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II ESULTS OF A STUDY OF CHANGES in lactic dehydrogenase (LDH)

occurring in cultures of normal human lymphocytes were reported re-

cently.’ It was shown that lymphocytes in cultures without phytohemagglutinin

(PHA) showed little change in total LDH activity or in isozyme patterns;

but when cultured with PHA, significant increases resulted in the total LDH

activity and in the proportion of muscle-type (M-LDH) polypeptide subunits.

These changes, as well as blast-cell formation, were blocked by either actino-

mycin D or puromycin. This indicated that both RNA and protein synthesis

were required for the PHA effect. Changes in LDH isozyme patterns were

detectable after four hours of culture and became highly significant within

24 hours. Since increased mitotic activity usually does not begin until the

second to third day of culture with PHA, the changes in LDH occurred in the

same cells that were introduced into the cultures and were not the result of

the appearance of a new population of cells. As highly purified lymphocyte

preparations were used in these cultures, the results were not due to a change

in the ratio of lymphocytes to granulocytes. This is important since granulocytes

have a much greater total LDH activity and higher proportion of M-LDH

than do lymphocytes.2�6

These results indicated that PHA acted at the two genetic loci controlling

synthesis of M-LDH and H-LDH (heart-type) polypeptide subunits. It was

suggested that perhaps PHA acted at allosteric sites on protein repressors or

inducers of operator genes for H- and M-LDH in accordance with the theories

of Monod et al.7

In the present study, we are reporting observations of changes in LDH in
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Fig. 1.-Acrylamide-gel electrophoretic patterns of LDH from normal lympho-
cytes after culture with or without phytohemagglutinin (PHA). Control cultures
(L) without PHA for the intermediate hours (4-20 h) are not shown, but were
similar to the 24th L and were essentially unchanged from the zero time (0 t).

cultures of lymphocytes from patients with chronic lymphatic leukemia (CLL).

Lymphocytes from CLL have shown varied capacities to respond to PHA with

blast-cell transformation.89 In general, the number of PHA-cells found in cul-

tures of lymphocytes from patients with CLL varied inversely with the height

of the WBC counts. Since an increase in glycolysis1#{176}’1’ is associated with PHA,

we sought to determine if a correlation existed between the blast-cell response

and the quantity and type of LDH present.

MATERIALS AND METHODS

The Blood. Leukemic blood was drawn from patients at the Veterans Administration

Hospital, Hines, Illinois, through the courtesy of Dr. William Donnelly, Hematology Section
Chief, and his staff.

Methods. The procedures used in this study have been previously described in detail,’.6
12,13 including: cell collection and separation on glass bead columns,12.13 cell culture, cell

storage at low temperatures, preparation of enzymes, assay of total LDH by fluorimetry, disc
electrophoresis of the LDH isozymes, densitometry, and calculation of H- and M-LDH.1#{176}
Estimates of the percentage of PHA-cells formed in cultures were based on phase contrast

microscopy.12

RESULTS

Figure 1 shows gels from a typical set of cultures of normal lymphocytes.

A rapid increase in M-LDH during the first day of culture is apparent from the

clearly visible increase in the proportions of LDH-4 (75 per cent M-LDH)

and LDH-5 (100 per cent M-LDH). Highly significant increases are found

in total LDH content and M-LDH in normal lymphocytes cultured with PHA

for 24 hours.’ Table 1 gives the level of increase reached after three days in

culture. Cultures without PHA, on the other hand, show little or no change in

either total LDH activity or proportion of M-LDH.

It was found convenient for comparison with the normal group to divide

the cases of CLL into three classes on the basis of their morphological response

to PHA. This also separated the patients according to their WBC counts
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Table 1.-LDH Activity and Percent M-LDH of Normal and Leukemic
Lymphocytes after Culture with and without PHA

WBC per mm.3
(Range) No.

