ciated with 6-OHDA treatment was not
induced transsynaptically.

The most likely explanation for our re-
sults is that 6-OHDA directly influenced
HSYV replication in ganglion cells. Alter-
native explanations, such as that the
drug increased access of virus to the gan-
glion or interfered with immune defenses
that limit intraganglionic viral spread,
appear less likely in the light of the ob-
servations that drug-induced HSV repli-
cation was little influenced by antibody
to HSV, and that viral replication in the
TG and eye were not significantly altered
by drug treatment.

In untreated animals, the outcome of
HSV infection of individual ganglion
cells is variable. It may be hypothesized
that when virus reaches the ganglion
cell, it can either actively replicate or be-
come latent (4, 7). The factors influenc-
ing the outcome are poorly understood.
Immunization appears to favor latent in-
fection over active viral replication;
whether this reflects a direct modulation
of HSV replication by antiviral antibody
8) or is exerted by indirect means re-
mains to be determined. In contrast, 6-
OHDA exerts an effect opposite to that
of immunization, markedly augmenting
HSV replication and reducing latency.
Furthermore, 6-OHDA overrides the
protection conferred by passive immuni-
zation, inducing a greater than 1000-fold
increase in viral titers while also reduc-
ing subsequent latent infection. The con-
comitant increase in acute HSV replica-
tion and decrease in latency following 6-
OHDA treatment suggests that cell lysis
accompanies augmented productive in-
fection, thereby precluding a role for
these infected cells as reservoirs for la-
tent virus.

Further studies are needed to define
how injury to terminal axons is commu-
nicated to the neuronal parakaryon (9),
and what cellular metabolic changes un-
derlie the ensuing increased permissive-
ness for HSV replication. Whether other
viral infections may be similarly modi-
fied by intrinsic metabolic changes in
neural cells or whether, indeed, infection
of the central nervous system may be in-
fluenced in a manner similar to the SCG
also remains to be established. In the
case of HSV, it can be speculated that
disturbances of peripheral sensory axon
terminals might trigger recurrent epithe-
lial eruptions (5, 10), while alterations of
central nervous system neurons by toxic
or physiologic influences, through mech-
anisms similar to those involved in the 6-
OHDA effect on the SCG, might play a
decisive role in the pathogenesis of the
fulminant, sporadic encephalitis caused
by this virus (/7). If such intrinsic neural

520

mechanisms prove to be important in de-
termining the outcome of human infec-
tions, an avenue of therapeutics directed
at countering such potentiating influ-
ences may warrant future exploration.
RicHARD W. PRICE
Cotzias Laboratory of Neuro-Oncology,
Memorial Sloan-Kettering
Cancer Center, New York 10021
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Normal Levels of 5'-Nucleotidase Activity in Lymphocytes

from Patients with X-Linked Agammaglobulinemia

Edwards et al. (I) reported a relative
deficiency of S'-nucleotidase (E.C.
3.1.3.5) in peripheral blood lymphocytes
of patients with congenital agamma-
globulinemia. However, the cell popu-
lations tested, which were mononuclear
cell preparations obtained after Ficoll-
Hypaque sedimentation, contained both
lymphocytes and monocytes. We have
found that patients with agammaglobuli-
nemia have considerably increased num-
bers of monocytes. Human monocytes
lack S’-nucleotidase, acquiring this en-
zyme activity only after overnight cul-
ture (2, 3). It seems likely that a defi-
ciency in 5'-nucleotidase in mononuclear
cells from patients with congenital agam-
maglobulinemia could be accounted for
by the relative increase in monocytes in
the mononuclear cell preparations from
these individuals.

To test this hypothesis, we examined

Table 1. Differential cell counts of peripheral
blood. Figures are percentages of 200 cells
counted, as determined by differential cell
count of Wright’s stained peripheral blood
smear. Values for normal individuals are de-
rived from differential counts of five healthy
individuals.

