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A heterogeneous syndrome
Idiopathic CD4+ T cell lymphocytopenia 
(ICL) is a heterogeneous syndrome ini-
tially identified in 1992 by the Centers for 
Disease Control in patients who presented 
with opportunistic infections, persistent 
CD4+ T cell lymphopenia (defined as few-
er than 300 cells/μL or less than 20% of 
total T cells), and no evidence of human 
immunodeficiency virus (HIV) or inborn 
errors of immunity (1). Although this disor-
der always includes low CD4+ T cells, low 
CD8+ T cell counts have also been report-
ed (2). The underlying etiology, pathogen-
esis and appropriate management of ICL 
remain poorly understood (1, 3).

Although pathogenic variants in 
RAG1/RAG2, MAGT1, CD4, and ITK genes 
associate with ICL, a monogenic cause for 
the disease has not been identified in most 
ICL patients. Further, there are many oth-
er monogenic immunodeficiencies, which 

are characterized by T cell lymphopenia in 
the context of other immunological anom-
alies (4–6). Previous work suggests that the 
observed T cell lymphopenia may result 
from (a) impaired proliferative responses 
to homeostatic cytokines, (b) sequestra-
tion (or lack thereof) of T cells within lym-
phoid tissues or the gut (7, 8), (c) defective 
surface expression of C-X-C chemokine 
receptor type 4 (CXCR4) and/or other 
chemokine receptors resulting in altered 
chemotaxis, (d) defects of the T cell recep-
tor signal transduction pathway due to dys-
functional tyrosine kinase activity, or (e) 
excess apoptosis (peripheral destruction) 
due to increased CD95 (Fas) expression 
(4). Perez-Diez et al. in an earlier study 
(7) suggested that there are either T cell–
intrinsic or T cell–extrinsic mechanisms 
at play. Interleukin 7 (IL-7) is a cytokine 
produced by epithelial, stromal, and endo-
thelial cells in the bone marrow, thymus, 

and lymph nodes and is essential for thy-
mopoiesis and T cell homeostasis and sur-
vival (9, 10). Previous studies have shown 
that the induction of phospho-STAT5 after 
IL-7 stimulation was decreased in memory 
CD4+ T cells of some ICL patients, which 
correlated with decreased expression of 
CD127 (IL-7 receptor α) and lower CD4+ 
T cell counts (11). This impaired signaling 
observed in some ICL patients could con-
tribute to altered CD4+ T cell homeostasis.

Chronic lymphopenia has been asso-
ciated with an increased incidence of 
autoimmunity, and previous human and 
murine studies have amply demonstrated 
this finding (12, 13). To date, there is no 
specific therapeutic approach other than 
the management of risk, including pro-
phylactic antibiotics (especially for Pneu-
mocystis jirovecii pneumonia when CD4+ 
T cells are < 200/μL), early and aggressive 
treatment of infections, and screening for 
malignancies.

Autoantibodies and 
pathogenesis
In this issue of the JCI, Perez-Diez and 
Wong et al. (14) implicate autoantibodies, 
some of which are specific for lympho-
cytes in a subset of adult ICL patients, as a 
possible pathogenic mechanism responsi-
ble for the reduction in circulating CD4+ T 
cells. The authors assessed the prevalence 
of autoantibodies in the sera from 51 adult 
ICL patients (out of a cohort of 72). Some 
patients had high levels of IgG and IgM 
autoantibodies against numerous auto-
antigens. The presence of autoantibodies 
did not correlate with the patients’ clinical 
autoimmune status, and the level and class 
of immunoglobulins remained constant 
in longitudinal studies. The number and 
specificity of these autoantibodies were 
heterogeneous, and they were capable of 
targeting membrane molecules, transcrip-
tion factors, and secreted proteins. One-
third (30%) of the 72 patients were found 
to have IgG anti–CD4+ T cell antibodies 
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Idiopathic CD4+ T cell lymphocytopenia (ICL) is a heterogeneous syndrome 
presenting with persistent CD4+ T cell lymphopenia of unknown origin, and 
opportunistic infections in some patients. The underlying pathogenesis 
and appropriate management remain understudied. In this issue of the 
JCI, Perez-Diez and Wong et al. assessed the prevalence of autoantibodies 
from the sera of 51 adult ICL patients (out of a cohort of 72). Some patients 
showed high levels of IgG and IgM autoantibodies against numerous 
autoantigens, and some autoantibodies were specific for lymphocytes. 
The researchers implicate these autoantibodies as a possible pathogenic 
mechanism responsible for the reduction in circulating CD4+ T cells. This 
study goes beyond defining a mechanism in a complex, poorly defined 
disease; it also brings a renewed focus on ICL that will likely result in 
improved diagnostic evaluation and treatment.
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of these adult patients do not undergo 
genetic testing (for evaluation of poten-
tial monogenic defects), except at specific 
research centers and generally when they 
have extreme T cell lymphopenia or in 
clinically symptomatic cases.

As only a subset of patients stud-
ied appear to possess autoantibodies, 
the question of alternate mechanisms of 
immune dysregulation remains to be fully 
unanswered. Deep immune profiling of T 
and B cell subsets (17, 18) in ICL patients 
with and without autoantibodies, with and 
without opportunistic infection may allow 
us to correlate dysregulated subsets to 
observed phenotype(s) (Figure 1B). Perez-
Diez and Wong et al. have already made a 
start in this direction with their autoanti-
body profiling (14). It will be important to 
uncover further details about the effector 
mechanisms of the autoantibodies dis-
covered, including the inciting factors and 
outcomes of these antibodies binding their 
target epitopes on T cells and either induc-
ing or blocking specific signaling cascades. 
In addition, it will be necessary to consid-
er the origin of these autoantibodies by 
studying the clonal diversity of T and B 
cells in these patients.

