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SUMMARY

Peripheral leukocytes of human cancer patients showed
significant depression of L-a-hydroxy acid oxidase (p < 0.01
to < 0.001) and peroxidase (p < 0.10 to < 0.01). The
peroxisomal-related enzymatic activities of lepromatous lep
rosy patients tended to resemble those of cancer patients. On
the other hand, values of tuberculoid leprosy and tuberculosis
patients' leukocytic enzymes tended to be similar to normal

leukocytic values. However, some enzymes (catalase and
D-amino acid oxidase) occasionally showed elevated levels.
Severest depression of peroxisomal enzymatic activities is
shown in leukocytes of leukemia patients. This may be
attributable to the nature of the leukocytic population at the
time of diagnosis. During remission following therapy, return
to normal levels of the enzymatic activity of the leukocytes of
leukemia patients has been observed. The variation in the
peroxisomal-related enzyme levels appears to reflect the nature
of the kinds of leukocytes in peripheral blood and thus the
status of the disease. L-a-Hydroxy acid oxidase and the
azide-insensitive peroxidase appeared to be most affected; thus
their measurement may serve as a useful indicator of the
disease processes. In addition, it is suggested that the
depression of some of the hydrogen peroxide-generating
oxidases, peroxidase and catalase, may contribute to the low
state of the host defense mechanism.

INTRODUCTION

The contribution of peripheral leukocytes to the control of
foci of injury or trauma initiated by a variety of agents is of
extreme significance, since this initial encounter leads to the
ultimate course of the pathological processes. Therefore, the
examination of the enzymes involved in this early phase of the
host's protective mechanisms would be of great importance.

Indeed, interest in this area has increased in recent years as
attested by numerous papers on the killing mechanism of
phagocytes (3, 15, 16, 18, 22, 23,25). One of the key factors
in this killing mechanism is hydrogen peroxide, which is
generated by oxidases and subsequently reduced by peroxi
dase in the presence of appropriate H+ donors. In addition,

these reactions contribute to the halogenation of membrane
surfaces in the presence of Cl" or I" ions (18.19). These

biological processes are probably one of the major means by
which phagocytes kill ingested microorganisms.

Previous investigations have shown depression of DAAO2

and UO levels in experimental animals with tumors [see the
paper of Hruban and Rechcigl (11)]. However, little or no
information is available regarding OHAO levels in tissue in
pathological conditions. Depressed levels of azide-insensitive
peroxidase such as glutathione peroxidase and the azide-sensi-
tive myeloperoxidase have been reported in chronic granulo-
matous disease and myeloperoxidase deficiency disease (9, I'D,

18,25).
DAAO, UO, and OHAO are peroxisomal enzymes (4), and

since these oxidases contribute to the generation of hydrogen
peroxide (3â€”5, 11) it was of interest to us to examine the
levels of these enzymes in peripheral leukocytes of cancer,
tuberculosis, and leprosy patients. Analyses of catalase- and
azide-insensitive peroxidase activities were also done and the
results reported herein. The implication of these findings is
discussed in light of the possible contribution of these
enzymes to the defense mechanism of the host.

MATERIALS AND METHODS

Peripheral Leukocytes. Normal leukocytes were obtained
from members of the Department of Pathology and the
Clinical Laboratory of Leahi Hospital, Honolulu, Hawaii.
Leukocytes from active tuberculosis and those recovered from
tuberculosis (outpatient clinic of Leahi Hospital) were
obtained through the courtesy of Dr. Frank Miller, Leahi
Hospital, Honolulu, Hawaii. Leukocytes from cancer patients
which included those with lymphosarcomas, various carci
nomas, and leukemias were obtained from the Annex
Laboratory, Honolulu, Hawaii. Leukocytes from leprosy
patients were obtained through the courtesy of Dr. A. P.
Sackett, Medical Director, Hale Mohalu Hospital, Pearl City,
Hawaii.

Leukocytes were removed from the plasma and buffy layer
2 to 3 hr after heparinized blood was withdrawn from the
forearm vein. The leukocytes containing contaminating eryth-
rocytes were treated with 1.0 ml of distilled water for 5 sec,
and 4 volumes of 0.9% NaCl solution were added immediately
with thorough mixing. The resultant mixture was then
centrifuged at 1500 rpm for 5 min, and the supernatant was
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discarded. The distilled water-0.9% NaCl solution treatment
was repeated until no erythrocytes remained in the centrifuged
residue. This required 2 to 4 treatments depending on the
degree of erythrocyte contamination. The final residue of
washed leukocytes was suspended in 1 to 2 ml distilled water
and immediately frozen at â€”¿�20Â°until the time of examina

tion. Lysed leukocyte homogenates showing excessive hemoly-
sis and measurable at 540 nm for hemoglobulin were
discarded. Trace hemolyzed samples tended to show increases
in peroxidase and catalase activities. The values for DAAO and
OHAO were essentially not affected since these enzymes are
absent in erythrocytes.