Percent
PHA-cells

Tot al LDH Activity0 Per Cent M-LDHt

0 time
3 day

control
3 day

+ PHA
0 time 3 day

control
3 day

+ PHA

Normal
5,000-9,000 7 60-85 2�47 257 427 34.1 35.2 46.4

±23 ±36 ±41 ±2.0 ±3.3 ±4.2

CLL
20,000-2,5,000 5 20-40 125

±31
123

±29
210

±92
39.8

±2.6

38.3

±2.7

46.4
±2.9

53,000-90,000 6 raretolO 60
±18

54

±16
71

±29
45.3

±2.3
44.2

±1.5
45.2

±2.0

150,000-265,000 5 none or rare 32
±7

29
±6

32
±5

47.8
±2.7

46.5
±2.6

47.0
±1.8

*4uMoles/1010 cells/minute, mean ± S.D.

tCalcuiated from the densitometry, � mean ± S.D. Percent H-LDH may be obtained

by subtracting from 100.

( Table 1 ). As others have noted,8’9 the greatest proportion of cells showing

blast-cell formation ( 10-40 per cent) occurred in the group with the lowest

counts. Few or no PHA-cells were seen in cases with counts over 100,000 per

mm,3 while some (rare to 10 per cent ) were found in the intermediate group

with counts ranging from 53,000 to 90,000 per mm.3 These results are in con-

trast to the response of normal lymphocytes which showed 60-85 per cent

blast-cell formation. In general, increase in total LDH activity and in per cent

M-LDH paralleled the capacity of the cells to produce PHA-cells.

There was a geometric doubling (Table 1) of the mean total initial LDH

activity in each group starting with the lowest values found in the high count

CLL cases and progressing to the highest values of the normal group. In

cultures without PHA total LDH and per cent M-LDH showed little change,

although in individual instances there was some tendency for M-LDH to fall,

particularly in the high and medium cell-count groups. With PHA added,

there was also little or no change in either total LDH or per cent M-LDH in

the high count group. PHA, however, appeared to overcome the tendency for

cells in this group to show a fall in M-LDH. Cells in the 53,000-00,000 group

showed some increase in total LDH. No change was evident in the mean

values for per cent M-LDH (Table 1), even though individual members did

show an increase in per cent M-LDH. Others (Fig. 2) showed increased M-

LDH only after five days of incubation. The greatest rise in total LDH and

M-LDH occurred in the normals and in the low-count CLL group (Fig. 3).

Those with the highest initial total LDH values and the lowest proportion of

M-LDH (Table 1 ), showed the greatest increase in both total LDH activity

and per cent M-LDH after culturing with PHA.

Normal or leukemic lymphocytes regardless of their reaction to PHA ap-

peared to reach or maintain a level of about 46 per cent M-LDH in cultures

with PHA.

Changes in total M-LDH activity should be considered in evaluating these
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Fig. 2.-LDH isozyme patterns after culture of lymphocytes from a case of CLL
with intermediate WBC count. No change in LDH pattern occurred during the
first three days of culture with or without PHA. Increase in the proportion of M-
LDH did become evident after five days of culture with PHA.

WBC 25,300

Fig. 3.-LDH isozymes patterns after culture of lymphocytes from a case of CLL

with a low WBC count. Some increase in M-LDH is apparent after one day of
culture with PHA. There is progressive increase in M-LDH after three and five

days of culture with PHA. In this case, the lymphocytes cultured without PHA

showed a diminution in M-LDH activity.

results. Although the high count leukemia group showed the highest initial

per cent of M-LDH, it had the lowest initial M-LDH activity in absolute terms

(total activity x per cent M-LDH). This activity did not increase after cultur-

ing with PHA. In the normals or the low-count CLL group, on the other hand,

the initial total M-LDH activity was high even though the per cent of M-LDH

was relatively low. After culturing with PHA, both the relative and absolute

amounts of M-LDH rose sharply.
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DiscussioN

