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Adaptive antigen receptors
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Four variable chains build
three different TCR dimers
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Each TCR dimer binds to three invariant CD3
and CD247 dimers to build three TCR isotypes




TCR ASSEMBLY

TCRop



TCR ASSEMBLY
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TCR ASSEMBLY
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THE TCR IS A COMPLEX OF 4 DIMERS
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Human TCR isotypes




Human TCR immunodeficiencies
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Yes: CD36, CD3¢, TCRa
No: CD3y, CD247 (C)
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Partial defects emerging
due to leaky mutations
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TCRID are
mostly rare
(<1%) Severe
Combined
Immuno
Deficiency

Prevalence TCR ID 1/5.000.000

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

% n SCID
28.1 | 1.370 | Other SCID
12.4 607 | yc

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

2.7 134 | Artemis

2.7 130 | IL-7Ra

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




Founder effects
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CD35 and CD3y TCRID
are the most frequent

aB TCR
Protein | Gene |Chr. JOMIM | Complete | Partial |TOTAL Q
CD3y__|CD3G | _11] 186740 10 10 ‘h
CD35 [CD3D 11] 186790 16 19 <D
(CD3c  |CD3E 11] 186830 4 5 %&"’
CD247 |CD247| 1] 186780 3 3 3
TCRa_|TRAC | 14| 186880 2 2 SBISERD:
TOTAL 35 39 56

il



Deficiency CD3d

Family 1 | 3 | 3 | 4 5 | 6 7 8 [ 9 [ 10
Ethnic background Mennonites (Canada, USA, Germany) France Japan Ecuador
Patient/sex HEAEIEERE 6F ™ sf | om | aor [ nr | er| M| oar | asm | iem | 1M 1sM | 19F
Consanguineous Yes Yes Yes Yes Yes Yes Yes No No No
Mutation ¢.202C>T c.279C>A ¢.275-2A>G c.27415G>A
Predicted effect (leaky)’ Truncation Truncation Skip3 Skip2

Diagnosis at (m)’ 0 2 2 9 0 0 0 10 13 0 3 0 2 3 0 0 14 4 10
% CD3" cells? 0.3 0.1 0.6 2 0 0 1 0 27 1 <1 <1 0 1.7 0.2 0 14 30 2
HSCT® at (m, y)' MB4m No No | MBl6m | MB4m| IDBIm | HP6m HP12m HB14m | HB2Zm No H H HP4m | MICIm | MClm | IDP23m HP8m No
Cause of death* AW ADV |CMV AW AW AW GvHD HHVo6 CMV AW CMV | Asp | EBV | CMV AW AW AW CMV A
Deficiency CD3y CD3e L/CD247 TCRa
Family 1 | 2 3 4 | 5 1 | 2 3 1 2 3 1 2
Ethnic background Turkey Spain Turkey France Germany | Caribbean | Hawaii | Turkey Pakistan
Patient/sex v | om [sm| am | smo [ eF | 7F | sF [ om |ioF IM oF | 3m | 4F SF IM 2F 3F IF | 2m
Consanguineous Yes Yes No No Yes No Yes No NR® No Yes Yes Yes
Mutation c205A>T C_R}?;?G‘?;C cIVS2-1G>C | cIVS2-1G>C “;‘g?;gf c.128_129del C'I(gfé” ¢207C | c4llinsC |c2T>C|  c*1G>A
Predicted effect (leaky)’ Truncation Trunc, Het Truncation Truncation Skip7, Tr, Het Truncation Skip 2 Trunc Insertion | Trunc Skip3
Diagnosis at (m)' 3 7 48 12 48 12 240 84 [ 132 14 48 5 1 0 2 4 10 2 15 6
% CD3" cells™ 37 27 30 10 18 40 45 33 32 | 45 63 NR* [ NR | <1 100® 21 64 60 21 50
HSCT® at (m,y)' No 1D No No No No No No | No | No No No No H H7m H30m H>12m | HI8m | IDB6y | IDB7y
Cause of death’ Sepsis | Pneum | AW | Pneum | AW AW AW AW | AW | AW AW Pneum | CMV | ADV AW AW AW A AW AW

1- m (months); y (years).

2- At diagnosis. Normal values 60-85%, includes dull and bright CD3" cells.

3- First hematopoietic stem cell transplantation from related (matched = 1D, haploidentical = H) or unrelated (matched = M, mismatched = MI) don e

or cord blood (C).

