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Abstract 

T lymphocytes are critical components of adaptive immunity. They are involved, 
together with other leucocytes, in defense against pathogens, including viruses, 
bacteria, fungi and parasites. Mature T cells include two subsets, αβ and γδ, 
depending on the variable T-cell receptor (TCR) expressed on their surface. αβ T cells, 
the largest subset in blood, are well characterized in terms of their functions in 
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defense against infections. Their central role in protective immunity is dramatically 
clear in rare human inborn errors of immunity (IEI) causing selective αβ T-cell lym
phopenia. Such defects frequently associate to early-onset health-threatening infec
tions and autoimmunity (rather than cancer) and require hematopoietic stem cell 
transplantation for survival. γδ T-cell function, by contrast, is still not well understood, 
as we review here. Human IEI affecting several invariant and variable TCR chains 
(TCRIEI) have been reported, in some cases with a different impact in αβ vs γδ T-cell 
numbers. By comparing them, we show that clinical severity, as a proxy of importance 
for survival, associates with the absence of αβ T cells, irrespectively of γδ T-cell 
numbers. Several species and animal knock-out models which naturally or artificially 
lack γδ T cells support this contention. Thus, TCRIEI teach us that αβ T cells are crucial 
for defense against infections, whereas γδ T cells may have a comparatively marginal 
role in real-life human immunity.

1. Human T-cell receptor (TCR) isotypes

The human TCR is a cell surface protein ensemble expressed by 
T cells or their precursors with a variable recognition domain and multiple 
invariant signaling domains. There are three TCR isotypes (Fig. 1): pre- 
TCRαβ, TCRαβ and TCRγδ. All share two invariant heterodimers called 
CD3γε and CD3δε and a single invariant homodimer termed ζ or CD247 
(Call et al., 2002) and differ in the invariant pre-Tα chain or the variable 
TCRα and TCRβ for αβ, and TCRγ and TCRδ for γδ T cells.

Fig. 1 Human T-cell receptor (TCR) isotypes. Note that extracellular domains of 
variable chains in the TCRγδ are more flexible than in other isotypes (Gully et al., 2024) 
and may show clonotype-dependent propensity for dimerization (Hoque et al., 2025), 
supporting higher diversity of antigen recognition than the HLA-restricted TCRαβ. 
TCR: T-cell receptor.  
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2. Real-life role of human αβ vs γδ T cells

2.1 Human αβ T cells are crucial for defense against 
infections, not tumors

αβ T lymphocytes are adaptive leucocytes involved, as all other immune 
system cells, in defense against pathogens, including viruses, bacteria, fungi 
and parasites (Table 1). They are equipped to respond to inflammatory 
signals caused by them, to detect and eliminate such organisms using their 
Human Leukocyte Antigen (HLA)-restricted TCR, to signal for help 
against infection from non-resident leucocytes and for help in tissue repair 
from many other cells. These functions are deployed while maintaining 
self-tolerance. αβ T lymphocytes record each infection in the form of 
memory cells to be better prepared, should it occur again. Inborn errors of 
immunity (IEI) affecting αβ T lymphocytes show severe lethal infections 
early in life, rather than cancer, that frequently require hematopoietic stem 
cell transplantation (HSCT) for survival (Notarangelo et al., 2020). Cancer 
rate in all IEI is 40-fold higher than in the general population (12 vs 0,3 %, 
respectively, Fekrvand et al., 2024), but most of the cancer cases affect 
patients with DNA repair defects. Also, most of the cancers in IEI are 
hematologic (EBV+ B-cell lymphomas) or gastrointestinal rather than 
breast, lung, or prostate, which are the most common in the general 
population. This suggests differential oncogenic mechanisms in IEI, mostly 
lymphocyte DNA repair or apoptosis defects, and chronic infections 
(HBV, HPV, EBV), rather than impaired cancer immune surveillance. A 
recent case report maps a common skin cancer to congenitally impaired αβ 
T-cell recognition of HPV-infected cells, as it was resolved after TCR 
signaling restoration by HSCT (Ye et al., 2025).

Table 1 Ligands and biological roles of αβ vs γδ T-cell subsets. BTN: BuTyrophiliN; 
phAgs: phosphoantigens; pHLA-I/II: peptide-human leukocyte antigen complex class 
I/II molecule. 
TCR Subset Normal ligand Origin Role Function

αβ CD4 Non-self pHLA-II Exogenous Cooperation Defense, repair

CD8 Non-self pHLA-I Endogenous Cytolysis Defense

γδ Vδ1 Stress, non-self 
lipids

Endogenous Cooperation Defense, repair

Vδ2 BTN/non-self 
phAgs

Endogenous Cytolysis Defense
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2.2 Human αβ T cells are capable of tumor clearance when 
modified

While the main biological role of αβ T cells is not to detect and eliminate 
cancer cells, they are well equipped to do so when they are manipulated in 
different ways (Waldman et al., 2020), although relapses are frequent 
(Table 2). In certain instances, αβ T cells eliminate cancer cells by virtue of 
non-cancer features, such as allogeneic HLA molecules (as in HSCT) or 
enforced tumor-associated self-antigen recognition by autologous αβ 
T cells (as with CD19-targeted Chimeric Antigen Receptor or CAR) 
which are otherwise tolerant to such self-antigens. In other cases, muta
tion-dependent tumor-specific HLA-restricted peptides termed neoanti
gens are targeted by blocking natural T-cell self-tolerance using checkpoint 
inhibitors, a proof that cancer cell tolerance is evolutionarily more 
important than cancer cell elimination in normal conditions (Ghorani et al., 
2023). A similar mechanism (blocking natural T-cell self-tolerance) is likely 
at play in BCG-induced vesical cancer immunotherapy (Hilligan et al., 
2025). Indeed, tolerance must exist to the frequent long-term DNA lesions 
steadily occurring throughout life in nonmalignant somatic cells from all 
tissues in normal individuals (Spencer Chapman et al., 2025). Note that 
with CAR, checkpoint inhibitors or even BCG, off-target Immune 
Related Adverse Effects (IRAE) are notorious, as expected from a non- 
tumor-specific iatrogenic breach in systemic self-tolerance (Table 2). 
Conversely, natural autoimmunity may protect from cancer, suggesting 
that loss of self-tolerance causing damage to nonmalignant tissues extends 
to malignant cells sharing target self-molecules (Ghanem et al., 2023).

