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We describe the effects of polyethylene glycol-conjugated adenosine deaminase (ADA) replacement therapy
on lymphocyte counts, activation, apoptosis, proliferation, and cytokine secretion in a 14-month-old girl with
“delayed-onset” ADA deficiency and marked immunodysregulation. Pretreatment lymphopenia affected T cells
(CD4, 150/�l; CD8, 459/�l), B cells (16/�l), and NK cells (55/�l). T cells were uniformly activated and largely
apoptotic (CD4, 59%; CD8, 82%); and T-cell-dependent cytokine levels in plasma were elevated, including the
levels of interleukin 2 (IL-2; 26 pg/ml), IL-4 (81 pg/ml), IL-5 (46 pg/ml), gamma interferon (1,430 pg/ml), tumor
necrosis factor alpha (210 pg/ml), and IL-10 (168 pg/ml). Mitogen-stimulated peripheral blood mononuclear
cells show reduced IL-2 secretion and proliferation. During the first 5 months of therapy there was clinical
improvement and partial immune reconstitution, with nearly normal lymphocyte subset numbers, reduced
T-cell activation and CD4-cell apoptosis, and decreased plasma cytokine levels. In parallel, IL-2 secretion and
the lymphocyte mitogenic response improved. Between 4 and 7 months, immunoglobulin G antibodies to bovine
ADA developed and resulted in the complete reversal of immune recovery.

Adenosine deaminase (ADA) deficiency is an autosomal
recessive disorder of purine metabolism which presents as se-
vere combined immunodeficiency of infancy in 85 to 90% of
patients and as delayed- or late (adult)-onset combined immu-
nodeficiency in 10 to 15% of patients (13, 15). ADA is a
“housekeeping enzyme” in all tissues, resides predominantly in
the cytoplasm, and is expressed at 800- to 1,000-fold higher
levels in lymphoid cells than in erythrocytes. The absence of
ADA causes an accumulation of toxic metabolites that impairs
lymphocyte differentiation, viability, and function (17, 18).
Clinically significant hepatic and neurological abnormalities
also occur in some subjects.

ADA-deficient patients who are not considered suitable for
bone marrow or stem cell transplantation can be treated by
enzyme replacement with polyethylene glycol (PEG)-conju-
gated bovine ADA (PEG-ADA) (16). By correcting metabolic
abnormalities, PEG-ADA permits variable improvements in
lymphocyte counts and immune function (17). However, in
most reports of patients receiving PEG-ADA, the course of
immune reconstitution has not been well characterized. We
have monitored in detail the effects of PEG-ADA therapy on
lymphopenia, the level of naive CD4 cells, T-cell activation,
T-cell apoptosis, and the cytokine profile in a patient with a
delayed-onset phenotype who manifested marked immune
dysregulation as well as immunodeficiency. Immune function
improved in this patient, until she developed a neutralizing
antibody to PEG-ADA.

CASE REPORT

We describe a 10-month-old girl who presented with recur-
rent infections (bronchopneumonia, viral infections, persistent
otitis media); hepatopathy with elevated transaminase levels,
reduced cholinesterase levels, and hepatosplenomegaly; hypo-
plasia of the thymus gland; skin rash; hemolytic anemia; and
thyroid antibodies. A diagnosis of ADA deficiency was made
by demonstrating the absence of ADA activity in erythrocytes
and lymphocytes and the accumulation of toxic metabolites
(urine deoxyadenosine and total deoxyadenosine nucleotides
[dAXP] in erythrocytes) (4). Homozygosity for a previously
reported (3) missense mutation, Val129Met (V129M) in exon
5, was demonstrated by sequencing of the cDNA and genomic
DNA prepared from skin fibroblasts. Immunological analysis
at the time of diagnosis showed eosinophilia, an elevated im-
munoglobulin E (IgE) level (3,770 IU/ml; normal level, �60
IU/ml) as well as an elevated IgG level (1,700 mg/dl; normal
range, 500 to 1,300 mg/dl) by immune nephelometry, lym-
phopenia, and impaired lymphocyte function (Table 1). The
results of skin testing for delayed hypersensitivity (candida,
tetanus toxoid, diphtheria toxoid, tuberculin, proteus, tricho-
phyton, and streptococcus antigens), blood group isoaggluti-
nins, and antibody response to vaccination antigens (tetanus
and diphtheria titer) were negative. In vitro lymphocyte mito-
gen and recall antigen responses were attenuated.

