CD3 deficiencies

Alain Fischer®, Genevieve de Saint Basile® and Frangoise Le Deist™”

Curr Opin Altergy Clin immunot 5:491-495. © 2005 Lippinco tt Williams & Wilkins.

Department of Pediatric Immuno-Hematologg( and Inserm Unit 429, Necker—
Enfants Malades Hospital, Paris, France and "Department of Microbolegy and
Immunolagy, Sainte Justine Hospital, Montréa), Canada

Correspondence o Alain Fischer, Necker—Enfants Mealades Hospital, 149 Rue de
Sévres, 76015 Paris, France

Tel: +33 1 44 43 50 71/1 44 48 48 99; fax +33 1 42 73 06 40;

e-maik alainfischer@nck.ap-hop-paris.fr

Current Opinion in AHergy and Clinical Immunology 2005, 5:491-435

Abbraviations

ITAM  immunoraceptor tyrosine-based activation motif
SCID  severe combined immunodeficiency
TCR  T-cell receplor

D 2008 Lippincolt Williams & Wilking
15628-4060

introduction

The smdy of genetic defects resulting in an absence of
matore T cells in humans has provided major insighes into
our current understanding of T-lymphocyte develop-
ment. These conditions are named ‘severe combined
immunodeficicnecies’ (SCIDs) because they result in an
impairment of both T and B-cell-mediated immunity.
Four major mechanisms causing SCID have been
reported [1], including (1) premacure lymphoid progeni-
tor cell death because of abnormal purine metabolism
(adenosine deaminase deficiency); (2) a block in Iymphe-
kine signaling {yc, JAK-3 and IL7-Re deficiencies);
(3) defective V(D) rearrangement of T-cell receptor
{TCR) and B-cell receptor genes (Rag-1, Rag-2, Artemis);
and {4) defective pre-TCR/TCR signaling. In chis fasc
subset, deficieneies in the CD43 tyrosine phosphartase as
well as in CD3 subunits of the TCR/CD3 complex
have been desecribed [2,3%]. This review is focusing on
CI33 deficiencies. They account for a small proportion
of SCID conditions. Despite their rarity, the analysis
of their phenotypes reveals the complexity of the func-
tions associated with the TGR/CD3 complex.

The TCR/CD3 complex

The antigen recognition unit of T cells is based on a
hererodimer composed either of the /8 chain of the
TCR or of the p/5 chain [47] (Fig. 1). The TCR hetero-
dimer is associated with fonr cransmembrane proteins,
respectively named CD3 8, ¥, ¢ and ¢ [5]. They form «
complex wich the following stochiometry CID3 8, y, g5, &2
[6*]. To date, according to boch functional and struccural
data, it is thoughc that the CD3 complex is formed of
three modules GD3 8/¢, CD3 y/e and CD3 ¢, [7]. The v5
CD3 subunits have acidic tesidues in their cransmem-
brane domains enabling them to inreract wich the positive
charges of the T'CR subunits to form a complex. All of the
CI33 subunits carry the so-called immunoreceptor tyro-
sine-based activacion motf (ITAM) in the intracytoplas-
mic region. CD3 6, y and £ have one I'TAM, whereas CD3
¢ has three. These TTAMSs are composed of two tyrosines
separated by nine to 12 residues. Upon ligand binding to
TCR, ITAMs get phosphorylaced on tyrosine by the src-
relaced kinase Ick. Phosphorylated I'TAMs can recmic the
zeta-associated kinase (ZAP-70), which initiates key
downstream evenes in TCR-mediated signaling, includ-
ing the recruiement of SLP-76 and LAT adaptor mol-
ecules [8]. The CD3 subunits are also associated with the
pre-TCR expressed by thymocytes, which is composed
of the TCRB and the surrogate prw chain [9]. Pre-TCR
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Figure 1. Schematic structure of the T-cell receptor (¢8 or 38)
associated with the CD3 subunits.
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CD3 subunits form thres distinct ‘functional’ nodules CD3 8/, CD3 vie
and CD3 ¢ [2]. TCR, T-cell receptor.

signaling is required towards progression to the GD4+
CD8+ stage and TCRe gene rearrangement [9].

