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Adaptive antigen receptors
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THE TCR IS 
REQUIRED FIRST 
FOR SELECTION



An immature TCR 

for αβ-to be T cells
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Four variable chains build 
three different TCR dimers



Each TCR dimer binds to three invariant CD3 
and CD247 dimers to build three TCR isotypes 
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Also in NK cells



γδ ε ε

α β

THE TCR IS A COMPLEX OF 4 DIMERS

δε
α

εγ

β

αβTCR

+ + +

TCR/CD3/CD247 

ζ ζ



• Isotipos del TCR

• Inmunodeficiencias del TCR

Inmunodeficiencias del TCR

• Inmunodeficiencias del TCR

• Diagnóstico

• Tratamiento y pronóstico



Human TCR isotypes
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Human TCR immunodeficiencies
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Blocked T cell development?



HUMAN TCRID αβTγδT

CD4
γ ζ ε δ γ ζ α

Yes: CD3δ, CD3ε, TCRα
No: CD3γ, CD247 (ζ)

MOUSE KO

DP

CD4

αβ

CD8

αβ

DN

γδ

CD4

γδ

CD8

γ ζ

ζ

DN

ε δ

ε γ

γ ζ α

δ ζ α

+



HUMAN TCRID αβTγδT

CD4
γ ζ ε δ γ ζ αδleakyδleaky

Partial defects emerging
due to leaky mutations
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% n SCID

28.1 1.370 Other SCID

12.4 607 γc

7.2 352 Rag

7.1 344 DiGeorge

6.5 319 Omenn

6.4 310 ADA

6.3 309 MHC-II

5.8 285 CD40L

3.3 162 Jak3

TCRID are 
mostly rare 
(<1%) Severe
Combined
Immuno
Deficiency 

3.3 162 Jak3

2.7 134 Artemis

2.7 130 IL-7Rα

2.3 111 Dock 8

2.1 102 Cartilage hh

1.5 74 Zap70

0.8 41 CD40

0.8 40 PNP

0,8 39 CD3, CD247

100,0 4.876 JMF survey

Immuno
Deficiency 

SCID = respiratory 
infections, diarrhea, 
failure to grow, 6% of PID 

Prevalence TCR ID 1/5.000.000 
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Rocafuerte
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Chone

Manabí

Chimborazo 6.300

Cotopaxi 5.900
Illiniza 5.200

Ecuador

Chimborazo 6.300



CD3δ and CD3γ TCRID 
are the most frequent

Protein Gene Chr. OMIM Complete Partial TOTAL Complete Leaky

CD3γ CD3G 11 186740 10 10 T±B+NK+ β

αβTCR

CD3δ CD3D 11 186790 16 3 19 T−B+NK+ T±B+NK+

CD3ε CD3E 11 186830 4 1 5 T−B+NK+ T+B+NK+

CD247 CD247 1 186780 3  3 T±B+NK+ T+B+NK+

TCRα TRAC 14 186880 2 2 T±B+NK+

TOTAL 35 4 39

δε

ζ ζ

α εγ

β





Differential clinical and immunological 
consequences of complete TCRID

% Months at No tx

n SurvT ly Chain Diag Tx mo † Surv

4 25 2CD3ε 2 7 4 0/2
16 44 3CD3δ 3 6 3 0/316 44 3CD3δ 3 6 3 0/3
3 67 48CD247 5 20 - -
2100 36TCRα 11 78 - -
10 70 32CD3γ 60 15 20 7/9



Differential clinical and immunological 
consequences of complete TCRID

% Months at No tx

n SurvT ly Chain Diag Tx mo † Surv

4 25 2CD3ε 2 7 4 0/2
16 44 3CD3δ 3 6 3 0/316 44 3CD3δ 3 6 3 0/3
3 67 48CD247 5 20 - -
2100 36TCRαa 11 78 - -
10 70 32CD3γa 60 15 20 7/9

The CD3γ exception: healthy or SCID ± autoimmunity (a)



CD3γ deficiency can be lethal

I Tezcan



Partial defects* emerging

% Months at No tx

n SurvT ly Chain Diag Tx mo † Surv

4 25 2CD3ε 2 7 4 0/2
16 44 3CD3δ 3 6 3 0/3
3 67 15CD3 9 15 16 0/2
16 44 3CD3δ 3 6 3 0/3
3 67 15CD3δ∗ 9 15 16 0/2
3 67 48CD247 5 20 - -
2100 36TCRα 11 78 - -
10 70 32CD3γ 60 15 20 7/9
1100 63CD3ε∗ 48 - - -
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Selective surface TCR 
expression defect
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PatientControl

T cells (some revertants)

NK cells (no revertants)

Chain-specific intracellular 
stainings help

iCD247

NK cells (no revertants)