Fluorometric Analysis of DAAO, OHAO, UO, and Peroxi
dase. DAAO, UO, OHAO, and peroxidase activities were
determined by a modified fluorometric procedure (6), the
details of which were presented recently (7). Basically, in the
presence of the specific substrate, the oxidases produce H2O2
which in the presence of HRP (Sigma Chemical Co., St. Louis,
Mo.) converts HVA to a fluorescent complex. For example,
glycolic acid in the presence of O2 and OHAO is oxidized to
glyoxylic acid with the formation of H2O2. The hydrogen
peroxide formed in the presence of HVA and HRP is
converted to H2O with subsequent formation of a fluorescent
HVA complex. The latter compound is then measured with
the spectrofluorometer.

DAAO substrate mixture consisted of the following in order
of addition to 3-ml fluorometric cuvets: 0.5 ml D-alanine (40
mM); 0.2 ml HVA (2.5 mg/ml in distilled water); 0.1 ml HRP
(100 units/ml in distilled water); 1.4 ml 0.1 M Tris-HCl buffer,
pH 8.5; and finally 0.1 ml leukocyte homogenate suspended in
distilled water. The sample was thoroughly mixed and then
placed into the spectrofluorometer. Each sample was then
examined for 1 to 5 min with excitation wavelength at 315 nm
and emission at 425 nm.

OHAO analysis was carried out as follows: 0.2 ml HVA; 0.1
ml HRP; 0.5 ml sodium glycolate (25 mM); 1.4 ml sodium
pyrophosphate-Triton buffer, pH 7.4; and 0.1 ml leukocyte
homogenate. Subsequent steps are similar to that for DAAO
assay.

UO determination was carried out as follows: 0.2 ml HVA,
0.1 ml HRP, 1.9 ml sodium urate (42 juM), and 0.1 ml
leukocyte homogenate. Subsequent steps are similar to that of
DAAO analysis.

Peroxidase analysis was carried out with addition of reagents
in the following sequence: 0.1 ml leukocyte homogenate, 0.1
ml sodium azide (1.0%), 1.8 ml Tris-HCl buffer, 0.2 ml HVA,
and finally 0.1 ml H202 (0.01 M). Peroxidase and OHAO
activities occurred at faster rates and thus enzymatic analyses
were generally completed after 1 to 2 min.

The details for the preparation of buffers and substrate
solutions used in this study were those of Leighton et al. (19).
Nitrogen content of the leukocyte suspensions was determined
spectrophotometrically at 280 nm using mouse liver homoge
nate as the standard for which nitrogen content was
determined by Nessler's microprocedure (17). Leukocyte

homogenates were prepared by thawing the aqueous suspen
sions and passing them through a Duali homogenizer with 10
strokes. The resultant homogeneous suspension was used
without further treatment.

Peroxisomal Enzymes in Leukocytes

Analyses of the enzymes were carried out in the Perkin-
Elmer MPF-3 fluorescence spectrophotometer at a sensitivity
of 3.0, and the rate of formation of fluorescent HVA
complexes was followed by a Hitachi recorder. Reagent blanks
were run in the absence of homogenate to correct for
spontaneous fluorescence. Angles ranging from 0.10 to 30.0
degrees gave values corresponding to Ist-order reaction rates,
and therefore the rate of fluorescent HVA complexes formed
corresponded directly to increasing amounts of H2O2 gener
ated by purified standard enzymes, DAAO (Worthington
Biochemical Corp., Freehold, N. J.), UO, and HRP (Sigma).
The quantitative relationship of the angle to nmoles ofH2O2
generated by oxidases or consumed by peroxidase has been
obtained by a standard curve. Addition of various concentra
tions of H202 (2 to 20 nmoles) to the HRP-HVA mixtures
gave essentially a linear curve from angles of 0.1 to 30.0
degrees. Data in the tables are presented in nmoles H202 per
mg tissue nitrogen.

Catalase. Catalatic activity of leukocyte homogenates was
examined according to a modification of the method of Beers
and Sizer (1). This has been given detail in an earlier paper (8).
This procedure expresses catalatic activity as K/mg N, in which
N is mg protein nitrogen of the sample run.