2.3 Human γδ T cells are involved in, but not crucial for, 
defense against infections or tumors

γδ T cells are also involved in defense against pathogens, including viruses, 
bacteria, fungi and parasites. They are believed to have ontogenically earlier 
roles in immune responses compared with the other two adaptive lym
phocytes (αβ T and B cells). Due to their anatomical locations in epithelial 
barriers (skin and mucosal surfaces), γδ T cells are believed to provide a first 
line of defense in a tissue-specific fashion, by virtue of both innate and 
adaptive (TCR) surface receptors (Gray et al., 2024). However, in contrast 
to αβ T cells, γδ T cells are believed to recognize and respond with their 
highly flexible variable extracellular domains to a great diversity of 
pathogen-induced non-peptide changes in self-ligands (cellular stress), 
rather than to rigid non-self HLA-restricted peptides (Fig. 1 and Table 1). 
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Indeed, γδ T cells can kill infected cells, recruit and activate other leu
cocytes and tissue cells to promote tissue repair and wound healing in 
response to danger signals by means of cytokine secretion (Ribot et al., 
2021). Mouse and human γδ T cells and TCRγδ are notoriously different 
(Qu et al., 2022; Siegers et al., 2007), and thus mouse studies poorly predict 
their role in humans (Kim, 2024). However, TCRγδ composition governs 
γδ T-cell distribution in both species. In humans, γδ T cells early in life are 
polyclonal and adaptive (TCR-dependent) in blood and tissues, with repair 
(Vδ1) and cytolytic (Vδ2) functions. Antigenic exposures later drive their 
clonal expansion, functional differentiation and tissue homing. In adults, 
Vδ2 cells predominate in blood, whereas Vδ1 cells are enriched in tissues 
and express residency profiles (Gray et al., 2024). Inflammation attracts 
blood Vδ2 cells to distressed tissues, where they can display both cytolytic 
and antigen-presenting-cell properties. Indeed, Vγ9Vδ2 γδ T cells likely 
provide early innate defense against microbial phosphoantigen-containing 
self-cells, whereas Vδ1 γδ T cells expand to provide early adaptive defense 
against virus-infected self-cells (by HCMV particularly) and tissue repair 
features (Table 1).

2.4 Human γδ T cells are capable of tumor clearance when 
modified

One of the hypothesized biological roles of γδ T cells is immune sur
veillance against some tumors, as they can recognize stressed cells inde
pendently of HLA molecules (Wiesheu & Coffelt, 2024). However, γδ 
T-cell contribution to cancer surveillance in humans remains speculative 
due to a lack of clinical studies linking γδ T-cell dysfunction with increased 
cancer incidence. Although the biological role of γδ T cells may not 
include to detect and eliminate cancer cells, they are, like αβ T cells, well 
equipped to do so when they are manipulated in different ways (Schamel 
et al., 2024; Table 2). Indeed, γδ T cells expressing CD19-targeted con
structs are expectedly capable of such self-antigen recognition (Guerrero- 
Murillo et al., 2024), although clinical efficacy still favors αβ T cells. 
Checkpoint inhibitors can unleash dormant/tolerant antitumoral activity 
by Vδ1 γδ T cells in rare cases (Lien et al., 2024), particularly when αβ 
T cells are not competent (as in tumors lacking HLA-I) (de Vries et al., 
2023). The mechanism remains unclear, likely induced non-peptide 
changes in self-ligands (cellular stress). Potential advantages of γδ T cells 
include their poor allogeneic responses (which allow for allogeneic 
immunotherapy including CAR), their innate recognition of stressed 

58                                                                                                Ana V. Marin et al. 



tumor cells and their tissue homing capabilities. However, the use of γδ T 
cells for human cancer immunotherapy is still at its infancy, and the clinical 
results to date are very poor, compared with αβ T cells (Mensurado et al., 
2023; Table 2).

3. Human T-cell receptor (TCR) inborn errors of 
immunity (TCRIEI)

Inborn errors of immunity (IEI), formerly called primary immuno
deficiencies (PID), are rare monogenic disorders of the immune system that 
cause immunodeficiency, but also autoinflammation, autoimmunity, allergy 
and/or certain cancers (see above, Section 2.1). IEI of TCR components 
(TCRIEI) are low-prevalence autosomal recessive diseases that result from 
inherited mutations in genes codifying certain TCR chains (Fig. 2) (Marin 
et al., 2015).

TCRIEI patients suffer from severe combined ID (SCID) and/or 
autoimmunity due to peripheral blood T-cell lymphopenia and/or 
impaired TCR function, and often require HSCT for survival. Carefully 
studying TCRIEI can thus help to understand the real-life role of 
T lymphocytes in cancer vs infection surveillance. Human TCRIEI in 
some cases have a different impact in (estimated) αβ vs γδ T-cell numbers. 
By comparing their clinical features, we can address the relative impact of 
each subset in infection vs cancer susceptibility.

Fig. 2 Reported human T-cell receptor (TCR) inborn errors of immunity (IEI). Red 
color marks chains of human TCR isotypes where mutations have been reported to 
cause immunodeficiency and (or) autoimmunity (see Tables 3–5). Note that no 
mutations have been reported for TCRβ, TCRγ or TCRδ genes yet. TCR: T-cell receptor. 
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More than 80 TCRIEI patients have been reported to date (Table 3, 
summarized in Table 4 for non-leaky cases). TCRIEI lacking CD247, 
CD3δ, or CD3ε show very low or undetectable γδ T cells in peripheral 
blood, as indicated by cell numbers, whereas TCRIEI lacking TCRα or 
preTα show normal or even high numbers of γδ T cells. Expectedly, 
TCRIEI lacking TCRα show selective αβ T cell lymphopenia (Table 3
and Table 4). CD3γ and CD247 TCRIEI show partial defects in T-cell 
development which allow for selection of some T cells that are poorly 
functional in the case of CD247 TCRIEI.