Patient Mono- Lympho- Granulo-
cytes cytes cytes
1 25 36 27
2 28 44 26
3 22 21 56
4 24 22 47
Normal 1to6 27to 45 47 to 59
subjects

0036-8075/79/0803-0520$00.50/0  Copyright © 1979 AAAS

cells from four patients with a primary
diagnosis of congenital agammaglobuli-
nemia (serum immunoglobulin G < 50
mg per 100 ml, immunoglobulins M
and A undetectable). These patients
also had affected maternal male rel-
atives, permitting the diagnosis of X-
linked agammaglobulinemia. Laboratory
studies have demonstrated that these pa-
tients lack B lymphocytes. Peripheral
blood was treated with 10 mM EDTA to
prevent coagulation, and mononuclear
cells were separated by Ficoll-Hypaque
gradient centrifugation. Ficoll-Hypaque

Table 2. Specific activity of 5'-nucleotidase in
monocytes or lymphocytes from individuals
with agammaglobulinemia. The data are ex-
pressed as nanomoles per minute per milli-
gram of protein. N.D., not determined.

Subject Monocytes* Lymphocytes
Patients with agammaglobulinemia
1 < 0.190 0.745
2 < 0.060 1.827
3 < 0.313 1.326
4 < 0.057 0.358 :
Meant < 0.155 = 0.122  1.064 = 0.646
Normal subjects
1 N.D. 0.246
2 N.D 1.178
3 < 0.193 2238
4 < 0.256 2.356
5 < 0.342 2.049
< 0.223 0 3.336
Meant < 0.254 + 0.064 1.901 = 1.064

*Specific activities for monocytes are maxium activ-
ities, which could have been present in the samples
assayed, and reflect the sensitivity of the assay pro-
cedure. In most cases, samples of monocyte ly-
sates were not distinguishable from control blanks.
t Plus or minus standard deviation.
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separated cells from patient 1 showed a
relative decrease in S'-nucleotidase,
compared to normal cells, when whole
cells were tested at pH 8.5 as described
by Edwards et al. (I). By this method,
cells from the patient had 36 percent of
the activity determined for cells from
three normal individuals. Monocytes
were separated by adherence to plastic
culture dishes after a 45-minute in-
cubation period in Dulbecco’s modified
Eagle’s medium supplemented with 10
percent autologous serum. Previous
studies have shown that nonadherent
cells are more than 95 percent lympho-
cytes and adherent cells are more than 95
percent monocytes (2, 3). Cells were
lysed in freshly prepared Triton X-100
(0.05 percent). Lysates were stored at
—20°C until tested. 5’-Nucleotidase was
assayed by the method of Avruch and
Wallach, with 3H-labeled adenosine
monophosphate being used as substrate
4). The activity measured in these cells
is sensitive to EDTA (10 mM) and is un-
changed upon the addition of B-glycero-
phosphate (5 mM) or p-nitrophenylphos-
phate (5§ mM) (3).

Differential cell counts documented an
increased percentage of monocytes in
the blood of these patients (Table 1). 5'-
Nucleotidase activity in the monocytes
from these four patients was not detect-
able (Table 2). Lymphocytes from each
of the three patients had a normal
amount of 5'-nucleotidase activity.

We conclude that the relative decrease
in 5'-nucleotidase activity in mononu-
clear cell preparations is due to dilution
of the 5'-nucleotidase-bearing lympho-
cytes by an increased proportion of 5'-
nucleotidase-negative monocytes. The
increase in peripheral blood monocytes
in these patients is presumably second-
ary to their recurrent pyogenic infec-
tions.

PauL J. EDELSON
JERROLD SCHWABER
Cell Biology Division and Immunology
Division, Children’s Hospital Medical
Center, Department of Pediatrics,
Harvard Medical School, Boston,
Massachusetts 02115
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The interesting observations present-
ed by Edelson and Schwaber have little
bearing on the data presented in our re-
port (1).

