
The Metabolism of Pyruvate by Normal and Leukemic 
White Cells* 

Jules C. Abels, M.D., Florence L. Jones, B. A., Lloyd F. Craver, M.D., and 
C. P. Rhoads, M.D. 

(From the Memorial Hospital/or the Treatment o/ Cancer and Allied Diseases, New Yor k, N. Y.) 

(Received for publication September 30, 1943) 

In previous investigations of the metabolism of 
thiamine by leukocytes (7, 1), abnormally high con- 
tents of the vitamin were found in leukemic cells. 
The probable explanation for this abnormality was 
shown to be an impaired utilization of the vitamin and 
not its increased ingestion, the faulty excretion, or the 
apparent youth of the cells involved. No explanation 
for the impaired utilization was advanced. 

Since thiamine in the form of the pyrophosphate 
ester (cocarboxylase) acts as a coenzyme in some de- 
carboxylating systems, an explanation for the impaired 
utilization of thiamine by leukemic cells was thought 
to be that: (a) thiamine did not exist as cocarboxylase 
in those cells, or (b) the cocarboxylase was formed 
but was not used because of a lack or inactivation of 
the enzymes involved. These possibilities now have 
been investigated. 

CLINICAL MATERIAL 

White cells were obtained for study from the follow- 
ing groups of persons: 

1. Twenty-eight normal adults. For most experi- 
ments it was necessary to pool the cells of from 4 to 
6 subjects to provide sufficient material. 

2. Fourteen patients with chronic leukemia. Of 
these, 5 had the myeloid and 9 the lymphoid type of 
the disease. None were febrile. 

3. Five patients with acute infections. Of these, 1 
had thrombophlebitis, 1 acute pharyngitis, 1 ulcerative 
glossitis and septicemia, 1 had postabortal sepsis, and 
1 a cellulitis of the face. All had polymorphonuclear 
leukocytosis. 

4. Finally, marrow cells were obtained from the 
resected ribs of 3 patients subjected to thoracoplasty 
for chronic pulmonary tuberculosis. 

METHODS 

I. The methods used to procure the marrow and 
white cells have been described in previous commu- 
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nications (7, 1). All blood samples were obtained 
from subjects in a fasted state. 

2. Thiamine was measured by an adaptation of the 
technic of Atkin, Schultz, and Frey (7). 

3. Cocarboxylase was determined by the method of 
Goodhart and Sinclair (6), which was modified in 
two respects: (a) cysteine, 150 mgm. per cent was in- 
cluded in the medium (8), and (b) the yeast halozy- 
mase was washed with warmed (30~ alkaline 
phosphate. 

4. The technics used to demonstrate aerobic and 
anaerobic decarboxylation of pyruvate were those of 
Banga, Ochoa, and Peters (2), and Lohmann and 
Schuster (9), respectively. The latter method was 
modified only in that the system was adjusted to 
pH 7.4 with Ringer phosphate buffer. 

5. Pyruvate was measured by the technic of Bueding 
and Wortis (5). 

6. The ability of the white cells to convert pyruvate 
to lactate was ascertained by an adaptation of the tech- 
nic described by Bueding and Goodhart (4);  the con- 
version of pyruvate to lactate was stopped by the addi- 
tion of 20 per cent trichloracetic acid. 

7. Lactate was measured by the method of Barker 
and Summerson (3). 

RESULTS 

A. Measurement o[ cocarboxylase.--If the inability 
of the leukemic white cells to metabolize thiamine was 
due to the fact that the vitamin existed in an unusual 
form, then the ratio of cocarboxylase to total thiamine 
compounds in these cells would be abnormal. Accord- 
ingly, measurements of these compounds were made 
in 4 samples of pooled white cells each obtained from 
the bloods of 4 normal subjects, and in the white cells 
of 4 patients with leukemia. From 65 to 101 per cent 
of the thiamine present in both normal and leukemic 
leukocytes was found to exist in the form of cocar- 
boxylase (Table I). 

B. Failure to demonstrate a pyruvic decarboxylase 
in white cells.--Since the leukemic white cells con- 
tained normal proportions of cocarboxylase, it became 
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necessary to ascertain whether or not the enzymes 
(which might require cocarboxylase for activation) 
were absent from the leukemic tissue. 

