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Abstract—To evaluate metabolic functionality of monocytes and lymphocytes in
Hodgkin’s disease (HD) we studied 3 enzymes of the intermediary metabolism, G-6-
PDH, PHI, ICDH, and the acid hydrolases, NAG and ACP. These enzymes were
measured in purified cell fractions of 9 patients with advanced disease and 11
normal controls. The cells were isolated with cell scatter-monitored counterflow
centrifugation. Enzymes were measured in the cell lysates by means of fluorimetric
microassays. In the monocytes of HD patients a significantly increased G-6-PDH
activity was found (P <0.01), indicating an enhanced activity of the hexose
monophosphate shunt. The other enzymes showed no clear differences compared to
normal controls. The lymphocytes of HD patients showed a significantly
augmented activity of both G-6-PDH (P <0.001) and PHI (P <0.01), pointing to an
mncreased HMPS and glycolytic activity. These findings are in support of an

enhanced metabolic activity of both monocytes and lymphocytes in HD.

INTRODUCTION

ALTHOUGH the impairment of cell-mediated
immunity in Hodgkin’s disease (HD) is well
established [1,2], data concerning lymphocyte
and monocyte function are not in mutual
concurrence. For both lymphocytes and mono-
cytes, increased [3-7] and diminished [1, 2, 8-10]
activities have been described. In a recent study we
could clearly show an enhanced monocyte-
mediated antibody-dependent cytotoxicity in HD
patients [11], indicating an increased function of
these cells.

Since it may be assumed that any functional
change will be a reflection of alterations in the
underlying metabolic patterns, we measured the
activity of 5 key enzymes in monocytes and
lymphocytes from 9 patients with HD and 11
normal controls. Monocytes and lymphocytes
were isolated with cell-scatter monitored counter-
flow centrifugation (elutriation) [12] and enzyme
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measurements made by means of microfluori-
metric techniques. The enzymes studied were:
glucose-6-phosphate dehydrogenase (G-6-PDH)
of the hexose monophosphate shunt (HMPS), the
glycolytic enzyme phosphohexose isomerase
(PHI), the Krebs cycle enzyme isocitrate dehydro-
genase (ICDH) and two lysosomal enzymes 8-N-
acetylglucosamidase (NAG) and acid phospha-
tase (ACP).

MATERIALS AND METHODS

Materials

Materials used for the monocyte and lympho-
cyte isolation were described previously [12].
Glucose-6-phosphate, nicotinamide adenine di-
nucleotide phosphate (NADP) and NADPH,
fructose-6-phosphate (grade I), G-6-PDH (type
XV), isocitric acid (type I), L(+)lactic acid (grade
1), 4-methylumbelliferone (4-MU) and linked
derivatives (4-MU-P, 4-MU-NAG) were all
obtained from the Sigma Chemical Co, St. Louis,
MO, U.S.A. The fluorochrome 4',6-diamidino-
2-phenylindole.2HCl (DAPI) was purchased
from Boehringer Mannheim and demineralized
bovine serum albumin (BSA) from Povite,
Amsterdam, The Netherlands. All other materials.
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Table 1. Patient population
Stage of disease
I I I v n
A 1 — 1 1 3
B 1 1 4 6
n 1 1 2 5

Total =9 patients: age: 37 + 14 yr; sex: all male; histology: 4
nodular sclerosis, 4 mixed cellularity and 1 lymphocyte
predominance.

as listed in Table 2, were of analytical purity and
obtained from Merck (Darmstadt, Germany).

