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Introduction: Hypomorphic mutations of DCLREIC cause an atypical severe
combined immunodeficiency (SCID), and Epstein-Barr virus (EBV)-related colon
lymphoma is a rare complication.

Case presentation: A teenage boy presented with colon EBV-related colon
lymphoma, plantar warts, and a history of recurrent pneumonia. His peripheral
blood lymphocyte count and serum level of immunoglobulin (Ig) G were normal,
but he exhibited a T"B"NK* immunophenotype. Genetic analysis by whole
exome sequencing revealed compound heterozygous mutations of DCLREIC
(NM_001033855.3), including a novel paternal splicing donor mutation
(c.109 + 2T>C) in intron 1, and a maternal ¢.1147C>T (p.R383X) nonsense
mutation in exon 13. Based on his clinical features and genetic results, the
diagnosis of atypical SCID with colon lymphoma was established. Our review
shows that seven patients, including our patient, have been reported to develop
lymphoma, all with hypomorphic DCLREIC mutations. Among these cases, six
had EBV-related B-cell lineage lymphoma, and one had Hodgkin lymphoma with
EBV reactivation. Unfortunately, all of the patients died.

Conclusion: Recognizing the radiosensitivity of the disease is critical for the
prognosis. Hematopoietic stem cell transplantation before being infected with
EBV is an optimal treatment.
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Introduction

The nuclease ARTEMIS, encoded by the DNA cross-link repair
enzyme 1C (DCLREIC), is involved in double-stranded DNA repair
and V(D)J recombination via non-homologous end joining
(NHE]J). Null mutations of DCLREIC lead to complete ARTEMIS
deficiency and cause T B'NK" severe combined immunodeficiency
(SCID) with sensitivity to ionizing radiation and usually present in
the first year of life (1). Hypomorphic mutations of DCLREIC cause
reduced ARTEMIS function and ‘leaky’ SCID, resulting in severe
and progressive consequences with an initially indolent and late-
onset clinical course. Mutations in DCLREIC occur more frequently
in Western countries (2). In China, only several cases with
DCLREIC mutations associated with SCID were recently reported
(3-6). Here, we described a male Chinese adolescent with a novel
hypomorphic mutation who displayed a milder immunodeficiency
but progressed to malignant colon lymphoma. This study was
approved by the institutional ethics committee of Children’s
Hospital of Soochow University (No.2022CS053).

Case presentation

A 13.5-year-old male patient with nonconsanguineous parents
was admitted to our hospital with a complaint of abdominal pain
for one month. The abdominal pain was paroxysmal, located
around the periumbilical and right lower quadrants. Three days
before being admitted to the hospital, he had loose stools with
mucus and blood in a row. His peripheral blood showed a normal
level of lymphocytes, neutrophils, erythrocytes, and platelets. Both
abdominal ultrasound and computerized tomography (CT)
revealed ileocecitis and a small volume of ascites (Figure 1A). He
had recurrent pneumonia since the first year of life and had no
history of transfusions. His sister had oral ulcers and died of severe
pneumonia at four months old. Both his father and grandfather had
histories of tuberculosis. Physical examination revealed a normal
nutritional status, tenderness around the umbilicus and right lower
abdomen on palpation, and skin lesions on the soles of the left foot
(Figure 1B). There were no palpable enlarged lymph nodes or rales
of bilateral lungs on auscultation. The number of lymphocytes was
2.63x10%/ul. The percentage of CD3* T lymphocytes was 83.48%
(reference range: 55-83%), of which CD3*CD4" T lymphocytes was
22.69% (reference range: 28-57%), CD3"CD8" T lymphocytes was
51.50% (reference range: 10-39%), and CD4*/CD8" ratio was 0.44
(reference range: 0.98-1.94). The percentage of B cells was only
0.17%, dramatically lower than the reference range (6-19%), while
that of NK cells was normal. Serum levels of immunoglobulin (Ig)M
and IgA were low (IgA 0.01 g/L, reference 0.63-3.04 g/L; IgM 0.29 g/
L, reference 0.50-2.48 g/L). However, the serum levels of IgG and
IgE were normal. The DNA copy number of EBV in blood was
determined by quantitative PCR (qPCR) at 3.83x10 copies/ml.
Other tests were negative, including cytomegalovirus (CMV) DNA
PCR, T-spot, human immunodeficiency virus (HIV) antibody,
antinuclear antibodies, antineutrophil cytoplasmic autoantibodies,
anti-dsDNA antibody, anti-Sm antibody, anti-SSA/SSB antibody,
anti-Ro-52 antibody, anti-ribonucleoprotein (RNP) antibody, anti-
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FIGURE 1

