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Abstract

Background—CD3δ deficiency is a fatal form of severe combined immunodeficiency which can 

be cured by hematopoietic stem cell transplantation (HSCT). The presence of a thymus loaded 

with T cell progenitors in these patients may require special considerations in choosing the 

regimen of conditioning and the type of HSCT.

Objectives—To study the outcome of CD3δ deficiency using various modalities of stem cell 

transplantation.

Methods—We analyzed data on 13 patients with CD3δ deficiency who underwent HSCT in 7 

centers. HSCT was performed using different sources of donor stem cells as well as various 

conditioning regimens.

Address correspondence: Chaim M. Roifman MD, FRCPC, Division of Immunology/Allergy and Infection, Immunity, Injury and 
Repair Program, The Hospital for Sick Children, 555 University Avenue Toronto, Ontario, M5G 1X8, Canada. Phone: 
1-416-813-8629 Fax: 1-416-813-8624, chaim.roifman@sickkids.ca. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
J Allergy Clin Immunol. Author manuscript; available in PMC 2015 July 03.

Published in final edited form as:
J Allergy Clin Immunol. 2011 November ; 128(5): 1050–1057. doi:10.1016/j.jaci.2011.05.031.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results—Two patients who received stem cells from matched related donors and survived, both 

needed substantial conditioning in order to engraft. Only one of six other patients who received a 

related mismatched donor (MMRD) transplant survived, two of them had no conditioning while 

the others received various combinations of conditioning regimens.

Three other patients received stem cells from a matched unrelated donor (MUD), survived and 

enjoyed full immune reconstitution.

Two other patients received unrelated cord blood without conditioning. One of them has had a 

partial but stable engraftment, while the other engrafted well but is only 12 months after HSCT. 

We also report here for the first time that patients with CD3δ deficiency can present with typical 

features of Omenn syndrome.

Conclusions—HSCT is a successful treatment for patients with CD3δ deficiency. The small 

number of patients in this report prevent definitive statements on the importance of survival 

factors, but several are suggested: 1) HLA matched donor transplants are associated with superior 

reconstitution and survival than mismatched donor transplants; 2) substantial conditioning appears 

necessary; 3) early diagnosis and absence of opportunistic infections.

Keywords

CD3delta; severe combined immunodeficiency; bone marrow transplant; stem cell transplant; 
myeloablative conditioning; engraftment

Introduction

Severe combined immune deficiency (SCID) consists of a group of inherited disorders 

characterized by profound T cell impairment leading to death in infancy unless treated with 

hematopoietic stem-cell transplantation (HSCT). Optimal outcomes are achieved by using a 

matched related donor (MRD). When such donors are unavailable alternative donors such as 

mismatched-related donors (MMRD) or matched unrelated donors (MUD) have been 

used 1-4. The overall experience over the past 20 years has shown that the survival rate with 

MMRD was around 50% while survival after MUD HSCT was 80% and better1. However, 

survival recorded in small single centre (and sometimes with short follow up) studies varied 

dramatically from 87% 5 to less than 30% 6 using haploidentical donors. In contrast, the 

outcome of patients after MUD-HSCT were consistently between 65-85% in single as well 

as multicentre studies1,4,7. These results highlight the importance of donor to recipient HLA 

proximity to the success of HSCT.

Other factors influencing outcome include the type of SCID. Patients with circulating B 

cells (T− B+ SCID) were reported to have a superior outcome than patients with no 

circulating B cells (T− B−)8. Patients with HLA-Class II deficiency also have inferior 

survival rates after bone marrow transplant (BMT) when compared to other subtypes of 

SCID9. Survival of patients with ADA deficiency has also been reported to be lower than 

other types of profound T cell deficiencies, especially if RID has not been used10.

These genotype- specific differences in outcome highlight the need for similar studies in 

each subgroup of patients with SCID. We studied here the outcome of patients with CD3δ 
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deficiency, first described by Dadi et al11 in 2003 with a peculiar presentation. While 

circulating T cells carrying the αβ TCR or the γδ TCR were markedly reduced, the thymus 

was heavily populated with T cell progenitor cells. These cells appeared to contain increased 

levels of precursor T cell receptor α but reduced levels of CD4, CD8α and CD8β consistent 

with an arrest of differentiation in the CD4− CD8− double-negative stage of T-cell 

development11-13. Other types of SCID have typically completely dysplastic thymuses 

highlighted by a marked depletion of thymocytes in addition to lack of Hassall’s 

corpuscles14, raising the possibility that the abundance of T cell precursors in CD3δ 

recipients might influence the outcome of HSCT, especially if conditioning is not used.

Because of the extremely rare occurrence of CD3δ deficiency, we have gathered the total 

number of known CD3δ deficient children treated with HSCT in order to gain more 

information on their survival using various modes of transplantation.

Methods

Patients

We analyzed the data of 13 patients with CD3δ deficiency from 7 medical centers around 

the world including North America, Japan, Spain and Germany, who underwent HSCT. All 

patients had a molecular diagnosis of CD3δ deficiency. Questionnaires were filled by the 

managing physician and included epidemiological data clinical presenting symptoms, 

immune work up, HSCT data and outcome.

