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Review article

Double-negative (CD4-CD8-) T (DNT) cells have been 
implicated in autoimmune lymphoproliferative syndrome 
(ALPS), where their expansion inside the circulating pool 
of T cells represents a diagnostic criterion. Recent experi-
mental evidence has supported the immunomodu latory 
roles of DNT cells, and studies in adult patients have sug-
gested that they may be altered in some immune-mediated 
conditions. This study aimed to retrieve avail able data on 
circulating DNT cells in pediatric rheumatic disorders that 
do not arise in the context of ALPS through a systematic 
literature review of 3 scientific databases (PubMed, Scopus, 
and Web of Science). The final output of the systematic 
literature search consisted of 8 manuscripts, including 
cross-sectional (n=6) and longitudinal (n=2) studies. Over-
all, the pooled population of patients includes children 
affected with pediatric sys temic lupus erythe matosus (n= 
104), juvenile idiopathic arthritis (n=92), Be hçet's disease 
(n=15), mixed connective tissue disease (n=8), juvenile 
dermatomyositis (n=6), and Kawasaki disease/multisystem 
inflammatory disease in children (n=1 and n=14, respec-
tively); moreover, one study also included 11 children with 
a high titer of antinuclear antibody but no diagnosis of 
rheumatic disease. All studies except one included a control 
group. The number of DNT cells were increased in most 
studies of children with rheumatic diseases. Even if such 
a limited number of studies and their great heterogeneity 
in several methodological aspects do not allow for reliable 
conclusions about the relevance of DNT cells in specific 
rheumatic conditions in children, this cell population 
deserves further investigation in this pathological setting 
through well-designed clinical studies.
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Key message
Double-negative T (DNT) cells appear to be increased in several 
pediatric rheumatic diseases and this finding may be correlated 
with disease activity to some extent. However, due to significant 
heterogeneity in several methodological aspects, further 
investigations in rheumatic children are needed to assess the 
potential relevance of DNT cells as biomarkers and clarify their 
immunopathological role.

Introduction

The term “double-negative T (DNT) cells” is currently 
used to indicate an unconventional T-cell subset, which 
is CD3+, but expresses neither CD4/CD8 molecules nor 
natural killer cells markers. DNT cells are found in both 
TCRαβ+ and TCRγδ+ T-cell populations; however, the latter 
are mostly CD4-CD8- cells,1) and the category “DNT cells” 
is often used to specifically refer to TCRαβ+CD4-CD8- T 
cells.1,2)

TCRαβ+ cells are the majority of the T-cell pool circulating 
in the blood: indeed, TCRγδ+ T cells vary between 3% and 
10% of peripheral blood T cells in adults and may signifi-
cantly increase in several lymphoproliferative conditions.3,4)

The most defined pathological setting with expansion 
of (TCRαβ+) DNT cells is represented by the autoimmune 
lym phoproliferative syndrome (ALPS), wherein these cells 
account for >1.5% of total lymphocytes and/or >2.5% of 
CD3+ lymphocytes (regardless of normal/elevated total 
lymphocyte count). These conditions constitute a criterion 
required to diagnose ALPS according to current guide-
lines.1,5)

Although the precise ontogeny of human DNT cells re-
mains unclear and poorly understood, they could be deri-
ved from both thymic and peripheral cells, suggesting the 
existence of several origins and differentiation pathways.6) 
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Moreover, DNT cells can display different phenotypical and 
functional aspects; according to some research findings 
from murine models, they may be divided into inflam-
matory and regulatory subpopulations, the former of which 
have pro-inflammatory and cytolytic properties (based on 
the production of interferon-γ, tumor necrosis factor-α, 
and granzyme), whereas the latter can exert suppressive 
activities through interleukin (IL)-10 and Fas-Fas ligand 
pathway, especially on activated CD4+ and CD8+ T cells.6-8)

Owing to these recent observations of their inflammatory 
and regulatory properties emerging from murine models, 
DNT cells have received attention in immunopathological 
contexts other than ALPS, including rheumatic disorders, 
cancer, and infectious diseases.6) Several human studies 
have suggested that DNT cells can be expanded in patients 
diagnosed with systemic lupus erythematosus (SLE) and 
could represent a major source of IL-17A,9,10) which has also 
been observed in other adult rheumatic disorders such as 
psoriasis and Sjögren’s syndrome.11-13)

Here, a systematic literature review analyzed the current 
scientific evidence regarding potential alterations in the 
DNT cell population in pediatric rheumatic disorders.

Methods

1. Protocol
This systematic review of the medical literature includ-

ed all original articles and case reports/series providing 
information on DNT cells in children with pediatric rheu-
matic diseases, except for those finally or concomitantly 
diagnosed with ALPS. The primary aim of this systematic 
review was to assess the number and, if available, additional 
phenotypic characteristics of DNT cells in these patients. 
This systematic literature search excluded reviews, con-
ference papers, letters, and book chapters.

2. Search strategy
To retrieve all original articles and case reports/series 

according to the research aims, the systematic literature 
search was conducted in the PubMed, Scopus, and Web of 
Science databases (Table 1). The search period was from the 
database inception through August 31th, 2023.