Clinical images show the clinical manifestation of the patient. (A)
Computerized abdomen tomography (CT) revealed the thickened
intestinal wall of ileocecum and patchy blurred shadows around it
(B) Skin lesions on the soles of the patient’s left foot. (C) Chest CT
showed bronchiectasis in both lungs. (D) A huge ulcer with yellow
pus moss on it of ascending colon on colonoscopy

Jo-1 antibody, anti-SCL-70 antibody, tumor markers, fecal culture,
and fecal Clostridium difficile gene Xpert assay. Chest CT showed
bronchiectasis in both lungs (Figure 1C), and echocardiography
revealed mild aortic valve regurgitation. He received a colonoscopy,
during which a massive ulcer with yellow pus moss in the ascending
colon was observed (Figure 1D). Diftuse proliferation of medium-
sized lymphocytes was found in the biopsy from the ulcer
(Figures 2A, B), the nuclei exhibit clear heterogeneity, appearing
basophilic, with the presence of prominent large nucleoli.
Immunohistochemical analysis showed the cells were positive for
CD20" (Figure 2C), CD79a, MUMI, very weakly positive for
CD138 and CD68, sporadically positive for CD2, CD3, and
Kappa-light chain (Figure 2D), and negative for Lambda-light
chain (Figure 2E). Ki-67 revealed a proliferative fraction of 60%
of the cells. EBV-encoded mRNA (EBER) in situ hybridization was
tested positive (Figure 2F), and acid-fast staining was negative.
Transplacental maternal lymphocytes were excluded by short
tandem repeat analysis. Combined with his past history of
recurrent respiratory tract infections, nearly deficient B cells, and
positive family history, a clinical diagnosis of primary
immunodeficiency, colon lymphoma, and plantar warts
was determined.

After a consent form was signed, trio-whole exome sequences
(WES) were performed. We prioritized variants that were previously
reported, considered loss-of-function (nonsense, frameshift, or splice
sites mutations) or absent in gnomAD. The genetic analysis
demonstrated compound heterozygous mutations of DCLREIC,
including a paternally inherited splicing donor mutation
(c.109 + 2T>C) in intron 1 and a maternally inherited ¢.1147C>T
(p-R383X) nonsense mutation in exon 13 (NM_001033855.3). Sanger
sequencing confirmed the carrying status of variants (Figure 3). There
are only two carriers in gnomAD of ¢.1147C>T (PM2_Surpporting).
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FIGURE 2
Histological analysis of the mucous membrane of the colonic ulcer. (A, B) Diffuse lymphoid proliferation of medium-sized lymphocytes stained with
hematoxylin—eosin (A) (x40), and (B) (x400). (C—E) Diffuse CD20 positive lymphoid infiltration (C) (x40), sporadically positive for Kappa-light chain
(D) and negative for Lambda-light chain (E) on immunohistochemistry (x400). (F) In situ hybridization showed EBER positive for lymphoma tumor
cells (x400).