A deficiency of either one of che CD3 §, yand & has been
found in patients with primary immunodeficiency dis-
eases. Alchough very rare, these cases provide nnexpec-
ted and useful information on the role of the respective
CD3 subunits.

CD3 § deficiency

In six patients from three unrelaced families, 2 CD3 §
deficiency has been found as the cause of a T{—) NK(+)
B(+) phenotype of SCID [2,3"]. Two affected fecuses in
one family were also studied after pregnancy termination
[3*% In all cases, the absence of macure T cells led o an
early occurrence (first months of life) of severe infecrions.
The phenotypic consequences of CD3 & deficiency are
clear-cut because no mature CD3(+4+) T cells can be
detected in the periphery, including both TCR af(+)
and #8(+) T cells. An examination of feral tissues con-
firmed the absence of T cells in the lymph nodes in
contrast to the normal detection and distribution of B
cells [3%].

In two families, the identification of CD3D gene
mutacions was based on gene mapping by linkage analysis
showing co-segregation of the diseasc with markers at che
11923 locus encompassing D3 D, E and & genes. In the
third family, micro-array analysis of gene expression in
the thymus led to the discovery that CD3D gene expres-
sion was low. The same homozygous C202T transition in
exon Z has been found in two unrelared families from
Mennonite and norch African origin, respectively. It led
10 2 C68X stop codon generation expected to truncarte the
CD3 § protein in its extracellular domain, chns impairing

membrane association and expression [2,3%]. Hetero-
zygotes had a normal TCR/CD3 complex expression
on T cells and are healchy, showing the autosomal reces-
sive inheritance of this condition. In the third family, a
homozygous C279A transversion in exon 3 was found in
two siblings. It afso leads to 2 stop coden (GY3X) located
in the extracellular domain of CD3 §. In all six patiencs
(and owo affected fetuses), 1 homozygous CD3D gene
mutatien thus led to a null phenorype.

Thymic biopsies from an affected infant and two affected
fetuses (at 22 weeks of gestation) were analysed for the
T-cell differentiarion pathway. In the former case, the
expression of messenger RNA and proteins associated
with T-cell development was analysed, whereas in the
latter immunohistology was performed. In the CD3
§-deficient patient, CD4 and CD8 «f mRNA and
proteins as well as TCRe 2nd g mRNA and proteins
were low, indicating a block at the transition from double-
negative to double-positive (GD4+ CD8+) thymocytes,
whereas CD3 subunits mRNA were detectable. In the
fetuses, thymocytes with an incermediate single-cell
positive phenotype, ie CD4(4) CD8(—) CD45 RO(-)
were detected. Cellularity was reduced and the fraction
of proliferating cells (Ki 67+) was very low. Together,
these data fic with a model placing the CD3 & deficiency-
induced block at the seage of pre-TCR signaling,
although, at least in the 2Z-week-old fetuses, cells can
differentiate a lictle further o the intermediate single-
cell positive stage (but cannor proliferace) (Fig. 2) [10].

It is interesting to compare this phenotype wich the one
of CD3 8~ mice. These mice exhibit 4 partial block
at a later stage of thymocyte differentiation, namely at
the double-positive T-cell stage, whereas some marure
T cells with a normal phenotype can be detectzd in
the periphery [11]. Moreover, GI23 8~ mice do have
TCR y/é+ T cells unlike CD3 §-deficient paticnts
(Fig. 2) [11,12]. These results clearly establish chat
murine and human GD3 § exerc distinct funcrions in
T-cell development, despite a highly conserved struccure
and sequence between boch species. In humans, the CD3
8/e hererodimer is required for early steps of TCR /8
development as well as for pre-TCR-mediated pro-
gression towards TCRe rearrangement and the GD4-1/
CD8+ double-positive stage, whereas it appears to be
dispensable in the murine counterpare. These observa-
tions also demonstrate that che functional modules are
not redundant and therefore have specific funceions that
remain to be identified. So far, only a C23 5-dependent
activation of the erk kinase in the positive selection of
double-positive thymocytes has been shown in mice [13].