RESULTS

Activity of Peroxisomal-related Enzymes of Leukocytes.
The enzymatic activities of DAAO, OHAO, peroxidase, and
catalase of normal leukocyte homogenates are shown in Table
1 in comparison with leukocytic homogenates of leprosy,
tuberculosis, and cancer patients. Significant elevation of
DAAO activity was found in leukocytes of active lepromatous
(p < 0.10) and recovered tuberculosis (p < 0.05) patients.
Highly significant depression of OHAO activity was shown by
leukocytes of cancer (p < 0.001) and lepromatous inactive (p
< 0.05) patients. Significantly low levels of peroxidatic
activity were obtained with leukocytic homogenates of
lepromatous and cancer patients, while a significant increase
was noted for the 3 cases of active tuberculoid leprosy.
Catalatic activity was significantly increased in leukocytes of
active tuberculoid leprosy patients and decreased in cancer
patients.

Analysis of Sex Variation in Peroxisomal-related Leukocytic
Enzymes. The evaluation of the enzymes OHAO, peroxidase,
and catalase of leukocytes of males and females with
tuberculosis and cancer and of normal individuals is sum
marized in Table 2. Enzymes in normal leukocytes were
significantly higher (p < 0.01 to < 0.10) in the males than in
the females. Leukocytes from females with tuberculosis
showed increases in OHAO, peroxidase, and catalase in
contrast to males in the same category, although statistically
of questionable significance. Highly significant low levels of
OHAO (p < 0.001) and peroxidase (p < 0.01) activities with
no change in catalatic activity were shown by leukocytes of
females with cancer when compared with normal leukocytes.
Significant increase in catalase activity (p < 0.05) was shown
by leukocytes of females with tuberculosis in contrast with the
normal female values. OHAO, peroxidase, and catalase
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Table l
Activity of peroxisomal-related enzymes of leukocytes from leprosy, tuberculosis, and

cancer patients and normal individuals

ruÃ±Ã³lesH2O, /mg tissueNLeukocytesourceNormalLeprosyLepromatousActiveInactiveTuberculoidActiveTuberculosisActiveRecoveredCancer0

Mean Â±S.D.6
Probability valuesNo.

ofsamples2086312741calculatedDAAO40

Â±22Â°95

Â±92<0.10627

Â±18NS32

Â±17NS41

Â±23NS75

Â±25<0.0558

Â±77NSfrom

/ testOHAO67

Â±45108

Â±59NSC35

Â±30<0.0582

Â±21NS79

Â±33NS76

Â±36NS22

Â±28<0.001according

toPeroxidase88

Â±5236

Â±30<0.0541

Â±18<o.io180

Â±99<0.0581

Â±51NS108

Â±51NS59

Â±52<0.10the

method ofCatataseK/N

activity22.7

Â±14.334.8

Â±11.3NS30.8+

11.3NS53.4

Â±10.5<0.0143.3

Â±24.1NS25.9

Â±14.7NS18.04

Â±10.2<0.10Mack

(20) andarecomparisons
with normalvalues.c

NS, not significant

Table 2
Activity of peroxisomal-related enzymes of leukocytes from female and male patients with

tuberculosis and cancer and from normal individuals

Leukocyte
sourceNormalTuberculosisCancerNormalTuberculosisCancerSexFF1MMMNo.

of
samples85138615nmolesOHAO67

Â±16"93
Â±37NSb28

Â±13<0.001C95

Â±38Â«0.05)68

Â±21NS18Â±

9<0.001H,

O2/mg tissueNPeroxidase68

Â±27102
Â±60NS36

Â±13<0.0190

Â±33Â«0.10)67

Â±41NS38

Â±30<0.01Ã‡a

ta lase
K/Nactivity22.1

Â±11.444.8
Â±23.1<0.0520.9

Â±7.8NS34.1

Â±11.3Â«0.01)42.5

Â±30.2NS9.7

Â±7.1<0.01

0 Mean Â±S.D.
0 NS, not significant.
c Probability values are based on t test (20). p values are comparisons against normal values

within each sex, while p values in parentheses are comparisons between normal females and
male leukocytes.

activities of leukocytes of males with cancer showed highly
significant depression (p < 0.01 to < 0.001). In general,
enzymes of leukocytes of males tended to be much more
severely depressed than those of the females.