These results can be represented in a linear differentiation model from 
early thymus progenitors to mature peripheral T cells as shown in Fig. 3. 
Unexpectedly, compared to TCRα TCRIEI, pre-Tα TCRIEI patients 
show normal to low levels of functional αβ T cells, likely due to increased 
non-canonical differentiation from early thymic progenitors (ETP).

We analyzed the ClinVar database to address the fact that mutations 
have been reported in all invariant TCR chains and in the constant region 
of TCRα, but not of TCRβ or TCRδ. Germline single nucleotide variants 
(SNV, Table 5) are frequent in the invariant genes (around 30–250/gene), 
with 7–15 % of them predicted as pathogenic, like in other IEI genes such 
as ATM (16 % pathogenic). In contrast, SNV in the constant region of 
variable TCR chains are extremely rare or absent (0–2/gene). As both 
variable and invariant TCR chains are required for T-cell selection and 
function, we believe such resistance to germline variation in the constant 
region genes of variable TCR chains may be due to intrinsic mechanisms 
related to the generation of diversity.

3.1 TCRIEI teach us that αβ T cells are critical to sustain 
normal immune responses

Human TCRIEI lacking most blood αβ T cells (such as CD3δ, CD3ε or 
TCRα TCRIEI, Table 3) suffer from severe immunodeficiency character
ized by life-threatening infections by viruses, bacteria, fungi or parasites very 
early in life (<3 years of age in most cases, Fig. 4) that abundant γδ T cells 
cannot prevent in the case of TCRα TCRIEI. Only replacing αβ T cells by 
HSCT is curative, thus they are clearly non-redundant. Autoimmune fea
tures are relatively rare because all types of T-cell-dependent functions and 
dysfunctions are absent. When some (dysfunctional) αβ T cells are present 
(as in TCRα, pre-Tα, CD3γ or CD247 TCRIEI), they tend to lose self- 
tolerance, and autoimmunity disorders ensue. When close to normal num
bers of functional αβ T cells are present (as in CD3γ or pre-Tα TCRIEI), 
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Table 3 Summary of TCRIEI patients reported, grouped by mutated gene and ordered 
by higher (TRAC, PTCRA) to lower (CD3D, CD3E) mean γδ T-cell numbers. Pale blue and 
orange boxes highlight values below or above age-matched normal ranges, respec
tively. Age-matched normal ranges are from Schatorjé et al., 2011. TCRIEI T cells may 
show impaired surface anti-CD3, -TCRαβ or -TCRγδ antibody binding (Garcillán et al., 
2015), which may underestimate such subsets. Thus, highest CD3+ T-cell numbers were 
also estimated as total lymphocytes – B – NK cells (Total lymph – B – NK), and highest αβ 
T-cell numbers as either CD4+ + CD8+ (CD4+ CD8) lymphocytes or as T – TCRγδ+ cells 
(T – TCRγδ), where highest T cell numbers were estimated as CD3+ or as Total lymph – B 
– NK, whichever was larger (estimation columns are marked in yellow). ID: patient 
identification; NML: nonmalignant lymphoproliferation; GLILD: granulomatous lym
phocytic interstitial lung disease; TP: Tinea Pedis; TB: tuberculosis; HPV: human papil
loma virus; EBV: Epstein-Barr virus; HHV6: human herpesvirus 6; C. alb.: C. albicans; CMV: 
cytomegalovirus; HSV: Herpes simplex virus; Sequence variations in italics: reported as 
leaky, thus associated with milder clinical features.  
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vary late onsets are common (up to 24 or 66 years, respectively, Fig. 4), the 
clinical course is milder or even asymptomatic (Materna et al., 2024), and 
HSCT is not required normally for survival. But when close to normal 
numbers of non-functional αβ T cells are present (as in CD247 TCRIEI), 
age of onset and clinical course resemble those of TCRIEI with no blood αβ 
T cells, and HSCT is again required for survival. Taken together, these 
results show that clinical severity measured as exitus or HSCT in TCRIEI 
associates with the absence of functional αβ T cells, irrespectively of γδ 
T-cell numbers.

Note that cancer in such TCRIEI patients is rarely a cause of death 
(Haas, 2018, Table 4), indicating that pathogen rather than cancer 
immunosurveillance is the real-life biological role of αβ T cells. Indeed, for 
the larger group of IEI, the most likely cause of their increased risk of 
lymphoma is impaired DNA repair or poor response to viruses, whereas 
they show a lower risk of the most frequent cancers (breast, lung, colon) 
compared to the general population. Thus, cancer is not caused by 
immunodeficiency. Rather, it is a genetic disorder causing growth dysre
gulation in self-cells, which in most cases goes unnoticed by adaptive 
immunity or, in other cases, induces self-tolerance (see 2.1 and 2.2 above).

3.2 TCRIEI teach us that γδ T cells alone are unable to sustain 
normal immune responses

Humans selectively lacking γδ T cells have not been reported to date. 
However, there are patients who have been found to have absent γδ T cells 
due to loss-of-function mutations in nuclear factor kappa B inhibitor kinase 
subunit beta (NFKBIKB) or gain-of-function mutations in nuclear factor 
kappa B inhibitor alpha (NFKBIA), but these conditions are a broader and 

Fig. 3 TCRIEI cause complete (solid T`s) or partial (dashed T) impairments of 
human αβ and/or γδ T-cell development. Isolated Greek letters stand for CD3, ζ 
(CD247), or TCRα TCRIEI. + indicates non-canonical biased differentiation (Materna 
et al., 2024). ETP: Early Thymic Progenitor. 
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more complex immunodeficiency syndrome, rather than TCRIEI (Sagar 
and Ehl, 2025). This may indicate that such cells are critical, or, alternatively, 
dispensable for survival. Humans selectively lacking normal αβ T cells are 
extremely rare (TCRα deficiency, Tables 3 and 4) but offer the chance to 
evaluate the isolated role of γδ T cells in patient survival. The data show that, 
compared to αβ, γδ T cells are unable to sustain normal immune responses, 
as patients are diagnosed very early (1–9 years, Fig. 4) and require HSCT for 
survival. Of note, age at diagnosis in TCRα deficiency is slightly higher than 
in CD247, CD3δ, or CD3ε deficiencies (Fig. 4), which could be due to 
compensatory functions by the high numbers of normal γδ T cells or by the 
low numbers of dysfunctional αβ T cells observed only in TCRα deficiency. 
A recent report has shown that complete, rather than leaky, TCRα defi
ciency is a SCID, thus supporting the non-redundant role of αβ T cells and 
the lack of compensatory functions by γδ T cells in such cases (Materna et al., 
2025). Rare cases of leaky CD3δ deficiency with normal numbers of γδ 