After the retrieval of 585 items from the aforementioned 
electronic databases, duplicated records (n=168), review 
articles (n=15), conference papers and proceedings (n=9), 
and letters and book chapters (n=4) were eliminated; only 
publications in English and describing human research 
were considered. Therefore, after this initial screening, 389 
titles were screened for eligibility based on the information 
available in the abstract; of them, 79 papers (case-control, 

Graphical abstract. DNT cells are well known to be increased in ALPS, but 
scarce information is available for pediatric rheumatic diseases in which DNT 
cell numbers are variably but inconsistently increased, according to the present 
systematic review (“n” indicates the number of pooled patients from the studies 
selected in this systematic review; the number between square brackets indicates 
the number of studies including specific rheumatic children; the symbols below 
each disease indicatively represent the findings related to circulating DNT cells in 
the corresponding studies). ALPS, autoimmune lymphoproliferative syndrome; 
DNT, double-negative T cells; JIA, juvenile idiopathic arthritis; MIS-C, multisystem 
inflammatory syndrome in children; pBD, pediatric Behçet's disease; pSLE, pediatric 
systemic lupus erythematosus.
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cross-sectional, retrospective studies, case reports, and 
case series) of children affected with rheumatic diseases 
and wherein DNT cells have been investigated, were sub-
jected to full-text review. This systematic literature search 
was performed according to PRISMA (Preferred Reporting 
Items for Systematic re views and Meta-Analyses) guidelines 
(Fig. 1).

3. Data extraction
After a critical assessment of all retrieved articles, the 

data were extracted by the principal investigator and con-

firmed by a second investigator following the main inclu-
sion criteria: any original article providing individual or 
aggregated data on DNT cell number (and, if available, 
immunophenotypic characteristics) in children with rheu-
matic disorders without a concomitant ALPS diagnosis. 
The following items were extracted from each case report/
series: first author's last name, publication year, country, 
study design, study population by rheumatic disease, study 
participants’ age and sex, study groups, control group (if 
any), controls’ age and sex, DNT cell immunophenotypic 
markers, DNT cell numbers, flow cytometry equipment, 
study participants’ therapy, and DNT cell-related findings.

Results

The final output of this systematic literature search con-
sisted of 8 articles, including both cross-sectional (n=6) 
and longitudinal (n=2) studies. All but one study had pro-
spectively collected their data. The main characteristics and 
information emerging from these studies are sum marized 
in Table 2.14-21)

By definition, all of these studies included pediatric pa-
tients. However, the study by Liu et al.15) also included adult 
patients, who apparently represented the majority of the 
study population. Indeed, pediatric data were not presented 
separately. Conversely, all other studies included children 
only; thus, their aggregated data specifically re ferred to the 
pediatric population, although in the study by Tarbox et 
al.,17) the upper age limit for patient recruitment was set at 
21 years.

Based on the aims of this systematic review, children 
with rheumatic disorders represented the general study 
population. Different studies enrolled participants affected 

Table 1. Search strategy applied to systematic literature review
No. Database Search string Applied filters Result

1. Scopus ( TITLE-ABS-KEY ( double AND negative AND t AND cell* ) OR TITLE-ABS-KEY ( dnt* ) OR TITLE-
ABS-KEY ( double-negative AND t AND lymphocyte* ) ) AND ( TITLE-ABS-KEY ( pediatric ) 
OR TITLE-ABS-KEY ( juvenile ) OR TITLE-ABS-KEY ( child* ) ) AND ( TITLE-ABS-KEY ( autoimmun* 
) OR TITLE-ABS-KEY ( immun* ) OR TITLE-ABS-KEY ( rheumat* ) OR TITLE-ABS-KEY ( arthriti* ) 
OR TITLE-ABS-KEY ( jia ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) AND ( LIMIT-TO ( DOCTYPE 
, "ar" ) )

(1) English language
(2) Original articles

350 Documents 
found

2. WoS Query #1
((TS=(Double negative T cell*)) OR TS=(DNT*)) OR TS=(double-negative T lymphocyte*)
Query #2
((TS=(Child*)) OR TS=(juvenile)) OR TS=(pediatric)
Query #3
((((TS=(autoimmun*)) OR TS=(immun*)) OR TS=(JIA*)) OR TS=(rheumat*)) OR TS=(arthriti* )

(1) English language
(2) Original articles

179 Documents

3. PubMed ((((Double negative T cell*[Title/Abstract]) OR (DNT*[Title/Abstract])) OR (double-negative T 
lymphocyte*[Title/Abstract])) AND (((child*[Title/Abstract]) OR (juvenile[Title/Abstract])) OR 
(pediatric[Title/Abstract]))) AND (((((autoimmun*[Title/Abstract]) OR (immun*[Title/
Abstract])) OR ( JIA*[Title/Abstract])) OR (rheumat*[Title/Abstract])) OR (arthriti*[Title/
Abstract])) AND ((humans[Filter]) AND (english[Filter]))

(1) Humans
(2) English language
*The filter of article type 
was not used because 
there is mismatching, and it 
is better to review abstracts 
first and then filter.

56 Documents

Identification of studies via databases and registers

Id
en

ti
fi
ca

ti
o
n

Records removed before
Screening

168 (duplicated records)
15 (reviews)
9 (conference papers and
   proceedings)
4 (letters and book chapter)

Records identified from 
electronic databased:

350 Scopus
179 Web of Science
56 PubMed

Sc
re

en
in

g

389 Records screened 
base on the abstract

310 Records excluded based 
upon the abstract

79 Records assessed for 
eligibility

72 Records excluded (absence 
of pediatric rheumatic patients 
and/or absence of sufficient 
data on DNT cells)

In
cl

ud
ed

8 Articles selected for 
the systematic review

1 Articles selected via hand 
search of reference list papers

Fig. 1. PRISMA (Preferred Reporting Items for Systematic reviews 
and Meta-Analyses) 2020 flow diagram. DNT, double-negative T 
cells.
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Table 2. Schematic overview of the systematic literature review output

Study Country Study 
design

Study 
population

Demographics 
(sex; age) Subgroups Controls

(No.; sex; age)

