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By RICHARD H. BOTFOMLEY, S. J. LOCKE AND H. C. INGRAM

flECENT INVESTIGATIONS by Markert and Moeller1 and Wieland and

1� Pfieiderer2 have shown by electrophoresis that lactic dehydrogenase
( LDH ) occurs in multiple molecular forms, with certain molecular species

of the enzyme being present in greater amount in certain tissues. The electro-

phoretic form which we call isozyme I ( see fig. 1 ) predominates in extracts

of heart muscle while the isozyme V predominates in extracts of liver and

skeletal muscle. The present study was established to characterize the lactic

dehydrogenase present in chronic lymphocytic leukemic cells and to de-

termine if the enzyme differed quantitatively or qualitatively from the LDH

of nonleukemic leukocytes.

METhODS

Peripheral white cells were obtained from 10 patients with chronic lyanphocytic leukemia

in various stages of the disease. The white cells were separated by mixing heparinized blood

2: 1 with 6 per cent dextran in normal saline and centrifuging at 500 r.p.m. for 5 minutes.

After obtaining the white cell rich supernatant the cells were packed by centrifugation

at 2000 times gravity. The red cells were hemolyzed by contact with distilled water for

30 seconds. The cell suspension was made up to a concentration of 0.154 NI KC1 by add-

ing a volume of 0.308 NI KCI equal to the volume of distilled water used for hemolysis.

The white cells were then centrifuged in a graduated centrifuge tube and washed twice

with 0.154 M KC1. The volume of packed leukocytes was determined. A 20 per cent

suspension of the leukocytes was made in 0.05 NI Tris buffer pH 8.0 containing 0.1 per

cent ethylenediamine tetra-acetic acid ( EI)TA ) and 0.05 per cent beta-mercaptoethanol.

The enzyme assays were carried out on the 20 per cent suspension and the enzyme ac-
tivity calculated on the basis of 1 ml. of packed leukocytes.

After the 20 per cent suspension was made. it was frozen and thawed 3 times at

-70 C. and centrifuged for 30 minutes at 34,000 times gravity in a refrigerated high-speed

centrifuge at 4 C. The supernatant was then decanted and used as the crude supernatant

enzyme extract for quantitative and qualitative tests.

Lactic dehydrogenase was prepared from red cells of normal and leukemic patients

by the method of Kirkman et al.3 To standardize’ the preparation procedure, 10 ml. of

packed red cells from th� patients were used during each enzyme preparation. These cells

were washed twice with 5 volumes of 0.154 NI NaCI, the washed red cells hemohyzed with

90 ml. of distilled water, and the “ghosts” renioved by centrifugation at 10,000 times
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gravity for 30 minutes. Three-hundred ml. of 0.02 NI phosphate buffer pH 6.3 were

added to the hemolyzed red cells and this hemolysate was added to 8 Gm. of diethyl-
aminoethyl cellulose ( DEAE ) which had previously been equilibrated with 0.02 NI phos-

phate buffer pH 6.3. The DEAE hemolysate mixture was then filtered on a Buchner funnel

and the DEAE washed with 0.02 M phosphate buffer pH 6.3 until the filtrate was no

longer colored and the enzyme eluted with 100 ml. of 0.5 M phosphate buffer pH 6.3.

The enzyme ( LDH ) was precipitated by the addition of 49 Gm. of ( NH4 )2S04 per 100

ml. of eluate. After centrifugation at 6000 r.p.m. for 10 minutes the supematant was de-
canted and the precipitate dissolved in 2-4 ml. of 0.05 M Tris pH 8.0 containing 0.1

per cent EDTA and 0.05 per cent beta-mercaptoethanol. This partially purified enzyme

preparation was stored frozen at -17 C. until used.

Lactic Dehydrogenase Assay

Lactic dehydrogenase was assayed by the method of Amador et al.,4 using the lactate

to pyruvate reaction in which nicotinaniide adenine dinucleotide ( NAD ) is converted to

reduced NAD. The rate of change of optical density ( O.D. ) was measured at 340 m�s in a
recording spectrophotometer with the cuvette maintained at 37 C. The initial rate of the

enzyme reaction was used to calculate enzyme activity. Enzyme units were expressed as

.001 O.D. change/min./ml. of packed cells X 1000.