Since ¢.1147C>T is located at the 3’-most 50bp of the penultimate
exon, nonsense-mediated RNA decay may not occur (7, 8). But the
truncated protein loses part of the B-CASP domain (156-385) and the
entire C-terminal domain (386-692), which account for 44.7% of the
whole protein (PVS1-Strong) (7). Four typical SCID patients with
homozygosity for c.1147C>T were identified (9-11) (PM3).
Functional study in vitro revealed that the recombination and DNA
repair activity of p.R383X were decreased (12) (PS3_Surpporting).
The patients of the previous and our study carrying ¢.1147C>T exhibit
immunodeficiency which matched the disease phenotype (PP4). In all,
c.1147 C>T was classified as likely pathogenic by PM2_Supporting,
PVS1-Strong, PM3, PS3_Surpporting, and PP4. ¢.109 + 2T>C is
absent in gnomAD (PM2_ Supporting) and the canonical splicing
donor of intron 1 (PVS1_Moderate). It is in trans with c.1147C>T in
our case with confirmed paternity and maternity (PM3). The
immunodeficient nature of our patient matched the disease

characteristics (PP4). In all, c.109 + 2T>C is classified as likely
pathogenic by PM2_Supporting, PVS1- Moderate, PM3, and PP4.

The patient was transferred to a different hospital, where further
examination confirmed the colon lymphoma to be of the B-cell
non-Hodgkin lymphoma variety. He underwent chemotherapy
and, tragically, succumbed on the very day he received
hematopoietic stem cell transplantation, when it was 1.5 years
since the diagnosis of colon lymphoma.

Discussion

DCLREIC, located on chromosome 10p13, consists of 14 exons.
ARTEMIS comprises 692 amino acids, including the highly
conserved P-lactamase and B-CASP domains in the N-terminal
part (amino acid 1-385) that serves as the enzymatically active

A

DCLRE1C:NM_001033855.3:intron1:¢.109+27>C:.
reterence €T GTCCCAC TGCCACAAAGGT GAGT GAGGGCT GCGCGT CGC
Patient

CT GTCCCACTGCCACAAAGGT GAGT GAGGGCTGCGCGTCGC

Father

1

Mother

CTGTCCCACTGCCACAAAGGT GAGT GAGGGCT GCGCGTCGC

FIGURE 3

Sanger sequences demonstrated compound heterozygous mutations of the DCLREIC gene. (A) A paternal splicing donor mutation (c.109 + 2T>C) in
intronl. (B) A maternal c.1147C>T (p.R383X) nonsense mutation in exon13 (NM_001033855.3).

DCLRE1C:NM_001033855.3:ex0n13:.1147C>T:p.R383%

Patient

Father

!
Mother

AGAGAGCTAGAACAGTTCACTGAGACTCAGGTAAGAAAAAT
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motif, and the C-terminal domain that modulates the nuclease

(15)
(15)
(16)

activities. Nevertheless, nonsense-mediated RNA decay is not

(Continued)

predicted to occur for the ¢.1147C>T mutation. The truncated
protein p.R383X loses part of the B-CASP domain (156-385) and
whole C-terminal part domain (386-692). According to recent
studies, this nonsense variant encodes function-null variants, as in

treatment with

Died(diagnosed
anti-B cell-

Outcome
Died (5 days
after diagnosis)
38days after
HSCT,12days
later died
despite
specific mAb)
Died (of
multiple
infections)

typical SCID patients with homozygous ¢.1147C>T mutations,
whose DCLREIC mRNA is intact but lacks V(D)J recombination
and double-strand breaks (DSB) DNA repair (9). The novel
paternal variant ¢.109 + 2T>C is a canonical splice-site mutation

Chemotherapy,
radiation,

specific mAb
HSCT

Treatment
anti-B cell-
HSCT and
anti-B cell-
specific mAb

in intron 1. The splice-site mutation at the adjacent nucleotide

position (c.109 + 1G>T) was reported to generate some canonical
wild-type transcripts, implying that it is associated with a late-onset
and less severe phenotype (13). Therefore, it is reasonable to deduce

associated

Yes
Yes
Ye:

that the novel splice site mutation ¢.109 + 2T>C is a hypomorphic

variant, leading to the leaky phenotype in the patient.