DNT 
Immuno-

phenotype
DNT (% CD3+) DNT (% 

lymph) Equipment Therapy Main findings Additional information

Massa 
  et al.,14) 
  1993

Italy Prospective 
cross-
sectional

JIA (n=42) M:F=15:27
Median (range), 

8.7
    (3.1–15.8 yr)

sJIA=14
pJIA=8
oJIA=20

N=10
M:F=4:6
Median (range), 

8.0 (3.0–13 yr)

CD3+
CD4-
CD8-

Median (range)
JIA: 11.9 (1.8–29.0)
sJIA: 13.1 (3.1–29.0)
pJIA: 9.8 (2.3–26.5)
oJIA: 8.1 (1.8–18.7)
C: 9.7 (8.4–12.4)

N/A FACScan 
(Becton-
Dickinson)

oJIA:
   MTX+NSAIDs (n=3)
   NSAIDs alone (n=17)
pJIA:
   MTX+NSAIDs (n=2)
   NSAIDs alone (n=6)
sJIA:
   NSAIDs±
   MTX±PDN (N/A)

No significant cor rela tion of 
DNT cell le vels with ESR 
and num ber of ac tive 
joints.

According to the treatment, 
DNT cell num ber was sig-
nificant ly lower in patients 
re ceiving MTX, especi ally 
in those with sJIA.

In a subgroup of patients, DNT cells 
were longitu dinally assessed at differ-
ent time points of the MTX treatment. 
DNT cells were significantly reduc ed 
in all patients after 1 month of MTX 
treatment (P=0.02). Con versely, the 
MTX with drawal was asso ciated to a 
signifi cant in crease of DNT cell num-
ber (P=0.03).

Liu 
  et al.,15)

  1998

Taiwan Prospective 
cross-
sectional

SLE (n=47) M:F=4:43
Mean (range),
    30
    (12.0–58.0 yr)a)

Active=26b)

Inactive=21
N=44
M:F=3:41
“Similar age” as 

SLE patients

CD3+
CD4-
CD8-
TCRαβ+

Donec) N/A FACSsort  
(Becton-
Dickinson)

Majority of patients 
were taking variable 
doses of steroids.

Cytotoxic drugs (n= 21)

Although an increas ed levels 
of DNT cells was found in 
SLE pa ti ents com pared to 
controls, there was nei-
ther associa  tion with lu-
pus nephritis nor correla-
tion with dis ease activity 
and anti-DNA titers.

Patients with SLE ap peared to have a 
higher level of DNT cells either within 
the lym phocyte popula tion (0.66% 
±0.45% vs. 0.51%±0.33%) or within all 
TCRαβ+T cell pop ula tion (1.14%±0.88 
% vs. 0.88%±0.54%) than nor mal 
con trols.

Six patients underwent a longi tudinal 
follow-up and no differ ence in DNT 
cell pop ulation was shown between 
active and inac tive nephritis at the 
indivi dual level.

Ling 
  et al.,16)

  2007

Israel Prospective 
cross-
sectional

BD (n=10) M:F=4:6
Median, 12.2 yr

Active=3
Inactive=7

N=3
Age and sex 

matched

CD3+
CD4-
CD8-

Mean±SD
BD: 6.2±3.4
C: 3.2±1.1 (P<0.05)
Mean±SD
Active BD: 10.0±4.1
Inactive BD: 3.2±1.1 

(P<0.05)
Mean±SD
Inactive BD: 4.7±1.2
C: 3.2±1.1 (P<0.05)

N/A EPICS XL-MCL 
(Beckman 
Coulter)

N/A DNT cells resulted to be 
higher in BD child ren, 
especially in those with 
active dis eases.

In some study participants (n=5, 1 
healthy control and 4 in remis sion) the 
authors per formed stain ing of CD3+ 
DNT cells for αβTCR and γδTCR. 
αβTCR+ posi tive cells re presented 
26.3 % of CD3+ DNT cells, while 
γδTCR+ positive cells were re maining 
73.7%.

Tarbox 
  et al.,17) 
  2014

USA Prospective 
cross-
sectional

Several 
rheumatic 
diseases 
(n= 82)

M:F=10:44
Mean±SD 

(range), 
    13±5 yr 
    (2–25 yr)

SLE (n=23)
MCTD (n=5)
ANA+JIA 

(n=15)
ANA+with-

out any 
disease 
(n=11)

N=28
M:F=7:21
Mean±SD (range),
17±5 yr (7–25 yr)

CD3+
CD56-
CD4-
CD8-
TCRαβ+
TCRγδ-

Mean±SD (range)
SLE: 2.2±0.9 (0.4–4.5)
ANA+JIA: 2.0±0.9 

(0.8–3.7)
ANA+nonrheuma tic: 

2.0±1.3 (0.8–4.9)
MCTD: N/A
C: 1.7±0.6 (0.6–3.4)

N/A N/A No cytotoxic drugs (n= 
19)

Cytotoxic drugs (n=17)
Steroids only (n=3)
Steroids+c y totoxic 

drug (n=15)

A higher percentage of pe-
diatric patients with auto-
immune disease had 
elevated DNT cells (>2.5 
%) compared to controls 
(P=0.008).

34.8% SLE, 20% JIA, 27.3% 
ANA+, 40% MCTD pati-
ents had increased DNT 
cells.

Percentages of DNT cells 
were not differ ent across 
different dis eases.

DNT cells from cases with elevat ed 
DNT cell values showed increased 
CD45RA expression compared to 
healthy control (P=0.008), but not 
patients with normal DNT popula-
tion.

CD45RA expression in DNT cells from 
cases with in crease of this cell pop-
ulation was similar to that seen in 
CD8+ T cells, and higher than CD4+T 
cells (P=0.008). Where as, DNT 
CD45RO ex pres sion from cases with 
in creased DNT cells was also similar 
to CD8 T cells, but lower than CD4 T 
cells (P=0.008).

