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Abstract

Background Autism spectrum disorder (ASD) is a complex neurodevelopmental condition for which there are

no definitive medications targeting core symptoms. Growing evidence indicates that individuals with ASD exhibit
immune dysfunction and evidence of peripheral and central inflammation. Immunotherapy interventions have
shown promise in addressing this dysregulation. Notably, low-dose Interleukin-2 (Ld IL-2), an established treatment
for certain autoimmune diseases, represents a potential therapeutic approach. Our study aims to investigate the
association between Ld IL.-2-induced immune modulation and behavioral improvements in children with ASD. This
research may offer novel insights into potential treatment strategies for ASD.

Case presentation In our previously completed single-arm, self-controlled clinical study (data unpublished),

24 ASD children with immune abnormalities received Ld IL-2 treatment, all of whom showed varying degrees of
symptom improvement. This paper presents case reports of four ASD children who demonstrated marked clinical
improvement and substantial correction of immune imbalance following treatment. The average age of 4 participants
was approximately 6 years old, comprising two boys and two girls. Assessments using the Childhood Autism
Rating Scale(CARS), Aberrant Behavior Checklist (ABC), Autism Treatment Evaluation Checklist (ATEC), Krug's Autism
Behavior Scale (CABS), Hospital Anxiety and Depression Scale (HADS), and Caregiver Strain Questionnaire (CGSQ)
revealed substantial behavioral improvements and no adverse events. Improvements persisted for three months
post-treatment, with notable progress in Speech/Language/Communication and body/health/behavior domains.
According to caregivers, there has been a observed improvement in the subjects’sleep quality, accompanied by

a gradual restoration of overall physical health. Immune testing in the four pediatric patients revealed a marked
decrease in both the proportion of Type 1 cytotoxic T cells (Tc1) and the Tc1/Regulatory T cell ratio.
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Conclusions Our findings in these four cases describe an association between Ld IL-2 treatment and observed
improvements in ASD symptoms, potentially linked to immune modulation.

Keywords Autism spectrum disorders, Low-dose IL-2, Immune dysfunction, Regulatory t cell, Cytokines

Background

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal condition characterized by deficits in social interac-
tion, communication, and repetitive behaviors [1]. The
exact causes of ASD remain unclear, but factors such
as genetics, environment, and immune system abnor-
malities are believed to contribute to its abnormal neu-
rological development [2]. The prevalence of ASD has
been increasing, affecting approximately 1 in 36 chil-
dren aged 8 years, with boys being 3.8 times more likely
to be diagnosed than girls [3]. Current treatment strate-
gies primarily involve behavioral interventions, although
medications like risperidone and aripiprazole, approved
for managing behavioral symptoms, do not address core
ASD features and come with varying side effects [4].
Many individuals with ASD, around 70%, also contend
with anxiety, hyperactivity, insomnia, and difficulties in
social interactions and repetitive behaviors. Additionally,
about half of ASD patients exhibit mild to severe intel-
lectual disability [2]. Given ASD’s diverse manifestations,
there is a growing emphasis on classifying patients more
precisely and developing targeted treatments. Recent
research suggests that immune system dysregulation,
particularly reduced levels of regulatory T cells (Tregs),
may be prevalent in some individuals with ASD [5, 6].
Clinical trials investigating immunotherapy have shown
promising results [7-9]. Interleukin-2 (IL-2), a cytokine
with diverse biological effects, modulates lymphocyte
activity by interacting with IL-2 receptors on various
immune cells, thereby influencing immune response
and cytokine production [10, 11]. In most autoimmune
diseases (AIDs) and inflammatory diseases, there is a
effector T cells (Teff)/Treg imbalance [12, 13]. Immune
imbalance refers to abnormal ratios of Teffs-including
T helper type 1 (Thl), type 2 (Th2), type 17 (Th17), and
cytotoxic T type 1 (Tcl) cells-to Tregs, specifically values
exceeding reference ranges established in healthy popula-
tions. However, Low-dose IL-2 (Ld IL-2) treatment can
preferentially expand the Treg population, thereby re-
establishing immune tolerance [14]. Ld IL-2 enhances the
level and function of Treg cells, and inhibits the inflam-
matory response caused by effector Teff cells such as
Tth and Th17 cells, thereby improving AIDs [15, 16]. Ld
IL-2 has been effective in ameliorating symptoms and
immune dysfunction in AIDs [17]. Elevated levels of pro-
inflammatory cytokines, including IL-6, IL-17 A, tumor
necrosis factor-alpha (TNF-a), and interferon-gamma
(IEN-y), have been observed in some children with ASD.
Some studies suggest a strong association between ASD