Three samples of normal and 3 of leukemic white 
cells were used as a possible source of enzymes in: 
(a)  a system in which it is possible to demonstate 
aerobic pyruvic decarboxylation by brain and kid- 
ney (2),  and (b) a system used to manifest the ac- 
tivity of yeast carboxylase (9),  but adjusted in these 
studies to pH 7.4 with Ringer-phosphate buffer. In 
neither system did the added pyruvate undergo 
decarboxylation. 

Samples of the white cells of normal and leukemic 
individuals then were homogenized to "liberate" the 
enzymes, which thus might come into more intimate 
contact with the components of the above systems, 
(a)  and (b).  Nevertheless, pyruvate decarboxylation 
could not be demonstrated in these preparations. 

~I'ABLE I: T H E  COCARBOXYLASE CONTENT OF WHITE CELLS 

Total Coearbox- 
thiamine, ylase, Coearbox- 

Nature of white #gm./100ml. #gm./100ml. ylase/Total 
cells cells cells thiamine 

Pooled normal 130 105 0.81 
. . . .  71 60 0.84 
. . . .  95 96 1.01 
. . . .  183 148 0.79 

L.Y. (chronic myeloid 416 350 0.84 
leukemia) 

T.J. (chronic myeloid 240 156 0.65 
leukemia) 

B.F. (chronic lymphatic 280 267 0.96 
leukemia) 

P.M. (chronic lymphatic 320 300 0.93 
leukemia) 

The possibility existed that no increased 02 utiliza- 
tion or COo production followed the introduction of 
pyruvate into the enzyme systems studied because the 
cells already contained sufficient amounts of the sub- 
strate. Chemical determinations of 5 specimens of nor- 
mal and 5 specimens of leukemic white cells failed to 
reveal any pyruvate. The absence of this substance 
from other actively metabolizing tissue (brain and 
liver) likewise has been observed in this laboratory. 

Therefore, if normal or leukemic white cells have 
enzymes analogous to the pyruvate decarboxylase of 
brain, kidney, or yeast, and which require cocar- 
boxylase for their activity, it was not possible to demon- 
strate the existence of those enzymes by the technics 
used. 

C. Abi l i ty  o/ whi te  cells to convert  pyruvate  to 
lac ta te . - -A l though  it was not possible to demonstrate 
that white cells decarboxylate pyruvate, nevertheless 
they do utilize that substance at a considerable rate. 
Observations of a similar nature have been made by 
Beuding and Goodhart (4) on the utilization of 
pyruvate by red cells or whole blood. 

In order to compare the ability of one sample of 
white cells to utilize pyruvate with that of another, it 
first was necessary to demonstrate that the amount of 
pyruvate utilized in the system studied was a function 
of the amount of white cells present. Accordingly, the 
amounts of pyruvate metabolized by different amounts 
of white cells obtained from 3 groups of normal per- 
sons and from 3 patients with leukemia were measured. 
These values, when plotted against the amounts of 
cells used, gave almost a linear relationship. 

When this fact was established, determinations were 
made of the comparative ability of normal and of 
leukemic white cells to utilize pyruvate. Seven speci- 

TABLE II: THE UTILIZATION OF PYRUVATE AND THE FORMATION 

OF LACTATE BY THE W H I T E  CELLS OF NORI~{AL INDIVIDUALS 

White cells 
of 

Pooled normals 

Average 

Chronic myeloid 
leukemia 

Chronic lymphoid 
leukemia 

Average 

AND OF PATIENTS WITH LEUKEMIA 

# I  
#2 
#3 
#4 
#5 
#6 
#7 

Pyruvate 
used/ml. [ 

hr . ,  
/Lgm. 

430 
52O 
515 
65O 
458 
455 
54O 

510 

Lactate 
formed/ 
ml./hr., Pyruvate 

hr., lactate, 
/zgm. per cent 

490 1 I0 
580 110 
620 120 

400 89 
345 76 
563 105 

500 102 

924 71 

458 56 
717 33 

282 32 
50 5 

410 46 
650 63 
889 111 
875 79 
37 2 

1,020 90 

574 57 

R.C. 1,300 
L.J. 930 
M.F. 800 
J.L. 2,150 

' P.M. 890 
M.A. 1,000 
E.P. 900 
S.T. 1,025 
S.F. 800 
A.S. 1,109 
A.S. 1,854 
T.J. 1,060 

1,151 

mens of normal white cells, each specimen made from 
the pooled leukocytes obtained from the bloods of 
from 4 to 6 healthy subjects, metabolized from 430 to 
650 ~gm. of pyruvate, or an average of 510 ~gm., per 
ml. of cells, per hour. In contrast, the white cells of 
12 patients with chronic leukemia, 4 with myeloid and 
8 with lymphoid disease, utilized from 800 to 2,150 
p gm., or an average of 1,151 t~gm., per ml. of cells, 
per hour. Of these 12 samples of white cells, all used 
more pyruvate than did any of the preparations from 
normal individuals (Table II).  