(Continued)
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Table 2. Schematic overview of the systematic literature review output (Contined)

Study Country Study 
design

Study 
population

Demographics 
(sex; age) Subgroups Controls

(No.; sex; age)
DNT 

Immuno-
phenotype

DNT (% CD3+) DNT (% 
lymph) Equipment Therapy Main findings Additional information

El-Sayed 
  et al.,18) 

  2017

Egypt Prospective 
longitudinal

Active
SLE (n=21)

M:F=0:21
Mean±SD 

(range), 
   13±2 yr
   (10–17 yr)

New diag-
no sis 
(n=12)

Previous 
dia gnosis 
(n=9)

N=20
M:F=0:20
Mean±SD (range), 

14±2 yr (11–17 yr)

CD3+
CD4-
CD8-
TCRαβ+

Median (IQR)
During disease 

activity: 3.7 
(3.0–5.7)

During disease 
remission: 1.4 
(1.2–1.8)

C: 1.0 (0.5–1.4)
Median (IQR)
Active new SLE: 

5.0 (IQR, 3.7–
5.9)

Active old SLE 
2.8 (IQR, 1.7–
3.4)

N/A EPICS
XLTM Navios 

(Beckman 
Coulter)

All patients received 
corticosteroid treat-
ment during the pe-
riod of follow-up.

CPM (n=7)
MMF (n=7)
Rituximab (n=3)

Elevated αβ+ DNT cells (>2%) 
were significant ly more frequ-
ent among active patients 
(85%) than among those in 
remission (15%). No healthy 
control had increased DNT 
cells.

DNT cell percentages show ed a 
significant and posi  tive 
correla tion with the SLEDAI-
2K score (r= 0.819, P< 0.001).

Newly diagnosed SLE pa tients 
had signifi cantly higher DNT 
cells than those with long-
standing dis ease under treat-
ment (P= 0.036).

αβ+DNT cell showed positive, albeit 
insignificant correlations with ESR 
(r=0.343, P=0.128) and anti-dsDNA 
(r=0.346, P=0.125) and negative 
ones with total leukocytic count 
(r=0.394, P=0.077) and hemo globin 
(r= 0.356, P=0.113).

αβ+DNT cells did not show any signifi-
cant correlation with serum C3 
levels during activity.

αβ+DNT cell percentages were com-
parable among patients with and 
without lupus nephri tis, but they 
were significantly higher in prolifera-
 tive nephritis compared to nonproli-
ferative nephritis patients (P=0.045).

Alexander
  et al.,19) 

  2020

USA Prospective 
cross-
sectional

SLE (n=50) M:F=N/A
Range, 7–15 yr

- Yes
N=N/A
M:F=N/A
Age: N/A

CD3+
CD4-
CD8-

Mean±SD
SLE: 10.0±6.1 

(N/A)
C: 6.5±1.0 (N/A)

N/A LSRII Con-
tessa (BD 
Biosci-
ences)

N/A 53% patients had elevated DNT 
cells (>8% of parent popula-
tion).

The DNT cell population cor-
related with kidney function, 
in terms of BUN  levels.

DNT cells were increased in kidneys of 
patients with SLE. A significantly 
higher number of DNT cells was 
present in SLE patients with inflam-
mation, whereas SLE patients with 
no inflammation and non-SLE pa-
tients with inflammation had higher 
numbers of CD4+ cells and minimal 
DNT cells.

Oliveira
  Mendonça
  et al.,20) 

  2022

Italy Retrospective 
cross-
sectional

Several 
  rheu matic 
  dis eases 
  (n= 61)d)

Non-JIA
  M:F=8:18
  Median, 9.3 yr
JIA
  M:F=8:27
  Median, 4.0 yr

SLE (n=10)
MCTD (n=3)
JDM (n=6)
BD (n=5)
KD (n=1)
JIA (n=35; 

oJIA=8, 
pJIA=16, 
sJIA=11)

- d) CD3+
CD16/56-
CD4-
CD8-
TCRαβ+
TCRγδ-

N/A Median 
(IQR)

Non-JIA: 
1.5 

   (0.6–2.8)
JIA: 1.3 

(0.1–3.4)

FACSCanto II 
flow 
(Becton-
Dickinson)

NSAIDs
steroids
Cytotoxic drugs
Colchicine
Biologics (in variable 

percentages in the 
different groups)

42% of non-JIA rheumatic pa-
tients showed increased DNT 
cells (>1.5%)

Some JIA patients also showed 
increased DNT values in these 
terms, but the specific per-
centage is not displayed.

Kopitar 
  et al.,21) 

  2023

Slovenia Prospective 
longitudinal

MIS-C (n=14) M:F=8:6
Median (range), 

10.9
     (4.1–15.7 yr)

Acute MIS-C
Postacute 

MIS-C

N=6
M:F=1:5
Median (range), 

10.8
      (7.5–13.7 yr)

CD3+
CD4-
CD8-
TCRαβ+
TCRγδ-
&
CD3+
CD4-
CD8-
TCRαβ-
TCRγδ+

Done£ N/A FACSCanto II 
flow 
(Becton-
Dickinson)

N/A The percentage of αβ+DNT 
cells was increased in the 
acute and convalescent MIS- 
C patients compared with 
healthy controls, where as the 
percentage of γδ+DNT cells 
increased later in the con-
valescent MIS-C group.

The authors found no differ-
ence in the proportion of αβ+ 
or γδ+ DNT cells among the 
acute, convale scent MIS -C 
and control groups.