Because no suitable donor for bone marrow transplantation
was available, replacement therapy with PEG-ADA (ADA-
GEN, Orphan Europe, Paris, France; ENZON, Inc., Bridge-
water, NJ) was started at age 14 months at a dose of two
intramuscular injections of 30 U/kg of body weight per week.
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After 7 months of PEG-ADA treatment, the patient had cath-
eter sepsis and cytomegalovirus reactivation. At about the
same time, circulating PEG-ADA activity declined, toxic me-
tabolites reappeared, and IgG antibody to bovine ADA was
detected by enzyme-linked immunosorbent assay (ELISA) and
by an assay for direct inhibition of ADA catalytic activity.
Subsequently, the levels of the immunological parameters re-
turned to pretreatment levels within 4 weeks. High-dose intra-
venous immunoglobulins and prednisone therapy aimed at
suppressing the inhibitory antibody (7, 9) were not successful.
PEG-ADA therapy was discontinued, and an HLA-identical
bone marrow transplantation from a matched unrelated donor
was carried out 1 year after the start of PEG-ADA supplemen-
tation. The patient died 4 months after transplantation from an
overwhelming viral infection.

MATERIALS AND METHODS

Metabolic and immunological parameters were evaluated at monthly intervals
before and after the start of PEG-ADA therapy.

Metabolic parameters. The level of circulating PEG-ADA was assessed by
measuring the ADA activity present in frozen plasma or in extracts of dried
blood spot filter cards (prepared from heparinized whole blood). Total adeno-
sine and deoxyadenosine nucleotides (AXP and dAXP, respectively) were mea-
sured both in frozen washed red blood cells and in extracts of blood spot cards.
These determinations were performed by the laboratory of M. S. Hershfield by
using methods described previously (4). In brief, ADA activity was determined by
radiochemical assay. AXP and dAXP were measured by high-performance liquid
chromatography quantification of the adenosine and deoxyadenosine produced
upon enzymatic dephosphorylation of extracted nucleotides. The “percent
dAXP,” that is, [amount of dAXP/(amount of AXP � amount of dAXP)] � 100,
was used to assess dAXP elevation (4).

IgG anti-ADA antibody. Plasma levels of IgG antibody to unmodified bovine
ADA were measured by ELISA, as described previously (7). In order to confirm
antibody specificity, the ELISA was performed in duplicate, without and with
prior addition to the plasma samples of purified bovine ADA (20 �g) as a
competing antigen (7) (Fig. 1B). Inhibitory (neutralizing) antibody to ADA was
assessed by measuring the ability of the plasma samples to inhibit ADA enzy-
matic activity, as described previously (7).

Immunophenotyping. Cell isolation and immunofluorescence analysis were
performed as described previously (20, 21). Blood was collected by venipuncture
into tubes with EDTA anticoagulant and was processed within �2 h. T-cell
(CD4, CD8), NK-cell (CD56�/CD3�), B-cell (CD20), and T-cell subsets (CD28,

TABLE 1. Metabolic and immunological parameters before and after PEG-ADA treatment

Parameter Controls
Patient at the following times (wk)

0 13–18 23–28

Metabolic parameters
ADA activity (nmol/h/mg) 40.1a 1.07 101 1.3
% dAXP 0 12.3 0 15.8

Lymphocyte subsets (no. of cells/�l [%])
T (CD4) 1,000–4,600 (31–54)b 150 (19) 512 (32) 192 (24)
T (CD8) 400–2,100 (12–28) 464 (58) 720 (45) 448 (56)
B (CD20) 600–2,700 (15–39) 16 (2) 144 (9) 10 (1.2)
NK (CD56�/CD3�) 200–1,200 (3–17) 55 (7) 192 (12) 40 (5)

T-cell subsets (% of total CD4 or CD8 counts)
CD4/CD45RA 16 50 17
CD4/CD45RO 100 69 100
CD4/CD28 �100c 100 100 88
CD8/CD28 50–68 10 20 18
CD4/CD95 7–20 100 100 100
CD8/CD95 12–16 100 82 100

Apoptosis (%)
Annexin V CD4 8d 59 32 59
Annexin V CD8 11 82 83 96

Cytokine concn (pg/ml)
IL-2 �3a 26 3 24
IL-4 �3 81 6 51
IL-5 �3 46 10 57
IL-10 �10 168 38 284
IFN-� �10 1,430 493 1,959
TNF-� �10 210 17 221