Patients and controls

Eight newly diagnosed biopsy-proven patients
with Hodgkin’s disease and one patient with a
relapse after radiotherapy and chemotherapy were
included in this study. The histological material
was classified according to the Rye Conference
modification of the Lukes-Butler classification
[13]. Staging procedures were carried out
according to the criteria recommended at the Ann
Arbor Conference [14]. None of the patients had
concomitant overt infectious disease. The clinical
data are summarized in Table 1. A group of 11
healthy volunteers (10 men and 1 woman, age
30 = 5 yr) served as controls.
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Monocyte and lymphocyte isolation

The suspensions were prepared as previously
described [12]. Briefly, a mononuclear cell
suspension was obtained from 50 ml heparinized
venous blood after Ficoll-Isopaque (1.077 g/ml)
buoyant density centrifugation. After one wash-
step the sample was introduced into the elutriator
(Beckman J2-21 C centrifuge equipped with a JE-
6 elutriator rotor with standard separation
chamber). By gradually diminishing the centri-
fugal speed at a constant counterflow rate, cells
emerge from the separation chamber mainly
according to their size. Continuous cell-scatter
monitoring enables optimal separation for each
sample. Four fractions were gathered, a lympho-
cyte fraction containing approximately 90% of all
elutriated lymphocytes with a purity of 99%, a
mixed lymphocyte and monocyte fraction, a
monocyte fraction with about 80% of the
elutriated monocytes with an average purity of
90% and, after flushing the tubing system, a rest
fraction. After washing, the lymphocyte and
monocyte fractions were further analyzed. Dif-
ferential counting of May-Grinwald-Giemsa
and non-specific esterase [15]-stained cytocentri-
fuge preparations was performed on 400 cells.

Biochemical assays
The three enzymes of intermediary metabolism
(G-6-PDH, PHI and ICDH) were measured by

Table 2. Assay systems for the individual enzymes

Reaction conditions
Volume
(ul)

Enzyme Composition

Fluorescence

pH  Time
(min)

Stopped by: Aex Aem

G-6-PDH Tris, 5 umol 120 7.6
MgCl,, 1 umol
EDTA, 0.5 pmol
G-6-P, 20 nmol
NADP, 10 nmol
PHI Tris, 5 umol 120 7.6
MgCl,, 1 gmol
EDTA, 0.5 umol
F-6-P, 20 nmol
NADP, 10 nmol
G-6-PDH, 0.1 IU
ICDH Tris, 5 pmol 120 7.6
MgCl,, 1 umol
MnCl,, 1 pmol
EDTA, 0.5 umol
Isocitrate, 20 nmol
NADP, 10 nmol
40 4.3

NAG Lactate, 4 nmol

4 MU-NAG, 20 nmol

ACP Lactate, 2 umol 40 3.6

4 MU-P, 4 nmol

30

30

60

60

0.2 M Na,CO;, pH 10.5, 0.5 ml 342 455

0.2 M Na,CO,, pH 10.5, 0.5 ml 342 455

H,0, 0.5 ml 342 455

0.2 M Na,CO;, pH 10.5, 1.0 ml 362 450

0.2 M Na,CO;, pH 10.5, 1.0 ml 362 450
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fluorimetric determination of NADPH generated
in the presence of appropriate substrates using
either direct or coupled systems. The acid
hydrolases (NAG and ACP) were assayed by
fluorimetric determination of 4-MU released from
the corresponding 4-MU-linked derivatives. The
individual assay methods are detailed in Table 2;
in all cases, preliminary experiments were carried
out to verify the linearity of the system with
respect to incubation time and enzyme activity.
Cells (about 10%) were lysed in 500 ul of aqueous
bovine serum albumin solution (1 mg/ml; BSA)
by one cycle of freeze-thawing followed by
2 X 10 sec ultrasonication at 0°C. The lysate was
centrifuged (5 min, 3000g) and appropriate
dilutions of the supernatant made in BSA.
Duplicate 20-ul aliquots of the diluted lysate were
added to either 100 ul (G-6-PDH, PHIand ICDH)
or 20 ul (NAG or ACP) of the pre-mixed reagent.
After incubation at 37°C, the reaction was stopped
by cooling in 1ice and dilution and the
fluorescence determined using a ‘Fluorispec’
fluorimeter (Baird Europe B.V., The Hague, The
Netherlands). After subtraction of appropriate
blanks (BSA in place of lysate), activity was
calculated as nmol/min. ugDNA by reference to
NADPH or 4-MU standards. Preliminary experi-
ments revealed that lysates showed no change in
enzyme activities for at least 3 months at -80°C; all
samples were therefore assayed within this period
after isolation of the cells. The DNA content of the
lysate was determined by fluorescence of the
complex with DAPI [16] using a modification
described by Mier et al. [17].

