.5 10.5 3.72 1.24 50.7 ;| 0.15 6.13
Colon 1| 1.89 | 12,400 ” 389 | 7.3 | 28 | 0.95 | 50,2 | — —
Ovary 1 2.36 7,460 ’” 23.4 3.4 0.80 0.27 11.4 0.02 0.85
Bladder 1 1.97 | 6,19 " 19.4 2.8 0.74 0.25 12.7 0.07 0.51
Brain 1 1.45 13,500 " 42.4 1.5 0.64 0.21 14.5 0.04 2,76
Spindle cell
sarcoma 1 1.79 7.810 ” 24.8 1.9 0. 47 0.16 8.9 0.01 0.56
Table 3. Metabolism of Lact. -2-C!* by various human cancer tissues (group 2)
Total
Lact. SA of CO. . Pyruv.
Tumor tiss. No. of uptake SCAOOf medium ggA C%Z frox?n gq‘f;vt' RLDco,{ appear. RLD py.
case rate 2 fact. 2 prraote. L-2-C4 ct. rate
Unit pM/h/gl cpm/mge | cpm/mge % ,aM/h/g{,uM/h/g pM/h/g[ % ],uM/h/g %
Uterine
Cervix 8 1.44 762 31,750 3.4 2.6 0.088 1 0.029] 201 0.04 2.78
Stomach 4 1. 38 291 14 1.3 3.1 0. 040 0.013 0.94 0.03 2.18
Liver 2 0. 57 90 ” 0.4 1.5 0.006 | 0.002| 0,35 0.004 | 0.70
Lung 2 1.76 560 ” 2.5 1.8 0.045| 0.013| 0.74 0.01 0.57
Tongue 1 2.46 919 " 4.1 9.7 0.398 | 0.133] 5.00 0.11 4.70
Colon 1 1.87 650 ” 2.9 6.8 0.197 | 0.066 | 3.53 — —
Ovary 1 2.26 740 ” 3.3 41 0.1351 0.045| 1.99 0.02 0. 89
Bladder 1 1.59 381 ” 1.7 3.9 0.006 | 0.0221 1.38 0.02 1.26
Brain 1 1.67 1,280 " 5.7 1.8 0.103 | 0.034| 204 0.04 2.33
Spindle cell '
sarcoma 1 1.96 1,210 ” 5.4 2.1 0.113 0.038 ] 1.34 0.01 0.51
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Table 4. Metabolism of lactate-3-C'* by human cancer tissues (group 3)

Total
Lact. . SA of . Pyruv.
Tumor tiss. -ch's:f uptake SAO:f medium g(S)‘:‘ g’gﬁ CI?_ Zsf_‘gf ,éﬁl‘i:'ac(t).f RLDco;| appear. RLD py.
rate lact. rate g rate
Unit aM/n/g) DL | | o | uM/h/g uM/bjg | sM/b/g | % | uMiblel %
Uterine
Cervix 8 1.32 1,009 | 22,400 4.5 2.5 0.112 0.037 2.80 0.02 1.52
Stomach 4 1.42 240 ” 1.0 2.7 0.027 0. 009 0.~ 63 0.03 2.11
Liver 2 0.58 179 " 0.8 17 0.014 0.005 0. 86 0.001§ 0.17
Lung 2 1.67 695 " 3.1 2.1 0. 065 0.022 1.32 0.01 0.60
Tongue 1 2,33 1,210 ” 5.4 9.7 0.524 0.175 -| 7.51 0.12 5.13
Colon 1 1.98 830 4 3.7 8.3 0. 332 0.111 5. 60 — -
Ovary 1 2. 63 919 ” 4.1 2.8 0.112 0.037 1. 41 0.03 1.14
Bladder 1 1.79 403 ” 1,8 3.7 0. 067 0.022 1. 23 0.02 1.12
Brain 1 1.54 1,970 "o 8.8 1.6 0.141 0.047 3.05 0.03 1? 95
Spindle cell’ ’ .
o eoma 1| 187 | 1,610 » 7.2 | 18 | 013 | .0043 | 230 | 0.02 | 107
Table 5. Ovr-all metabolism of lactate by various human cancer tissues
‘ Total Fract. of CO; from each T CO; | po
Cancer | Lact., | Pyruv. | oy carbon of lact. derived | E99% | R] Deo,[RLD py.| RLD
Tiss.(No. | uptake | appear o £ of 14 (true) | (true) |(total)
of case) rate rate proc. C-1 C-2 C-3 total rom 1 act. Fue, ru
rate lact.
Unit | aM/h/e iMm/elaivse] % | % | oo | % (a5 | % | %
Uterine R
Corvix(g) | 144 | 0.03 | 25 | 460 | 113 | 150 | 7.23 | 0.18 |0.06| 414 | 208 |6.22
Stomach(4) 1.37 0.03 2.9 4.33 0.43 Q.33 5.09 0.15 10,05 3.65 2.18 |5.83
Liver(2) 0.61 0.002( 1.5 2.83 0.13 0.27 3.23 0.05 {0.02| 328 0.33 |3.61
Lung(2) 1.74 0.01 - 2.0 5.50 | 00.83 1.03 7.36 0.15 {0.05| 2.87 0.58 | 3.45
Tongue(l) | 2.41 0.13 10.0 | 11.80 1.37 1.80 | 14.97 1.50 {0.50| 20.7 540 | 26.1
Colon(1) 1.91 — 7.5 |12.63 0.97 1.23 | 14.83 1.11 (0.37 | 19.4 - —
Ovary(1) 2.42 0.02 3.4 7.80 1.10 1.37 [ 10.27 0.35 {0.12] 5.00 0.83 |5.83
Bladder(1) | 1.78 | 0.02 3.8 6. 47 0.57 0. 60 7.64 0.29 {0.10| 5.62 1.12 [6.74
Brain(1) 1.55 0.04 1.6 | 14.13 1.90 2.91 18.94 0.29 |0.10 | 6.45 2.58 |9.03
Spindle cell o ;
sarcoma(1) | 1-87 | 0.01 19 | 827 | 1.80 | 240 | 247 | 0.24 |0.08] 428 | 0.54 |4.82
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3 CH-3-R 4 Wl FAPA A gL FFFes Filo
Ml wgt v AA4LAE L B3N AA4E) AR 2
A otol A 10,0 uM/br/gm = H A} 2P 1 Ao
A 7.5, w3t A 3.8, dagol A 3.4, 934 2.9,
AZF7 RGN A 2.5, HaddA 2.0, sbindle cell sarco-
mad A 1.9, HgolA 1.6, el A HAZ 1.5uM/
hr/gm g o, & G229 Ffol gt A4k Aste)Ape]
AR 2ol 7 gk