Starch Gel Electrophoresis

Vertical starch-gel electrophoresis was done utilizing a modification of the method of

Smithies.5 The starch itself was prepared as described by Kirkman.6 The starch

buffer was 0.05 M Tris pH 8.8 containing 0.1 per cent EDTA and 1 X 10� M NAD. The
bridge solution contained 0.05 NI Tris pH 8.8, 0.1 per cent EDTA and 0.03 NI NaCl. The

starch was heated until it became transparent with small bubbles beginning to form.

The bubbles were removed by applying suction to the flask for 15-30 seconds from a

water suction apparatus. After debubbling, the NAD was added with swirling as 0.5 ml.

of a 0.045 M solution afl(l the starch poured into the mold. After a slight scum had

formed on the li(luid starch, the slot former was inserted and aligned. The slot former

was held in place by weights for one hour and the starch block was then placed in the

&‘old ( 4 C. ) for 30 iiiinutes before the slot former was removed. The slots were protected

by a strip of parafilm and the surface of the starch covered with liquid petrolatum (60 C.)
and replaced in the cold. When samples were to be inserted, the paraflim strip was re-

moved and 50 �zl. of enzyme preparation (adjusted to equal enzyme activity) pipetted by

a Levy-type micropipette into each slot. Excess enzyme was blotted from the surface of

the gel and liquid petrolatum (60 C. ) was poured over the slots to seal them.

The starch mold was then placed in the vertical position, as described by Smithies,5

and 140 volts at 25 ma applied across the gel with a voltage regulated power supply.

After 16-18 hours the starch block was removed from the mold and sliced in a slicing

tray. The LDH bands were developed using the technic of Fine and Costello.7 The starch

slice was then placed in a 1 : 5 ethanol/water mixture for storage. Photography was by

transilluminated and reflected light.

RESULTS

To determine the reproducibility of the LDH assay method, 10 replicate

samples were assayed, and the standard deviation from the mean was found

to be 5 per cent. The lactic dehydrogenase concentration was determined in

the leukocytes of 10 patients with chronic lymphocytic leukemia. Table 1

shows the LDH activity found in the cells of 10 different patients as calculated

per ml. of packed leukocytes. The LDH activity found in the leukemic leuko-

cytes varied from 5400 to 120,000 units/ml. of packed cells with a mean of
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Table 1.-Lactic Dehydrogenase Activity of Leukocytes from Patients

with Chronic Lymphocytic Leukemia

- Patient No. Leukocytes/cu. mm. Per Cent Lymphocytes LDH Level/mI.

- 19 117,000 100 5,400

22 133,000 95 46,000

27 30,000 85 62,000

28 150,000 96 33,000

29 90,000 98 120,000

36 80,000 99 57,000

37 120,000 98 19,000

38 80,000 96 100,000

43 69,800 96 45,000

44 250,000 98 21,000

( Mean LDH level 52,081)

#{176}Lacticdehydrogenase levels are expressed as change of O.D. X 1,000/mI. of packed

leukocytes/min.

52,000. Morphologically the leukemic leukocytes of all these patients appeared

to be mature lymphocytes.

Figure 1 illustrates the results of electrophoresis of the crude enzyme ex-

tract from 7 patients with chronic lymphocytic leukemia on starch-gel as corn-

pared with enzyme obtained from the peripheral white cells of a normal con-

trol. The percentages of white cells in normal blood were : polymorphonu-

clears, 65 per cent; lymphocytes, 30 per cent; monocytes, 3 per cent; and

eosinophils 2 per cent. In leukemic blood the percentages of lymphocytes were

90 per cent or more. The LDH activity of the normal leukocyte mixture was

122,000 units/mI. of packed white cells, which approximated the highest

level seen in one patient with chronic lymphocytic leukemia although most

leukemic patients had approximately half this level. Migration of four iso-

zymes toward the anode and one toward the cathode is shown in figure 1.

The most intense band seen in the normal cells was the cathodal band or No.