In our case, the counts of absolute lymphocyte number (ALN) and
CD3" lymphocytes were within the reference range, and maternal
engraftment was ruled out. He had a B-cell deficiency with
surprisingly normal IgG and IgE serum levels. Similar laboratory

node, liver, lung,

involvement
Cervical lymph
striated muscle

Sites of

liver

Neck, masseter
muscle, lung,
spleen,

findings were found in other patients with hypomorphic DCLREIC
mutations (14), whose naive T cells decreased, indicating that T cell
development was affected by the hypomorphic mutations;

Trisomy, Chr.
Translocation,
Chr. 7:14

Cytogenetic
9

analysis

compensatory proliferation might have caused the normal peripheral
T cells due to residual V(D)J recombination. The central compartment
of B cell progenitors was thought to be more prone to depletion than the
T cell compartment (14), despite the fact that ARTEMIS was proposed
to play equal roles in recombination for T and B cells. Since ARTEMIS

w
£
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o
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IgG:14.4 g/
L1 (9months)
IgA:0.18 g/L|
IgM:6.11 g/Lt
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IgA:<0.07 g/L|
IgM:0.56 g/L
IgG:6.1 g/L|
IgA:0.4 g/L
IgM:0.1 g/L|

participates in NHE], which is involved in the Ig class switch, normal

serum levels of his IgG and IgE support the presence of a residual
functional B cell compartment and V(D)J recombination.

We searched on PubMed using the keywords ‘severe combined
immunodeficiency,” ‘lymphoma,” and ‘DCLREIC or ‘ARTEMIS’ for
articles published from 2001 to 2023. We reviewed the genetic and
clinical features of patients with ARTEMIS deficiency complicated

10> normally >40’

PHA responses
35.8+22cpmx 107
‘hormally >40
26.6 £ 18 cpmx

Nr

by lymphoma (Table 1). Seven patients, including our patient, have
been reported to develop lymphoma, all with hypomorphic
DCLREIC mutations (15-18). Six patients had EBV-related B-cell
lineage lymphoma, and one had Hodgkin lymphoma with EBV

CD™*: 8-110/ul|

CD**: 280-580/
CD16+CD56
*:227/ul

ALN:500-1100/
ull

ull

CD'**CD**:18/

subpopulations
ull|

Lymphocyte
counts and
ALN:66/ul] |
CD**:8/ull,|
CD"*:8/ul}|
ALN:800/ul|,
CD**:177/ul|,

reactivation. The average age of lymphoma onset was 11.75 years
old (ranging from 9 months to 23 years old), with a male-to-female
ratio of 4:3. Our patient is approximately at the average age of
tumorigenesis. The mechanisms of lymphoma in these patients

mutations
Compound
heterozygous del.
Exonl-3%,

del. T1384-A1390
Same as P1
Homozygous
€.632G>T

remain unclear. Since most of them were EBV-related B-cell lineage
lymphomas, no lymphoma has been found in null mutation
patients. One explanation for this is that EBV mainly infects B
cells, and patients with non-functional DCLREIC mutations cannot

Age of
diagnosis
of
lymphoma

9m
5y
23y

establish infection. Additionally, most patients may have died
before getting infected with EBV (19). Besides, patients with
reduced functional mutations lack sufficient CD8" cytotoxicity

origin
Turkey

France
France

against EBV infection, resulting in EBV-driven B cell colony
proliferation (19). Lastly, the partial activity of ARTEMIS results
in impaired NHE], which plays a vital role in DNA DSBs and is
associated with profound genomic instability. This has been
documented in cells from two of these patients (P1 has a clonal

gender

Patient
P1

P2
(sister
of P1)
P3

TABLE 1 Genetic and clinical characteristics of patients with ARTEMIS deficiency complicated with lymphoma.

trisomy of chromosome 9, and P2 has a translocation of
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Chromosome 7 and 14). And genomic instability is known to be
susceptible to malignancy (20).