Fig. 4 Age at diagnosis (years) for reported TCRIEI patients ordered by higher to lower 
numbers of γδ T cells. Red dots denote patients who have undergone hematopoietic 
stem cell transplantation (HSCT) and empty dots indicate exitus. One-way Anova 
Kruskal-Wallis test was performed, (**** = p  <  0.0001). 
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T cells in an αβ T-cell-deficient background showed similar clinical features 
(Gil et al., 2011, P64 and P65 in Table 3). Unexpectedly, humans with pre- 
Tα deficiency, predicted to be TCRα deficiency phenocopies, showed a 
very mild clinical course and late diagnosis (2–66 years), likely because they 
show in peripheral tissues diverse functional memory αβ T cells that were 
rescued through a pre-Tα-independent developmental pathway (Fig. 3). 
These TCRIEI show that αβ, but not γδ T cells, are critical for survival to 
infections in humans, since only αβ T-cell-deficient, but not -sufficient, 
patients require HSCT for survival, irrespectively of the presence of γδ 
T cells.

In summary, the biological role of γδ T cells in humans is still unclear, 
but as judged by available TCRIEI cases, they seem to be early but gen
erally redundant sentinels for epithelial barrier surveillance against patho
gens by means of both innate and adaptive TCR-mediated recognition of 
non-HLA proteins present in infected cells.

4. γδ, but not αβ, T cells are absent in certain species 
with T lymphocytes and are dispensable in all tested 
KO animals

There is a great diversity of γδ T-cell presence in different taxonomic 
groups. Studies in Cyclostomes (jaw-less fish) have proved that in addition 
to the VCRA+ and VCRB+ lymphocytes (analogues of T and B cells, 
respectively) they have a third lineage, VCRC+ lymphocytes, which are 
also T-cell-like. These findings suggest that functional specialization of 
distinct T-cell-like lineages was an ancient feature of primordial immune 
systems (Hirano et al., 2013). In tetrapods the landscape becomes more 
complex and diverse. On one hand, there are the traditional TCRγδ in all 
Gnathostomes; NAR (New Antigen Receptor)-TCR in cartilaginous fish; 
the TCRδ with VHδ domain in amphibians, birds and platypus and even 
the TCRδ-related TCRμ in marsupials and monotremes (Parra et al., 
2012). On the other hand, Squamata, but not Archosaurs reptiles, naturally 
lack γδ T cells altogether due to genomic deletions (Morrissey et al., 2022), 
although potential αε T cells may have compensated their loss (Sampson 
et al., 2024). Squamata is the largest order of reptiles, including geckos, 
lizards, iguanas, and snakes, whereas Archosaurs includes turtles, crocodiles, 
and birds. Lastly, a family of teleost fish (Gobiesocidae) also lack the γδ T-cell 
lineage (Table 6). These interesting reports suggest that the γδ T-cell 
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lineage is an evolutionary branch of immunity which can remain or not 
depending on the species, with no apparent consequences for adaptation.

In the absence of reports of humans with selective deficiency of γδ 
T cells, available animal Knock-Out (KO) models may offer inter
esting insights into the real-life functional roles of these cells as 
compared to αβ T cells in species where γδ T cells are normally 
present. A caveat must be raised: human and animal immunity show 
large differences (Mestas & Hughes, 2004). Published data indicate that 
severe phenotypes (intestinal inflammation) map to αβ, but not γδ, 
KO chicken and mice (Table 6). Also, αβ KO animals require 
pathogen-free housing. In sharp contrast, KO chicken, mice and pigs 
with no γδ T cells all share a very mild phenotype, and at least mice 
and pigs (chicken were not tested) can be grown in standard housing 
facilities. In these studies, αβ T cells or innate lymphoid cells seem to 
undertake most γδ T cell roles (Sandrock et al., 2018), so we believe 
this can be the case in humans too.

Taken together, evolution and animal KO models suggest that if 
humans selectively lacking γδ T cells exist, they may show no salient 
clinical features and thus would not be analyzed for immunodeficiency.

5. Conclusions

Clinical severity in human TCRIEI associates with the absence of αβ 
T cells, irrespectively of γδ T-cell numbers. Thus, TCRIEI teach us that 
αβ T cells are crucial for defense against infections, whereas γδ T cells may 
have a comparatively marginal role in real-life human immunology. Several 
species and animal knock-out models which naturally or artificially lack γδ 
T cells support this contention.

Funding and acknowledgments
This study was supported by grants from the Ministerio de Ciencia, Innovación y 
Universidades (MICIU PID2021-125501OB-I00, RED2022-134750-T, PID2022- 
139095OA-I00 and PID2024-155827OB-I00), the Comunidad Autónoma de Madrid 
(P2022/BMD-7278 and PR38/21-13 ANTICIPA-CM), the Asociación Española Contra 
el Cáncer (AECC PROYE20084REGU), and The Association Against Cancer (ASEICA) 
& Fundación FERO. D.C.A. was supported by FPI scholarship (PRE-C-2019-0120), 
I.E.B. by FPU (FPU2022-02135), A.Z.C. by FPI (PREP2022-000845), and M.M.R. by 
the “Ramon y Cajal’’ Program (RYC2021-034348-I). We thank Francisco Gambón-Deza 
for helpful advice.

68                                                                                                Ana V. Marin et al. 



References
Call, M. E., Pyrdol, J., Wiedmann, M., & Wucherpfennig, K. W. (2002). The organizing 

principle in the formation of the t cell receptor-CD3 complex. Cell, 111(7), 967–979.
de Vries, N. L., van de Haar, J., Veninga, V., Chalabi, M., Ijsselsteijn, M. E., van der Ploeg, 

M., ... Voest, E. E. (2023). γδ T cells are effectors of immunotherapy in cancers with 
HLA class I defects. Nature, 613(7945), 743–750.