Our original description of 5-nu-
cleotidase deficiency in congenital agam-
maglobulinemia was performed on Ficoll-
Hypaque separated mononuclear cells
with the enzyme activity measured on
intact cells. This method was similar
to the assay used to demonstrate 5'-nu-
cleotidase deficiency in acquired hypo-
gammaglobulinemia (2). We have mea-
sured 5'-nucleotidase on intact peripher-
al mononuclear cells before and after
monocyte depletion by either the carbon-
yl iron or adherence techniques. The

50 T T

30 P~

20

Ecto-5"-nucleotidase activity (nmole/hour - 106 cells)
3
1 T I
1 I 1 ‘

Post-
depletion

Pre-
depletion

Fig. 1. The effect of monocyte depletion on
peripheral mononuclear cell 5'-nucleotidase
activity was investigated in normal subjects
(@), patients with congenital agammaglobuli-
nemia (O), and patients with common variable
immunodeficiency (A). The Ficoll-Hypaque
separated cells prior to monocyte depletion
included 21.6 = 6.5 percent monocytes (de-
tected by a nonspecific esterase stain and la-
tex phagocytosis) in normal subjects and
29.0 = 10.6 percent in patients with con-
genital agammaglobulinemia. Samples after
depletion included only 6.8 = 2.1 percent
monocytes in normal subjects and 9.0 + 2.8
percent monocytes in patients with congenital
agammaglobulinemia.

difference between 5'-nucleotidase activ-
ity in lymphocytes from normal subjects
and agammaglobulinemic patients per-
sists in the monocyte-depleted prepara-
tion (Fig. 1), an observation now report-
ed by other investigators (3).

It is important to point out that intact
cells are used in the enzyme analysis for
our studies. Qur own data showed that
intact mononuclear cells from subjects
with congenital agammaglobulinemia
had a mean 60 percent decrease in ecto-
5’-nucleotidase activity compared to the
normal value. When lysed cells were
used, only a 24 percent decrease was
demonstrated [table 2 in (/)]. The mean 44
percent decrease in 5'-nucleotidase ac-
tivity demonstrated by Edelson and
Schwaber in lysed monocyte-depleted
cells is even greater than the decreased
value published in our study. A major
difference in their observations from our
data in cell lysates is their unusually
large variability in the 5’-nucleotidase
values. However, the practice of using
cell lysates to investigate the activity of
an ‘‘ecto-enzyme’’ such as ecto-5'-nu-
cleotidase is questionable. Disruption of
plasma membrane integrity exposes the
ecto-enzyme to cytoplasmic contents,
which may alter enzyme activity unless
they are removed by dialysis. Cell lysis
also results in release of cytoplasmic en-
zymes that may utilize the adenosine
monophosphate substrate,

Thus Edelson and Schwaber’s conten-
tion, that our report of a deficiency of 5'-
nucleotidase results from a dilutional ar-
tifact of monocyte contamination, is not
supported by our observations or the
observations of others (3). Further-
more, the E-rosette forming cells from
subjects with congenital agammaglob-
ulinemia, which are not contaminated
by monocytes, have the same relative
deficiency of 5'-nucleotidase as do their
mixed peripheral mononuclear cells or
monocyte-depleted mononuclear cells
(, 3, 4).

N. LAWRENCE EDWARDS
IrviNG H. Fox
Human Purine Research Center,
Departments of Internal Medicine
and Biological Chemistry, University
of Michigan, Ann Arbor 4810:

References

1. N. L. Edwards, D. B. Magilavy, J. T. Cassidy,
I. H. Fox, Science 201, 628 (1978).

2. S. M. Johnson, G. L. Asherson, R. E. W.
Watts, M. E. North, J. Allsop, A. D. B. Web-
ster, Lancet 1977-1, 168 (1977).

3. G. R. Boss, L. F. Thompson, I. V. Jansen, J. E.
Seegmiller, R. D. O’Connor, R. N. Hamburger,
T. A. Waldmann, H. L. Spiegelberg, Fed. Proc.
Fed. Am. Soc. Exp. Biol. 38, 496 (1979).

4. N. L. Edwards, E. W. Gelfand, L. Burk, H-M.
Dosch, 1. H. Fox, Proc. Natl. Acad. Sci.
U.S.A., in press.

30 May 1979
521