and AIDs [18-20]. Therefore, this exploratory case report
examines the effects of Ld IL-2 treatment on core ASD
symptoms and the quality of life for four children with
ASD with immune dysregulation.

Case report

These four participants were selected from a registered
clinical trial (ChiCTR2000040836), which investigates Ld
IL-2 in ASD children with immune dysregulation (data
unpublished), and received ethical approval (Review-
PJ-2020-102). All participants were screened according
to the inclusion/exclusion criteria before enrollment.The
inclusion and exclusion criteria were based on data from
a previous study [21].

Subject 1 is a 6-year-old girl born at full term with
a birth weight of 2.95 kg and no history of perinatal
asphyxia or allergies. During the neonatal period, she had
elevated serum bilirubin levels (17-18 mg/dL). Develop-
mentally, she achieved normal milestones before the age
of 1, including eye contact, visual tracking, and laughter,
without nystagmus or athetosis. However, she displayed
stereotypic movements and sleep disturbances. Her Elec-
troencephalogram (EEG) findings were normal, and her
hearing was within the normal range. She was diagnosed
with ASD according to The diagnostic and statistical
manual of mental disorders, 5th Edition (DSM-5) crite-
ria (https://psycnet.apa.org/record/2013-14907-000) by
licensed medical doctors (MDs). Presently, she weighs
17 kg and measures 117 cm in height. Subject 1 experi-
ences frequent constipation and has been undergoing
rehabilitation for nearly five years. She exhibits occa-
sional responses but does not speak, cannot perform
tasks upon command, and requires assistance with basic
daily activities. She has poor sleep quality and experi-
ences walking instability leading to frequent falls. Sub-
ject 1 had received acupuncture previously but had not
undergone medical therapy in the preceding six months.
Written informed consent was obtained from the par-
ents or legal guardians of Patient 1 for their child’s par-
ticipation in the study and the publication of anonymized
case details. Reasons for inclusion: Patient 1 exhibited
an elevated proportion of Thl, Th2, and Tcl cells, with
an imbalance between Th1/Treg ratios (>0.63) and Th2/
Treg ratios (>0.17) Among them, the proportion of Tcl
cells (15.01%) was markedly higher than one of the inclu-
sion criteria based on our previous data (the proportion
of Tc1 cells 27.39%).

Subject 2 is a 6-year-old boy born at term with a birth
weight of 3.2 kg and no history of birth asphyxia or
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allergies. He frequently experiences colds. Before the
age of 2, he exhibited delayed language development,
lack of responsiveness, and hyperactivity. At 2 years
and 4 months old, hearing tests and cranial MRI results
were normal, while EEG showed abnormalities sugges-
tive of developmental delay. He was diagnosed with ASD
by licensed MDs according to DSM-5 criteria, and for
the past 4 years, he has received rehabilitation therapy,
showing some improvement in language skills and mood.
Currently, he weighs 20.5 kg and measures 115.5 cm in
height. Subject 2 can perform self-care activities but
requires assistance with eating, and he experiences poor
sleep quality. His parents are in good health, and he has
one elder sister who is developing typically. Written
informed consent was obtained from the parents or legal
guardians of Patient 2 for their child’s participation in the
study and the publication of anonymized case details.
Reasons for inclusion: In Patient 2, the proportion of
Treg cells (0.4%) was too low (one of our inclusion cri-
teria was that the number of Treg cells<2.21%). and an
imbalance was also observed between Th1/Treg and Th2/
Treg ratios.