WAz, A4 Begzst £F COze AstAd o
e L5 FIHI dste] DA Wao] wz CH
2 EAG C¥-1, C:2, CH-3-R4¢ 71 A2 3o o)
Fapsle o wjA CHAA R 5F CO SAS W&

Z RSA & A&3te] vlmdt v CH-1-2 4 w]orA o
A 9& RSA & A 23Ho) A9} o] Hato A Hzz
42.4%0°1% AAE, A,
gk, sieh, AFARY, A% 2 AP £ A
e gls HAZE mol Aol A 85%ch CH-1-3
A Aol A 9 RSA gte B9 C-29 C-3
w4 & Ao o« Y fetast C-19ad B WEn
Atz A3 3 A A4 fAF COY &
CO;, 4% BT EL v o= C-1uzdA
A2 CO8 & CO, A4Eo] 3 LEL CH-1-3
A FAel A e RSAZS 1/3¢ R}, wehg
R49] C-18taol A AT COo REFL A 5%
9 7ol AAFNA Hz 12.63%0]H CH1-RAA Y

spindle cell sarcoma, w229},



CEX)

‘16 —FER) - FHE A A

of¥

F¢ RSA 39 £z X5l Lol A AA 2.83%
8 %e w

e 9FE Cla R WAgel A2 RSA &
o 1/3% 4% 24 C2uadlA wam co,
9 & CO, *‘“Hsoﬂ A £5& 4%
=g ok S spmdle cell” sarcoma A, ATAERE,
Yo 7514.0‘ ;ﬂol- ngl-ol et Fere] LAz
AdHz J2gk 1.9%04 AARL Bl A 0.13%
e 4% 24 C-3 gz $A9C08 2 CO,
AR A% $EE 2L PHoE FFT W C2va
oA fa9 COS 23} vTag 2 A%E
AYez ZE gz C- -3k 4=0l) 4] -n-a}sJ -CO.7t
C2gtael4 4244 CO, Ha}}gip}- ok7} 8 A%

+ 294 5 ® g=2).

ol-z Fal o“ /1-1 a]

O

AL AAAAN fd42 CO; 24 F CO; 4ol
g $EL 24 4 Haddd 92 LEY FI2 A
AT at AL1E 9 AS5ES o] HdelA Hagal
18.94% % "éﬁ’}b 75% , spindle cell sarcoma ¥ ¢}
ol A A7 14.97, 14. 83 12:47 9 10.27% 2 ¥ 5§
B¢ vyt 93¢, A% 3 ATAYYY @e A
7.64, 7.36 % 7.2322 WSS TH A¢ 2
el A 500 5 3.23%% HA L 2y

ol AAAAA 2E ve Fo) ¥FAoz P2

m At At S| F3) COpEAel R4z} e o
€ st A4zAd vstd Fd Fo] & CO, %
A} 0% ol AR COL Frua 999 o

€ 71 dAA e AF & 4 A
100
" 8ol
£ 3
&
° 60
[~
.8 -
° .
2 4o
e
a =
oL
S I
© 20

ex § g E .3
x , . c 3.
5 2258 58 5 SE

® 22 5 >
-y - 3 0 0 2 = m~ 0w
55 3 3R 8 38 mad

[ coz trom unknown séurce
V7] COz from medium idctate
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Table 6. ~Fractions:of CO; from each carbon of
lactate among the CO: production derived
from lactate

Cancer tissue C-1 \C~2 C-3 C]?cztiigm
% | % % | %
Uterine cervix| 63.6 | 15.6 | 20.8 | 100
Stomach 85.0 8.5 6.5 4
Liver 87.6 4.0 8.4 ”
Lung 74.7 11.3 14.0 4
Tongue. ~79.0 9.0 12.0 ”
Colon 8.2 | 65 | 83 "
Ovary 76.0 10.7 | 13.3 4
Bladder 847 | 7.5 | 7.8 ”
Brain 74.7 10.0 15.3 "
Spindle cell
.sarcoma 66. 4 14.4 19.2 ”
‘Mean |77 | 91 |ze|
100
80 -
60F

€02 from each carbon of lactate in %

=4
ox L @ L =
€3 8 5 o 32§ 8 ¢ 3.¢
882 2 S § 8 8.8 B 45 ¢
5% 3 5O R 0o O md & B E
P Fraction of COz from C-3 carbon of lactate

" " " c-2 " "
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Comparison of CO; yield from eich carbon of
lactate.

Fig. 2.
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Fig. 3. Catabolic pathway of lactate in cancer tissues.
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