IL-2 concn secretion upon stimulation (pg/ml)
PMA-ionomycine 5,000a 140 2824 27
PHA 190 2 20 20

Lymphocyte proliferation (cpm)
PHA (medium) �90,000a (�500) 10,000 (1,000) 69,000 (400) 2,300 (100)
Anti-CD3 �50,000 18,000 53,000 300

a For the measurements of metabolic parameters, plasma cytokines, cytokines secretion, and lymphocyte proliferation, we used healthy adults as a daily control.
b Values for healthy controls were obtained from reference 10; 70 samples from a group of 9- to 15-month-old healthy children were analyzed.
c Values for healthy controls were obtained from reference 21; samples from 20 healthy children (age, 5.3 	 2.7 years) were analyzed.
d Values for healthy controls were obtained from reference 20; samples from 10 healthy children (age, 3.5 	 2.9 years) were investigated.
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CD95, CD45RA, CD45RO) were measured by flow cytometry with a fluores-
cence-activated cell sorter (FACS Calibur; Becton Dickinson [BD]) with dye-
conjugated monoclonal antibodies that recognize the CD antigens present on the
cells. Two-color immunofluorescence was performed with the following antibod-
ies: anti-CD45RA fluorescein isothiocyanate (FITC) and anti-CD4 phyco-
erythrin (PE), anti-CD45RO PE and anti-CD4 FITC, and anti-CD3 FITC and
anti-CD56 PE. Three-color immunofluorescence was used for anti-CD8 FITC,
anti-CD4 PE, and anti-CD3 peridinin chlorophyll protein (PerCP); anti-CD28
FITC, anti-CD4 PE, and anti-CD8 PerCP; and anti-CD4 FITC, anti-CD95 PE,
anti-CD8 PerCP (the antibody manufacturers were Immunotech [Hamburg,
Germany] for CD28, Pharmingen for CD95, and Becton Dickinson [Heidelberg,
Germany] for the other antibodies). Based on the typical forward-side-scatter
pattern, an electronic gate was applied to the lymphocyte population, and at least
2,000 events were analyzed for the expression of the lymphocyte surface markers.
Data were collected by using CELLQuest 3.3 software.

T-cell apoptosis. Ex vivo T-cell apoptosis was measured as described previ-
ously (20). Apoptosis was determined by flow cytometric quantitation with fluo-
rescinated annexin V staining and propidium iodide (PI; Immunotech, Hamburg,
Germany) exclusion. Blood was collected by venipuncture into heparinized tubes
and was processed within �2 h. The peripheral blood mononuclear cells
(PBMCs) in patient and control samples were isolated by Ficoll-Hypaque density
gradient centrifugation. Samples were labeled with PE-conjugated monoclonal
antibodies directed against CD4 or CD8 (Becton Dickinson) and were incubated
for 10 min with monoclonal antibodies and with FITC-conjugated annexin V and
PI. Annexin binding buffer (Pharmingen) was used for all washes and incubation
steps. Afterwards, analyses were performed with the FACS Calibur flow cytom-
eter by gating on CD8 or CD4 cells with bright fluorescence. Thereby, monocytes
which express CD4 at a low intensity were excluded. Apoptotic CD4 and CD8
cells were then measured by analyzing the green (annexin V FITCs labeled)
versus the red (PI) fluorescence.

Lymphocyte mitogen-induced proliferation assay. A total of 1 � 105 PBMCs
of patient and control samples were incubated with medium containing the T-cell
mitogens phytohemagglutinin (PHA; 2 �g/ml; Murex Biotech Limited, Dartford,
United Kingdom), OKT3 (anti-CD3; 5 and 0.5 ng/ml; PeliCluster, Amsterdam,
The Netherlands), or medium alone (RPMI 1640 plus fetal calf serum [10%],
glutamine [2 mM], and penicillin-streptomycin [100 IU/ml]). The maximum rate

of DNA synthesis was reached after 72 h of incubation with the mitogen. After-
wards, the cells were pulsed with [3H]thymidine (0.5 �Ci/well; Amersham Corp.,
Braunschweig, Germany) and harvested after 4 h. The proliferation of PBMCs
was measured after they were harvested onto nitrocellulose filters with a cell
harvester (Inotech, Dottikon, Switzerland). After measurement in a scintillation
counter (TRI-CARB 2100 TR; Packard, Böblingen, Germany), the results were
expressed in counts per minute.