Subject 3 is a 4-year-old girl born at full term with a
birth weight of 2.75 kg and no history of birth asphyxia
or allergies. At 1 year of age, she was hospitalized due
to rotavirus infection, after which she began exhibiting
preferences in diet, along with delays in language, fine
motor skills, and cognitive development. She also showed
emotional irritability, insecurity, a tendency to play with
hands, stereotyped movements, and difficulty maintain-
ing eye contact. Subject 3 struggles to follow commands
and experiences poor sleep, though she can produce
simple pronunciations. A diagnosis of ASD was made
according to DSM-5 criteria by licensed MDs involved in
this study. At the time of assessment, she weighed 11.5 kg
and measured 94.5 cm in height. Her father is in good
health, while her mother has allergic rhinitis. Written
informed consent for participation in the study and for
the publication of anonymized case details was obtained
from the parents or legal guardians of Patient 3. Reasons

Table 1 Social demographic data

Patient1 Patient2  Patient3 Patient4
Gender female male female male
Age 6 6 4 8
Weight (kg) 17 20.5 115 27
Height (cm) 117 115.5 945 136
Ethnic groups Han Vi ethnic Han Han

group

siblings 0 1 0 1
siblings’gender female female
Whether siblings are - Yes - Yes

typically developing
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for inclusion: Patient 3 showed a marked increase in the
proportion of Tcl cells (15.07%).

Subject 4 is an 8-year-old boy born at term with a birth
weight of 3.25 kg and no history of neonatal intensive care
unit admission or allergies. He began vocalizing “papa,
mama” at 1 year of age but later exhibited frequent falls,
reluctance to speak, reduced eye contact, and a glazed
expression by 18 months. At 3 years old, he underwent
cerebrospinal fluid analysis, which confirmed rubella viral
encephalitis (IgM). EEG findings were abnormal, while
cranial MRI showed no anomalies. The treatment regi-
men included antiviral therapy, intravenous fluids, inter-
feron injections, oral antiviral medications, hyperbaric
oxygen therapy, corticosteroid treatment, and oral Chi-
nese medicine. Following this comprehensive treatment
approach, the patient demonstrated recovery. Currently,
he independently performs activities of daily living and
experiences restful sleep. ASD was diagnosed accord-
ing to DSM-5 criteria by licensed MDs involved in this
study. He weighed 27 kg and measured 136 cm in height.
Subject 4’s family has no history of psychiatric disorders;
his sister, father, and mother are in good health. Written
informed consent for participation in the study and for
the publication of anonymized case details was obtained
from the parents or legal guardians of Patient 4. Reasons
for inclusion: Patient 4 had a reduced proportion of Treg
cells (2.21%) and elevated Th2/Treg (0.25). A summary of
basic information can be found in Table 1.