Evaluation of cellular and humeral immunity

Cell surface markers of peripheral blood cells, were evaluated by flow cytometry (Epics V; 

Coulter Electronics, Hialeah, FL or Becton Dickenson). Lymphocyte proliferation in 

response to phytohaemagglutinin (PHA) stimulation, using tritiated thymidine incorporation 

was determined as previously described1. The amount of signal joint (sj) T-cell receptor 

excision circles (TRECs) adjusted to CD4+ and CD8+ T subsets, was determined by real 

time quantitative PCR, as previously described. The number of TRECs in a given sample 

was compared to a value obtained with 10-fold serial dilutions of an internal standard 

provided by Dr. Daniel Douek (Vaccine Research Center, National Institute of Allergy and 

Infectious Diseases, Bethesda, MD, USA). Representatives of specific T-cell receptor Vβ 

families were detected and were quantified using quantitative PCR and flow cytometry 

(coulter, Elite) as previously described1.

Stem cell transplantation procedures

Procedures varied between clinical centers in this report and included transplants with 

matched related donor (MRD, 9/10 antigen match or better), mismatched related donor 

(MMRD), matched unrelated donor (MUD, 9/10 antigen match or better) or mismatched 

unrelated donor (MMUD). Stem cell sources included: Peripheral blood cells, bone marrow 

or cord blood. Conditioning, and GVHD prophylaxis, when given, also varied widely among 

centers.
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Engraftment and chimerism studies

Neutrophil engraftment was considered to have occurred on the first of 3 consecutive days 

in which the absolute neutrophil count exceeded 0.5×109/L. Platelet engraftment was 

considered to have occurred on the first day of 7 consecutive days in which the platelet 

count exceeded 20× 109/L without platelet transfusion. Red cells engraftment was 

considered to have occurred on the last day that red blood cell transfusions were required.

Assessment of T cell receptor repertoire

TCR Vβ families within CD4+ or CD8+ subpopulations were assessed using flow cytometry 

(Beckman Coulter Immunotech)15.

Results

Patients

Thirteen patients treated in seven different clinical centers were included in this study. 

Seven patients were the first to be diagnosed with SCID in their family. Their age at time of 

diagnosis ranged from 1 week to 14 months (Table 1). The remaining 6 patients were 

diagnosed soon after birth because they were siblings or cousins of already diagnosed 

patients. Patients came from three ethnic groups including Caucasian in Mennonite 

communities (North American or European), Asian (Japanese), and Hispanic. All patients 

were found to have homozygous mutations in the CD3δ gene. Three different mutations 

have been identified which segregate according to ethnic origin suggesting a different 

founder effect in each group (Table 1). Interestingly, the patient treated in Germany 

harbored the same mutation detected in the Mennonites. This suggests a common ancestry 

and predicts that the mutation precedes the migration of Mennonites from Eastern Europe 

more than 400 years ago.

Patients (Pts) presented with typical features of SCID (Table 1) such as pneumonitis due to 

Pneumocystis jiroveci (Pt 4,9) or CMV infections (Pts 3,4,7), HHV6 (Pt 6), or Aspergillus 

(Pt 7). Five patients had chronic diarrhea (Pts 2,3,4,6,9) with isolates of adenovirus, 

rotavirus or Salmonella. Four patients had failure to thrive (FTT) (Pts 2,6,7,9), two had oral 

thrush (Pts 5,7) and one patient had systemic candidiasis (Pt 9). Pt 2 had Cryptosporidium in 

addition to viral pneumonitis and FTT. Pts 2, and 3 also had erythrodema as well as 

lymphadenopathy consistent with Omenn syndrome, suggesting the CD3δ mutations in 

these patients allowed for a leaky thymus.

Unlike other types of SCID, the thymus in CD3δ was detected by ultrasound and appeared 

heavily populated with early T cell progenitors, in contrast with the marked peripheral 

lymphopenia. This pattern could be clearly seen in patients who were diagnosed early before 

stress or immunosuppression affected the size of the thymus11,16.

Evaluation of the immune system before HSCT

All patients with the exception of Pts 2 and 3, had extremely low (<500 cells/μl) numbers of 

circulating CD3+ T cells as originally described (Table 2). Pts 2 and 3 had a restricted T cell 

repertoire with clonally expanded T cells (Figure 1), commonly associated with Omenn 
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syndrome and normal numbers of γδ T cells. In contrast, CD19+ B cells and CD56+ NK 

cells were comparable in number to controls. Mitogenic responses to in-vitro stimulation 

with PHA were markedly depressed in all eight patients tested. T cell receptor excision 

circles (TREC), a reflection of thymopoiesis were undetectable in all 4 patients tested. This 

was consistent with a maturational arrest of T cells at an early stage of differentiation. 

Indeed, a thymus biopsy performed in one patient as well as analysis of a thymus at autopsy 

on another patient revealed an arrest at the CD4/CD8 double negative stage of thymocyte 

development11,16.

Serum immunoglobulins appeared normal for age in all patients (data not shown), but IgE 

was markedly increased in Pt 2 and 3, but only moderately elevated in Pt. 5 (Table 2). 

Further, eosinophil counts were increased in all three patients. In patients 2 and 3 T cell 

repertoire was assessed using flow cytometry to determine representation of a panel of TCR 

Vβ families. In both patients TCR repertoire was restricted while displaying 

overrepresentation of several Vβ families (Figure 1).

HSCT procedure

The mean age of transplant was 7 months, ranging from 1-23 months (Table 3). Five 

patients received stem cells from MUDs, 3 from a bone marrow harvest (MUD-BM). Of 

these 3, two received a 6/6 HLA identical donor, while in the remaining patient a 9/10 

antigen matched donor was used. Of the 2 other patients who received stem cells from 

unrelated donors, one was a 10/10 matched cord blood (MUD-CB) and the other had a 4/6 

antigen mismatched cord blood (MMUD-CB). Eight patients received stem cells from 

related donors, of which two patients had a 9/10 (non DR) minor mismatch (MRD). In one 

transplant, bone marrow has been used while the other received peripheral blood stem cells. 

