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Clinical Implications

o T-cell receptor excision circle (TREC) levels decline over
time in patients with ZAP-70 deficiency. Current
threshold levels for TREC analysis are unable to detect
cases of ZAP-70 deficiency at birth.

TO THE EDITOR:

Measurement of T-cell receptor (TCR) excision circles
(TREC:) as a screening tool has revolutionized the diagnosis and
management of many T-cell primary immunodeficiencies by
enabling early diagnosis.” The screening test is based on
quantitative analysis of a DNA byproduct of T-cell maturation,
the ORec-WJa, TREC,> which is produced late in T-cell matu-
ration by the majority of aff T cells. TREC levels have been
shown to correlate well with thymic output of new T-cell
emigrants. 2

However, although screening has been a consistently reliable
method to detect typical severe combined immunodeficiencies
(SCID), it has been much less effective in uncovering a large
number of T-cell immunodeficiencies, including combined im-
munodeficiencies (CID), hypomorphic SCID, as well as T-cell
deficiencies affecting immune regulation.”* Of particular and
unique interest are patients with ZAP-70 deficiency who typi-
cally present with clinical features indistinguishable from SCID.
Immune assessment reveals normal lymphocyte counts albeit
with paucity of circulating CD8+ T cells, whereas CD44 T cells
are dysfunctional and fail to expand in response to mitogens or
antigens.” This can be explained by the critical role of ZAP-70 in
TCR-mediated signal transduction.” On ligation of the TCR,
ZAP-70 is activated after recruitment of phosphorylated immu-
noreceptor tyrosine-based activation motifs on CD3{ and
through phosphorylation by Lck, an Src family kinase.” Active
ZAP-70 subsequently phosphorylates numerous downstream
proteins, including LAT, SLP-76, and Cbl. This cascade medi-
ates a rise in intracellular calcium that is required for enzymatic
activity, regulation of cytoskeleton reorganization, as well as
expression of multiple genes.

Unlike the typical dysplasia observed in SCID, the thymus in
ZAP-70 deficiency appears morphologically intact with normal
corticomedullary demarcation and the presence of fully devel-
oped Hassall’s corpuscles.” However, the corticomedullary ratio
appears to be disturbed, and evaluation of the rate of TCR gene
rearrangement at various stages of intrathymic maturation has
revealed attenuated transition from double negative to double
positive thymocytes.

Assessment of TREC levels in a few cases of ZAP-70 defi-
ciency revealed diverse results ranging from low to normal.*'"
Newborn screening (NBS) in Canada over the past 5 years did
not detect 6 cases of ZAP-70 deficiency (personal communica-
tion), but we have occasionally observed low TREC levels in
older patients.” This led to the speculation that TREC levels may
decline over time in patients with ZAP-70 deficiency. This study
explored this possibility by evaluating TREC levels at birth and
subsequently during infancy.

Twelve patients with genetically confirmed ZAP-70 deficiency
(NM_001079.3:c.1624-11G>A) were included in this study.
Samples from 5 patients were sent to our laboratory for molecular
diagnosis and were evaluated at only 1 time point as patients were
not available for follow-up (designated as single assessments,
Figure 1). Analysis of these samples was performed between 132 and
285 days of age (Figure 1). Only 1 of 5 patients had an abnormal
TREC level, which was found in the oldest infant at age 285 days.

Seven patients were available for evaluation and long-term
follow-up, including multiple assessments of TREC levels. Five
of 7 patients had stored Guthrie cards that were used for retro-
spective analysis of TRECs (see this article’s Online Repository at
www.jaci-inpractice.org for detailed methods). These NBS-based
TREC levels were above threshold levels, ranging between 173
and 2123 copies/3 HL of blood (cutoff in Ontario is 75
copies/3 UL blood). It is possible that the NBS TREC level of
patient 1 could have been flagged during screening in a few, but
not in most, other jurisdictions (states, countries) that use higher
curoff levels.” All 7 patients had their first whole blood TREC
analyzed between the ages of 10 days (patient 2) and 283 days
(patient 4). In 5 of 7 patients, TREC levels ranged from 750 to
3070, all above cutoff levels (700 TRECs per 0.5 g DNA are
considered normal levels). In the remaining 2 patients (patients 1
and 3), initial assessment revealed that whole blood TREC levels
were abnormal at 120 and 225 days of age. Five patients had
multiple whole blood TRECs analyzed, and in 4 patients, the
levels declined over time but remained above normal threshold.
Only 2 of 5 patients reached abnormal levels at 275 (patient 7)
and 422 (patient 6) days of age, before hematopoietic stem cell
transplantation (HSCT). One patient (patient 2) had a surprising
rise in TREC levels at 79 days of age before transplantation.