ANA, antinuclear antibody; BD, Behçet's disease; BUN, blood urea nitrogen; CPM, cyclophosphamide; DNT, double-negative T cells; ESR, erythrocyte sedimentation rate; IQR, interquartile range; JDM, juvenile dermatomyositis; 
JIA, juvenile idiopathic arthritis; KD, Kawasaki disease; MCTD, mixed connective tissue disease; MIS-C, multisystem inflammatory syndrome in children; MMF, mycophenolate mofetil; MTX, methotrexate; N/A, information not 
available; NSAID, nonsteroidal anti-inflammatory drugs; oJIA, pauciarticular juvenile idiopathic arthritis; PDN, prednisone; pJIA, polyarticular juvenile idiopathic arthritis; SD, standard deviation; sJIA, systemic juvenile idiopathic 
arthritis; SLE, systemic lupus erythematosus.
a)Pediatric patients were not analyzed separately but were aggregated with adult patients. b)All active patients had severe nephritis. c)DNT cells were measured, but the DNT cell results are presented only in figure and numerical 
values are not shown in any table. d)Overall, this study included 264 patients, of whom 61 were affected with JIA (n=35) or non-JIA rheumatic disorder (n=26), as described in the table. The remaining 203 patients were affected 
by different (defined and undefined) autoinflammatory syndromes or probable/definitive autoimmune lymphoproliferative syndrome.
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by several rheumatic diseases, including pediatric SLE (pSLE) 
(n=5), juvenile idiopathic arthritis (JIA; n=3), Behçet's disease 
(BD; n=2), mixed connective tissue disease (MCTD; n=2), 
juvenile dermatomyositis (JDM; n=1), Kawasaki disease (KD; 
n=1), and multisystem inflamma tory syndrome in children 
(MIS-C; n=1). In fact, 7 studies focused on specific diseases, 
namely pSLE (n=3), JIA (n=1), BD (n=1), and MIS-C (n=1), 
whereas 2 studies investigated 2 or more rheumatic disorders.

Overall, the pooled numbers of children affected with 
different rheumatic diseases were as follows: pSLE (n=104), 
JIA (n=92), BD (n=15), MCTD (n=8; however, Tarbox et 
al.17) did not provide DNT cell number for this rheumatic 
subgroup due to their very small number), JDM (n=6), 
and KD/MIS-C (n=1 and n=14, respectively); moreover, 
as an additional study group (not control), Tarbox et al.17) 
included 11 children with a high antinuclear antibody 
titer (>1:1280) but no diagnosis of rheumatic disease. As 
already mentioned, the study by Liu et al.15) included both 
adult and pediatric patients with SLE, but there was no 
way to distinguish between them based on the information 
available from the paper; therefore, these 47 patients with 
SLE were not included in the above list and count.

All studies except one also included a control group that 
was variably defined according to the specific study but 
basically characterized by the absence of a previous or 
concomitant diagnosis of any autoimmune disorder. This 
control group was used to compare the DNT cell count for 
patients with all rheumatic disorders.

In all of these studies, DNT cells were expressed as 
percentages and never in absolute terms. Most studies 
calculated DNT cells as the number of T (CD3+) cells (n=5), 
whereas only one provided this percentage as the number of 
total lymphocytes. Unfortunately, 2 studies did not provide 
the numerical values of DNT cells in a table or text; one of 
them was the aforementioned study by Liu et al.,15) which 
did not analyze the pediatric data separately.

Almost all patients included in these studies received 
pharmacological therapy at the time of blood sampling. 
Aggregated data on ongoing therapy were described in 5 
articles, whereas 3 did not provide this information.

Despite the heterogeneity of the study design, populations, 
aims, and equipment in these clinical studies, most showed 
an increased percentage of DNT cells in rheumatic children 
(n=3), or an increased (n=2) or consistent (n=2) number of 
patients with DNT cell numbers above the reference range. 
The study by Massa et al.14) did not highlight any significant 
differences compared with controls.

In addition to the general measurement of the DNT cell 
number, 6 studies attempted to assess the association and/
or correlation between the DNT cell number and clinical 
and/or laboratory parameters, 5 of which found one or 
more significant findings.

Finally, only Tarbox et al.17) assessed additional surface 
markers expressed by DNT cells.

Discussion

In this systematic literature search, we summarized the 
current data on DNT cell populations in pediatric patients 
with rheumatic disorders.

The first general observation emerging from the pre-
sent literature analysis is that very few studies (n=8) pro-
vided numerical information on circulating DNT cells in 
this pediatric pathological setting. Of course, this cell pop-
ulation has been extensively studied in children with ALPS, 
where it has very important diagnostic relevance as ex-
plained above.1,5)

In addition to being an important diagnostic marker for 
ALPS, DNT cells may directly promote the onset of auto-
immune and inflammatory phenomena in this disease 
setting.22) Indeed, in ALPS (and other diseases) murine 
models, DNT cells produced remarkable amounts of se veral 
inflammatory and immuno-modulatory cytokines, such as 
IL-2, IL-4, IL-10, tumor necrosis factor-α, and IL-17A.22-24) 
Moreover, in ALPS patients (and also murine models), 
expanded DNT cells showed a number of immuno-pheno-
typical differences compared to “physiological” DNT cells 
that can be isolated from healthy individuals.22,25) Inter-
estingly, some studies indicated that DNT cells promote 
autoantibody production.9,10) Finally, some studies, includ-
ing those of adults affected with SLE, psoriasis, and Sjögren 
syndrome, have shown that DNT cells can infiltrate their 
main target organs (kidneys, skin, and salivary glands), 
suggesting a direct and pathogenic role of these cells in 
tissue damage.10,11,13,22)

However, despite some evidence implicating a role of DNT 
cells in different autoimmune phenomena, according to re-
search on experimental models, their homeostasis has been 
poorly investigated in children with rheumatic dis or ders. 
Moreover, the few studies investigating this cell popula tion in 
children are heterogeneous in several aspects. First, among 
the 6 studies focusing on individual pediatric rheumatic 
diseases, 3 investigated SLE15,18,19) and the remain ing 3 re-
ferred to one specific disease each, namely JIA, BD, and 
MIS-C14,16,21); notably, one of these 3 SLE studies merged 
children and adult patients, making it impossible to extract 
data specific to pSLE.15) In our literature review, there were 
2 additional studies including different rheumatic disorders 
(JIA, SLE, JDM, MCTD, and KD), whose small numbers per 
specific disease did not allow any reliable comparison or 
statistical analysis.14-21)

In addition to the heterogeneous study populations, the 
immunophenotyping strategies were not identical across 
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counts, which also showed some correlation with kidney 
function.