Six other patients received stem cells from true haploidentical related donors (MMRD). In 

four of these six cases peripheral blood stem cells were used, while the other two received 

bone marrow. In one patient, depletion was achieved by anti-CD2 and anti CD8 antibodies, 

in the others CD34+ cells were extracted with or without CD3 depletion. Two patients 

received stem cells after depletion of bone marrow with soybean agglutinin and E-rossetting 

(Pt 6,7).

Conditioning was applied in 10/13 patients. Patients with MUD-BM received myeloablation 

with busulfan and cyclophosphamide. The two patients who received cord blood were not 

conditioned. Of the six patients who received MMRD, one had no conditioning (Pt 4) while 

the rest received fludarabine, melphalan, and ATG (Pt 3); busulfan, fludarabine and ATG 

(Pt 5); fludarabine and CAMPATH (Pt 6); ATG (Pt 7), or cyclophosphamide with ATG (Pt 

8). The patients who had a 9/10 MRD-HSCT were conditioned with fludarabine (Pt 1) or 

with fludarabine, busulfan and ATG (Pt 2). Five patients failed to engraft after the first 

HSCT. Pt 1 received a second transplant from the same donor after more aggressive 

conditioning with fludarabine, CAMPATH and melphalan. Four other patients who received 

HSCT from a MMRD (haploidentical) needed a second (Pt 6,8) or even a third transplant (Pt 

5,7) (Table 3).

GVHD prophylaxis was used in all but 3 protocols (Pt 3, 7, 8). Patients with MUD-BM 

received prednisone and cyclosporine-A, while the two patients who received cord blood 

Marcus et al. Page 5

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were treated with methotrexate and tacrolimus. In the MMRD transplants, prednisone was 

used as sole medication in Pt 4, cyclosporine-A was used as the sole drug in Pt 5, while the 

combination of methotrexate and tacrolimus was used in Pt 6. MRD recipients got either 

tacrolimus(Pt 1) or prednisone(Pt 2).

Engraftment of the hematopoietic system

In the MUD-BM group engraftment was rapid with normal neutrophil counts achieved by 

8-12 days post transplant, platelets supplementation was no longer needed 12-35 days after 

HSCT and red cell transfusion were not needed after 7-30 days (Table 4). The second 

transplant in PT 1 resulted in a rapid engraftment of neutrophils and platelets within 20 and 

24 days post transplant respectively. Multilineage engraftment in Pts 6,7,8 was not achieved 

and there was no chimerism data for Pts 4, 12 and 13 (Table 4). Achievement of chimerism 

was virtually 100% in Pts 2,3,5,9,10,11 all of whom received a myeloablative conditioning 

regimen with either busulfan or fludarabine. Engraftment of the second transplant in Pt 1 

also showed 100% donor cells 1 year after the second HSCT. Pt 8 had only 7% donor cells 

among peripheral mononuclear cells, but T cells were 95% of donor origin (Table 4).

Immune reconstitution

Eight of thirteen patients survived and had evidence of immune reconstitution (Table 5). 

Patients who received MUD BM transplant showed full reconstitution upto 20 years after 

HSCT (Pt 9,10,11). The number of CD3+ T cells, CD19+ B cells and CD56+ NK cells were 

normal as were the proportions of CD4+ and CD8+ cells. Mitogenic responses to PHA 

(Table 5) and anti-CD3 (not shown), T cell repertoire as determined by detection of TCR Vβ 

families and TREC levels were all comparable to normal controls. Humoral immunity was 

also normal in all three patients including a robust ability to produce specific antibodies. 

Immune reconstitution in the MUD-CB case (Pt 13), did not achieve normal levels of 

circulating CD3 and CD4 cells one year post transplant. However, PHA responses were 

normal (Table 5) and immunoglobulin levels appear normal. TCRVβ, TRECs and specific 

antibody production in response to vaccinations were not assessed in this patient. The 

patient who received a MMUD-CB (Pt 12) had low number of circulating CD3+ and CD4+ 

T cells but normal responses to PHA, 4 years after transplant. Immunoglobulin levels appear 

normal but antibody responses to vaccines have not been assessed. The sole survivor of a 

haploidentical MMRD transplant (Pt 8) has low CD3+ cells 16 years after transplant. PHA 

responses are normal but T cell receptor repertoire and TRECs were not analyzed, making it 

difficult to fully appreciate immune reconstitution in this patient. Serum immunoglobulin 

levels and specific antibodies were normal (Table 5).

Pts 1 and 2 who received (minor mismatch) MRD have shown signs of engraftment with 

lower than normal numbers of circulating CD3+ as well as CD4+ T cells. Responses to 

stimulation with PHA were not performed in Pt 1 and were normal in Pt 2. Serum 

immunoglobulin levels were normal in both patients but specific antibody levels have not 

been assessed yet.
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Complications after HSCT

Acute GVHD occurred in most patients. Pt 5 had a severe fatal course of GVHD with liver 

involvement. Pts 9,10,11,12 had mainly skin and gut GVHD graded II-III which was 

reversed by steroid treatment. Chronic GVHD developed in 2 patients. Pt 1 had a more 

severe course and is still receiving immunosuppression. Pt 9 has residual vitiligo and 

hyperpigmentation. Infectious complications after HSCT included CMV infection in 3 

patients which were all fatal; although these patients all presented with CMV disease at the 

time of diagnosis; another patient suffered HHV-6 infection, while one patient had a 

perineal abscess with Enterobacter cloache. Other complications included autoimmune 

oophoritis in one patient.