The outcome of these lymphomas is poor. None of these patients
were alive despite multiple managements. Three patients succumbed
before hematopoietic stem cell transplantation (HSCT). Three patients
underwent HSCT, but died afterward. One patient died of delayed
radiation myelopathy as an adverse effect of radiotherapy. Three
patients died after anti-B-cell-specific monoclonal antibody
treatment. Patient P5 surrendered to respiratory failure before
further treatment, while patient P3 succumbed to multiple infections
(Pneumocystis jirovecii pneumonia, Herpes simplex virus,
Staphylococcus aureus, and Candida albicans) 5 months after HSCT
(16). Pavel et al. reported a 14-year-old boy with a radiosensitive defect,
normal lymphocyte subpopulations, abnormal lymphocyte
phytohemagglutinin A, hypogammaglobulinemia, and a
heterozygous loss of exon 11 in DCLREIC was diagnosed with B-cell
non-Hodgkin lymphoma. He survived after receiving HSCT with
reduced-intensity conditioning regimens, and no EBV infection was
mentioned (21). Thus, EBV infection could be fatal in this group of
patients. The high mortality of this disease calls for an early diagnosis
before patients being EBV infected. Patients with radiosensitive CID
have a higher priority to receive a curative therapy, HSCT. However,
the survival rate has been reported to be lower than other types of CID
(22). Recognizing the radiosensitive nature of the disease is quite
essential. Radiomimetic drugs, such as alkylating-containing
regiments, and radiation therapy should be tailored in pre-and post-
transplant treatment to reduce related toxicity and optimize the
prognosis (21). The most recent findings on lentiviral gene therapy
offer a promising avenue for treating this illness (23). Nevertheless, the
impact on a greater quantity of cases and the safety of its application to
patients with EBV infection remain uncertain.

In conclusion, we reported a leaky SCID with heterozygous
DCLREIC mutations, including a novel splice mutation. This is the
first reported case of atypical SCID associated with a hypomorphic
DCLREIC mutation in Chinese, presenting an uncommon
complication of colon lymphoma. Leaky SCID should be
considered in patients with a late-onset of the disease and a lack of
immune cells or immunoglobulins. The combination of leaky SCID
and a history of malignancy indicates potentially radiosensitive
immunodeficiency. Genetic detection and radiosensitivity testing
are crucial for diagnosis. HSCT before being infected with EBV
should be considered as an optimal option in clinics.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

References

1. Moshous D, Callebaut I, De Chasseval R, Corneo B, Cavazzana-Calvo M, Le Deist
F, et al. Artemis, a novel DNA double-strand break repair/V(D)J recombination

Frontiers in Oncology

10.3389/fonc.2023.1282678

Ethics statement

Written informed consent was obtained from the individual(s),
and minor(s)’ legal guardian/next of kin, for the publication of any
potentially identifiable images or data included in this article.

Author contributions

XZ: Conceptualization, Data curation, Investigation,
Methodology, Resources, Writing — original draft, Writing — review
& editing, Validation, Visualization. Z]: Conceptualization, Data
curation, Investigation, Methodology, Visualization, Writing -
original draft. XW: Data curation, Investigation, Methodology,
Writing - original draft. XS: Data curation, Investigation,
Methodology, Project administration, Resources, Writing — review
& editing. SH: Data curation, Investigation, Resources, Writing -
review & editing, Supervision. WJ: Data curation, Investigation,
Writing - review & editing, Software, Visualization. MZ:
Investigation, Writing - review & editing, Conceptualization,
Methodology, Resources. HL: Conceptualization, Investigation,
Methodology, Resources, Writing - review & editing, Data
curation, Project administration, Supervision, Writing -
original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by a grant from Science and Technology Program of
Jiangsu (SBK2021042695).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

protein, is mutated in human severe combined immune deficiency. Cell (2001) 105
(2):177-86. doi: 10.1016/S0092-8674(01)00309-9

frontiersin.org


https://doi.org/10.1016/S0092-8674(01)00309-9
https://doi.org/10.3389/fonc.2023.1282678
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

2. Li L, Moshous D, Zhou Y, Wang J, Xie G, Salido E, et al. A founder mutation in
Artemis, an SNMI-like protein, causes SCID in Athabascan-speaking Native
Americans. ] Immunol (2002) 168(12):6323-9. doi: 10.4049/jimmunol.168.12.6323