Fekrvand, S., Abolhassani, H., Esfahani, Z. H., Fard, N. N. G., Amiri, M., Salehi, H., ... 
Yazdani, R. (2024). Cancer trends in inborn errors of immunity: A systematic review 
and meta-analysis. Journal of Clinical Immunology, 45(1), 34.

Garcillán, B., Marin, A. V., Jiménez-Reinoso, A., Briones, A. C., Muñoz-Ruiz, M., 
García-León, M. J., ... Regueiro, J. R. (2015). γδ T lymphocytes in the diagnosis of 
human t cell receptor immunodeficiencies. Frontiers in Immunology, 6, 20.

Garkaby, J., Fuentes, L. E. A., Pachul, J. W., Watts-Dickens, A., & Fraser, M. (2022). A 
novel mutation in TRAC in a patient with abnormal newborn screening for severe 
combined immunodeficiency. LymphoSign Journal, 9(1), 5–10.

Ghanem, P., Murray, J. C., Marrone, K. A., Scott, S. C., Feliciano, J. L., Lam, V. K., ... 
Cappelli, L. C. (2023). Improved lung cancer clinical outcomes in patients with auto
immune rheumatic diseases. RMD Open, 9(4).

Ghorani, E., Swanton, C., & Quezada, S. A. (2023). Cancer cell-intrinsic mechanisms 
driving acquired immune tolerance. Immunity, 56(10), 2270–2295.

Gil, J., Busto, E. M., Garcillán, B., Chean, C., García-Rodríguez, M. C., Díaz-Alderete, 
A., ... Regueiro, J. R. (2011). A leaky mutation in CD3D differentially affects αβ and γδ 
T cells and leads to a Tαβ-Tγδ+B+NK+ human SCID. The Journal of Clinical 
Investigation, 121(10), 3872–3876.

Gray, J. I., Caron, D. P., Wells, S. B., Guyer, R., Szabo, P., Rainbow, D., ... Farber, D. L. 
(2024). Human γδ T cells in diverse tissues exhibit site-specific maturation dynamics 
across the life span. Science Immunology, 9(96), eadn3954.

Guerrero-Murillo, M., Rill-Hinarejos, A., Trincado, J. L., Bataller, A., Ortiz-Maldonado, 
V., Benítez-Ribas, D., ... Menendez, P. (2024). Integrative single-cell multi-omics of 
CD19-CAR(pos) and CAR(neg) T cells suggest drivers of immunotherapy response in b 
cell neoplasias. Cell Reports Medicine, 5(11), 101803.

Gully, B. S., Ferreira Fernandes, J., Gunasinghe, S. D., Vuong, M. T., Lui, Y., Rice, M. T., 
... Davis, S. J. (2024). Structure of a fully assembled γδ T cell antigen receptor. Nature, 
634(8034), 729–736.

Haas, O. A. (2018). Primary immunodeficiency and cancer predisposition revisited: 
Embedding two closely related concepts into an integrative conceptual framework. 
Frontiers in Immunology, 9, 3136.

Hilligan, K. L., Darrah, P. A., Seder, R. A., & Sher, A. (2025). Deconvoluting the interplay 
of innate and adaptive immunity in BCG-induced nonspecific and TB-specific host 
resistance. The Journal of Experimental Medicine, 222(4).

Hirano, M., Guo, P., McCurley, N., Schorpp, M., Das, S., Boehm, T., & Cooper, M. D. 
(2013). Evolutionary implications of a third lymphocyte lineage in lampreys. Nature, 
501(7467), 435–438.

Hoque, M., Grigg, J. B., Ramlall, T., Jones, J., McGoldrick, L. L., Lin, J. C., ... Saotome, 
K. (2025). Structural characterization of two γδ TCR/CD3 complexes. Nature 
Communications, 16(1), 318.

Jameson, J., Ugarte, K., Chen, N., Yachi, P., Fuchs, E., Boismenu, R., & Havran, W. L. 
(2002). A role for skin gammadelta T cells in wound repair. Science (New York, N. Y.), 
296(5568), 747–749.

Kim, B. S. (2024). Humans are unreliable models of mouse disease. Cell, 187(18), 
4814–4818.

γδ in TCR inborn errors                                                                                          69 

http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref1
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref1
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref2
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref2
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref2
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref3
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref3
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref3
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref4
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref4
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref4
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref5
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref5
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref5
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref6
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref6
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref6
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref7
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref7
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref8
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref8
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref8
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref8
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref9
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref9
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref9
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref10
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref10
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref10
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref10
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref11
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref11
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref11
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref12
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref12
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref12
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref13
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref13
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref13
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref14
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref14
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref14
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref15
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref15
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref15
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref16
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref16
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref16
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref17
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref17


Lien, S. C., Ly, D., Yang, S. Y. C., Wang, B. X., Clouthier, D. L., St Paul, M., ... Ohashi, 
P. S. (2024). Tumor reactive γδ T cells contribute to a complete response to PD-1 
blockade in a merkel cell carcinoma patient. Nature Communications, 15(1), 1094.

Marin, A. V., Garcillán, B., Jiménez-Reinoso, A., Muñoz-Ruiz, M., Briones, A. C., 
Fernández-Malavé, E., ... Regueiro, J. R. (2015). Human congenital T-cell receptor 
disorders. LymphoSign Journal, 2(1), 3–19.

Materna, M., Delmonte, O. M., Bosticardo, M., Momenilandi, M., Conrey, P. E., 
Charmeteau-De Muylder, B., ... Béziat, V. (2024). The immunopathological landscape of 
human pre-TCRα deficiency: From rare to common variants. Science (New York, N. Y.), 
383, 6686 eadh4059.

Materna, M., Seyedpour, S., Le Voyer, T., Parvaneh, N., Yazdanpanah, N., Hamidieh, A. 
A., ... Béziat, V. (2025). Two different forms of inherited human TCRα chain defi
ciency. Journal of Human Immunity, 1(2), e20250014. https://doi.org/10.70962/jhi. 
20250014.