Latner et al.14 recently reconfirmed the findings of Plageman et al.’5 which

showed that M-LDH in tissues is inhibited significantly less by substrate than

is H-LDH. These findings appear to refute the contradictory claims of

Vesell,16’17 although differences in preparation of enzymes and assay technics

may be responsible for the differences in results. Cahn et al.’8 and Goldman

et al.19 have stressed the thesis that M-LDH has an advantage over H-LDH

in promoting glycolysis because it functions more efficiently at high substrate

concentrations. Parker et al.2#{176}suggested that increased glycolysis was required

to fulfill extra energy requirements needed for the increased synthesizing

activities involved in the transformation of lymphocytes to PHA-cells. Perhaps

the increase in total LDH and per cent M-LDH occurring in lymphocytes

reacting to PHA in culture promotes the necessary increase in glycolysis. Low

initial LDH activity coupled with an inability to respond to PHA with in-

creased enzyme synthesis may contribute to the low capacity of leukemic

lymphocytes to undergo blast-cell formation. Other enzyme deficiencies21 in

the leukemic cells may also contribute to their poor response to PHA.

Increase in mitosis22 in normal lymphocytes cultured with PHA usually is

noted after 2-3 days of culture and is preceded by anatomical transformation

to blast-cells. Increase in M-LDH and glycolysis may be required for this

increase in mitotic activity to occur. An analogous situation perhaps is to be

found in developing lens cells where active mitosis is associated with increase

in LDH-5 and glycolysis, while cessation of mitotic activity is accompanied by

a rise in the proportion of LDH-1, fall in LDH-5, and diminished glycolysis.23

The inverse relationship which appears to exist between the proportion of

cells capable of developing into PHA-cells and the level of the WBC in differ-

ent cases of CLL has led to the suggestion that populations of both normal and

abnormal cells are present.2428 Thomson et al.28 in a preliminary report

claimed that they could separate lymphocytes from CLL on the basis of the

relatively greater adherence of the more abnormal cells on polystyrene bead

columns. Although efforts to duplicate these findings using glass bead

columns2#{176} have been unsuccessful, the results of the LDH studies presented

here, nevertheless, are consistent with the concept of mixed lymphocyte

populations in CLL. The LDH activity found in a given blood very likely

represents the mean of widely divergent activities present in the indi-

vidual cells.

Division of the cases on the basis of their PHA reactions into groups with

high, medium, and low cell counts is arbitrary, but useful in presenting the

data. Schrek9 divided his cases similarly, but reported greater percentages of

PHA-cells in each group. This is perhaps due to the fact that his cultures were

incubated for five or seven days. Increase in proportion of PHA-cells with

longer incubation may be the result of mitosis in cells reacting to PHA.3#{176}

The reduced activity of LDH found in cells from patients with high WBC

counts is only one of many evidences21�3’ of metabolic deficiencies which

characterizes the lymphocytes in CLL. Such findings plus evidence of lack of

immunological competence in these cells has led Dameshek32 to suggest that
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the elevated WBC in CLL is the result of an accumulation of worn-out cells

rather than a proliferation of new ones.

If the high, intermediate, and low cell-count cases have similar total numbers

of normal cells, then failure to observe a PHA-cell reaction, increased LDH

activity, or isozyme changes may result from dilution with non-reacting cells.

In some instances, particularly in the intermediate cell-count group, PHA-cells

with concomitant increase in M-LDH were found only after five days of incu-

bation. In these cases, it seems reasonable that mitosis occurring during the

third to fifth days of culture in the normal cell population present resulted in

an increase of their numbers so that their activity became apparent. Lympho-

cytes from normal blood, on the other hand, showed significant LDH changes

within 24 hours, long before mitosis could be considered a factor. Lymphocytes

from low-count leukemias, unlike those from normals, usually did not show

much change until the second or even the third day of culture. This, too, prob-

ably occurred before cell multiplication was a major factor indicating that a

longer time was necessary for the changes to become pronounced enough in

the reacting cells to overcome the dilution by the leukemic cells.