3. Mou W, Gao L, He J, Yin J, Xu B, Gui J. Compound heterozygous DCLRE1C
mutations lead to clinically typical Severe Combined Immunodeficiency presenting
with graft versus host disease. Immunogenetics (2021) 73(6):425-34. doi: 10.1007/
500251-021-01219-4

4. Xu X, Yan D, Yin J, Zheng J, Wang X, Shu J. Analysis of a child with severe
combined immunodeficiency due to variants of DCLREIC gene. Zhonghua Yi Xue Yi
Chuan Xue Za Zhi (2022) 39(7):743-8. doi: 10.3760/cma.j.cn511374-20210317-00236

5. Xiao F, Lu' Y, Wu B, Liu B, Li G, Zhang P, et al. High-frequency exon deletion of
DNA cross-link repair 1C accounting for severe combined immunodeficiency may be
missed by whole-exome sequencing. Front Genet (2021) 12:677748. doi: 10.3389/
fgene.2021.677748

6. Deng S, Rao S, Wang AR, Shi W. Case report: Rubella virus-induced cutaneous
granulomas in a girl with atypical SCID caused by DCLRE1C gene mutations. Front
Genet (2023) 14:1115027. doi: 10.3389/fgene.2023.1115027

7. Abou Tayoun AN, Pesaran T, Distefano MT, Oza A, Rehm HL, Biesecker LG,
et al. Recommendations for interpreting the loss of function PVS1 ACMG/AMP variant
criterion. Hum Mutat (2018) 39(11):1517-24. doi: 10.1002/humu.23626

8. Lewis BP, Green RE, Brenner SE. Evidence for the widespread coupling of
alternative splicing and nonsense-mediated mRNA decay in humans. Proc Natl Acad
Sci (2003) 100(1):189-92. doi: 10.1073/pnas.0136770100

9. Pannicke U, Honig M, Schulze I, Rohr J, Heinz GA, Braun S, et al. The most
frequent DCLRE1C (ARTEMIS) mutations are based on homologous recombination
events. Hum Mutat (2010) 31(2):197-207. doi: 10.1002/humu.21168

10. El Hawary RE, Meshaal SS, Abd Elaziz DS, Alkady R, Lotfy S, Eldash A, et al.
Genetic testing in Egyptian patients with inborn errors of immunity: a single-center
experience. J Clin Immunol (2022) 42(5):1051-70. doi: 10.1007/s10875-022-01272-y

11. Wu Z, Subramanian N, Jacobsen EM, Laib Sampaio K, van der Merwe J, Honig
M, et al. NK cells from RAG- or DCLREIC-deficient patients inhibit HCMV.
Microorganisms (2019) 7(11):546. doi: 10.3390/microorganisms7110546

12. Mousallem T, Urban TJ, McSweeney KM, Kleinstein SE, Zhu M, Adeli M, et al.
Clinical application of whole-genome sequencing in patients with primary immunodeficiency.
J Allergy Clin Immunol (2015) 136(2):476-9.e6. doi: 10.1016/j.,jaci.2015.02.040

13. Felgentreff K, Lee YN, Frugoni F, Du L, van der Burg M, Giliani S, et al.
Functional analysis of naturally occurring DCLRE1C mutations and correlation with

Frontiers in Oncology

07

10.3389/fonc.2023.1282678

the clinical phenotype of ARTEMIS deficiency. J Allergy Clin Immunol (2015) 136
(1):140-50.€7. doi: 10.1016/j.jaci.2015.03.005

14. Volk T, Pannicke U, Reisli I, Bulashevska A, Ritter J, Bjorkman A, et al
DCLREIC (ARTEMIS) mutations causing phenotypes ranging from atypical severe
combined immunodeficiency to mere antibody deficiency. Hum Mol Genet (2015) 24
(25):7361-72. doi: 10.1093/hmg/ddv437

15. Moshous D, Pannetier C, Rd C, Fl D, Cavazzana-Calvo M, Romana S, et al.
Partial T and B lymphocyte immunodeficiency and predisposition to lymphoma in
patients with hypomorphic mutations in Artemis. J Clin Invest (2003) 111(3):381-7.
doi: 10.1172/JCI116774