Since the metabolism of pyruvate by normal or 
leukemic white cells was accompanied by neither the 
apparent utilization of O.. nor formation of CO.,, the 
possibility was investigated that the pyruvate merely 
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was reduced to lactate. Recent studies elsewhere have 
shown that the disappearance of pyruvate in whole 
blood is associated with the appearance of almost 
equivalent amounts of lactate (4). In 6 of the 7 ex- 
periments in which the specimens of normal white 
cells were studied for their ability to utilize pyruvate, 
the amounts of lactate that appeared during the course 
of the experiment were measured and were found to 
be equivalent to from 76 to 120 per cent (average 
102) of the pyruvate that disappeared (Table II).  
Irl contrast to this finding were the relatively small 
proportions of lactate that appeared during the pyru- 
vate utilization by the specimens of leukemic cells. 
Lactate formation by 11 of the 12 samples of leukemic 
white cells was found to account for from 2 to 111 per 
cent (average 57) of the pyruvate utilized (Table II).  
Of these II  per cent values, 8 were below the lowest 
normal.  

TABLE III:  EXPERIMENTS TO DEMONSTRATE THAT LACTATE WAS 
DERIVED FROM PYRUVATE 

Lactate Lactate 
present present after 
before one hour 

incubation, incubation, Differ- 
~[ateria[ /~gm. ]tgm. enee 

1 ml. leukemic plasma 
and 0.135 ml. leukemic 
white cells . . . . . . . . . .  72 81.0 9.0 

I nal. leukemic plasma 
alone . . . . . . . . . . . . . .  60 68.5 8.5 

Amount  lactate from 1.0 ml. leukemic white cells alone 3.7 

1 ml. normal plasma and 
0.09 ml. normal white 
cells . . . . . . . . . . . . . . .  84 88.5 4.5 

1 ml. normal plasma alone 77 82.0 5.0 

Amount  lactate from 1.0 ml. normal white cells alone - -5 .5  

To establish that the lactate that appeared dur- 
ing the course of pyruvate utilization was formed 
from the pyruvate, measurements were made of the 
amounts of lactate formed when no pyruvate was 
added to the system. In two experiments it was found 
that normal or leukemic white cells incubated without 
pyruvate for 1 hour (Table III)  produced no signifi- 
cant amounts of lactate. 

The impaired ability of leukemic white cells to 
convert a normal proportion of pyruvate into lactate 
was considered possibly to be due to the apparent youth 
of the cells. This supposition, however, was not tena- 
ble for the following reasons: 

1. The white cells of 5 patients with leukocytosis 
secondary to acute infections converted normal propor- 
tions of the pyruvate utilized into lactate (84 to 106 
per cent). The total amounts of pyruvate used were 
abnormally high (Table IV) in 4 instances. 

2. The immature cells obtained from the marrow 
of 3 patients with chronic pulmonary tuberculosis, and 

who had normal peripheral blood pictures, resembled 
normal white cells in the extent of their ability to 
utilize pyruvate and convert that compound to lac- 
tate. Of the 570 to 734/~gm. of pyruvate metabolized 
per hour by each milliliter of marrow cells, from 84 
to 130 per cent was converted to lactate (Table V) .  

No evidence could be advanced that the reactions 
involving the utilization of pyruvate either by normal 

"FABLE IV: THE ABILITY OF WHITE CELLS OF PATIENTS WITH 
ACUTE INFECTIONS AND LEUKOCYTOSIS TO UTILIZE 

PYRUVATE AND TO FORM LACTATE 

Patient Condition WBC 

D.T. Acute pharyngitis 22,000 
J.H. Ulcerative glossitis 24,000 
J.K. Thrombophlebitis 25,000 
H.B. Cellulitis of face 17,400 
M.T. Postabortal sepsis 21,000 

Pyruvate 
Pyruvate converted 

used/ml./ to lactate, 
hr.,/~gm, per cent 

487 91 
2,189 91 

890 84 
890 105 

1,755 106 

TABLE V: THE ABILITY OF MARROW CELLS OBTAINED FROM 
PATIENTS WITH CHRONIC TUBERCULOSIS TO UTILIZE 

PYRUVATE AND TO FORM LACTATE 

Patient 

Pyruvate 
used/ml./hr., 

/~gm. 