Long term outcome after HSCT

Survival rate was 62% with 8/13 patients alive to date. Five patients who received a HLA 

haploidentical depleted donor transplant had died; Pt 3 died of CMV related hepatic failure. 

Pt 4 had failed to engraft and died at 8 months from CMV encephalitis, while Pt 5 died at 14 

months from sequels of severe GVHD after 3 transplants. Pt 6 died of GVHD and 

disseminated intravascular coagulation while, Pt 7 died of CMV encephalitis and respiratory 

failure. Pts 2,9,10,11,12 remain well with no treatment. Pt 9, now 20 years after HSCT was 

able to complete her pregnancy and deliver a healthy baby girl. Pt 1 has lost her first graft 

and suffered from chronic GVHD. She recently received a second bone marrow transplant 

from the same donor and is doing well. Her autoimmune oophoritis was well controlled.

Discussion

Patients with CD3δ deficiency typically present with a profound T cell lymphopenia, lacking 

both T cell carrying the αβ or the γδ T cell receptor11. This is in contrast with mice that 

underwent CD3δ gene deletion, who are markedly leaky for γδ T cells1-4. Unlike other types 

of SCID, the thymus in CD3δ deficiency is easily detected by ultrasound or chest 

radiography11,17. Thymic tissue shows marked accumulation of early T cell progenitors, 

mostly CD4/CD8 double negative cells, and a lack of Hassall’s corpuscles. As expected the 

thymus appeared more depleted of thymocytes in autopsies of patients due to stress and/or 

the use of immunosuppressive drugs14. To date the best hope for cure in these patients 

remains a hematopoietic stem cell transplantation.

However, the presence of residual T cell progenitors as well as normally developed B cells 

and NK cells raised a dilemma of what strategy should be used for stem cell therapy.

We have therefore studied a group of patients with CD3δ who received different modalities 

of HSCT. Although the small number of patients did not allow for a detailed statistical 

analysis some trends emerged.

Five of six patients who received HSCT from a related haploidentical donor died. Three of 

five presented with CMV disease and one presented with HHV6 pneumonitis which 

possibly influenced their poor outcome. The fourth patient (pt. 5), in spite of conditioning 

with busulfan, fludarabine and ATG, showed no signs of T cell engraftment. Subsequently 

two additional attempts at immune reconstitution were made using stem cells without 
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conditioning failed, and the patient died of GVHD. This case highlights the difficulty in 

engrafting T cells in patients with CD3δ deficiency.

A similar poor outcome has been already observed before, in three other patients who died 

after a haplo-identical donor transplantation16. Two of them were very young at diagnosis 

and transplant, the first died 25 days after transplant from disseminated adenovirus at the age 

of two months. The second patient was diagnosed at 6 days but died of disseminated 

aspergillosis at 6 months after BMT16. In sharp contrast, all 5 patients who received an 

unrelated matched bone marrow or cord blood transplant survived although 4 of these were 

healthy babies diagnosed because of a previously affected family member. Nevertheless, the 

largest study of MUD-BMT showed no difference in outcome among patients younger or 

older than 3 months of age, unlike results from a single center experience using MMRD18. 

Patients who were treated with MUD-BM showed a robust immune reconstitution which has 

lasted for more than 20 years in one patient. Moreover, the conditioning regimen with 

busulfan and cyclophosphamide did not compromise this patient’s ability to conceive. 

Interestingly, the two patients who were transfused with unrelated matched or mismatched 

cord blood appeared to engraft without conditioning. Immune reconstitution in these patients 

should be interpreted cautiously because of the relatively short follow-up time. So far the 

number of T cells remains low up to 4 years after transplant although PHA responses and 

serum immunoglobulins appear normal, but specific antibodies, T cell repertoire and 

TREC’s were not assessed. Long term follow-up should determine whether conditioning is 

required for effective long term engraftment in patients with CD3δ deficiency who receive 

cord blood.

To further support the notion that substantial conditioning was required, one patient who 

received a related HLA-matched donor (9/10 match) bone marrow transplant after mild 

conditioning, failed to engraft. More aggressive conditioning appeared to have resulted in 

engraftment. The need for substantial conditioning in patients with SCID who receive a 

related match donor transplant is unusual and reserved to patients who have a large number 

of circulating autologous T cells or maternal engraftment. Engraftment in this series was 

superior in individuals who received myeloablative conditioning regimens. The reason for 

this phenomenon is not completely understood and should be the subject of future studies. It 

has been clearly shown though that in the absence of CD3δ, the thymus gland in patients is 

heavily populated with surviving immature thymocytes. It is possible that one reason for the 

accumulation of thymocytes is their resilence to apoptosis which perhaps renders them less 

sensitive to non myeloablative treatments such as ATG.

Interestingly, two patients in this series (Pt 2, 3) presented with typical features consistent 

with Omenn syndrome. The unique mutation in these patients may have resulted in a leaky 

thymus as well as the delayed diagnosis in patient 2 (manuscript in preparation). This is the 

first description of Omenn syndrome in patients with CD3δ deficiency.

The major complications observed included infections and GVHD. Pts 9,10,11,12 had grade 

II-III skin and gut GVHD which was reversed after treatment with pulse steroids. Two 

patients developed chronic GVHD (Pt 1,12) of which one (Pt 1) was still treated with 
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immunosuppression. The most significant infections at the time of diagnosis were with 

CMV, which were fatal in 3 patients.