V isozyme, while in all 7 of the chronic lymphocytic leukemia samples shown

on this starch-gel the greatest activity was in the band migrating in the mid-

die or No. III isozyme. All chronic lymphocytic leukemic samples were equihi-

brated to the same amount of enzyme activity prior to electrophoresis, and it

will be noted that the patterns are not identical, with some samples having

activity in the No. IV and No. V isozyme bands while others do not.

Figure 2 illustrates the lactic dehydrogenase isozyme pattern of the red

cells of 3 patients with chronic lymphocytic leukemia as compared to the iso-

zyme pattern of the leukemic leukocytes from the same patients. The pat-

tern found in a normal human lymph node and normal human spleen are

also illustrated. Pure lymphocyte preparations have not as yet been ob-

tamed, and the lymph node and spleen are used to illustrate the probable

isozyme pattern of normal peripheral lymphocytes. The partially purified red

cell LDH has the greatest amount of activity in the No. 1 isozyme while the

leukemic leukocytes, lymph node and spleen have the most activity in the

No. III isozyme. All samples illustrated on this starch block show isozvrnes

which migrate at the same rate. The migration of LDH isozymes of the leu-
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#{176}The isozyme patterns of 7 of the 10 patients’ leukocytes are illustrated in figures 1

and 2.

Origin

I ISOZYME
V ‘ji :rv III II I

I. � Normal 1eukoc�,rtes

� t Leukeniic No. 7

. Leu.kemic No. 9

Leukemic No. 19

Leukemic No. 8

� Leu.kemic No. 22

Leukemic No. 28

Leukemic No. 27

Fig. 1.-Lactic dehydrogenase isozymes of normal and leukemic leukocytes.

kemic lcukocvtes of 10 patients has been compared in starch block prepara-

tions to normal red cell, spleen and lymph node LDH and no differences in

migration have l)C(�fl found.

Additional studies have been completed on extracts of the peripheral lymph

nodes of a 1)atient �vith chronic lvmphocvtic leukemia and these studies show

that the i5OZVITIC pattt’rii of the leukemic lymph node is the same as that of

the peripheral lymphocytes from the same patient. The lymph nodes and

he1)atic metastases of a patient with lymphosarcoma have been studied and

the maximum LDH activity was in the No. III isozyme.

Studies in our laboratory’5 indicate that with storage at -20 C. there is

SO�C loss of activity of the No. V isozyme, and it will be noted that several

of the samples in figures 1 and 2 have lost the slower moving bands. Studies

of all malignant lymphatic tissues to date have indicated maximum activity

in the No. III isozyme in fresh enzyme preparations.
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Origin

ISOZYMC NU�ER

V IV III TT I +

, � �1

$
Fed

Cells 113. 28

Cells 113. 27

Cells I-Jo. 22
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Leuk�mie Cells
IL�. 2-�

Leukemi� Cells

�. 27

Leukerni� Cells
:r�. 22

Lymph :r�dc

8�

‘I I
I g I

Fig. 2.-A comparison of the migration of lactic dehydrogenase isozymes from
ieukemic leukocytes with isozymes from red cells and normal lymph node and

spleen.

DIscussIoN

The description by Markert and Moeller, and \Veiland and Pfieiderer1’2 of

the multiple enzymatic forms of lactic dehvdrogenase suggested new con-

cepts concerning the makeup of enzymes and the genetic control of enzyme

synthesis. Fine and his associates9 have studied extensively the changes in

isozyme pattern which occur with differentiation and have proposed several

theories in regard to the physiologic significance of the different isozyme pat-

terns. Markert1#{176} and Cahn and his associates� have presented evidence that

the 5 isozymes are made up of the polypeptide products of 2 genes. This

theory holds that the most negatively charged isozyme ( I ) is made up of

4 identical polypeptide chains and that the most positive isozyme ( V ) is

made up of 4 chains derived from another gene; the 3 intermediate isozymes

( II, III, IV ) are made up of combinations of these 2 polypeptides. Thus,

studying the isozyme pattern of the tissue permits an analysis of the relative

activities of the I and V genes. This allows characterization of various tis-

sues on the basis of the isozyme pattern, and comparisons can be made of
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the constancy of the isozyme pattern within one supposedly homogeneous

cell type.