Patients presented during infancy with features typical of
SCID encompassing viral, fungal and bacterial infections,
chronic diarrhea, and failure to thrive (Table E1, available in this
article’s Online Repository at www.jaci-inpractice.org). Evalua-
tion of the immune system was consistent with ZAP-70 defi-
ciency in all patients assessed. Although CD3+CD4+
circulating T cells and CD19+ B cells were normal,
CD3+CD8+ cells were markedly reduced and i vitro prolif-
erative responses to mitogens were consistently flat. Immuno-
globulin levels were within normal range in all patients (Table I).

All but patient 2, who was diagnosed immediately after birth
because of a positive family history, suffered serious pulmonary
infections. Preumocystis jiroveci pneumonia was isolated in 4
patients, but in 3 of 4 patients, other infectious agents were
identified concomitantly, including parainfluenza (patients 1, 3,
and 6), Klebsiella pnewmoniae, and Candida albicans (patient 1)
or Enterobacter sp (patient 3).
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FIGURE 1. Measurement of T-cell receptor excision circle (TREC) levels in ZAP-70-deficient infants. TREC levels, a marker of T-cell
maturation, were measured from Guthrie blood spot cards obtained shortly after birth by newborn screening (NBS, closed circles) and at
various time points thereafter by whole blood TREC analysis (WB, open circles and squares). All initial assessments of TRECs were above
the threshold/cutoff levels used to screen for severe combined immunodeficiencies (SCID) (gray regions). Seven patients received a
hematopoietic stem cell transplantation (HSCT, ). Measurements of TREC levels from ZAP-70-deficient infants who were unavailable for
follow-up, and therefore evaluated at only 1 time point, are labeled as single assessments (*). Molecular genetic analysis confirmed a
homozygous mutation in the ZAP70 gene, NM_001079.3:c.1624-11G>A (g.98354447G>A), in patients 1-7.

TABLE I. Baseline immune laboratory investigations of patients with ZAP-70 deficiency at presentation

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Age at diagnosis 7 mo Birth 5 mo 9 mo 6 mo 5 mo 7 mo
WBC (N) 8.1 (6.4-13) 27 (7.2-18) 7.8 (6.7-14) 9.9 (6.4-13) 12 (6.4-13) 9.3 (6.7-14) 8.4 (6.4-13)
Lymphocytes (N) 2.1 (3.49) 2.4 (3.4-7.6) 4.6 (3.4-9) 4.0 (3.4-9) 3.9 (3.4-9) 4.8 (3.4-9) 3.4 (3.49)
Immunophenotyping (cells/[LL)

CD19 (N) 774 711 782 1230 814 631 904

CD3 (N) 1071 1050 2987 3930 2773 3579 2250

CD4 (N) 1044 984 2945 3900 2750 3554 2010

CD8 (N) 27 68 46 32 12 22 37

NK (N) 183 304 607 738 350 680 275
Immunoglobulins (g/L)

IgG (N) 1.8 4.7 (2.8-14.8) 53 3.6 59 6.1 53

IgA (N) 04 0.1 (0.10-1.29) 0.5 0.9 0.7 1.2 0.9

IgM (N) 0.4 0.4 (0.12-1.25) 1.1 0.5 0.7 0.6 0.5
Responses to mitogens

PHA (% control) 0.2 ND 0.2 0.17 1 0.5 0.1

N, Normal range; ND, not defined; PHA, phytohemagglutinin.

The variability in TREC levels among patients was not related
to the ZAP70 genotype as they all carried the same c.1624-
11G>A mutation. To date, all patients received an HSCT and
are alive and well.

We have demonstrated here that current threshold levels for
TREC analysis are unable to detect cases of ZAP-70 deficiency
at birth. However, we show a time-dependent and gradual

decline in TREC levels that may vary from several weeks to
more than a year postnatally. This is consistent with our
previous observation that identified an attenuation of gene
rearrangements in thymocytes of ZAP-70-deficient thymi.”®
Changing the threshold for whole blood TREC from 700 to
1000 would have captured most cases of ZAP-70 deficiency at
a significantly earlier age. It is therefore plausible to use a
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higher threshold in the proper clinical circumstance, or
consider the use of different thresholds for ethnic groups at
higher risk for certain genetic causes of profound CID or

SCID.
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ONLINE REPOSITORY

TREC DETERMINATION FROM WHOLE BLOOD
T-cell receptor excision circle (TREC) levels from whole blood
were quantified by polymerase chain reaction (PCR) as previ-
ously described.”! Briefly, DNA was extracted from isolated
peripheral blood mononuclear cells. Amplification reactions
contained 0.5 lg genomic DNA, TagMan universal PCR master
mix (Applied Biosystems, Foster City, Calif), appropriate primers
(900 nmol/L), and 6-carboxyfluorscein probes (250 nmol/L).*?
PCR (2 minutes at 50°C, followed by 95°C for 10 minutes,
and then 40 cycles at 95°C for 15 seconds and 60°C for 1
minute) was carried out in an ABI PRISM 7900 Sequence De-
tector TagMan system (Applied Biosystems). The number of
TRECs was estimated by comparing the cycle threshold value
against a standard curve (10% to 10° copies of signal joint
TRECs; provided by Dr. Daniel Douek, Vaccine Research
Center, National Institute of Allergy and Infectious Diseases,

Bethesda).