Mensurado, S., Blanco-Domínguez, R., & Silva-Santos, B. (2023). The emerging roles of 
γδ T cells in cancer immunotherapy. Nature Reviews Clinical Oncology, 20(3), 178–191.

Mestas, J., & Hughes, C. C. (2004). Of mice and not men: Differences between mouse and 
human immunology. Journal of Immunology, 172(5), 2731–2738.

Mirete-Bachiller, S., Olivieri, D. N., & Gambón-Deza, F. (2021). Gouania willdenowi is a 
teleost fish without immunoglobulin genes. Molecular Immunology, 132, 102–107.

Mombaerts, P., Clarke, A. R., Rudnicki, M. A., Iacomini, J., Itohara, S., Lafaille, J. J., ... 
Hooper, M. L. (1992). Mutations in T-cell antigen receptor genes alpha and beta block 
thymocyte development at different stages. Nature, 360(6401), 225–231.

Mombaerts, P., Mizoguchi, E., Grusby, M. J., Glimcher, L. H., Bhan, A. K., & Tonegawa, 
S. (1993). Spontaneous development of inflammatory bowel disease in T cell receptor 
mutant mice. Cell, 75(2), 274–282.

Morrissey, K. A., Sampson, J. M., Rivera, M., Bu, L., Hansen, V. L., Gemmell, N. J., ... 
Miller, R. D. (2022). Comparison of reptilian genomes reveals deletions associated with 
the natural loss of γδ T cells in squamates. Journal of Immunology, 208(8), 1960–1967.

Notarangelo, L. D., Bacchetta, R., Casanova, J. L., & Su, H. C. (2020). Human inborn 
errors of immunity: An expanding universe. Science Immunology, 5(49).

Parra, Z. E., Lillie, M., & Miller, R. D. (2012). A model for the evolution of the mam
malian T-cell receptor α/δ and μ loci based on evidence from the duckbill platypus. 
Molecular Biology and Evolution, 29(10), 3205–3214.

Petersen, B., Kammerer, R., Frenzel, A., Hassel, P., Dau, T. H., Becker, R., ... Meyers, G. 
(2021). Generation and first characterization of TRDC-knockout pigs lacking γδ T 
cells. Scientific Reports, 11(1), 14965.

Qu, G., Wang, S., Zhou, Z., Jiang, D., Liao, A., & Luo, J. (2022). Comparing mouse and 
human tissue-resident γδ T cells. Frontiers in Immunology, 13, 891687.

Ribot, J. C., Lopes, N., & Silva-Santos, B. (2021). γδ T cells in tissue physiology and 
surveillance. Nature Reviews. Immunology, 21(4), 221–232.

Sagar, & Ehl, S. (2025). γδ T cells and inborn errors of immunity. European Journal 
of Immunology, 55(6), e51457. https://doi.org/10.1002/eji.202451457 PMID: 40556329; 
PMCID: PMC12188109.

Sampson, J. M., Morrissey, K. A., Mikolajova, K. J., Zimmerly, K. M., Gemmell, N. J., 
Gardner, M. G., ... Miller, R. D. (2024). Squamate reptiles May have compensated for 
the lack of γδTCR with a duplication of the TRB locus. Frontiers in Immunology, 15, 
1524471.

Sandrock, I., Reinhardt, A., Ravens, S., Binz, C., Wilharm, A., Martins, J., ... Prinz, I. 
(2018). Genetic models reveal origin, persistence and non-redundant functions of IL-17- 
producing γδ T cells. The Journal of Experimental Medicine, 215(12), 3006–3018.

70                                                                                                Ana V. Marin et al. 

http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref18
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref18
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref18
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref19
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref19
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref19
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref20
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref20
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref20
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref20
https://doi.org/10.70962/jhi.20250014
https://doi.org/10.70962/jhi.20250014
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref22
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref22
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref23
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref23
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref24
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref24
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref25
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref25
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref25
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref26
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref26
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref26
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref27
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref27
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref27
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref28
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref28
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref29
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref29
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref29
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref30
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref30
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref30
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref31
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref31
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref32
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref32
https://doi.org/10.1002/eji.202451457
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref34
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref34
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref34
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref34
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref35
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref35
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref35


Schamel, W. W., Zinchenko, M., Nguyen, T., Fehse, B., Briquez, P. S., & Minguet, S. 
(2024). The potential of γδ CAR and TRuC t cells: An unearthed treasure. European 
Journal of Immunology, e2451074.

Schatorjé, E. J., Gemen, E. F., Driessen, G. J., Leuvenink, J., van Hout, R. W., van der 
Burg, M., & de Vries, E. (2011). Age-matched reference values for B-lymphocyte 
subpopulations and CVID classifications in children. Scandinavian Journal of Immunology, 
74(5), 502–510.

Siegers, G. M., Swamy, M., Fernández-Malavé, E., Minguet, S., Rathmann, S., Guardo, A. 
C., ... Schamel, W. W. (2007). Different composition of the human and the mouse 
gammadelta T cell receptor explains different phenotypes of CD3gamma and CD3delta 
immunodeficiencies. The Journal of Experimental Medicine, 204(11), 2537–2544.

Sonmez, G., Kazancıoglu, A., Yazarkan, Y., Tenekeci, A. K., Yaz, I., Esenboga, S., ... Cagdas, 
D. (2025). Five patients with two novel homozygous variants in CD3 subunits and com
prehensive review of the literature. The Journal of Allergy and Clinical Immunology. In practice.

Spencer Chapman, M., Mitchell, E., Yoshida, K., Williams, N., Fabre, M. A., Ranzoni, A. 
M., ... Campbell, P. J. (2025). Prolonged persistence of mutagenic DNA lesions in 
somatic cells. Nature, 638(8051), 729–738.

Vignesh, P., Rawat, A., Kumrah, R., Singh, A., Gummadi, A., Sharma, M., ... Singh, S. (2020). 
Clinical, immunological, and molecular features of severe combined immune deficiency: A 
multi-institutional experience from India. Frontiers in Immunology, 11, 619146.

von Heyl, T., Klinger, R., Aumann, D., Zenner, C., Alhussien, M., Schlickenrieder, A., ... 
Schusser, B. (2023). Loss of αβ but not γδ T cells in chickens causes a severe phenotype. 
European Journal of Immunology, 53(12), e2350503.