We present the largest series of patients with CD3δ deficiency that underwent stem cell 

transplantation and their outcome. Donor-recipient HLA proximity appeared critical as 6/6 

patients who received 0-1 antigen mismatched donors as compared with only 2 of 7 patients 

with more than one antigen mismatch survived. MUD-BM transplant with myeloablative 

conditioning therapy resulted in excellent long term immune reconstitution. MUD-cord 

blood appeared to also be effective treatment although full immune reconstitution and long 

term engraftment have not been established yet. Related matched transplants appear to need 

substantial conditioning for full engraftment, while the MMRD transplants failed to engraft 

and led almost invariably to death of these patients, although it must be noted that 4 of the 6 

recipients of the MMRD transplants versus only 1 of 5 recipients of MUD transplants had 

CMV or other life-threatening infectious disease at the time of diagnosis and transplant. 

Also, of the 6 children diagnosed at birth because of a previously affected family member 

only 1 received a MMRD transplant (and is a long term survivor) while 4 of the remaining 5 

were recipients of a MUD transplant (all survivors). However, we have previously 

demonstrated that age or severe infections before BMT did not significantly affect survival 

in patients who received a MUD transplant1. This may not be the case in MMRD transplants 

according to experience in a single center claiming superior outcome in patients who receive 

MMRD transplants before the age of 3.5 months18. Nevertheless, no patient in this series 

received MUD-BM before the age of 4 months. Moreover, immune reconstitution in the 

MUD treated patients is sustained for many years and remains solid, including a full TCR 

repertoire and TREC levels, while the sole survivor after MMRD has lymphopenia and her 

thymic function as well as T cell repertoire are unknown.

In conclusion, with the limitation of a small cohort of patients we observed several factors 

which might affect survival in CD3δ. 1. HLA matched donors are preferred to mismatched 

donors. 2. Substantial conditioning is necessary even in RID transplants. 3. Early diagnosis 

and absence of opportunistic infections.Additional patients are needed to confirm these 

findings and an updated web-based facility for these and similar rare SCID cases would 

greatly facilitate therapeutic decisions worldwide.
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ATG Anti thymocyte globulin

BMT Bone marrow transplant
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CMV Cytomegalovirus

DIC Disseminated Intravascular Coagulopathy

FTT Failure to thrive

GvHD Graft versus host disease

HHV6 Human Herpesvirus Six

HLA Human leukocyte antigen

HSCT Hematopoietic stem cell transplantation

MMRD Mismatched related donor

MRD Matched related donor

MUD Matched unrelated donor

NK Natural killer

PCR Polymerase chain reaction

PHA Phytohaemagglutinin

PJP Pneumocystis jiroveci pneumonia

Pt Patient

RID Related identical donor

SCID Severe combined immunodeficiency

TCR T cell receptor

TREC T cell receptor excision circle
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Clinical Implications

We tried to identify the optimal stem cell transplantation strategy for CD3δ deficiency. 

Several factors appear important for full reconstitution, including close HLA matching, 

conditioning and early diagnosis.
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Patients with CD3δ deficiency may achieve full immune reconstitution with HSCT when 

treated at an early age with a close HLA match after conditioning.
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Figure 1. TCR Vβ repertoire with T cell subsets
TCR Vβ repertoire within CD4+ and CD8+ T populations was determined by flow cytometry 

using a collection of anti-TCR Vβ antibodies. Data shown within range or over represented 

(green) or under represented (red) in comparison with a normal age-matched control (empty 

bars) and the normal range (grey bars ± SD)15.

Marcus et al. Page 14

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Marcus et al. Page 15

T
ab

le
 1

D
em

og
ra

ph
ic

 d
at

a,
 c

lin
ic

al
 p

re
se

nt
at

io
n 

an
d 

ge
ne

tic
 a

na
ly

si
s

P
at

ie
nt

A
ge

 o
f 

di
ag

no
si

s
G

en
de

r/
E

th
ni

ci
ty

P
re

 B
M

T
 f

ea
tu

re
s

M
ut

at
io

n
an

al
ys

is

1
B

ir
th

F/
M

en
no

ni
te

N
on

e,
 c

ou
si

n 
w

ith
 S

C
ID

c.
20

2C
>

T

2
14

m
a M

/E
cu

ad
or

ia
n

C
ry

pt
os

po
ri

di
um

, S
al

m
on

el
la

 G
ro

up
 C

, F
T

T
,

pn
eu

m
on

iti
s,

 O
m

en
n 

sy
nd

ro
m

e
c.

27
4+

5G
>

A

3
5m

a M
/E

cu
ad

or
ia

n
C

M
V

 p
ne

um
on

iti
s,

 c
hr

on
ic

 d
ia

rr
he

a 
w

ith
 a

de
no

vi
ru

s
O

m
en

n 
sy

nd
ro

m
e

c.
27

4+
5G

>
A

4
3m

b F
/J

ap
an

es
e

PJ
P 

Pn
eu

m
on

iti
s,

 C
M

V
, c

hr
on

ic
 d

ia
rr

he
a

c.
27

5-
2A

>
G

5
1 

w
ee

k
M

/M
en

no
ni

te
C

ut
an

eo
us

 c
an

di
di

as
is

, o
ra

l t
hr

us
h,

 o
tit

is
 e

xt
er

na
c.

20
2.

C
>

T

6
10

m
F/

M
en

no
ni

te
R

ot
av

ir
us

, H
H

V
6 

Pn
eu

m
on

iti
s,

 F
T

T
c.