Before treatment initiation, each patient underwent
routine blood tests and a standard electrocardiogram to
establish baseline health and assess eligibility for therapy.
The treatment regimen comprised three cycles of subcu-
taneous injections of Ld IL-2 (Shandong Quangi, 500,000
IU/bottle) at a dose of 16,000 IU/kg. Injections were
alternated between the left and right arms during each
cycle. Each cycle included seven injections of Ld IL-2
(subcutaneously every other day) followed by a 14-day
rest period, ensuring sterile administration. Patients were
evaluated using standardized assessments before treat-
ment, after treatment, and at a three-month follow-up
post-treatment. Assessment tools included the Child-
hood Autism Rating Scale (CARS), Aberrant Behavior
Checklist (ABC), Autism Treatment Evaluation Check-
list (ATEC), and Krug's Autism Behavior Scale (CABS).
CARS is commonly used in the screening, diagnosis, and
evaluation of treatment outcomes for children with ASD.
This scale involves a comprehensive evaluation across 15
domains, with each domain assessed by trained profes-
sionals. The ABC is completed by caregivers and includes
five key areas: sensory processing, communication, phys-
ical movement, language, and self-care. To assess the
effectiveness of treatment, the ATEC is utilized, evaluat-
ing four domains: social behavior, language, perception,
and behavior. Like the ABC, the ATEC is also filled out by
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caregivers. The CABS is another tool employed to assess
specific behavioral characteristics associated with ASD,
focusing on social interaction, communication skills,
interests, and repetitive behaviors. Caregiver outcomes
were measured using the Hospital Anxiety and Depres-
sion Scale (HADS) and Caregiver Strain Questionnaire
(CGSQ). Additionally, venous blood samples were col-
lected before and after treatment for quantitative cyto-
kine experiments. Peripheral blood mononuclear cells
were isolated and analyzed for immune cell populations
and serum cytokine levels, including Treg cells, T helper
cell subsets (Thl, Th2, Th17), T follicular helper (Tth),
Tcl, and various cytokines (IL-2, IL-4, IL-6, IL-8, IL-10,
IL-12P70, IL-1pB, TNF-a, TNE-f, IL-17 A, IL-17 F, IL-22,
TGEF-B). The units of cytokines are pg/ml.

Throughout the treatment period, all four patients
underwent behavioral interventions at various rehabili-
tation facilities. We assessed patients’ scale scores and
immune biomarkers before and after treatment. Fol-
lowing LdIL-2 treatment, improvements were noted in
CARS, ABC, ATEC, and CABS scores for all patients
(Table 2). Patient 1 showed notable decreases in CARS,
ABC, ATEC, and CABS scores. These reductions were
maintained at the 3-month follow-up, although ABC and
CABS scores showed some increase. At the end of the
treatment course, caregivers’ CGSQ scores and HADS'
depression scores increased, while HADS' anxiety scores
decreased. At follow-up, both CGSQ scores and anxiety
scores decreased compared to pre-treatment levels, but
depression scores remained higher than pre-treatment
levels. Patient 2 exhibited substantial decreases in CARS,
ABC, ATEC, and CABS scores. Caregivers’ CGSQ scores
showed a notable increase, while depression and anxiety
scores decreased. However, follow-up data were unavail-
able due to family relocation. Patient 3 demonstrated
substantial decreases in CARS, ABC, ATEC, and CABS
scores, with caregivers showing decreased CGSQ and
HADS scores. At follow-up, the therapeutic effects of Ld
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IL-2 for Patient 3 persisted. However, while caregivers’
HADS anxiety scores decreased, the depression scores
increased. Patient 4 also experienced marked decreases
in CARS, ABC, ATEC, and CABS scores, with caregiv-
ers initially showing decreased CGSQ and HADS scores.
However, caregivers’ CGSQ and deression scores rose
during the follow-up period. In short, caregivers reported
a decrease in anxiety scores, although improvements in
depression were not substantial. Radar charts (Figs. 1 and
2) depicted changes in CARS and ATEC scores pre- and
post-treatment. During treatment, Patients 1 and 2 expe-
rienced brief hospitalizations due to fever and cold symp-
toms lasting over a week. Caregivers reported improved
sleep quality, stabilized mood, and reduced hyperactivity
in Patients 1, 2, and 3 post-treatment. Patient 2’s care-
givers noted enhanced adherence to traffic rules and
improved danger perception following treatment with Ld
IL-2.