E.L . . . . . . . . . . . . . . . . . . . . . . . . .  734 
H.R . . . . . . . . . . . . . . . . . . . . . . . .  570 
J.K . . . . . . . . . . . . . . . . . . . . . . . . .  700 

Pyruvate 
converted 
to lactate, 
per cent 

114 
130 
84 

TABI.E V|:  EFFECTS OF THIAMINI- OR COCARBOXYLASE ON THE 
ABILITY OF WHITE CELLS TO CONVERT PYRUVATE 

INTO LACTATE 

Pyruvate Lactate 
used/ml,/  used/ml. /  

Component added, hr., hr., 
Cells /igm. ktgm. /zgm. 

Pooled normal cells . . . . . . . . . . . . .  0 645 600 
Thiamine 0.5 587 608 
Thiamine 3.0 612 595 
Cocarboxylase 3.0 560 575 

Leukemic cells . . . . . . . . . . . . . . . . .  0 000 406 
Thiamine 0.5 1,000 525 
Thiamine 3.0 925 494 
Cocarboxylase 3.0 988 512 

or leukemic white cells were dependent upon the 
presence of thiamine or of cocarboxylase. The addi- 
tion of from 0.5 to 3.0 mgm. of thiamine or of cocar- 
boxylase to the systems studied had no effect on the 
pyruvate utilization or lactate formation (Table VI) .  
A similar lack of correlation between the  ability of 
whole blood to utilize pyruvate and the concentra- 
tion of thiamine in the medium was found by 
others (4). It must be emphasized that the critical 
experiment to show a relationship between the con- 
centration of the vitamin and the reaction under study 
could not be done, namely, to remove or destroy the 
thiamine and cocarboxylase already present in the 
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whi te  cells, and  then  to measure the ability of those 
cells to convert  pyruvate  into lactate. 

COMMENT 

N o  explanat ion  for the inability of l eukemic  whi te  
cells to metabol ize  th i amine  normal ly  can be advanced 
at this t ime.  It would  appear that those cells do con- 
tain normal  proport ions  of cocarboxylase, but  the exis- 
tence of e n z y m e  systems k n o w n  to require  that  com-  
p o u n d  as a coenzyme  has not  been demons t ra ted  ei ther 
in no rma l  or neoplastic whi te  cells. Pyruvate,  never- 
theless, is ut i l ized by the whi te  cells, but  that  utiliza- 
t ion probably does not  require  O2 directly, nor  is CO2 
produced.  Rather ,  it appears that  normal  whi te  cells, 
l ike erythrocytes or whole  blood (4) ,  reduce the 
pyruvate  quant i ta t ively  to lactate. 

In  contrast,  it has been found  that  l eukemic  cells 
not  only uti l ize more  pyruvate  than do normal  whi te  
cells, but  also convert  abnormal ly  small proport ions 
of the c o m p o u n d  to lactate. W h a t  other  substances 
are fo rmed  f rom the pyruvate used by the leukemic  
cells is not  k n o w n .  

CONCLUSIONS 

1. F r o m  65 to 101 per cent of the th i amine  present  
both in normal  and leukemic  whi te  cells exists in the 
fo rm of cocarboxylase. Nevertheless,  those e n z y m e  
systems that  are k n o w n  to util ize cocarboxylase as a 
c o e n z y m e  could not  be demons t ra ted  in ei ther  the 
no rma l  or l eukemic  cells. 

2. Qual i ta t ive  and  quant i ta t ive  differences have been 
observed for the ut i l izat ion of pyruvate  by normal  and 
l eukemic  whi te  cells. T h e  normal  cells apparent ly  

util ize less pyruvate and, in most  instances, convert  a 
greater  proport ion of that  c o m p o u n d  to lactate than 
do the leukemic  cells. This  abnormal i ty  of the neo- 
plastic cells probably is not  due simply to their  
apparent  youth. 
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