Similarly, Oliveira Mendonça et al.20) reported that 42% of 
patients with non-JIA rheumatic diseases showed increased 
DNT cell counts, as did some JIA patients (without spe-
cifying the exact percentage); however, no statistical com-
parison was made with any control group since this study 
mainly included patients with autoinflammatory disorders, 
which have a different immunopathogenic profile.26,27) 

The only available study focused on JIA was authored by 
Massa et al.,14) who reported no specific difference in DNT 
cells between these patients and controls; moreover, they 
found no significant correlation between DNT cell number 
and ESR or the number of active joints. Finally, the most 
recent study of our selection investigated patients with 
MIS-C: Kopitar et al.21) observed a significant percentage 
increase of TCRαβ+ DNT cells in patients with MIS-C 
(acute and postacute) compared to controls; moreover, they 
also conducted this analysis in TCRγδ+ DNT cells, among 
which some differences were also noticed, but mainly in the 
postacute phase.21)

Khojah et al.28) recently published an abstract in which 
DNT cells were specifically assessed in patients with JDM. 
Of course, this scientific contribution was not included in 
our systematic review because this was not a full article and 
not all data were available. However, it is worth mentioning 
and reporting its main preliminary observations, namely 
that more than 50% of JDM patients showed elevated DNT 
cell counts despite no correlation with disease activity 
indexes.

In summary, most studies found some DNT cell-related 
alterations in different pediatric rheumatic patients and/
or according to some clinical features such as specific com-
plications and/or disease activity; however, several aspects 
greatly limited the possibility of making any clear con-
clusions about this matter. In addition to the paucity of 
studies providing information on DNT cells in the pediatric 
rheumatic setting, the significant heterogeneity (espe-
cially in methodological aspects) across available studies, 
is another important limitation. Indeed, if the available 
studies are considered overall, different target popula tions 
(in terms of specific rheumatic diseases) were includ ed, 
variable immunophenotyping strategies and flow cyto-
metry methods were used, and the study participants might 
have been enrolled at various disease stages while receiving 
different types of treatment.

Although these limitations do not allow any kind of con-
clusion about the relevance of DNT cells in specific rheumatic 
conditions in children or, in general, in the rheumatic 
pathological setting, these preliminary results suggest the 
need for further attention and investigations on this cell 
population in children affected with rheumatic diseases, as 

the selected studies, and used different FACS equipment 
(also due to the large time window – 1993/2023 – during 
which these studies were carried out and published). Even 
though all the studies expressed DNT cells as percentage of 
CD3+ cells (except one by Oliveira Mendonça et al.,20) who 
calculated these cells on the total lymphocytes pop ulation), 
the immunophenotypic definition of DNT cell is not exactly 
the same in all of them: indeed, 3 studies identified this 
CD3+ cell population as CD4-CD8- only, 2 studies specified 
the TCRαβ positivity on these CD4-CD8- population, and 
the remaining 3 studies also assessed TCRγδ.14-21) Among 
the latter ones, Tarbox et al.17) and Oliveira Mendonça et 
al.20) specifically counted CD4-CD8-TCRαβ TCRγδ- T cells 
as DNT population, whereas Kopitar et al.21) measured both 
TCRαβ+ and TCRγδ+ CD4-CD8- T cells. Actually, Ling et 
al.16) also assessed the expression of TCRαβ and TCRγδ in 
part of their patients (n=5), although their main results are 
based only on double negativity of CD8 and CD4 markers, 
as mentioned above: indeed, through this additional and 
partial analysis, they only wanted to measure the pro-
portion of CD8-CD4- T cells expressing TCRαβ and TCRγδ 
(respectively: 26.3% and 73.7%).16) Notably, no studies have 
provided information on the absolute count of DNT cells. 
Finally, all the studies included patients who received 
different therapies.

Therefore, such a great study heterogeneity in these 
methodological aspects, in addition to the different study 
populations, makes it difficult to compare DNT cell findings 
across these 8 clinical studies and, then, draw any reliable 
conclusion, of course. However, several studies have high-
lighted an increased number of DNT cells in rheumatic 
diseases or according to some clinical aspects. Liu et al.15) 
and Ling et al.16) observed a higher number of DNT cells in 
children with SLE and BD, whereas the former study found 
no correlation with disease activity and/or the presence of 
nephritis, and the latter study observed a greater increase 
in DNT, especially in children with active BD.15,16) Other 
studies have reported a greater number of patients with 
DNT counts above the cutoff compared to controls; Tarbox 
et al.17) reported such a statistically significant difference 
by considering all rheumatic study populations (including 
children with SLE, MCTD, and JIA). El-Sayed et al.18) 
found that patients with active pSLE more frequently had 
increased DNT cell numbers than children with inactive 
disease, whereas no control had a DNT count above the 
cutoff value; moreover, they also reported a significant 
correlation between DNT cell number and disease activity 
according to Systemic Lupus Erythematosus Disease Acti-
vity Index 2000 score. Although the study by Alexander 
et al.19) was mainly based on murine experiments, they 
also included some analysis of human samples; in 53% of 
their patients with pSLE, they observed elevated DNT cell 
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well as growing evidence on the immunomodulatory role of 
DNT cells in other clinical situations, such as malignancies, 
infections, and transplants.6,29-31)