Cytokines. Ex vivo plasma cytokines were determined by a Becton Dickinson
cytometric bead array (CBA) assay after 24 h for PHA (2 �g/ml) and IP (phor-
bol-12- myristate-13-acetate; 20 ng/ml [Sigma, Deisenhof, Germany] and iono-
mycine [0.3 �M; Calbiochem, Darmstadt, Germany]) stimulation or in medium
alone for interleukin 2 (IL-2), IL-4, IL-5, IL-10, tumor necrosis factor alpha
(TNF-�), gamma interferon (IFN-�) (8). The CBA assay consisted of a mixture
of six types of beads that were uniform in size but that contained a red-emitting
dye with different fluorescence intensities. A different capture antibody against
one of six cytokines was covalently coupled to each type of bead. The cytokines
that bound to these antibodies were detected by the use of antibodies labeled
with PE (incubation time, 10 min). The fluorescence intensity measured with PE
was proportional to the cytokine concentration in the sample and was quantified
from a calibration curve. Two-color flow cytometric analysis was performed with
a FACS Calibur flow cytometer. Data were acquired and analyzed with the
Becton Dickinson CBA assay software.

RESULTS

Immunological findings before enzyme substitution. Immu-
nological investigations showed marked lymphopenia (792/�l)
that affected T, B, and NK cells; a relative increase in the
CD8-cell subset; and an inverted CD4/CD8 ratio of 0.33 (Table
1). Only 16% of CD4 cells expressed a naive CD4�/CD45RA�

phenotype. Both CD4 and CD8 T cells were maximally acti-
vated: memory CD4�/CD45RO� phenotype, 100% (of total
CD4); CD4�/CD95� phenotype, 100% (of total CD4); and

FIG. 1. (A) Levels of ADA and dAXP activity in eluates of dried blood spots from the patient. PEG-ADA therapy was initiated at week 0 at
a dose of 30 U/kg twice weekly; at week 12 the dose was decreased to 30 U/kg once a week. The twice-weekly injection schedule was resumed after
week 24, except for the period between weeks 36 and 40, when PEG-ADA therapy was interrupted (horizontal bar). For reference, the mean ADA
activity in eluates of six blood spots from healthy controls prepared and analyzed simultaneously was 32.3 nmol/h/mg protein. (B) ELISA data
showing the evolution of the IgG antibody response to bovine ADA (triangles, patient; circles, control). The antigen immobilized on the ELISA
plate was purified bovine ADA. In order to confirm the antibody specificity, as described previously (7), the ELISA for the patient samples was
performed in duplicate, without (open triangles) and with (solid triangles) prior addition to the plasma samples of purified bovine ADA (20 �g)
as a competing antigen. In other studies (data not shown), patient plasma from week 28 of treatment (but not pretreatment patient plasma or
control plasma) directly inhibited the catalytic activity of PEG-ADA (7).
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CD8�/CD95� phenotype, 100% (of total CD8). All CD4 cells
bore the T-cell coreceptor CD28, but the level of CD28 ex-
pression on CD8 cells was significantly decreased at 10%. In
addition, a high percentage of T cells were apoptotic (CD4,
59%; CD8, 82%). The concentrations in plasma of immuno-
stimulatory and growth-promoting cytokines (IL-2, IL-4, IL-5,
IL-10, IFN-�) and of the proinflammatory cytokine TNF-�
were increased. Upon stimulation the patient’s PBMCs
showed reduced levels of IL-2 secretion and lymphocyte pro-
liferation was attenuated.

Immunological findings after enzyme substitution. Mainte-
nance of high plasma ADA activity led to normalization of
toxic metabolites (dAXP) in erythrocytes after the start of
PEG-ADA treatment (weeks 1 to 16) (Fig. 1A). Treatment
was associated with marked clinical improvement, with a re-
duction of hepatosplenomegaly; normalization of liver enzyme
levels; normal eosinophil counts; an increase in weight; and
resolution of hemolysis, thyroid antibodies, and dermatitis.

Within 4 to 5 months, the patient’s total lymphocyte counts
increased to 1,000 to 2,000/�l and lymphocyte subsets reached
nearly normal values (Table 1; Fig. 2). The CD4/CD8 ratio
increased to 0.7. Fifty percent of the CD4 cells showed a naive
CD4�/CD45RA� phenotype, but T-cell activation continued
to be elevated: memory CD4�/CD45RO� phenotype, 69% (of
total CD4); CD4�/CD95� phenotype, 100% (of total CD4);
and CD8�/CD95� phenotype, 82% (of total CD8) (Fig. 2).