4- AW (Alive and Well);A (Alive); ADV,CMV,EBV,HHV (viral infection); Pneum (Pneumonia); Asp (Aspergillus); GvHD (Graft vs Host Disease)

5- NR (Not reported)

6- For TCRa defects mostly TCRgd+ T cells, few TCRab"™" T cells
7- Leaky refers to wild type protein levels. Skip7 (exon 7 skipping), Tr/Trunc (protein truncation), Het (compound heterozygote)

8- T cells from maternal origin
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Differential clinical and immunological
consequences of complete TCRID

o Months at| No tx
h |SurvT ly| Chain | Diag | Tx |[mo 1|Surv
4 25 2CD3¢ 2 7 4/0/2
16| 44 3/CD35 3 6 30/3
3 67,48CD247 5 20 - -
2/1100 36|TCRa 11 78 - -
10 70 32CD3y 60 15 207/9




Differential clinical and immunological
consequences of complete TCRID

o Months at| No tx
h |SurvT ly| Chain | Diag | Tx |[mo 1|Surv
4 25 2CD3¢ 2 7 4/0/2
16| 44 3/CD35 3 6 30/3
3 67,48CD247 5 20 - -
2/1100 36/TCRq¢ 11 78 - -
10 70 32CD3ye 60 15 207/9

The CD3y exception: healthy or SCID + autoimmunity (a)




CD3y deficiency can be letha
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Partial defects™ emerging

o Months at| No tx
n |SurvT ly| Chain | Diag | Tx |mo T|Surv
4 25 2CD3¢ 2 7 40/2
16| 44 3/CD35 3 6 30/3
3 67 15CD 36+ 9 15 16/ 0/2
3 67, 48CD247 5 20 - -
2/1100 36/TCRa 1178 - -
10 70 32CD3y 60 15 20 7/9
1100 63CD3ex | 48 - - -
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Extracellular b
flow cytometry
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Selective surface TCR
expression defect
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Chain-specific intracellular
stainings help

Control Patient
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Carriers may have a partial
surface TCR expression defect
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Take-home message:

study yo T cells

TCR complex deficiencies

Number of patients

T cell phenotype

Complete

Partial

Protein]Gene |Chr. |OMIM |[Complete] Partial |TOTAL
CD3, |CD3G| 11]186740 10 Tap£Tyd+
CD35 |CD3D| 11]186790 Tap-Tyo- | Tap-Tyo+
CD3:z |CD3E| 11|186830 Tap-Tyo- | Top+Tyor
CD247 |CcDz47| 1|186780 3 3| TopeTyor | TapeTror
TCRo  |TRAC| 14| 186880 > 2

TOTAL 35 4 3o Top-Tvo

TCRaoB

TCRyd




v& T cell numbers are informative
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v& T cells are informative
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LOF mutations: truncated, unstable

Predicted Protein
CD3G

5= 1 2 3 4 5 6 7 =37

LP EC ™ IC

WT - OW:
Ic.205A>T Stop codon p.keX —
cIVS2-1G>C New splice site  p.N28V;H29X — |
CD3D ——c.1A>G Loss of start codon p.M1V
s O 2 -
— |

lc. IVS2-2A>G  Exon 3 skipping p.EX3del - é

c. IVS2+5G>A Exon 2 skipping p.EX2del -— YW —
—c.279C>A Stop codon p.C93X — CI
. 202C>T Stop codon p.R68X — ]

CD3E
s—{1—2l{3H+HsH ¢ H7 HsH ¢ }-3

lc. IVS7+2T>C  Exon 7 skipping p. EX7del — é

c.230G>A Stop codon p.W59X — G

L ¢.128_129del  Frame shift p.T43fsX56 — <]
c.lVS2+1G>C  Exon 2 skipping p. EX2del




Partial defects due to
leaky splice site mutation

CD3 delta -

R
Ex3 Ex4 Ex5 |3 l

AEx2 JK BIll.1 Bl.1BIl.2
G — A mutation GenOtype - GG GG AG AA kDa
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Reversions only in CD247 TCRID

CD247

TRAC

5% 2 7 8 37
gj E H E E I }_ LP EC| TM IC
WT — —wnwi—a——
. M
| c.attinsc Frame shift p.D138fsX272 — —ArA —
= c.207C>T Stop codon p.Q70X — —yn Y-
c.207C>T, c.208A>G p.Q70W
. ¢.207C>T, c.208A>T Missense changes p.Q70L — —AMANE——-
c.207C>T, ¢.209G>T p.Q70Y
b—1c2T>C Loss of start codon p.M1T o —
feoense c.2 T>C>T Reversion to WT state WT — —wwH—r—r—
- c.2T>C, g.138A>T New start codon p.M1TextM-3 — —AIWWNTD—H——
5 = 1 4@_@_{ 4 F3' VD co cpPlT™M| IC
W OO —

—c.*"1G>A

Exon 3 skipping

p.T107LfsX56 (-




TCR expression revertants

Control Patient
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Diagnosis

Definitive: Pathogenic mutations in a TCR complex
gene (CD36, CD3D, CO3E, D247 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 5 defects
are T—B+NK+, complete CD3y or CD247 defects
and partial defects are T+B+NK+, including
Tap—Tyd+ 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 IL7Ro, 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:

- CD33, CD3¢, partial CD35 : early lethal SCID unless
transplanted

- CD3y, CD247, TCRa.: late lethal SCID unless tx
- CD3y, partial CD3e: survival beyond 20y

+ Gene therapy?
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CONCLUSIONS

+ TCRID are very rare

* CD3¢ or 6 ID cause T-B*NK*SCID

+ CD3y, CD247 or TCRo ID can be milder
+ Keep an eye for partial TCRID

» Early diaghosis and HSCT are critical

» Either no T cells or, if present,
selective TCR expression defect

* Intracellular chain-specific studies and
vd T cell analysis help

» ¢Need advice? regueiro@med.ucm.es
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