Peroxisomal-related Enzymes of Cancer Leukocytes. Studies
of the peroxisomal-related leukocyte enzymes of cancer
patients are compiled in Tables 3, 4, and 5. The enzyme of
leukocytes of cancer patients most severely affected appears to

be OHAO. With the exception of lymphosarcoma, all other
cancer patients' leukocytes showed highly significant (p <

0.01 to < 0.001) depression of OHAO. Increase in DAAO
activity was shown in leukocytes from lymphosarcoma,
gastrointestinal carcinoma, and lung carcinoma patients. On
the other hand, severe depression of DAAO was found in
leukocytes of leukemia patients. Depression of peroxidatic
activity was observed in leukocytes of leukemia, breast cancer,
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Peroxisomal Enzymes in Leukocytes

Table 3
Activity of peroxisomal-related enzymes of leukocytes from various types of

cancer and comparison with normal individual leukocytes

Leukocyte
sourceMalignancyLeukemiaLymphosarcomaGastrointestinalcarcinomaBreast

carcinomaUrogenitalcarcinomaLung

carcinomaNo.

of
samples879667nmolesDAAO16

Â±5Â°<0.05b104

Â±156<0.1063

Â±27<0.1038

Â±44NS47

Â±58NS155

Â±237<0.05H2O2/mg

tissueNOHAO7Â±

7<0.00139

Â±61NS26

Â±19<0.0119

Â±15<0.0124

Â±12<0.0118Â±

11<0.01Peroxidase24+

14<0.0181

Â±57NS63

Â±66NS37

Â±18<0.1059

Â±40<0.1084

Â±68NSCatatase

K/Nactivity11.9

Â±11.9<0.1016.9

Â±13.9NS18.5

Â±4.1NS20.7+

10.1NS19.6

Â±8.2NS19.2+

7.1

Normal 10 40 + 22 67 + 45 88 Â±52 22.2+14.3

" Mean + S.D.
b Probability values are calculated from the / test (20). They represent comparisons with the

normal values.
c NS, not significant.

Table 4
Activity of peroxisomal-related enzymes of leukocytes of cancer patients at time of initial diagnosis

nmoles H, O2/mg tissue N
Catatase

Diagnosis Age Sex DAAO OHAO Peroxidase K/N activity

Lymphoproliferative disorders

Chronic myelogenous 55 M
Acute lymphoblastic 16 M
Acute lymphoblastic 43 F
Chronic lymphoblastic 80 M
Reticulum-cell 40 F

Esophagus 70 M
Stomach 73 M
Breast 56 F
Lung 60 M
Lung Unknown M
Uterine Unknown F;
Prostate 52 M

Normal values (n = 20)

18
13
26
15

0

Carcinoma

131
91

125
11

7
31
22

1
10

2
1
0

28
14
34
28
15
25
22

40Â±22 67 + 45

14
17
48

7
136

15
36
17
27
80
18

138

88Â±52

3.7
9.5
1.4
1.9
8.8

26.0
19.0
23.6
26.9
23.6
21.0
20.6

22.7 Â±14.29

and urogenital carcinoma patients. Significant low levels of
catalatic activity was shown by leukemic leukocytes only.
These results are summarized in Table 3.

All of the peroxisomal-related enzymes of lymphoprolifera-
tive disorders at initial diagnosis, with the exception of
peroxidase for a case of reticulum-cell sarcoma, tended to be
severely depressed. The leukocytes of the carcinoma patients
generally snowed lower levels of DAAO or peroxidase, while
OHAO activities were all consistently depressed. Catalatic
activity remained essentially at normal values. These results are
shown in Table 4.

Table 5 summarizes the analysis of enzymes of leukocytes

of 5 patients at initial diagnosis and subsequent samples
postsurgery or during therapy. In most instances, with the
exception of breast carcinoma and lymphosarcoma, recovery
of all enzymes to normal levelsoccurred.

DISCUSSION

The metabolism of peroxisomal oxidases, peroxidase, and
catalase in mammalian systems has been associated with the
production and regulation of hydrogen peroxide and possibly
with the electron shuttle via the dehydrogenases of the cytosol
(4).
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Table 5
Activity of peroxisomal-related enzymes of leukocytes of cancer patients pre- and during therapy

nmoles H2O2/mg tissue N
Catalase

DAAO OHAO Peroxidase K/N activity

5SR2525

R3636R36R2222R99R"R,Carcinoma

ofbreastaInitial4
wkafter1237Reticulum-cell

sarcoma Initial8Acute

lymphoblasticleukemiaCarcinoma

ofpancreasLymphosarcomarepeat

samples of the same10

wkafterInitial9

wkafter26
wkafterInitial9

wkafterInitial3

wkafterpatients.3713211502911032883411138710601213179206171710713117751405968263323.621.323.617.59.512.114.216.614.311.023.8

Examination of individual enzymes of the peroxisome such
as DAAO has shown that it primarily oxidizes D-amino acids
in the presence of 02 to corresponding keto acids or aldehydes
with the generation of H2O2 (3, 4, 26). L-Amino acids have
also been shown to be substrates of DAAO (5). Similarly,
OHAO converts L-a-hydroxy acids to the corresponding keto
acids or aldehydes with the generation of H202.