20
2C

>
T

7
13

m
c M

/M
en

no
ni

te
Pu

lm
on

ar
y 

as
pe

rg
ill

os
is

, C
M

V
 h

ep
at

iti
s,

 F
T

T
, o

ra
l

th
ru

sh
, O

tit
is

c.
20

2C
>

T

8
6d

c F
/M

en
no

ni
te

N
on

e,
 s

ib
lin

g 
w

ith
 S

C
ID

c.
20

2C
>

T

9
9m

d F
/M

en
no

ni
te

PJ
P 

pn
eu

m
on

iti
s,

 c
hr

on
ic

 d
ia

rr
he

a,
 c

an
di

da
 s

ep
si

s,
 F

T
T

c.
20

2.
C

>
T

10
B

ir
th

d F
/M

en
no

ni
te

N
on

e,
 s

ib
lin

g 
w

ith
 S

C
ID

c.
20

2C
>

T

11
B

ir
th

d M
/M

en
no

ni
te

N
on

e,
 c

ou
si

n 
w

ith
 S

C
ID

c.
20

2C
>

T

12
B

ir
th

b M
/J

ap
an

es
e

N
on

e,
 s

ib
lin

g 
w

ith
 S

C
ID

c.
27

5-
2A

>
G

13
B

ir
th

b M
/J

ap
an

es
e

N
on

e,
 s

ib
lin

g 
w

ith
 S

C
ID

c.
27

5-
2A

>
G

a C
M

V
: C

yt
om

eg
al

ov
ir

us
; F

T
T

: F
ai

lu
re

 to
 th

ri
ve

; P
JP

: P
ne

um
oc

ys
tis

 J
ir

ov
ec

i P
ne

um
on

ia
; r

el
at

ed
 p

at
ie

nt
s 

as
 in

di
ca

te
d

b C
M

V
: C

yt
om

eg
al

ov
ir

us
; F

T
T

: F
ai

lu
re

 to
 th

ri
ve

; P
JP

: P
ne

um
oc

ys
tis

 J
ir

ov
ec

i P
ne

um
on

ia
; r

el
at

ed
 p

at
ie

nt
s 

as
 in

di
ca

te
d

c C
M

V
: C

yt
om

eg
al

ov
ir

us
; F

T
T

: F
ai

lu
re

 to
 th

ri
ve

; P
JP

: P
ne

um
oc

ys
tis

 J
ir

ov
ec

i P
ne

um
on

ia
; r

el
at

ed
 p

at
ie

nt
s 

as
 in

di
ca

te
d

d C
M

V
: C

yt
om

eg
al

ov
ir

us
; F

T
T

: F
ai

lu
re

 to
 th

ri
ve

; P
JP

: P
ne

um
oc

ys
tis

 J
ir

ov
ec

i P
ne

um
on

ia
; r

el
at

ed
 p

at
ie

nt
s 

as
 in

di
ca

te
d

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Marcus et al. Page 16

T
ab

le
 2

H
um

or
al

 a
nd

 c
el

l m
ed

ia
te

d 
im

m
un

ity
 a

t p
re

se
nt

at
io

n

P
at

ie
nt

1
2

3
4

5
6

7
8

9
10

11
12

13
N

or
m

al
 r

an
ge

A
bs

ol
ut

e 
ly

m
ph

oc
yt

e 
co

un
t

(c
el

ls
/μ

L
)

10
50

38
00

36
00

75
8

35
00

64
0

97
2

15
30

11
00

34
00

58
0

99
6

19
12

40
00

-1
05

00

L
ym

ph
oc

yt
e 

m
ar

ke
rs

 (
%

)

C
D

3+
0

14
30

1.
7

1
0

27
1

2
0.

4
0

0.
18

0
51

-7
7

C
D

4+
0

7
9

N
D

0
0

4
5

2
0

0
N

D
0

35
-5

6

C
D

8+
0

3
9

N
D

0
0

15
<

1
0.

4
0.

1
0

N
D

23
12

-2
8

C
D

19
+

66
54

53
67

51
86

N
D

65
89

63
71

42
72

6-
41

C
D

56
+

31
29

18
23

44
8

N
D

33
7

33
24

57
27

4-
18

PH
A

N
D

2a
2.

3a
N

D
N

D
0a

0b
0b

0a
0.

6a
1a

N
D

N
D

T
R

E
C

 (
co

pi
es

/0
.5

 μ
g 

D
N

A
)

N
D

U
D

N
D

N
D

N
D

N
D

N
D

N
D

U
D

U
D

U
D

N
D

N
D

>
40

0

Ig
E

 (
U

/L
)