Further pediatric studies focusing on DNT cells in spe-
cific rheumatic diseases are needed, and should be standar-
dized in terms of methodological and analytical approaches 
considering all of the aforementioned limitations highlight-
ed in the available studies. Moreover, future re search should 
include more patients at the initial stage of the rheumatic 
disease to obtain information on the DNT cells before any 
therapy may alter their homeostasis. It would be important 
to perform these studies longitudinally and prospectively 
to obtain additional information that may be potentially 
correlated to the clinical response and, in general, the 
clinical course and prognosis. Finally, the present literature 
review highlighted the absence of information regarding 
specific immunophenotypic characteristics in this cell 
population. Only Tarbox et al.17) provided information on 
additional markers such as CD45RA and CD45RO. There-
fore, these and other immunophenotypic aspects should be 
investigated in the future to better define (phenotypic and 
functional) DNT cell subsets in rheumatic children.

In conclusion, DNT cells were variably but inconsistently 
increased in most studies investigating children with 
rheumatic diseases as schematically summarized in the 
Graphical abstract. Therefore, this cell population deserves 
more attention and investigations for specific pediatric 
rheumatic disor ders. However, the limited number of 
studies and their hetero geneity in several methodological 
aspects pre vented us from drawing any clear conclusions or 
specific hypotheses regarding their relevance as diagnostic 
markers and/or immunological roles. Further research 
is needed to assess the relevance of DNT cells in pediatric 
rheumatic disorders and better define specific DNT 
cell subsets that may be functionally different and thus 
potentially serve as biological markers. Prospective and 
longitudinal studies are needed, which should be based on 
a standardized methodological strategy to count DNT cells 
and include pa tients at diagnosis who have not yet received 
any specific therapy.

Footnotes

Conflicts of interest: No potential conflict of interest rele-
vant to this article was reported.

Funding: This research work was supported by the Nazar-
bayev University Cooperative Research Grant 2023-2025 
(No. 20122022CRP1604); and by the Science Committee of 
the Ministry of Higher Education and Science of the Re-
public of Kazakhstan (Grant No. AP19677323).

Author contribution: Conceptualization: DP; Data curation: 
DP, TM, GZ, KD; Formal analysis: DP, TM, GZ, KD, LA; 
Funding acquisition: DP; Methodology: DP, TM; Project 
administration: TM; Visualization: DP, TM, GZ; Writing - 
original draft: DP; Writing - review & editing:DP, LA. ZM

ORCID:
Dimitri Poddighe iD https://orcid.org/0000-0001-6431-9334
Tilektes Maulenkul iD https://orcid.org/0000-0002-4992-7478
Kuanysh Dossybayeva iD https://orcid.org/0000-0002-1834-1909
Gulsamal Zhubanova iD https://orcid.org/0000-0002-5476-1150
Zaure Mukusheva iD https://orcid.org/https://orcid.org/0000- 
0002-9728-6206
Lyudmila Akhmaldtinova iD  https://orcid.org/https://orcid.
org/0000-0001-5602-6136

 
References

 1. Lambert MP. Presentation and diagnosis of autoimmune lym-
phoproliferative syndrome (ALPS). Expert Rev Clin Immunol 
2021;17:1163-73.

 2. Molnár E, Radwan N, Kovács G, Andrikovics H, Henriquez 
F, Zarafov A, et al. Key diagnostic markers for autoimmune 
lymphoproliferative syndrome with molecular genetic diagno-
sis. Blood 2020;136:1933-45.

 3. Fichtner AS, Ravens S, Prinz I. Human γδ TCR repertoires in 
health and disease. Cells 2020;9:800.

 4. Liapis K, Tsagarakis NJ, Panitsas F, Taparkou A, Liapis I, 
Roubakis C, et al. Causes of double-negative T-cell lympho-
cytosis in children and adults. J Clin Pathol 2020;73:431-8.

 5. Oliveira JB, Bleesing JJ, Dianzani U, Fleisher TA, Jaffe ES, 
Lenardo MJ, et al. Revised diagnostic criteria and classification 
for the autoimmune lymphoproliferative syndrome (ALPS): 
report from the 2009 NIH International Workshop. Blood 
2010;116:e35-40.

 6. Velikkakam T, Gollob KJ, Dutra WO. Double negative T 
cells: Setting the stage for disease control or progression. Im-
munology 2022;165:371-85.

 7. Zhang D, Yang W, Degauque N, Tian Y, Mikita A, Zheng XX. 
New differentiation pathway for double-negative regulatory T 
cells that regulates the magnitude of immune responses. Blood 
2007;109:4071-9.

 8. Lee BO, Jones JE, Peters CJ, Whitacre D, Frelin L, Hughes J, 
et al. Identification of a unique double-negative regulatory 
T-cell population: identification of unique Treg population. 
Immunology 2011;134:434-47.

 9. Li H, Adamopoulos IE, Moulton VR, Stillman IE, Herbert 
Z, Moon JJ, et al. Systemic lupus erythematosus favors the 
generation of IL-17 producing double negative T cells. Nat 
Commun 2020;11:2859.

 10. Crispín JC, Oukka M, Bayliss G, Cohen RA, Van Beek CA, 
Stillman IE, et al. Expanded double negative T cells in patients 
with systemic lupus erythematosus produce IL-17 and infiltrate 
the kidneys. J Immunol 2008;181:8761-6.