For comparison, Table 3 includes the immunization
results for a healthy child [21] from a previous study.
Immune response patterns varied among patient post-
treatment. Patient 1 exhibited reduced Treg cells and
an increased Th1/Th2 ratio, whereas Patients 2, 3, and
4 showed elevated Treg cell counts and a decreased
Th1/Th2 ratio. Patient 3 additionally demonstrated an
increased Th2/Treg ratio. Tcl cells and the Tcl/Treg ratio
were significantly reduced in all patients, while IL-12P70
levels showed a mild reduction (Table 3). Due to the
small cohort size, statistical correlation analyses between
immune markers and behavioral scores were not per-
formed. Observed trends (e.g., Treg increase with ATEC
reduction) are descriptive and require validation in larger
trials.

Discussion and conclusions

Currently, the treatment landscape for ASD predomi-
nantly revolves around behavioral interventions comple-
mented by pharmacotherapies. Despite explorations into

Table 2 Scores on scales related to the situation of ASD patients and caregivers

CARS ABC ATEC CABS CGSQ HADS*
Patient1 Before treatment 53 79 118 25 52 6/0
After treatment 44 47 106 1 62 4/4
Follow up 36 53 49 12 49 2/3
Patient2 Before treatment 46 88 97 18 88 4/12
After treatment 36 46 71 14 96 2/10
Lost to follow-up - - - - - -
Patient3 Before treatment 43 78 99 25 58 6/9
After treatment 41 38 81 20 36 6/8
Follow up 41 34 86 23 31 2/14
Patient4 Before treatment 34 63 49 24 44 4/5
After treatment 27 58 31 19 33 3/0
Follow up 24 37 24 13 47 2/4

* HADS part include anxiety and depression, tables show as follows: anxiety/depression
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Table 3 Table 3 observed levels of T cell subsets and cytokines before and after treatment

a healthy child Patient 1 Patient 2 Patient 3 Patient 4

Before After Before After Before After Before After

Treg 5.53 3.10 2.75 0.40 493 291 3.77 2.21 267
Tth - 0.03 0.29 0.26 0.28 0.29 0.46 1.56 048
Thi 1.34 2.50 247 1.39 171 1.53 213 0.56 0.26
Th2 0.94 0.85 032 0.39 0.64 0.27 0.60 0.56 0.57
Th17 0.62 0.08 0.11 0.04 0.08 0.02 032 0.21 0.68
Tcl 0.14 15.01 843 6.20 453 15.07 0.31 1.79 0.35
Th1/Treg 0.24 0.81 0.90 348 0.35 0.53 0.56 0.25 0.10
Th2/Treg 0.17 0.27 0.12 0.98 0.13 0.09 0.16 0.25 0.21
Tfh/Treg - 0.01 0.11 0.65 0.06 0.10 012 0.71 0.18
Th17/Treg 0.11 0.03 0.04 0.10 0.02 0.01 0.08 0.10 0.25
Tc1/Treg 0.03 4.84 3.07 15.5 0.92 5.18 0.08 0.81 0.13
Th1/Th2 143 2.94 7.72 3.56 267 567 3.55 1.00 0.46
IL-4 2.01 3.52 7.37 2.10 1.95 3.66 2.86 2.51 33
IL-5 375 2.80 3.10 2.50 1.90 1.33 1.73 1.61 2.64
IL-6 5.87 4.03 6.59 3.99 4.59 4.34 4.03 4.60 3.59
IL-8 0.80 7.92 9.51 332 2.75 353 4.01 4.50 8.71
IL-10 546 6.23 6.84 418 3.76 4.44 4.35 4.26 4.87
IL-12P70 267 4.94 453 3.93 3.14 5.12 5.03 3.92 3.27
=18 0.98 2.27 349 2.37 2.06 2.55 2.39 191 1.73
IL-2 8.09 3.53 3.84 267 2.73 2.82 2.76 3.09 148
IFN-y 3.54 6.58 9.74 4.02 1.52 6.98 337 5.53 4.40
TNF-a 248 8.54 13.78 6.24 417 342 5.28 6.83 6.77
TNF-B - 6.38 42 4.45 347 3.31 3.29 3.98 4.27
IL-17 A 1.03 5.84 1041 6.47 5.19 6.86 6.31 4.99 5.36
IL-17 F 317 5.14 2.10 345 3.64 1.01 0.73 4.17 391
IL-22 0.99 2.31 1.65 0.76 0.28 0.62 0.78 1.87 1.25
TGF-B 4327.03 1762.86 877.17 1741.16 1051.35 1308.5 1948.92 205.12 1597.07