Waldman, A. D., Fritz, J. M., & Lenardo, M. J. (2020). A guide to cancer immunotherapy: 
From T cell basic science to clinical practice. Nature Reviews. Immunology, 20(11), 651–668.

Wiesheu, R., & Coffelt, S. B. (2024). From backstage to the spotlight: γδT cells in cancer. 
Cancer Cell, 42(10), 1637–1642.

Ye, P., Bergerson, J. R. E, Brownell, I., Starrett, G. J., Abraham, R. S., Anderson, M. V., ... 
Lisco, A. (2025). Resolution of squamous-cell carcinoma by restoring T-cell receptor 
signaling. The New England Journal of Medicine, 393(5), 469–478.

Further reading
Alsalamah, M., Sarpal, A., Siu, V. M., Gibson, P., Rupar, C., Barton, M., ... Goobie, S. 

(2015). Hemophagocytic lymphohistiocytosis in a patient with CD3δ deficiency. 
LymphoSign Journal, 2(4), 201–206.

Arnaiz-Villena, A., Timon, M., Corell, A., Perez-Aciego, P., Martin-Villa, J. M., & 
Regueiro, J. R. (1992). Brief report: Primary immunodeficiency caused by mutations in 
the gene encoding the CD3-gamma subunit of the T-lymphocyte receptor. The New 
England Journal of Medicine, 327(8), 529–533.

Dadi, H. K., Simon, A. J., & Roifman, C. M. (2003). Effect of CD3delta deficiency on 
maturation of alpha/beta and gamma/delta T-cell lineages in severe combined immu
nodeficiency. The New England Journal of Medicine, 349(19), 1821–1828.

de Saint Basile, G., Geissmann, F., Flori, E., Uring-Lambert, B., Soudais, C., Cavazzana- 
Calvo, M., ... Le Deist, F. (2004). Severe combined immunodeficiency caused by 
deficiency in either the delta or the epsilon subunit of CD3. The Journal of Clinical 
Investigation, 114(10), 1512–1517.

Delmonte, O. M., Rowe, J. H., Dobbs, A. K., Palterer, B., Castagnoli, R., & Notarangelo, 
L. D. (2021). Complete absence of CD3γ protein expression is responsible for combined 
immunodeficiency with autoimmunity rather than SCID. Journal of Clinical Immunology, 
41(2), 482–485.

γδ in TCR inborn errors                                                                                          71 

http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref36
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref36
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref36
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref37
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref37
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref37
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref37
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref38
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref38
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref38
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref38
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref39
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref39
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref39
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref40
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref40
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref40
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref41
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref41
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref41
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref42
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref42
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref42
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref43
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref43
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref44
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref44
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref45
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref45
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref45
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref46
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref46
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref46
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref47
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref47
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref47
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref47
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref48
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref48
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref48
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref49
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref49
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref49
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref49
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref50
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref50
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref50
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref50


Erman, B., Fırtına, S., Fışgın, T., Bozkurt, C., & Çipe, F. E. (2020). Biallelic form of a 
known CD3E mutation in a patient with severe combined immunodeficiency. Journal of 
Clinical Immunology, 40(3), 539–542.

Firtina, S., Ng, Y. Y., Ng, O. H., Nepesov, S., Yesilbas, O., Kilercik, M., ... Sayitoglu, M. 
(2017). A novel pathogenic frameshift variant of CD3E gene in two T-B+ NK+ SCID 
patients from turkey. Immunogenetics, 69(10), 653–659.

Fuehrer, M., Pannicke, U., Schuetz, C., Jacobsen, E. M., Schulz, A., Friedrich, W., ... 
Hönig, M. (2014). Successful haploidentical hematopoietic stem cell transplantation in a 
patient with SCID due to CD3ε deficiency: Need for IgG-substitution 6 years later. 
Klinische Padiatrie, 226(3), 149–153.

Garcillán, B., Mazariegos, M. S., Fisch, P., Res, P. C., Muñoz-Ruiz, M., Gil, J., ... 
Regueiro, J. R. (2014). Enrichment of the rare CD4⁺ γδ T-cell subset in patients with 
atypical CD3δ deficiency. The Journal of Allergy and Clinical Immunology, 133(4), 
1205–1208.

Gokturk, B., Keles, S., Kirac, M., Artac, H., Tokgoz, H., Guner, S. N., ... Reisli, I. (2014). 
CD3G gene defects in familial autoimmune thyroiditis. Scandinavian Journal of 
Immunology, 80(5), 354–361.

Lee, W. I., Fan, W. L., Lu, C. H., Chen, S. H., Kuo, M. L., Lin, S. J., ... Huang, J. L. 
(2019). A Novel CD3G mutation in a taiwanese patient with normal T regulatory 
function presenting with the CVID phenotype free of autoimmunity-analysis of all 
genotypes and phenotypes. Frontiers in Immunology, 10, 2833.

Lin, H., Chu, S., Tang, C., Wang, S., Cai, Y., & Sun, L. (2024). A CD3G homozygous 
pathogenic variant in a Chinese child with lupus-like disease, autoimmune thyroiditis 
and immunodeficiency. Clinica Chimica Acta; International Journal of Clinical Chemistry, 
119898.

Marin, A. V., Jiménez-Reinoso, A., Briones, A. C., Muñoz-Ruiz, M., Aydogmus, C., 
Pasick, L. J., ... Garcillán, B. (2017). Primary T-cell immunodeficiency with functional 
revertant somatic mosaicism in CD247. The Journal of Allergy and Clinical Immunology, 
139(1), 347–349.e8.

McAuley, G. E., Yiu, G., Chang, P. C., Newby, G. A., Campo-Fernandez, B., Fitz- 
Gibbon, S. T., ... Kohn, D. B. (2023). Human T cell generation is restored in CD3δ 
severe combined immunodeficiency through adenine base editing. Cell, 186(7), 
1398–1416.e23.