11. Alunno A, Bistoni O, Bartoloni E, Caterbi S, Bigerna B, Tabarrini 
A, et al. IL-17-producing CD4-CD8- T cells are expanded in the 
peripheral blood, infiltrate salivary glands and are resistant to 
corticosteroids in patients with primary Sjogren's syndrome. 



www.e-cep.org https://doi.org/10.3345/cep.2023.01760 640

Ann Rheum Dis 2013;72:286-92.
12. Ueyama A, Imura C, Fusamae Y, Tsujii K, Furue Y, Aoki M, et al. 

Potential role of IL-17-producing CD4/CD8 double negative αβ 
T cells in psoriatic skin inflammation in a TPA-induced STAT3C 
transgenic mouse model. J Dermatol Sci 2017;85:27-35.

13. Brandt D, Sergon M, Abraham S, Mäbert K, Hedrich CM. 
TCR+CD3+CD4-CD8- effector T cells in psoriasis. Clin Im-
munol 2017;181:51-9.

14. Massa M, De Benedetti F, Robbioni P, Ramenghi B, Albani 
S, Martini A. Association of methotrexate treatment with a 
decrease of double negative (CD4-CD8-) and γ/δ T cell levels 
in patients with juvenile rheumatoid arthritis. J Rheumatol 
1993;20:1944-8.

15. Liu MF, Li JS, Weng TH, Lei HY. Double-negative (CD4-CD8-) 
TCRαβ+ cells in patients with systemic lupus erythematosus. 
Scand J Rheumatol 1998;27:130-4.

16. Ling E, Shubinsky G, Press J. Increased proportion of 
CD3+CD4-CD8- double-negative T cells in peripheral blood of 
children with Behcet’s disease. Autoimmun Rev 2007;6:237-40.

17. Tarbox JA, Keppel MP, Topcagic N, Mackin C, Ben Abdallah M, 
Baszis KW, et al. Elevated double negative T cells in pediatric 
autoimmunity. J Clin Immunol 2014;34:594-9.

18. El-Sayed ZA, El-Owaidy RH, Mohamed NL, Shehata BA. 
Alpha beta double negative T cells in children with systemic 
lupus erythematosus: the relation to disease activity and 
characteristics. Mod Rheumatol 2018;28:654-60.

19. Alexander JJ, Jacob A, Chang A, Quigg RJ, Jarvis JN. Double 
negative T cells, a potential biomarker for systemic lupus 
erythematosus. Precis Clin Med 2020;3:34-43.

20. Oliveira Mendonça L, Matucci-Cerinic C, Terranova P, Casa-
bona F, Bovis,F, Caorsi R, et al. The challenge of early diag nosis 
of autoimmune lymphoproliferative syndrome in children with 
suspected autoinflammatory/autoimmune disorders. Rheuma-
tology (Oxford) 2022;61:696-704.

21. Kopitar AN, Repas J, Janži  L, Bizjak M, Vesel TT, Emerši  
N, et al. Alterations in immunophenotype and metabolic pro-
file of mononuclear cells during follow up in children with 
multisystem inflammatory syndrome (MIS-C). Front Immunol 
2023;14:1157702.

22. Brandt D, Hedrich CM. TCRαβ+CD3+CD4-CD8- (double 

negative) T cells in autoimmunity. Autoimmun Rev 2018;17:422-
30.

23. Li H, Tsokos GC. Double-negative T cells in autoimmune dis-
eases. Curr Opin Rheumatol 2021;33:163-72.

24.  Rodríguez-Rodríguez N, Apostolidis SA, Fitzgerald L, Meehan 
BS, Corbett AJ, Martín-Villa JM, et al. Pro-inflammatory self-
reactive T cells are found within murine TCR-αβ(+) CD4(-) 
CD8(-) PD-1(+) cells. Eur J Immunol 2016;46:1383-91.

25. Bleesing JJ, Brown MR, Novicio C, Guarraia D, Dale JK, 
Straus SE, et al. A composite picture of TcR alpha/beta(+) 
CD4(-)CD8(-) T Cells (alpha/beta-DNTCs) in humans with 
autoimmune lymphoproliferative syndrome. Clin Immunol 
2002;104:21-30.

26. Jeong DC. Systemic autoinflammatory disorders. Clin Exp Pe-
diatr 2023;66:432-8.

27. Kim YD. Systemic autoinflammatory disorders: autoinflam-
matory and autoimmune disorders. Clin Exp Pediatr 2023;66: 
439-40.

28. Khojah A, Morgan G, Marin W, Ahsan N, Pachman L. Double 
negative T Cells in juvenile dermatomyositis [abstract #153]. 
Arthritis Rheumatol 2020;72(Issue S1):260.

29. Lee J, Minden MD, Chen WC, Streck E, Chen B, Kang H, et al. 
Allogeneic human double negative T cells as a novel immu-
notherapy for acute myeloid leukemia and its underlying 
mechanisms. Clin Cancer Res 2018;24:370-82.

30. Neyt K, GeurtsvanKessel CH, Lambrecht BN. Double-negative 
T resident memory cells of the lung react to influenza virus 
infection via CD11c(hi) dendritic cells. Mucosal Immunol 
2016;9:999-1014.

31. Cowley SC, Meierovics AI, Frelinger JA, Iwakura Y, Elkins KL. 
Lung CD4-CD8- double-negative T cells are prominent pro-
ducers of IL-17A and IFN-gamma during primary respiratory 
murine infection with Francisella tularensis live vaccine strain. 
J Immunol 2010;184:5791-801.

How to cite this article: Poddighe D, Maulenkul T, 
Dossybayeva K, Zhubanova G, Mukusheva Z, Akhmald-
tinova L. Double-negative T cells in pediatric rheumatic 
diseases. Clin Exp Pediatr 2024;67:632-40.

https://doi.org/10.3345/cep.2023.01760