16. Fevang B, Fagerli UM, Sorte H, Aarset H, Hov H, Langmyr M, et al. Runaway
train: a leaky radiosensitive SCID with skin lesions and multiple lymphomas. Case Rep
Immunol (2018) 2018:2053716. doi: 10.1155/2018/2053716

17. Nahum A, Somech R, Shubinsky G, Levy ], Broides A. Unusual phenotype in
patients with a hypomorphic mutation in the DCLRE1IC gene: IgG
hypergammaglobulinemia with IgA and IgE deficiency. Clin Immunol (2020)
213:108366. doi: 10.1016/j.clim.2020.108366

18. Kara B, Seher N, Ucaryilmaz H, Yavas G, Paksoy Y, Artac H, et al. Delayed
radiation myelopathy in a child with Hodgkin lymphoma and ARTEMIS mutation. ]
Pediatr Hematol Oncol (2021) 43(3):e404-¢7. doi: 10.1097/MPH.0000000000001815

19. Latour S, Winter S. Inherited immunodeficiencies with high predisposition to
epstein-barr virus-driven lymphoproliferative diseases. Front Immunol (2018) 9:1103.
doi: 10.3389/fimmu.2018.01103

20. Huang Y, Giblin W, Kubec M, Westfield G, St Charles J, Chadde L, et al. Impact
of a hypomorphic Artemis disease allele on lymphocyte development, DNA end
processing, and genome stability. J Exp Med (2009) 206(4):893-908. doi: 10.1084/
jem.20082396

21. Lobachevsky P, Woodbine L, Hsiao KC, Choo S, Fraser C, Gray P, et al
Evaluation of severe combined immunodeficiency and combined immunodeficiency
pediatric patients on the basis of cellular radiosensitivity. ] Mol Diagn (2015) 17
(5):560-75. doi: 10.1016/j.jmoldx.2015.05.004

22. Buckley RH. Transplantation of hematopoietic stem cells in human severe
combined immunodeficiency: longterm outcomes. Immunologic Res (2011) 49(1-
3):25-43. doi: 10.1007/s12026-010-8191-9

23. Cowan M]J, Yu J, Facchino J, Fraser-Browne C, Sanford U, Kawahara M, et al.
Lentiviral gene therapy for artemis-deficient SCID. N Engl ] Med (2022) 387(25):2344—
55. doi: 10.1056/NEJMo0a2206575

frontiersin.org


https://doi.org/10.4049/jimmunol.168.12.6323
https://doi.org/10.1007/s00251-021-01219-4
https://doi.org/10.1007/s00251-021-01219-4
https://doi.org/10.3760/cma.j.cn511374-20210317-00236
https://doi.org/10.3389/fgene.2021.677748
https://doi.org/10.3389/fgene.2021.677748
https://doi.org/10.3389/fgene.2023.1115027
https://doi.org/10.1002/humu.23626
https://doi.org/10.1073/pnas.0136770100
https://doi.org/10.1002/humu.21168
https://doi.org/10.1007/s10875-022-01272-y
https://doi.org/10.3390/microorganisms7110546
https://doi.org/10.1016/j.jaci.2015.02.040
https://doi.org/10.1016/j.jaci.2015.03.005
https://doi.org/10.1093/hmg/ddv437
https://doi.org/10.1172/JCI16774
https://doi.org/10.1155/2018/2053716
https://doi.org/10.1016/j.clim.2020.108366
https://doi.org/10.1097/MPH.0000000000001815
https://doi.org/10.3389/fimmu.2018.01103
https://doi.org/10.1084/jem.20082396
https://doi.org/10.1084/jem.20082396
https://doi.org/10.1016/j.jmoldx.2015.05.004
https://doi.org/10.1007/s12026-010-8191-9
https://doi.org/10.1056/NEJMoa2206575
https://doi.org/10.3389/fonc.2023.1282678
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A novel splice donor mutation in DCLRE1C caused atypical severe combined immunodeficiency in a patient with colon lymphoma: case report and literature review
	Introduction
	Case presentation
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