The cohort evaluated by Perez-Diez 
and Wong et al. (14) includes only adults. 
The inclusion of infant and older children 
cohorts with ICL in future studies will 
allow for a comparison of the similarities 
and differences in the pathophysiology 
of this syndrome (19) and how it changes 
with age, including whether these patients 
develop autoantibodies as infants or young 
children. Infants identified by newborn 
screening for SCID who are classified as 
idiopathic T cell lymphopenic (ICL or 
iTCL) are more likely to have genetic test-

opportunistic infections. However, wheth-
er the autoantibodies are causative or an 
outcome of a separate underlying process 
remains unclear. Prior data suggest that 
lymphopenia-induced proliferation of 
remaining T cells can lead to expansion of 
self-reactive clones that results in the gen-
eration of autoantibodies (15, 16).

A spectrum of pathologies
Overall, ICL is likely to represent a spec-
trum of pathologies, which may be inter-
related and presenting at different ages. 
Diagnosis of adults with ICL often involves 
detection of lymphopenia by complete 
blood count (CBC) after patients also test 
negative for HIV and other proximate 
causes, such as medication or premature 
loss through the lymphatics or gut. Most 

and one-third (29%) had IgM anti–CD4+ 
T cell antibodies. There were also IgG and 
IgM antibodies binding CD8+ T, NK, and 
B cells. Mechanistic studies demonstrated 
that the anti-CD4 autoantibodies induced 
peripheral CD4+ T cell destruction through 
antibody-dependent cellular cytotoxicity 
and complement-dependent cytotoxicity 
(Figure 1A).

The clinical observations by Perez-
Diez and Wong et al. provide evidence 
for a pathogenic mechanism in ICL — the 
potential contribution of autoantibod-
ies against CD4+ T cells, which are capa-
ble of depleting these lymphocytes (14). 
Although ICL patients with opportunistic 
infections are likely to have more profound 
CD4+ T cell lymphopenia, those who have 
autoantibodies typically do not have 

Figure 1. Pathophysiological mechanisms in 
idiopathic (CD4+) T cell lymphopenia. (A) Auto-
antibodies found in a subset of ICL patients 
induce peripheral CD4+ T cell destruction 
through antibody-dependent cellular cytotoxici-
ty (ADCC) and complement-dependent cytotox-
icity (CDC) (14). (B) Future studies to elucidate 
additional mechanisms underlying ICL should 
focus on deep immune profiling of dysregulated 
immune cell subsets, (e.g., via mass cytometry 
[CyTOF] or other high-throughput flow cytome-
try methods) as well as high-throughput screen-
ing for target identification and characterization 
of autoantibody affinity.
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inhibitor, has been approved by the United 
States Food and Drug Administration for 
patients with systemic lupus erythemato-
sus (SLE) who have autoantibodies, and it 
has shown efficacy in reducing symptoms 
and leading to a modest decrease in auto-
antibodies (27). Currently, belimumab is 
being used in a trial in ICL, and the study 
results should prove informative. Although 
B cell–depleting therapies, like rituximab, 
have been used for the treatment of other 
autoimmune diseases, they have generally 
not been considered in ICL patients due 
to concerns of toxicity (28, 29). Finally, 
the role of high-dose intravenous immu-
noglobulin therapy, which has been used 
in other autoantibody-mediated autoim-
mune diseases, should be investigated fur-
ther in this cohort, especially since it has 
the capacity to block autoantibodies bind-
ing to Fcγ receptors (30).

In this issue, Perez-Diez and Wong et 
al. (14) have provided thought-provoking 
insight into the pathogenesis of ICL. This 
study will likely spur new collaborations 
and investigations into the multifaceted 
pathology, facilitating completion of exist-
ing clinical trials, and development of new 
trials, ultimately resulting in improved 
diagnosis and treatment in patients of all 
ages who are presently placed into a seem-
ingly nebulous clinical category.

Address correspondence to: Roshini S. 
Abraham, Nationwide Children’s Hospi-
tal, Columbus, Ohio 43205, USA. Phone: 
614.722.5329; Email: roshini.abraham@
nationwidechildrens.org.

 1. Ahmad DS, Esmadi M, Steinmann WC. Idiopath-
ic CD4 lymphocytopenia: spectrum of oppor-
tunistic infections, malignancies, and autoim-
mune diseases. Avicenna J Med. 2013;3(2):37–47.

 2. Yarmohammadi H, Cunningham-Rundles C. 
Idiopathic CD4 lymphocytopenia: Pathogenesis, 
etiologies, clinical presentations and treat-
ment strategies. Ann Allergy Asthma Immunol. 
2017;119(4):374–378.

 3. Zonios DI, et al. Idiopathic CD4+ lymphocyto-
penia: natural history and prognostic factors. 
Blood. 2008;112(2):287–294.

 4. Vijayakumar S, Viswanathan S, Aghoram R. Idio-
pathic CD4 lymphocytopenia: current insights. 
Immunotargets Ther. 2020;9:79–93.

 5. Tangye SG, et al. Human inborn errors of 
immunity: 2019 update on the classification 
from the International Union of Immunological 
Societies Expert Committee. J Clin Immunol. 
2020;40(1):24–64.

 6. Fernandes RA, et al. Complete multilineage CD4 
expression defect associated with warts due to 

ing and aggressive diagnostic work-up. 
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