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LACTIC DEHYDROGENASE ACTIVITY AND THE METABOLISM OF HUMAN LEUKOCYTES
IN SEVEN-DAY CULTURES

THREECLCSTIE PENHROIBBEAFTEREE AR

INTRODUCTION

Primary cultures of human leukocytes provide a
rapidly dividing and metabolically active tissue for
the investigation of isozyme synthesis. As described
in a previous repcr[,l leukocytes in short-term
culture have been found to undergo a shift in their
patterns of lactic dehydrogenase (LDH) activity from
anodal dominance early in culture to increased
cathodal activity at 72 hours. This shift occurred
simultaneous with increased
pyruvic and lactic acids in the medium, continued
glucose utilization by the cells, and maximum trans-
formation and mitotic activity of lymphocytes in
culture.

These findings tended to support the hypothesis that
the cathodal-migrating bands of LDH are associated
with conditions of relative anoxia, and anaerobic
metabolism, while anodal isozymes predominate under
conditions of higher oxygen tension and aerobic
metabolism. 2 However, extension of the culture time
and further observations of the metabolism of the
cells on completion of dedifferentiation and mitosis
now casts doubt upon the aerobic-anaerobic isozyme
hypothesis of LDH synthesis, as applied to this
system.

METHOD

Human leukocytes from normal volunteers were
cultured under stimulation of phytohemagglutinin, in
tissue culture medium 199, with a volume of fetal
bovine serum equal to that of the cell suspension.
From 6-8 x 10° cells were inoculated into each
culture, and cultures were incubated at 37C for
48, 72, 96, or 168 hours.

washed three times in isotonic saline, and homo-

Cells were harvested,

genized in 0.5 ml saline, at room temperature,
at 2500 rpm, using a teflon Tri-R Stir-R tissue
homogenizer.

accumulations of °

##

)

EFEMBRO -RERETL2- T, #MlABEOFEY, €
WoiERLEEEY, T4 v AEROFRCFHAELL.
o@E vy, AMROEMERIZET S
LNk FEREE (LDH) it/ vy — v 1k, HEWMIEC
Pl A E T H 5 AT, HET2REME BN oE g
B R o, ZoBEfLFERI, BEERPO L
EoREEIBEHBE BINL, Sz 7 Fo il &
CLEBHIHEE) Y AROBTE L USBEEI TR &I
LA,

LR O RIE, EEE o LDHIS L BEo M 2 X
ZIRES FUBRAENS EoMICEEFH Y, —F, &
MM 7 A 4 A3EEEO®EVIRE S & I AEN
HREORFIZEZVEVIEH 2 XFT 28 bh 5.
LaL, HWEasis 6 cEE LT, Mok s Mins
OFET LMigizont, 2oR#E S5l LLHE
B, ZOFRBIZETAERY, LDH G - MK
TA VWA ARFICERE VWL CITES £

h &

EHBELE»SAF LA PAMEKE 774 bAw LT
Zo THLHER L THIEES REE 199 B A, MERGFEHERL &
ROy VHERMMEEFEMLTHELL, SHBERIZ6 -
8x10¢ WoMmlas HEil L, 37C 748, 72, B4 L
I6BRFRIE R AT A - 2. MBI L THBEREART
IMEEFL, BEAOSH Mi, ERIzEWVT, Tri
R Stir-R 7 70 ¥ KT+ 4 =% T 15 H2500[H
SETHERL -,



Analyses of glucose, pyruvic and lactic acids, and
alpha-ketoglutaric acid were performed on the
medium, while agar gel electrophoresis, total lactic
dehydrogenase activity, and total protein were
performed on cell homogenates. Glucose was
determined using a modification of Folin's micro-
methad; 3 pyruvic acid, according to Friedemann and
Haugen;? and lactic acid, according to Huckabee.’
Alpha-ketoglutarate determinations were done on the
basis of Shimizu’s quanrtitative technique for ex-
traction of the 2, 4 dinitrophenylhydrazine derivative
into xylol.6 The assay for total LDH activity was
adapted to cell homogenates from the procedure
originally described by Wroblewski? for reduction
of pyruvic acid in the presence of NADH. Total
protein determinations were done according to
the Lowry technique.® Agar gel electrophoresis was
performed at 4C on cell homogenates with sodium
lactate as the substrate, NAD as coenzyme, and
phenazine methosulfate as electron carrier. A
purple band was produced at the sites of LDH
activity, by reduction of nitro blue tetrazolium to
formazan. The results presented here are derived
from studies of 77 cultures from 13 subjects.