CD3 = deficiency
A complete CD3 ¢ deficiency has recently been found in
two patients from a consanguineous family, whereas
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Figure 2. Developmental blocks in T-cell differentiation caused by CD3 subunit deficiencies in humans and mice.

Scheme of T-cell development is

simplified ir three steps: double- Deficiency: TERYS () TCRy3(+)
negative (DN} CD4— CD8— CD3~,~£ CcD35
thymocytes that prefiferate in

Mouse

response to jc-containing cytokine
recaptors, progression to double-
positive (DP) T-cell receptor (TCR)x £
T cell (CD4+ CD8+) through
signaling via the pte TCRS receptor,
then positive selecticn and generation
of single-positive (5P} CD4+ and
CD8 1 aft T celis [10).

.pre

Man

Deficiency:

TCR signal .TCR m@

Cb3dc
TCRB ()

_©-®
2 O-®

CD3’y
TCRy3(H)

partial CD3 ¢ deficiency has been obsesved in an unrela-
ted third patient with 4 milder immunodeficiency [3°,14].
CD3 ¢ deficiency was found to result in a complete
absence of mamire TCR «f and 38 T cells in the per-
iphery whereas natural killer and B lymphocytes were
normally detected. The clinical consequences, as in other
forms of SCID, do appear in the first months of life
(respectively 1.5 and 2 months) with severe infections:
cytomegalovirus pneumanitis, diarrhoea and candidiasis.
In the family with complete CD3 ¢ deficiency, genome
tinkage analysis indicated chat the disease locus was at
11923, leading to the identification of a homezygous 2
base pair deletion at position 128 in exon 5 of the CD3E
gene, resulng in a frameshift and the generation of a
premacure stop codon [3*]. The predicted protein pro-
duct, which lacks the transmembrane domain, is not
expected to be expressed ac the cell membrane. As no
material was available, the precise consequences of GD3
¢ deficiency in human thymocyte development could not
be assessed. In CD3 ™~ mice, there is an absolute block
at the CD44— CD25+ double-negative (DN3) stage,
indicaring an absence of a pre-TCR-mediated signal
(Fig. 2) [15,16]. Ieis likely chat there is an identical block
in T-cell development in humans.

In our experience, GII3 § and GD3 ¢ deficiencies, both of
which result in a T(—), B(+) NK(+) SCID phenotype,
account for five out of 160 T(—) SCID cases, i.e. 3% [1].
As there are 2 few other T(—) B(+) NK(+) SCID cascs
with as yet no associated identified molecular defects, it
may be postulated that a deficiency of other members
of the TCR/CD3 complex (or other molecules crucial
for T-cell development) can also resulc in this SCID
condition.

A partial CD3 ¢ deficiency has been identified in a 2-year-
old patient presenting with recurrent bronchopneu-

monitis caused by Haemophilus influenzae [17). Under
intravenous immunoglebulin substitution, he did not
develop other infections, notably no opportunisiic infec-
tions. He is presently 18 years old, doing well other than
suffering with severe sinusttis. Immunalogical work-ap of
this case revealed a low intensity expression (reduced
by one log} of the TCR/CD3 complex expression at the
T-cell surface, 'T' cells were otherwise phenorypically
normal as were the other lymphoid lineages [18]. T cells
could be activated /# witre to proliferate in respense to
antigens, although CD3-mediated activatdon was im-
paired [18]. Biochemical and genetic analysis led to the
identification of a CID3 ¢ deficiency caused by compound
heterozygous mutations of the CD3E gene inherited
from unrelated parents. The first consists of a null allele
caused by 2 G — A transition in exon 6, leading 1o a stop
codon in the extracellilar domain, whereas the second
consists of a splice site mutation in the donor site of incron
7 (second nucleotide t— ¢), which parcly impaired
splicing and resulted in 2 mRNA lacking exon 8 [14]. A
partly preserved normal splicing permitted the genera-
tion of approximately 10% of the normal amount of the
CD3 & subunit. It is interesting to see that che fanc-
tional consequences of this CD3/TCR expressicn defi-
ciency were limited (see above). This suggests that T
cells with 2 high affinity for peptide/major histocempati-
hility complex could probably be selected despite a
reduced expression of the TCR, indicating that a normal
density of TCR expression is not strictly required. De-
fective 'T-cell-mediated help for antibody production
was the most remarkable immune defect in this case.