The major products generated by both enzymes have been
implicated in the killing of microorganisms. For example,
McRipley et al. (21) and Paul et al. (22, 23) have shown the
deleterious effect of keto acids and aldehydes on bacteria
following ingestion by phagocytes. Hydrogen peroxide to
gether with halogens and myeloperoxidase has been shown to
kill ingested bacteria by phagocytes in vitro by Klebanoff (15,
16). Additionally, catalase and the microsomal oxidizing
enzymes requiring NADPH have been implicated in ethanol
oxidation (2).

Leukocytes in patients with lymphoproliferative and myelo-
proliferative disorders, myelomas, and carcinomas have been
shown to have altered metabolic activities, specifically in the
respiratory activity, glucose-l-14C and glucose-6-14C oxida

tions, and lactate production (24,27). These general decreases
in metabolic activity of leukocytes in patients with cancer (21,
27) are reflected in this study, which shows depression of
OHAO, DAAO, peroxidase, and catalase in the majority of
cancer cases examined. Greater suppression of these enzymes
in leukocytes of males over those of females were also
observed. This depression of H2 O2-generating oxidases of
peroxisomes and lower peroxidatic and catalatic activities are
in accord with lowered bactericidal effects of leukocytes of
cancer patients reported earlier by McRipley et al. (21). AU 3
of the enzymes examined are higher in normal males than in
normal females. In this respect, significantly higher levels of
liver OHAO were found in male rats than in female rats (24).
Testosterone restored low levels of OHAO in castrated adult
male rats (24), while it had no effect on female rats in the
induction of OHAO. Catalase activity of livers of male animals
is generally higher than in females (see Ref. 11). Of interest is

the increase in catalase, OHAO, and possibly peroxidase
activities of leukocytes from females with tuberculosis which
is in marked contrast to patients with cancer, both male and
female.

Suppressed levels of catalase activity in leukocytes of males
examined in this study are in agreement with previous
observations for leukocytes from tumor-bearing mice observed
by Kaplan and Groves (12) and as noted by Kidson (13, 14) in
leukemias. Leukocytes of female cancer patients essentially
showed no depression of catalatic activity.

Since peroxisomal enzymes DAAO, OHAO, and UO are
possible major sources of H202, keto acids, and aldehydes, it
is highly probable that depression of these enzymes during a
pathological process such as cancer could severely hamper the
defense mechanism of the host. In addition, the enzymatic
profile of leukocytes from lepromatous leprosy patients
appear to resemble those of cancer patients. In these 2 disease
categories, the impairment of the cell-mediated immune
system has been generally found to be most severe.

Preliminary data from the cancer patient study suggest that
the depression of the enzymes is most severe at the initial
diagnosis with subsequent increase in the enzymatic activity
postsurgery or during therapy in the majority of cases
examined. Thus, this may suggest a possible direct or indirect
effect of the overall disease processes on the enzymes, and
therefore not an inborn congenital and permanent defect.
Furthermore, acute leukemias showed the most severe
depression of all of the enzymes examined. This may reflect
the nature of the abnormal cell population during this period
of examination. A shift to a more normal population of
peripheral leukocytes during remission showed restoration of
the enzymatic activities. In addition, since the comparisons of
peroxisomal-related enzymes were performed on mixed popu
lations of leukocytes of the various disease states examined,
the percentage of a particular cell type may vary considerably.
This is especially true of leukemia. Therefore, the comparisons
between leukocytes from healthy donors and from patients
with a particular disease may also reflect enzymatic activities
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Peroxisomal Enzymes in Leukocytes

in immunologjcally distinct populations of cells rather than
those of the diseased cells.

Finally, preliminary studies suggest that peripheral lympho
cytes isolated by Ficoll-Isopaque methods yielding 95%
lymphocytes from normal individuals showed occurrence in
variable concentrations of the enzymes DAAO, OHAO, and
azide-insensitive peroxidase. It would be of interest to examine
these enzyme levels in relation to cell-mediated immune
responses in cancer patients.
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