RESULTS

As previously described,! in the first 72 hours of
culture, the levels of pyruvic and lactic acids rose,
while glucose in the medium fell. From Figure 1,
it is apparent that continued culturing of these
leukocytes results in a further increase of lactic
acid, with a precipitous decline in available glucose
in the medium by 168 hours. Pyruvic acid, however,
appeared to reach a plateau, after rising in the
first 72 hours of culture.

In all cultures, total LDH activity increased during
the period of maximal mitotic activity, while total
protein decreased, reflecting degeneration of the
largest cell population inoculated into culture, the
granulocytes. Thus, the specific activity (Figure 2),
defined as the number of units of LDH per milligram
of protein, continued to rise throughout the 168-hour
culture period, confirming the relative increase of
LDH in, first, the dividing, and then the non-
dividing cells.

The normally seen shift in isozyme pattern is shown
in Figure 3, with the increase in LDH-3 and LDH-4
at 72 hours indicating a decrease in H subunit
activity and an increase in M subunits.* While the
decrease in H subunits, and therefore the rise in
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*H and M subunits refer to the heart and muscle polypeptides, respectively, of lactic dehydrogenase. These polypep-
tides comprise the two basic subunits of which each LDH tetramer is composed.
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FIGURE 1 Glucose, lactic and pyruvic acids in the medium of leukocyte culture. Each point

represents a single determination from a culture assayed at the indicated time. The
curves were derived from plots of the mean value obtained.
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FIGURE 2 Specific activity of lactic dehydrogenase in cultured human leukocytes. With dege-
neration of the large granulocyte population, the fall in protein per milligram of cell
bomogenate and the concomitant rise in total LDH activity produce a marked
increase in specific activity throughout cell culture.
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FIGURE 3 Lactic debydrogenase isozyme patterns of leukocytes, prior to culture and at 72 and

168 bours of culture. The anodal bands in this svstem were LDH-1 and LDH-2, the
cathodal bands LDH-3, LDH-4, and LDH-5.
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FIGURE 4 Plot of the mean values for the H and M polypeptide subunits of LLDH. These

values were estimated by determining the percentage of each of the bands of LDH
on each agar strip, using density tracings obtained on the gel from the Beckman/
Spinco Analytrol. The proportions of H and M were then calculated assuming LDH-1
to consist of 4 H suburnits; LDH-2, HHHM; LDH-3, HHMM; LDH-4 HMMM; and
LDH-3, MMMM.
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M subunits, was consistent for all cultures during
the initial mitotic cycles, at 168 hours there was
some variation. Three of the nine cultures studied
at 168 hours showed a continued decrease, of 1%-5%,
in H subunit activity, when compared to the 72-hour
values, while the remaining six showed increases of
6%-22%. As seen in Figure 4, the mean values for
H subunit activity were 70.4% prior to culture, 60.1%
at 72 hours of culture, and 67.3% at 168 hours.

The mitotic characteristics of the cell population in
In the first 24 hours of
culture, the number of cells in active division was
less than 5 per 1000 cells examined. This figure
rose to a peak of 70-80 at 72 hours, and subsequently
fell to 20 or less at 168 hours. As also evidenced by
the continued metabolic activity of the cells, the
histologic appearance at 168 hours was that of
intact, viable cells.

culture also were changing.