N
D

40
00

27
90

N
D

12
0

N
D

N
D

N
D

<
5

N
D

N
D

N
D

N
D

<
12

E
os

in
op

hi
ls

 (
ce

ll/
uL

)
0

52
00

c
51

00
90

70
00

N
D

10
40

74
0

59
0

40
23

4
24

1
50

-7
00

N
D

: n
ot

 d
et

er
m

in
ed

; U
D

: u
nd

et
ec

te
d

a %
 o

f 
co

nt
ro

l s
tim

ul
at

io
n 

in
de

x 
(N

or
m

al
 >

50
%

),

b co
un

ts
 p

er
 m

ill
io

n 
(N

or
m

al
 >

25
,0

00
),

c N
or

m
al

 7
0-

50
0c

el
ls

/u
l

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Marcus et al. Page 17

T
ab

le
 3

St
em

 c
el

l t
ra

ns
pl

an
ta

tio
n 

pr
oc

ed
ur

es

P
at

ie
nt

A
ge

 a
t

1st
 B

M
T

T
yp

e 
of

 B
M

T
H

L
A

M
at

ch

C
on

di
ti

on
in

g
G

V
H

D
P

ro
ph

yl
ax

is
1s

t 
H

SC
T

2n
d 

H
SC

T
3r

d 
H

SC
T

1s
t 

H
SC

T
2n

d 
H

SC
T

3r
d 

H
SC

T

1
35

 d
M

R
D

, B
M

M
R

D
, B

M
, S

am
e

do
no

r
9/

10
Fl

u 
16

m
g/

kg

Fl
u 

15
0m

g/
m

2,
C

am
 0

.8
m

g/
kg

,
M

el
f 

14
0m

g/
m

2
T

ac
ro

lim
us

2
23

 m
M

R
D

, P
B

SC
,

C
D

34
+

9/
10

Fl
u 

15
0m

g/
m

2,
B

u 
14

0m
g/

m
2,

A
T

G
 1

2.
5m

g/
kg

Pr
ed

ni
so

ne

3
8m

M
M

R
D

, P
B

SC
,

C
D

34
+

H
ap

lo
3/

6

Fl
u 

15
0m

g/
m

2,
M

el
f 

28
0/

m
2,

A
T

G
 1

2.
5m

g/
kg

no
ne

4
4m

M
M

R
D

, P
B

SC
,

C
D

2−
/C

D
8−

H
ap

lo
3/

6
N

on
e

Pr
ed

ni
so

ne

5
6 

m
M

M
R

D
, P

B
SC

,
C

D
34

+
 C

D
3−

M
M

R
D

, P
B

SC
,

C
D

34
+

/C
D

3−
,

C
ry

op
re

se
rv

ed
,

Sa
m

e 
do

no
r

M
M

R
D

, B
M

,
C

D
3-

−
/C

D
19

−
,

Sa
m

e 
do

no
r

H
ap

lo
5/

10

B
u 

16
m

g/
kg

,
Fl

u 
16

0m
g/

m
2,

A
T

G
 1

0m
g 

1k
g

C
yA

6
12

m
M

M
R

D
, P

B
SC

M
M

R
D

, P
B

SC
Sa

m
e 

do
no

r
H

ap
lo

3/
6

Fl
u4

m
g/

kg
,

C
am

 2
4m

g

B
u 

16
m

g/
kg

,
Fl

u 
4m

g/
kg

,
C

am
 2

4 
m

g
M

T
X

, T
ac

ro
lim

us
(2

nd
 H

SC
T

)

7
14

m

M
M

R
D

, B
M

S+
E

M
at

er
na

l

M
M

R
D

, B
M

S+
E

Pa
te

rn
al

M
M

R
D

, B
M

S+
E

Pa
te

rn
al

H
ap

lo
3/

6
A

T
G

 3
0m

g/
kg

A
T

G
 8

0m
g/

kg
,

C
yc

lo
 1

00
m

g/
kg

A
T

G
 8

0m
g,

C
yc

lo
 1

20
m

g/
kg

,
T

B
I

N
on

e

8
2 

m
M

M
R

D
, B

M
S+

E
M

M
R

D
, B

M
,

S+
E

 s
am

e 
do

no
r

H
ap

lo
3/

6
C

yc
lo

 2
00

m
g/

kg
A

T
G

 8
0m

g/
kg

N
on

e

9
16

 m
M

U
D

, B
M

6/
6

B
u 

16
m

g/
kg

,
C

yc
lo

20
0m

g/
kg

Pr
ed

ni
so

ne
, C

yA

10
4 

m
M

U
D

, B
M

6/
6

B
u 

16
m

g/
kg

,
C

yc
lo

 2
00

m
g/

kg
Pr

ed
ni

so
ne

, C
yA

11
4 

m
M

U
D

, B
M

9/
10

B
u 

16
m

g/
kg

,
C

yc
lo

 2
00

m
g/

kg
Pr

ed
ni

so
ne

, C
yA

12
1m

M
M

U
D

, C
or

d
4/

6
N

on
e

M
T

X
, T

ac
ro

lim
us

13
25

 d
M

U
D

, C
or

d
6/

6,
10

/1
0

N
on

e
M

T
X

, T
ac

ro
lim

us

A
T

G
: A

nt
i T

hy
m

oc
yt

e 
G

lo
bu

lin
; B

M
: B

on
e 

M
ar

ro
w

; B
u:

 B
us

ul
fa

n;
 C

am
: C

am
pa

th
; C

yA
: C

yc
lo

sp
or

in
e 

A
; C

yc
lo

: C
yc

lo
ph

op
ho

m
id

e;
 F

lu
: F

lu
da

ra
bi

ne
; H

I:
 H

ap
lo

id
en

tic
al

; M
el

f:
 M

el
fa

la
ne

; M
T

X
: 

M
et

ho
tr

ex
at

e;
 M

R
D

: M
at

ch
ed

 R
el

at
ed

 D
on

or
 (

m
at

ch
ed

 w
as

 d
ef

in
ed

 a
s 

9/
10

 a
nt

ig
en

 o
r 

be
tte

r)
; M

U
D

: M
at

ch
ed

 U
nr

el
at

ed
 d

on
or

; M
M

R
D

: M
is

m
at

ch
ed

 R
el

at
ed

 D
on

or
; M

M
U

D
: M

is
m

at
ch

 U
nr

el
at

ed
 D

on
or

; 
PB

L
: P

er
ip

he
ra

l B
lo

od
; P

B
SC

: P
er

ip
he

ra
l B

lo
od

 S
te

m
 C

el
l; 

T
B

I:
 T

ot
al

 b
od

y 
ra

di
at

io
n;

 S
+

E
: S

oy
be

an
 a

gg
lu

tin
in

 a
nd

 s
he

ep
 e

ry
th

ro
cy

te
 r

os
et

tti
ng

.