The CD28 expression on CD8 cells increased to 20%. CD4-cell
apoptosis decreased markedly from 59% to 32%, but there was
no change in CD8-cell apoptosis (82% and 83%) during treat-
ment (Fig. 3).

T-cell-dependent plasma cytokine (IL-2, IL-4, IL-5) levels
decreased slowly to normal levels �10 pg/ml, and the levels of
the proinflammatory plasma cytokine TNF-� normalized.
However, IL-10 and IFN-� levels remained elevated in plasma.
The capacity of PBMCs to secrete IL-2 after IP stimulation
increased, and the lymphocyte mitogenic response in vitro also
improved significantly.

IgG antibody to bovine ADA. IgG antibody to bovine ADA
became detectable by ELISA between the 16th and the 24th
week of treatment (Fig. 1B). This was associated with a marked
decline in circulating PEG-ADA activity and a concomitant
increase in the level of dAXP, measured both after elution
from dried blood spots (Fig. 1B) and in the corresponding
plasma and washed erythrocyte samples (data not shown). This
was followed by a decline in lymphocyte subsets (T, B, and NK
cells), and the activation and ex vivo apoptosis of T cells re-
turned to pretreatment levels (Table 1). There was also an
increase in plasma cytokine levels and an almost complete loss
of the capacity of PBMCs to secrete IL-2 and to proliferate in
response to mitogens. Thus, neutralizing antibody to PEG-
ADA resulted in a complete reversal of the partial immune
recovery within approximately 4 weeks.

DISCUSSION

PEG-ADA treatment resulted in clinical improvement and
partial immune reconstitution (15). In our patient, the clinical
status and correction of the metabolic and hepatic abnormal-
ities improved within 4 weeks. T-lymphocyte counts and the
CD4/CD8 ratio increased, but there was relatively less im-
provement in B-cell counts. This is in contrast to the response
in some other patients, in whom B-cell counts have increased
sharply in the first month or so of PEG-ADA therapy, preced-
ing the appearance of T cells (6). The reason for this variability
among patients and its significance is unclear. Early in vitro
studies with ADA-inhibited B- and T-lymphoblastoid cell lines

FIG. 2. Pattern of immune reconstitution in the patient after PEG-
ADA therapy starting at week 0 and changes because of the appear-
ance of an IgG antibody to bovine ADA (arrow). The kinetics of total
lymphocyte counts and lymphocyte subsets (CD4, CD8, and CD20
cells) (upper panel) and the course of naive and memory CD4 cells
(CD4�/CD45RA� and CD4�/CD45RO�) (lower panel) are shown.

FIG. 3. Changes in T-cell apoptosis in the patient after PEG-ADA
therapy starting at week 0 and after the appearance of an IgG antibody
to bovine ADA (arrow). The kinetics of ex vivo T-cell apoptosis (an-
nexin V assay) for CD4 and CD8 cells in comparison to the standard
are shown.
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suggested that the T-cell populations in ADA deficiency may
be more sensitive than B cells to the toxic ADA substrate
2
-deoxyadenosine (dAdo), but later studies with untrans-
formed T and B cells found less of a difference (17). Most
studies indicate that ADA deficiency arrests T-cell develop-
ment in the thymus. Consistent with this, the pattern of T-cell
surface antigen expression following the initiation of PEG-
ADA therapy suggests maturation of T lymphocytes from early
thymic T-cell progenitors (25). In ADA-deficient mice, dATP
accumulation appears to exert a greater deleterious effect on
B-cell maturation in peripheral lymphoid organs than in the
bone marrow (1). The B-cell ontogeny has not been studied
following initiation of PEG-ADA therapy, but the recovery of
B-cell function is found to be more complete and more rapid
in ADA-deficient patients after treatment with PEG-ADA
than after successful bone marrow transplantation (22).