therapies such as intravenous immunoglobulin therapy
[22] and stem cell therapy [23], none have shown sub-
stantial efficacy in alleviating core ASD symptoms.
Given the prevalent immune dysregulation observed in
ASD, particularly the number and function of Treg cells
are particularly reduced, Ld IL-2 therapy has emerged
as a promising avenue [24]. A number of clinical tri-
als showed that Ld IL-2 is safe and effective treatment
of AIDs, including systemic lupus erythematosus [25]
and type 1 diabetes [26], primary sjogren’s syndrome
[27] and so on. A clinic trials showed that Ld IL-2 treat-
ment of major depressive disorder and bipolar disorder
of depression in patients has safety and clinical efficacy,
and treatment that enhances the T cell system may be
a way to correct the immune inflammatory abnormali-
ties associated with mood disorders and enhance the
antidepressant response [28]. Our study, consistent with
international and domestic research, identifies immune
system dysfunctions in both peripheral and central sys-
tems of children with ASD [21, 29-32]. Immune imbal-
ance and inflammatory lesions are likely to participate in
and aggravate ASD lesions, and improving these immune
imbalances may be a potential treatment.

In this study, four children diagnosed with ASD with
immune dysregulation showed meaningful clinical
improvements following Ld IL-2 treatment, as assessed
by healthcare professionals and caregivers. Standardized
scales including CARS, ABC, ATEC, and CABS indicated
notable reductions across multiple domains. Specifically,
improvements were most pronounced in the domains of
‘Emotional Response, ‘Obiect Use, and ‘Activity Level,
as measured by the CARS scale. ASD is characterized
by restricted interests in emotional circuits and repeti-
tive behaviors, often leading to exaggerated subjective
experiences and difficulty in appropriately responding
to emotions [33, 34]. Dysfunction in emotional process-
ing involving areas such as the cerebral cortex, hippo-
campus, and amygdala is evident from autopsy findings,
suggesting structural abnormalities that impair normal
emotional feedback mechanisms [35]. ASD often mani-
fests with abnormal hyperactivity and frequently co-
occurs with Attention Deficit/Hyperactivity Disorder
[36]. The observed behavioral improvements, particularly
in emotional response and communication, warrant fur-
ther investigation into whether Ld IL-2 might modulate
neuro-immune interactions relevant to ASD symptoms.
However, direct evidence of central nervous system
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changes was not obtained in this study. Following Ld IL-2
therapy, meaningful improvements were observed in the
‘Speech/Language/Communication’ and ‘Health/Physi-
cal/Behavior’ domains of ATEC. Many ASD patients
experience impairments in language and communica-
tion skills, such as speech delays, limited vocabulary, and
difficulty with logical reasoning, profoundly impacting
their quality of life [37]. Health-related issues, including
sleep disturbances and dietary irregularities, are preva-
lent among ASD patients and significantly affect their
well-being and that of their families. Caregiver reports
suggest that Ld IL-2 treatment improves sleep quality
and immune function in ASD patients. The mechanism
underlying these improvements may involve modulation
of immune dysregulation observed in ASD.