Starkweather et al.33 reported results of LDH studies of normal and leu-

kemic lymphocytes which are at variance with our findings,6 and with those of

Anderson et al.2 and Dioguardi et al.35 Starkweather et al. found lymphocytes

and granulocytes to have the same total LDH activity and similar isozyme pat-

terns. Our results6 showed that granulocytes contained more than twice as

much LDH activity per cell as lymphocytes, while the proportion of M-LDH

in granulocytes (61.2 per cent) was almost double that of lymphocytes (33.0

per cent). Starkweather et al. used the centrifugation method of Ventzke et

al.�4 for their separation. The latter authors obtain a mean purity of 70.4 per

cent for lymphocytes and 75.7 per cent for granulocytes. It is difficult to see

how the method could be improved to give the purities of 97-99 per cent

claimed by Starkweather et al. When we contaminated lymphocytes with 25

per cent granulocytes, results were obtained similar to those reported by

Starkweather et al.

Starkweather et a! also reported a decrease in LDH-5 with blast-cell forma-

tion. This they ascribed to cell immaturity. Our results with 99 per cent pure

normal lymphocytes demonstrate an increase in total LDH and in the propor-

tion of M-LDH in PHA-cells. Explanation of this discrepancy may lie in

granulocytic contamination in the preparations of Starkweather et al. Granulo-

cyte survival in the presence of PHA is poor. After three days of culture, the

death of these cells might overshadow the rise in total LDH and per cent M-

LDH activity occurring in lymphocytes during blast-cell development

with PHA.

Culture conditions may affect the LDH and PHA results.35’36 We have

found37 that cultures of lymphocytes in shallow depths of medium (0.5-i cm.)

showed poorer cell survival, less blast-cell formation, and gave smaller in-

creases in total LDH and M-LDH then at more optimal depths (4-S cm.).

This is in keeping with the finding of Nowell22 that mitosis in PHA-cells

ceased in an atmosphere of 100 per cent oxygen.
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SUMMARY

i. Normal lymphocytes show significant increases in their total LDH content

and proportion of M-LDH during the first 24 hours of culture with PHA, while

most of them undergo blast-cell formation in three days. The changes in LDH

occur before mitosis is a factor in altering the cell population and apparently

is the result of PHA action at the genetic loci controlling the synthesis of M-

and H-LDH polypeptide subunits.

2. The capacity of lymphocytes from patients with CLL to produce blast-cells

and to increase their total LDH activity and M-LDH content varied inversely

with the height of the peripheral WBC counts. Sometimes prolongation of

incubation to five days permitted LDH and blast-cell changes to become

discernible. This perhaps resulted from increase by mitosis in the numbers of

cells capable of reacting to PHA.

3. Increase in total LDH and proportion of M-LDH promotes glycolysis

which may be needed to supply increased energy requirements for both blast-

cell formation and mitosis.

SUMMARIO IN INTERLINGUA

1. Lymphocytos normal monstra significative augmentos in br contento total de LDH e
in br proportion de M-LDH durante le prime 24 horas de br culturation con PHA, durante

que le majoritate de illos manifesta evidentia de formation blastocytic intra tres dies. Le

alterationes in LDH occurre ante �ue mitosis deveni un factor in modificar le population

del cellulas e resulta, apparentemente, del action de PHA in le locos genetic que es re-

sponsabile pro le regulation del synthese de subunitates polypeptidic de M-LDH e H-LDH.

2. Le capacitate del lymphocytos de patientes con chronic leucemia lymphocytic de

producer blastocytos e de augmentar br activitate de LDH total e br contento de M-LDH

varia inversemente con le magnitude del numeration leucocytic peripheric. In certe casos.

le prolongation del incubation usque ad cinque dies rendeva discernibile alterationes de

LDH e de blastocytos. Isto esseva possibilemente le effecto de un augmento (per mitosis)
in le numero del cellulas capace a reager a PHA.

3. Le augmento del total LDH e del proportion de M-LDH promove le glycolyse que

es possibilemente requirite pro provider le augmentate quantitates de energia pro le forma-

tion de blastocytos e pro le mitose.
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