Statistics
The Wilcoxon two-sample test was used to
compare the results.

RESULTS

After elutriation the mean purities (* standard
deviations) of lymphocytes for the HD group and
normal controls were 97 3.7 and 99%0.6%
respectively. For the monocyte suspensions the
corresponding purities were 87.0%t5.8 and
88.2 +3.3%.

The results of the enzyme measurements are
presented in Figs 1 and 2. The G-6-PDH activity
of the monocytes from patients with HD (1.65
0.29 nmol/min. ug DNA) was significantly
increased (P <<0.01) in comparison to normal
control monocytes (1.34 £0.19). No differences
were found in PHI, ICDH, NAG and ACP
activity.

In the lymphocytes of HD patients both G-6-
PDH and PHI activity were significantly
increased: G-6-PDH for HD was 0.67 £0.13, and
for the normal controls 0.45+0.01 (P <<0.01).
PHI activity in HD and normals was respectively
51*1.1and3.9+0.7 (P <0.01). Although ICDH
and the lysosomal enzymes NAG and ACP in HD
lymphocytes tended to be higher, the differences
did not reach P =0.01.

DISCUSSION

The increased intracellular level of G-6-PDH in
purified lymphocytes and monocytes of 9 patients
with HD indicates an enhanced hexose mono-
phosphate shunt (HMPS) activity, reflecting
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Fig. 1. Activity of G-6-PDH, PHI, ICDH, ACP and NAG in monocytes from patients with HD and normal
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controls.



336

LYMPHOCYTES
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Fig. 2. Activity of G-6-PDH, PHI, ICDH, ACP and NAG in lymphocytes from patients with HD and normal
controls.

ribose and NADPH production, essential for
DNA, RNA and protein synthesis. In view of
studies pointing to an augmented HMPS activity
in lymphokine-activated monocytes [18] and in
PHA-stimulated lymphocytes [19], these findings
are in support of an increased lymphocyte and
monocyte activity in HD. No correlation between
age and G-6-PDH activity in monocytes, as
described by King et al. [20], was observed in our
study. Using radiolabeled glucose, King et al. [21]
registered an increased HMPS activity in adherent
monocytes from male patients with malignant
lymphoma, and they also noted an augmented
glycolytic and Krebs cycle activity. However, the
results in our study concerning the activity of PHI
of the glycolytic pathway and IDCH of the Krebs
cycle did not confirm this observation for
monocytes from patients with HD.

In the lymphocytes, next to the increased
HMPS activity, the observed level of PHI is in
agreement with an increased function of the
glycolytic pathway, which is supposed [22] to be
involved in lymphoblastic transformation. The
occurrence of increased spontaneous lymphocyte
transformation in patients with HD [4] seems to
corroborate the validity of this observation. No
alteration in the Krebs cycle enzyme ICDH was
found in HD lymphocytes.

There is, to our knowledge, no information
available concerning NAG and ACP activity of
monocytes of HD patients. These enzymes are
important for the hydrolytic degradation of
glycoproteins, mucopolysaccharides and glyco-
lipids. The results of this study reveal a
comparable level for monocytes of both HD
patients and controls.

The activity of several lymphocytic lysosomal
enzymes are shown to be both increased [23, 24]
and decreased in lymphoproliferative diseases
[25]. Woessner et al. [26], studying the lysosomal
enzyme f-glucuronidase in lymphocytes from
patients with HD, found values within or above
the normal level. Our figures for NAG and ACP
activity tended to be increased in HD lymphocytes
without reaching a statistically significant level
(P >0.01).

In conclusion, our findings are in support of an
increased function of monocytes and lymphocytes
in HD.
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