By eliminating ADA substrates, PEG-ADA therapy may
influence the course and the extent of immune reconstitution
in several ways. First, this could provide a protective effect on
immature T-cell progenitors, allowing thymopoiesis to recover
and resulting within several weeks to a few months in the
appearance of mature T cells (19, 25). Second, by eliminating
dAdo, PEG-ADA therapy might protect both thymocytes and
mature T cells from apoptosis (24). In ADA deficiency, dATP
pool expansion induces excessive apoptosis by a p53- and
caspase-dependent pathway. dAdo-induced apoptosis appears
to occur at the transition between the double-negative
(CD4�CD8�) and the double-positive (CD4�CD8�) stages of
thymocyte differentiation, and dATP accumulation also in-
duces apoptosis in mature T lymphocytes (5, 12, 23).

The extremely elevated frequency of apoptosis measured ex
vivo in the peripheral T cells of our patient (32 to 96%) has not
been described before in other ADA-deficient patients. The
significant decrease in CD4-cell apoptosis observed after PEG-
ADA treatment may have contributed to CD4 reconstitution.
Alternatively, the increased apoptosis may have been due to
the marked degree of T-cell activation that we observed, with
a high prevalence of CD4�/CD45RO� memory, CD4�/
CD95�, CD8�CD28�, and CD8�/CD95� T-cell subsets (69 to
100%). It is unclear whether this activation was due to the im-
mune dysfunction caused by ADA deficiency or to an infection.
During immune reconstitution during PEG-ADA therapy,
there were no clinical or laboratory signs of active infection,
although latent subclinical infections (e.g., cytomegalovirus in-
fection) might have caused continuous T-cell activation.

Apart from lymphocyte reconstitution, we were interested in
the effects of PEG-ADA on cytokine synthesis, as measured by
the cytometric bead array assay (8). Interestingly, in our pa-
tient lymphocyte and PBMC alterations before treatment were
associated with high levels of plasma cytokines (IL-2, IL-4,
IL-5, IL-10, IFN-�, TNF-�). The predominance of the IL-4,
IL-5, and IL-10 cytokines suggested a TH2-type pattern. This
may explain some of the clinical and laboratory findings, such
as eosinophilia, elevated IgE levels, and skin rash. However,
these data have to be interpreted with caution. Plasma cyto-
kines have short half-lives, and their primary effects occur in
the lymphoid microenvironment rather than in the periphery.
The production of cytokines by PBMCs after in vitro stimula-
tion provides more relevant information. In our patient the ex
vivo IL-2 secretion after stimulation was markedly reduced

before the start of enzyme replacement and improved after the
start of enzyme replacement. IL-2 is important for T-cell
growth and activates effector T and NK cells. dAdo at higher
concentrations is known to block IL-2 production and IL-2
receptor expression (17). ADA deficiency may cause the fail-
ure of a T-cell subset to produce IL-2 and the failure of the
CD8 population to respond to IL-2 (11).

Neutralizing anti-ADA antibody has developed in about
10% of patients treated with PEG-ADA (7, 14, 15). In several
of these cases, as in our patient, neutralizing antibody has
reduced circulating PEG-ADA activity to a degree that al-
lowed toxic metabolites to reaccumulate, abrogating immune
recovery. A review of this phenomenon suggests possible pre-
disposing factors in our patient (15). First, she was homozy-
gous for a missense mutation, V129M, that results in an ADA
protein with greatly diminished, but not absent, catalytic activ-
ity, which confers a delayed-onset phenotype (2, 3). Patients
with this phenotype often manifest immune dysregulation and
autoimmune phenomena, which in our patient included eosin-
ophilia, elevated IgE levels, excessive T-cell activation, hemo-
lytic anemia, and thyroid antibodies at the time of diagnosis.
Neutralizing anti-ADA antibody has also developed in some
other patients with a delayed-onset phenotype (7). Second, the
appearance of anti-ADA antibody coincided with an episode
of central catheter sepsis, which was also associated with the
reemergence of hemolysis. The same sequence of events has
occurred in another patient who developed hemolytic anemia
and neutralizing antibody to PEG-ADA following central cath-
eter sepsis (15).

In conclusion, enzyme substitution therapy with PEG-ADA
in a girl with delayed-onset ADA deficiency resulted in a par-
tial but impressive immune reconstitution in vivo, as well as
recovery of lymphocyte subset numbers, reduction of T-cell
activation and CD4-cell apoptosis, near normalization of
plasma cytokine concentrations, and improvement in IL-2 pro-
duction and lymphocyte proliferation in vitro. Unfortunately,
the development of an inhibitory IgG antibody to bovine ADA
resulted in a complete reversal of the immune recovery.
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