Morgan, N. V., Goddard, S., Cardno, T. S., McDonald, D., Rahman, F., Barge, D., ... 
Maher, E. R. (2011). Mutation in the TCRα subunit constant gene (TRAC) leads to a 
human immunodeficiency disorder characterized by a lack of TCRαβ+ T cells. The 
Journal of Clinical Investigation, 121(2), 695–702.

Platt, C. D., Zaman, F., Bainter, W., Stafstrom, K., Almutairi, A., Reigle, M., ... Chou, J. 
(2021). Efficacy and economics of targeted panel versus whole-exome sequencing in 878 
patients with suspected primary immunodeficiency. The Journal of Allergy and Clinical 
Immunology, 147(2), 723–726.

Quinn, J., Modell, V., Johnson, B., Poll, S., Aradhya, S., Orange, J. S., & Modell, F. (2022). 
Global expansion of Jeffrey’s insights: Jeffrey Modell foundation’s genetic sequencing 
program for primary immunodeficiency. Frontiers in Immunology, 13, 906540.

Rawat, A., Singh, A., Dobbs, K., Pala, F., Delmonte, O. M., Vignesh, P., ... Singh, S. 
(2021). Skewed TCR Alpha, but not beta, gene rearrangements and lymphoma asso
ciated with a pathogenic TRAC variant. Journal of Clinical Immunology, 41(6), 
1395–1399.

Recio, M. J., Moreno-Pelayo, M. A., Kiliç, S. S., Guardo, A. C., Sanal, O., Allende, L. M., 
... Regueiro, J. R. (2007). Differential biological role of CD3 chains revealed by human 
immunodeficiencies. Journal of Immunology, 178(4), 2556–2564.

72                                                                                                Ana V. Marin et al. 

http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref51
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref51
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref51
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref52
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref52
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref52
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref53
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref53
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref53
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref53
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref54
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref54
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref54
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref54
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref55
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref55
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref55
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref56
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref56
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref56
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref56
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref57
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref57
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref57
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref57
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref58
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref58
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref58
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref58
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref59
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref59
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref59
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref59
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref60
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref60
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref60
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref60
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref61
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref61
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref61
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref61
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref62
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref62
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref62
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref63
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref63
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref63
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref63
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref64
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref64
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref64


Rieux-Laucat, F., Hivroz, C., Lim, A., Mateo, V., Pellier, I., Selz, F., ... Le Deist, F. (2006). 
Inherited and somatic CD3zeta mutations in a patient with T-cell deficiency. The New 
England Journal of Medicine, 354(18), 1913–1921.

Roberts, J. L., Lauritsen, J. P., Cooney, M., Parrott, R. E., Sajaroff, E. O., Win, C. M., ... 
Buckley, R. H. (2007). T-B+NK+ severe combined immunodeficiency caused by 
complete deficiency of the CD3zeta subunit of the T-cell antigen receptor complex. 
Blood, 109(8), 3198–3206.

Rowe, J. H., Delmonte, O. M., Keles, S., Stadinski, B. D., Dobbs, A. K., Henderson, L. A., 
... Notarangelo, L. D. (2018). Patients with CD3G mutations reveal a role for human 
CD3γ in T(reg) diversity and suppressive function. Blood, 131(21), 2335–2344.

Sanal, O., Yel, L., Ersoy, F., Tezcan, I., & Berkel, A. I. (1996). Low expression of T-cell 
receptor-CD3 complex: A case with a clinical presentation resembling humoral 
immunodeficiency. The Turkish Journal of Pediatrics, 38(1), 81–84.

Setia, P., Bargir, U. A., Aluri, J., Sampagar, A., Pandit, A., Kumar, V., ... Madkaikar, M. 
(2021). Novel CD3Z and CD3E deficiency in two unrelated females. Journal of Clinical 
Immunology, 41(5), 1116–1118.

Soudais, C., de Villartay, J. P., Le Deist, F., Fischer, A., & Lisowska-Grospierre, B. (1993). 
Independent mutations of the human CD3-epsilon gene resulting in a T cell receptor/ 
CD3 complex immunodeficiency. Nature Genetics, 3(1), 77–81.

Takada, H., Nomura, A., Roifman, C. M., & Hara, T. (2005). Severe combined immu
nodeficiency caused by a splicing abnormality of the CD3delta gene. European Journal of 
Pediatrics, 164(5), 311–314.

Tokgoz, H., Caliskan, U., Keles, S., Reisli, I., Guiu, I. S., & Morgan, N. V. (2013). 
Variable presentation of primary immune deficiency: Two cases with CD3 gamma 
deficiency presenting with only autoimmunity. Pediatric Allergy and Immunology: Official 
Publication of the European Society of Pediatric Allergy and Immunology, 24(3), 257–262.

γδ in TCR inborn errors                                                                                          73 

http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref65
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref65
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref65
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref66
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref66
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref66
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref66
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref67
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref67
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref67
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref68
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref68
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref68
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref69
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref69
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref69
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref70
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref70
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref70
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref71
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref71
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref71
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref72
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref72
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref72
http://refhub.elsevier.com/S1937-6448(25)00110-8/sbref72

	Human T-cell receptor inborn errors of immunity shed light on the real-life role of γδ vs αβ T lymphocytes
	1 Human T-cell receptor (TCR) isotypes
	2 Real-life role of human αβ vs γδ T cells
	2.1 Human αβ T cells are crucial for defense against infections, not tumors
	2.2 Human αβ T cells are capable of tumor clearance when modified
	2.3 Human γδ T cells are involved in, but not crucial for, defense against infections or tumors
	2.4 Human γδ T cells are capable of tumor clearance when modified

	3 Human T-cell receptor (TCR) inborn errors of immunity (TCRIEI)
	3.1 TCRIEI teach us that αβ T cells are critical to sustain normal immune responses
	3.2 TCRIEI teach us that γδ T cells alone are unable to sustain normal immune responses

	4 γδ, but not αβ, T cells are absent in certain species with T lymphocytes and are dispensable in all tested KO animals
	5 Conclusions
	Funding and acknowledgments
	References
	Further reading