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Marcus et al. Page 18

T
ab

le
 4

E
ng

ra
ft

m
en

t a
nd

 o
ut

co
m

e

P
at

ie
nt

N
eu

tr
op

hi
ls

>5
00

 (
da

ys
 a

ft
er

tr
an

sp
la

nt
)

P
la

te
le

ts
(d

ay
s 

af
te

r
tr

an
sp

la
nt

)
R

ed
 c

el
ls

 (
la

st
tr

an
sf

us
io

n/
da

ys
)

C
hi

m
er

is
m

(%
 d

on
or

)

T
im

e
fr

om
B

M
T

O
ut

co
m

e
C

au
se

 o
f 

de
at

h

1
20

24
30

10
0

13
m

A
liv

e 
&

 w
el

l

2
10

12
N

D
10

0
1y

A
liv

e 
&

 w
el

l

3
12

13
26

10
0

28
d

D
ie

d
C

M
V

 li
ve

r
fa

ilu
re

4
N

D
N

D
N

D
N

D
8m

D
ie

d
C

M
V

E
nc

ep
ha

lit
is

5
18

29
21

10
0

14
m

D
ie

d
G

vH
D

6
N

D
N

D
N

D
Fa

ile
d 

to
en

gr
af

t
D

ie
d

G
vH

D
, D

IC
,

H
H

V
6

7
N

D
N

D
N

D
E

ng
ra

ft
ed

14
m

D
ie

d

C
M

V
E

nc
ep

ha
lit

is
,

In
fe

ct
io

n,
re

sp
ir

at
or

y
fa

ilu
re

8
N

D
N

D
N

D
7 

( 
T

 c
el

l
95

%
, B

 1
%

)
17

y
A

liv
e 

&
 w

el
l

9
12

12
7

>
95

18
y

A
liv

e 
&

 w
el

l

10
12

14
30

>
95

7y
A

liv
e 

&
 w

el
l

11
8

35
25

>
95

3y
A

liv
e 

&
 w

el
l

12
N

D
N

D
N

D
N

D
4y

A
liv

e 
&

 w
el

l

13
N

D
N

D
N

D
N

D
1y

A
liv

e 
&

 w
el

l

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Marcus et al. Page 19

T
ab

le
 5

Im
m

un
e 

R
ec

on
st

itu
tio

n 
af

te
r 

H
SC

T

P
at

ie
nt

1
2

8
9

10
11

12
13

N
or

m
al

 r
an

ge

A
bs

ol
ut

e 
ly

m
ph

oc
yt

e 
co

un
t (

ce
lls

/μ
l)

27
24

24
50

93
0

24
40

24
50

34
00

12
41

22
20

12
00

-6
00

0

T
im

e 
of

 e
va

lu
at

io
n 

af
te

r 
B

M
T

1y
16

m
16

y
20

y
7y

3y
4y

1y

L
ym

ph
oc

yt
e 

m
ar

ke
rs

 (
%

)

C
D

3+
N

D
60

42
75

74
84

34
22

.5
51

-7
7

C
D

4+
21

39
32

47
36

47
24

18
35

-5
6

C
D

8+
23

21
9

26
27

31
20

6
21

-2
8

C
D

56
+

N
D

9
43

12
11

4
23

21
6-

41

C
D

19
+

38
29

13
10

14
8

41
58

.1
4-

18

T
C

R
 V

β
N

D
N

D
N

D
N

or
m

al
N

or
m

al
N

or
m

al
N

D
N

D

PH
A

N
D

77
b

10
5,

54
3c

68
b

69
b

65
b

28
5a

30
7a

T
R

E
C

 (
co

pi
es

/0
.5

 μ
D

N
A

)
N

D
N

D
N

D
N

or
m

al
N

or
m

al
N

or
m

al
N

D
N

D
>

40
0

Se
ru

m
 I

g 
(g

/l
)

Ig
G

7.
3

8.
1

12
.5

0
10

8.
5

7.
2

7.
71

8.
5

2.
3-

14
.1

Ig
A

0.
13

0.
65

2.
47

0.
9

1.
5

0.
4

1.
51

3
0-

0.
8

Ig
M

1.
38

0.
84

0.
8

1.
5

0.
9

0.
5

1.
19

7.
5

0-
1.

7

T
et

an
us

 (
Iu

/m
l)

N
D

N
D

Po
si

tiv
e

2.
26

>
7

3.
5

N
D

N
D

>
0.

13

Po
lio

N
D

N
D

Po
si

tiv
e

1:
64

N
D

N
D

N
D

N
D

>
1:

16

Is
oh

em
ag

gl
ut

in
in

N
D

N
D

1:
32

1:
12

8
1:

64
1:

02
N

D
N

D
>

1:
64

N
D

: N
ot

 D
on

e

a st
im

ul
at

io
n 

in
de

x 
(n

or
m

al
 2

54
-3

88
),

b %
 o

f 
co

nt
ro

l s
tim

ul
at

io
n 

in
de

x 
(N

or
m

al
 >

50
%

),

c co
un

ts
 p

er
 m

ill
io

n 
(N

or
m

al
 >

25
,0

00
)

J Allergy Clin Immunol. Author manuscript; available in PMC 2015 July 03.