TREC DETERMINATION FROM GUTHRIE BLOOD
SPOTS

Neonatal blood was collected onto Whatman 903 protein
saver cards and sent to Newborn Screening Ontario, Ottawa, for
analysis. A single 3.2-mm spot was punched from each sample,
transferred to a 96-well U-bottom polypropylene microtiter
plate, and washed twice with 20 mM Tris-HCl pH 9.0, 0.5%
Triton-X, and once with 20 mM Tris-HCI pH 9.0 for 10 mi-
nutes at 37°C on a microplate shaker. DNA was eluted in 50 [L
of Tris-HCI pH 9.0, 50 ng/lL yeast t-RNA at 98°C and sub-
sequently stored at —20°C until completely frozen.

Dried blood spot (DBS) calibrators were created by serially
diluting a minigene (IDT) constructed based on a TREC insert
sv:-:quv:-:ncel:‘3 in sterile, charcoal-stripped, heat-inactivated fetal
bovine serum (Sigma, St. Louis, Mo). Blood diluent was pre-
pared from whole blood collected in sodium heparin collection
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vials, spun at 3000 rpm in a centrifuge to remove the plasma
layer, followed by 3 washes with sterile sodium chloride solution
(Sigma) to remove residual anticoagulants. Endogenous TREC
levels of the diluent were determined before using to ensure that
TREC levels were undetectable. A small aliquot of the blood
diluent was mixed with non-minigene containing fetal bovine
serum to use as the severe combined immunodeficiency positive
control. The diluted minigene was then mixed in a 1:1 ratio with
the washed packed red blood cells and left to mix for 2-4 hours
before spotting. A volume of 75 UL of mixed blood was applied
to Whatman 903 protein saver cards and left to dry overnight at
room temperature. An 8-point calibration curve run in triplicate
along with patient DBSs.

Absolute quantification of TREC was determined by PCR.
Forward and reverse primers were designed to flank the dRec-)Ja
TREC-specific splice junction. Each 10 UL amplification
reaction contained 5 UL DurAmp Master Mix (Thermofisher,
Waltham, Mass), TREC primer, and probe sequences in the
following concentrations: 0.9 {mol/L each of forward TREC
primer (TGCTGACACCTCTGGTTTTTGTAA) and reverse
TREC primer (GCCAGCTGCAGGGTTTAGG),
0.25 pmol/L TREC-specific hydrolysis probe (Quasar670-
ATGCATAGGCACCTGCAC-BHQ2Plus) (LGC Biosearch,
Middleton, Wis), and 4.8 UL DNA eluate, and was performed
with an Applied Biosystems ViiA 7 Real-Time PCR System
using the following PCR cycling parameters: denature DNA for
1 cycle at 95°C (45 seconds) followed by 45 cycles of 95°C (30
seconds) and 60°C (1 minute 30 seconds). Absolute quantifi-
cation was performed using the Applied Biosystems QuantStudio
v1.2 Sequence Detection System software. Autobaseline and
autothreshold setting were selected during analysis. For any
single 384-well plate, we allowed the elimination of 8 of the 24
calibration points. The acceptable ranges set for the slope
were —3.32 (£2 standard deviation [SD]), Y-intercept Cq value
of 41 (£2SD), and R-2 value of 0.90 (+2SD). The TREC values
were reported in units of TREC copies/3.2 mm DBS.
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TABLE E1. Pretransplant clinical symptoms of patients with ZAP-70 deficiency in the first year of life

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
Age at ZAP-70 7 mo Birth 5 mo 9 mo 6 mo 5 mo 7 mo
diagnosis
Clinical course
<3 mo Diaper dermatitis, Healthy GERD, Diaper dermatitis, Oral thrush, Repeated diarrhea PJP pneumonia
chronic diarrhea intermittent oral thrush diarrhea
diarrhea
3-6 mo FTT, recurrent Healthy Respiratory failure Bilateral Oral thrush, Chronic diarthea, Chronic diarrhea
respiratory (PJP, pneumonia chronic diarrhea, FTT
infections parainfluenza, FTIT
enterobacter
pneumonia)
>6 mo Rotavirus, N/A N/A RSV pneumonitis, RSV pneumonitis, PJP pneumonitis,
diarrhea, PJP impetigo, eczema, skin rash parainfluenza
pneumonitis, oral ulcers pneumonitis,
parainfluenza, eczema
Klebsiella
pneumonia,
respiratory failure
on HFOV

FTT, Failure to thrive; GERD, gastroesophageal reflux disease; HFOV, high flow oscillatory ventilation; PJP, Pneumocystis jiroveci pneumonia; RSV, respiratory syncytial

virus.
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