Evidence suggests that the dysregulation of Thl- and
Th2-like cytokines in children with ASD may contribute
to its pathogenesis [38]. The abnormal proportions of
Thl, Th2, Th17, Tcl and Treg cells, along with changes
in related transcription factors and signal transduc-
tion pathways, can result in immune imbalance [5].
Several studies indicate that modulating this immune
imbalance can effectively ameliorate core ASD symp-
toms. In our study, we evaluated immune parameters
in children with ASD before and after treatment with
Ld IL-2. Except for subject 1, the other three ASD chil-
dren showed an increased proportion of Treg cells after
Ld IL-2 treatment. along with a decrease in the propor-
tions of Tcl cells, and ratios of Th1/Th2, Th2/Treg, Tcl/
Treg, and IL-12p70 levels. Elevated IL-12P70 levels have
been observed in ASD patients and are associated with
repetitive behaviors. Although limited by the sample size
and no statistical tests were conducted, we observed that
when the proportion of Treg increased, the total ATEC
score tended to decrease (patients 2,3,4), and patients
with higher IL-8 levels (such as patient 1) showed a more
pronounced decrease in the ABC score. These findings
suggest a pronounced association between T cell sub-
groups and behavioral changes, indicating a potential
link. IL-8, a proinflammatory factor, shows a marked
increase in children with ASD, correlating highly with
parental reports and suggesting it merits further investi-
gation as a potential biomarker [39, 40].

This study observed heterogeneity in TGF-f changes
following Ld IL-2 treatment: levels increased in Patients
3—4 but decreased in Patients 1-2. This phenomenon
necessitates an integrated interpretation based on TGF-
B’s biological properties and therapeutic mechanisms.
It’s anti-inflammatory effects: Promotes Treg differen-
tiation and suppresses inflammation (e.g., Th17 activity)
[41]. The post-treatment decline in TGF-p (Patients 1-2)
may reflect attenuated inflammation, reducing the need
for high-level immunosuppressive feedback. Addition-
ally, compartmentalized consumption of TGEF-f likely
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occurs: ASD patients frequently exhibit gut barrier dis-
ruption and neuroinflammation [42]- [43]. After Ld IL-2
therapy, Tregs migrate to inflammatory sites and locally
release TGF-P, diminishing serum levels while enhanc-
ing regional immunomodulation. Pretreatment immune
systems in chronic inflammation (e.g., high Tcl, low
Treg) required sustained TGF-p secretion to counter
inflammation-albeit insufficiently. The heterogeneity also
arises from baseline immunological differences among
patients (e.g., Treg/Tcl ratios). Critically, reduced TGF-$
in Patients 1-2 may represents a physiological adaptation
during immune reconstitution, aligning with overall clin-
ical improvement and underscoring the therapy’s multi-
faceted efficacy. But these interpretations are limited by
the small sample size and requires validation in larger
studies.

In conclusion, this case report describes observed
improvements in behavioral symptoms and immune
parameters in four children with ASD and immune dys-
regulation following Ld IL-2 treatment. Given the explor-
atory nature of this report and the small sample size
(n=4), these findings must be interpreted cautiously and
warrant further investigation in larger cohorts. Neverthe-
less, these preliminary findings support the rationale for
further investigation into Ld IL-2 as a potential immuno-
modulatory approach for ASD individuals with specific
immune profiles. Future validation critically requires:
large-scale, randomized, placebo-controlled clinical tri-
als that account for concurrent behavioral interventions;
absolute lymphocyte quantification to refine immune
profiling; and mechanistic studies dissecting IL-2-medi-
ated neuro-immune crosstalk. Addressing these priorities
is essential to determine whether precision immunother-
apy could be a viable strategy for this immune-dysregu-
lated ASD subgroup.

Abbreviations

ABC Aberrant behavior checklist
ASD Autism spectrum disorder
ATEC Autism treatment evaluation checklist

CABS Krug's autism behavior scale

CARS Childhood autism rating scale

CGSQ Caregiver strain questionnaire

DSM-5 Diagnostic and statistical manual of mental disorders, 5th edition

EEG Electroencephalogram
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