There was no evidence of
degeneration, such as vacuolization of the cytoplasm
or nuclear pyknosis. Two types of cells were seen
centrally, small cells with densely
stained nuclei; and in the periphery, larger cells
with more cytoplasm, and less darkly stained nuclei.
The former may represent well differentiated small
lymphocytes, the latter the so-called transformed, or
blast, cells of leukocyte culture.

in the colonies:
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TABLE 1 ALPHA-KETOGLUTARATE DETERMINATIONS IN MEDIUM OF CULTURED LEUKOQCYTES

F1 AmMBEREHEIOT

T A kL — LR

Patient Number

Prior to Culture 72 hours 168 hours

fiE: 17l # & HE ol T2 [ % 168 IRl #%
1 0.1 mg/100ml 1.4 0.8
2 0.2 1.0 0.7
3 0.1 1.5 1.5
4 0.1 1.5 1.5

The markedly increased levels of pyruvic and lactic
acids found at 72 hours raised the possibility of a
shift in the metabolic processes of the cells toward
anaerobic glycolysis with increasing time in culture.
The assays of alpha-ketoglutaric acid in the medium
(Table 1) showed a 5-15 fold increase in the first
72 hours of culture. However, between 72 and
168 hours the levels either decreased or remained
constant, suggesting, as supported by the continuing
rise in lactate, that anaerobic glycolysis had become
a significant energy source.

The effect of increased concentrations of pyruvic or
lactic acids early in culture were then evaluated to
determine whether these substrates alone could

induce cathodal band formation. Concentrations of

REET2RFMBIIENLE v B EFLEEDE LA ED 5
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0.14-1.44 mM per liter of pyruvic acid were added to
these cultures in single or multiple doses, at 24-hour
intervals, for the first 3 days. This range encompass-
ed maximal pyruvate concentrations found in the
leukocyte cultures. Similarly, 3.0-12.0 mM per liter
of sodium lactate were added to other cultures, and
as with the pyruvic acid addition, no alteration in the
normal sequence of isozyme synthesis was produced.
At concentrations above these, cell viability was
impaired, and the cultures failed.

CONCLUSION

These results suggest that the synthesis of a particu-
lar isozyme by a tissue, or population of cells, may
depend less on the biochemical environment than on
the functional activities of the cells. The relative
autonomy of isozyme synthesis in living cell systems
is attested to by the difficulty in altering the pattern
of LDH synthesis in a given tissue.? The invariably
increased cathodal band activity of these cells at
72 hours of culture may reflect the intense mitotic
activity of the cell population and the activation, or
de-repression, of the genetic locus responsible for
M subunit synthesis, rather than representin.g an
effect induced by the high levels of pyruvic or
lactic acids. With the observed decline in cell
division at 168 hours, this locus may again become
inactive, the isozymes tending to return toward the
premitotic pattern. Thus, in the leukocyte in vitro,
anaerobic metabolism, and the metabolic products of
this metabolism, do not appear to determine the
pattern of LDH synthesis.

The application of this study to in vivo cell function-
ing is unclear. The activity of genes under the
stimulus of a potent mitotic agent (PHA), and in the
presence of a synthetic medium for support of cell
division and growth, precludes direct comparison
with cells in the soma. However, it seems reasonable
to conclude that isozyme synthesis does not purely
indicate an adaptation of cells to a changing bio-
chemical environment, or a changing metabolic
pathway. Something more intrinsic in the genetic
control of protein synthesis during differentiation and
cell division appears to regulate the formation of
differe nt molecular forms of the same enzyme.

SUMMARY

The normally seen increase in the cathodal band
activity of lactic dehydrogenase isozymes at 72 hours
of leukocyte culture is accompanied by intense
mitotic activity and transformation of lymphocytes
into blast-like forms. The increased levels of lactic
acid by 168 hours of culture, together with the
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variation in M subunit synthesis at that time, suggest BHATA VA LSRY, Mla0FRAME - MIERH
that isozyme syr?thesis m. this syslﬁem is related SEED b LARREANTED bR AR EE L
less to the acrobic-anaerobic metabolic pathways of
the cells than to mitosis and the state of differentia- U5t RS OMEEIFIEN LERET S,
tion in vitro.
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