Carriers may have a partial 
surface TCR expression defect



Take-home message: 
study γδ T cells

Protein Gene Chr. OMIM Complete Partial TOTAL

CD3γ CD3G 11 186740 10 10

CD3δ CD3D 11 186790 16 3 19

CD3ε CD3E 11 186830 4 1 5

CD247 CD247 1 186780 3 3

TCRα TRAC 14 186880 2 2

TCR complex deficiencies Number of patients

T cell phenotype

Complete Partial

Tαβ±Tγδ±

Tαβ−Tγδ− Tαβ−Tγδ+

Tαβ−Tγδ− Tαβ+Tγδ+

Tαβ±Tγδ± Tαβ+Tγδ+
TCRα TRAC 14 186880 2 2

TOTAL 35 4 39
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γδ T cell numbers are informative



γδ T cells are informative
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WT

CD3D

LP EC TM IC

Predicted Protein
CD3G

p.N28V;H29X

p.M1V

p.K69Xc.205A>T

c.1A>G

c.IVS2-1G>C

5´ 3´1 2 53 4 6 7

New splice site

Stop codon

Loss of start codon

p.EX3delExon 3 skippingc. IVS2-2A>G

3´5´ 1 2 53 4

LOF mutations: truncated, unstable

CD3E

p. R68X

p.EX3del

p.EX2del

p.C93X

Stop codon

Stop codon

Exon 3 skipping

Exon 2 skipping

c. IVS2-2A>G

c. IVS2+5G>A

c.279C>A

c. 202C>T

5´ 1 2 53 4 6 7 8 9 3´

c.128_129del

c.230G>A

c. IVS7+2T>C

c.IVS2+1G>C

Frame shift

Stop codon

Exon 7 skipping

Exon 2 skipping

p.T43fsX56

p. EX7del

p.W59X

p. EX2del

CD247



Partial defects due to 
leaky splice site mutation





c.128_129del

c.230G>A

c. IVS7+2T>C
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Frame shift

Stop codon

Exon 7 skipping

Exon 2 skipping

p.T43fsX56

p. EX7del

p.W59X

p. EX2del

Missense

CD247

c.411insC

c.207C>T, c.208A>G

c.207C>T, c.208A>T

c.207C>T

LP EC TM IC

WT

p.D138fsX272

p.Q70X

p.Q70W 

p.Q70L 

Frame  shift

Stop codon

Missense changes

1 53 4 6 7 825´ 3´

Reversions only in CD247 TCRID

TRAC

c.207C>T, c.208A>T

c.207C>T, c.209G>T 

c.2 T>C 

c.2 T>C>T 

c.2T>C, g.138A>T

p.Q70L 

p.Q70Y

p.M1T

p.M1TextM-3

WT

Loss of start codon

New start codon

Reversion to WT state

Missense changes

c.*1G >A p.T107LfsX56

5´ 1 2 3 4 3´

Exon 3 skipping

WT

CD CP TM ICVD



PatientControl

T cells (some revertants)

NK cells (no revertants)

TCR expression revertants

iCD247

NK cells (no revertants)



Diagnosis

Definitive: Pathogenic mutations in a TCR complex 
gene (CD3G, CD3D, CD3E, CD247 or TRAC to date)

Probable: male/female patient with surface TCR 
expression defect and selective peripheral blood T 
lymphocytopenia (T─ or T±B+NK+)

Spectrum of disease: from SCID (common) to healthy 
(rare, overlooked?). Complete CD3 or defects 

Spectrum of disease: from SCID (common) to healthy 
(rare, overlooked?). Complete CD3ε or δ defects 
are T─B+NK+, complete CD3γ or CD247 defects 
and partial defects are T±B+NK+, including 
Tαβ─Tγδ+ B+NK+. TCR expression revertants due 
to somatic mutations found only in CD247 
deficiency 

Differential diagnosis: with T─B+NK+ or T±B+NK+ 
patients such as IL7Rα, FOXN1, Coronin-1A, Zap70, 
MHC class I or II, PNP, ADA or DiGeorge defects
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Treatment and prognosis

• Hematopoietic stem cell transplantation, the 
sooner the better, even in mild cases

• Prognosis: 
– CD3δ, CD3ε, partial CD3δ : early lethal SCID unless 
transplanted

– CD3δ, CD3ε, partial CD3δ : early lethal SCID unless 
transplanted

– CD3γ, CD247, TCRα: late lethal SCID unless tx

– CD3γ, partial CD3ε: survival beyond 20y

• Gene therapy?



¿Recombinación homóloga? 
Crispr/Cas9

CD3, CD247, TCRα



CONCLUSIONS 

• TCRID are very rare
• CD3ε or δ ID cause T−B+NK+SCID 
• CD3γ, CD247 or TCRα ID can be milder
• Keep an eye for partial TCRID
• Early diagnosis and HSCT are critical
• Keep an eye for partial TCRID
• Early diagnosis and HSCT are critical
• Either no T cells or, if present, 
selective TCR expression defect
• Intracellular chain-specific studies and 
γδ T cell analysis help
• ¿Need advice? regueiro@med.ucm.es
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