Dioguardi et al.12’13 have reported utilizing DEAE separation of the iso-

zymes of granulocytes from normal and leukemic patients. Their studies in-

dicated that normal granulocytes generally had major activity in the No. V

isozyme band, while immature granulocytes and myeloblasts had the ma-

jority of activity in the No. III isozyme band. Studies of Goldman et al.14’15

of the LDH of malignant tissues indicated that the activity of the gene con-

trolling the polypeptide making up the No. V isozyme was greatest in malig-

nant tissues. A previous report1#{176} had indicated that many human neoplastic

tissues had maximum LDH activity in the No. III isozyme band. Other re-

ports5’14”� have questioned these findings on the basis that the No. V iso-

zyine is less stable than the others and that progressive loss of this isozymc

results in relative accentuation of the other bands.

The data described in this paper would indicate that all chronic lympho-

cytic leukemic cells so far studied have the greatest activity in the No. III

isozyme band. The fact that all isozymes migrate parallel with enzyme from

normal leukocytes would indicate that the isozymes of these cells are probably

molecularly the same as the corresponding isozyme in the normal leukocytes,

at least in respect to electrical charge. This finding would indicate that no

mutation involving LDH amino acid sequence has occurred during the ma-

lignant change, although some amino acid changes might not be detected by

this method because there may l)e no change in net charge of the protein

molecule.

In considering the physiologic significance of the isozyme type present in

a particular cell, Dawson et al.17 have suggested that the LDH V is char-

acteristic of tissues having the capacity of an oxygen debt or anaerobic me-

taholism while LDH I is present in those tissues not characterized by this

type of metabolism ( heart ) . In a recent report Goldman et al)5 found that

the tumors that they studied had predominance of LDH V or the anaerobic

type-almost universally-and they suggest that this may reflect the anaerobic

metabolism of most malignant tissues. This would not appear to hold true in

the case of the chronic lymphocytic leukemic cells, however. If it is true

that there is some type of shift of the isozymes to a “malignant” pattern-

either with an almost equal amount of both LDH I and V or a predominance

of the LDH V as suggested 1w other workers10-the question arises as to

whether this is due to a “new” LDH being formed, to some alteration in con-

trol of the genes either associated with the malignant change, or to some

change in the cell milieu interieur which results in the genetic expression. The

data presented in this paper would indicate that the LDH of chronic lym-

phocytic leukemic cells is not a “structurally different” enzyme as has pre-

viously been suggested.l( The data so far accumulated would indicate that

the chronic lymphocytic leukernic cells have very similar although not identi-

cal isozyme patterns from patient to patient, although the activity appears

to vary greatly. It is possible that the variation in isozyme pattern and amount

of LDII in the cells reflects a basic variability in the cell types of the disease

and may relate to the differences in clinical course and response to therapy
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seen in different patients with the same disease. It is pOSSiI)le that these dis-

eases can eventually be classified by enzymatic differences, including those

seen in LDH.

SUMMARY

Lactic dehydrogenase was quantitated and its isozyme pattern studied in

the leukocytes of 10 patients with chronic lymphocytic leukemia. There was

a wide range of LDH activity, although all isozyme patterns by starch-gel

electrophoresis showed greatest activity in the No. III isozyme band. Corn-

parison of the rate of migration of the leukemic leukocyte LDH with LDH

from normal leukocytes and erythrocytes showed no difference in migration

rate, suggesting that the LDH of chronic lymphocytic leukemic leukocytes

does not differ in electrical charge from LDH of normal leukocytes.

Su�n�1Amo IN INTERLINGUA

Dehydrogenase lactic esseva quantificate, e su configuration isozymatic

esseva studiate in le leucocytos de 10 patientes con chronic leucemia lympho-

cytic. Esseva trovate un extense varietate de grados de activitate del dehydro-

genase lactic, ben que omne le configurationes isozymatic trovate in electro-

phorese a gel de amylo monstrava br maximos de activitate in Ic banda

isozymatic No. III. Un comparation del celeritate migratori de dehydrogenase

lactic ab leucocytos leucocytic con illo ab leucocytos normal e erythrocytos

monstrava nulle differentia, lo que pare indicar que le dehydrogenase lactic

de leucocytos in chronic leucocemia lymphocytic non differe in su carga

electric ab illo in leucocytos normal.
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