It is not unlikely that other pardal defects in TCR/
CD3 expression/function do exist. An abnormal pattern
of expression should lead to a search for them. One
cannot, however, exclude the possibilicy that more subtle
abnormalities that do not impair ‘TCR/CD3 compiex
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assembly and expression, but perhaps signaling only (e.g.
mutation in the incracellular domain notably TTAM
elements) can also result in mild T/B immumodeficien-
cies.

CD3 y deficiency

A CD3 ydeficiency has been found in three patients from
two families, one from Spain [18], and one from Holland
in a patienc of Turkish origin [19]. In the first family, a
sibling died at 32 months of age from aunctoimmune
haemolytic anaemia and enceropathy, whereas the second
has been reported to be almost healchy ac the age of 19
years in 2000 [20]. He only has minor auteimmune-
related disease: vitiligo and the detection of auro anti-
thyroid antibodies. The third case from an unrelaced
family was reported to be healthy ac the age of 7 years.
Anti-thyroid antibodies were also detected in this patient.

This mild immunedeficiency is associated with 2 reduced
expeesston of the TCR/CD3 complex at the "T-cell sur-
face (1:4 to 1:5 of normal) [18]. Notably, CD8 T-cell
counts were reduced unlike CD4 and other T-cell sub-
sets. A mild reduction in in-vitro T-cell activation assays
was noticed. Of note is the fact chac most T cells exhibica
memory phenotype suggesting thar thymopoiesis might
have been only cransiently active [19-21].

In contrast to che limited expression of this immuno-
deficiency phenorype, compound heterozygous muta-
tions inherited from the parent resulted in a null CD3y
phenetype in both patients from the firsz family, One
allele consists of 2an A — G transition in the first codon of
exon 1 impairing che initiation of transladon. The second
mutation is a g — ¢ mutation in the acceptor splice site
of intron 2 leading to its loss, and the usage of a cryptic
splice site 17 nucleotides downstream ensues. A shift in
the reading frame, and the creation of a stop codon 5
macleotides downstream ensues. Mutations in the CD3G
gene of the chird patient are not published.

Furcher analysis of the immorealized CD3 y{—) T cells by
using the herpes vims Saimiri reveals chat a TGR/CD3 &7
82 ¢z complex was formed and expressed, showing that in
humans CD3 § can partly substitute for GCD3 y. Ligand-
induced endocytosis of such as a complex was found to be
impaired, leading ro delayed turnover and re-expression
of the TCR ac the cell susface, showing a role of CD3 y
in TCR/CD3 complex tafficking [22-25]. Such T-cell
cells could be activated through TCR/CD3 agonists to
flnx calcium, express CDG9, CD40 L, proliferate and
produce TNF-o. However, IL-2 production was signifi-
cantly reduced, a defect chat could be overcome by
protein kinase C activation through phorbal esters [25].

This mild phenotype contrascs strikingly wich the one
observed in CD3 j-deficient mice. Such mice exhibit a

complete block at the DN3 stage, like CD3 ¢ mice,
and do not have TCR 38 T cells [26]. Surprisingly
encugh, there is thus an almost mirrored image between
mice and humans (Fig. 2) for CD3 8 and y function in
T-cell development. It is now a challenge o underseand
how these highly conserved molecules exert distinct
funceions in mice and humans, and what accounts for
the dissimilaricies berween the activation signals deli-
vered by the highly simitar CD3 8fe and CD3 y/e hetero-
dimers, although there are indesd some recognizable
strucenral distinctions [10].

Conclusion

The discovery of CD3 subunit deficiencies has furcher
broadened the spectrum of molecular defects that may
lead o a SCID phenotype in humans. This reinforces che
need for more accurate molecular diagnosis and genetic
counseling of these life-threatening conditions. Unex-
pected observations, as summarized in Fig 2 set the
basis to ‘revisit’ the function of the CI3 molecules in
T-cell development and activation.

It is also very likely that by pursuing investigations of
so far ill-defined SCID conditions and partial T+B
immunodeficiencies, more will be learned about the
TCR/CD3 complex.
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