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ABSTRACT

Objective: Cognitive developmental delay is a picture of the group of early-onset chronic diseases that affect
1.5-10% of children. Autism spectrum disorders are neurodevelopmental diseases with a genetic basis and
abnormal brain development, characterized by disorders in areas that make up interpersonal relationships,
such as communication, social cognition, and processing of emotional signals. Immune system dysfunction is
thought to play a role in the pathogenesis of some neurological disorders, including autism. Progranulin is
thought to be a regulator of the innate immune response. The purpose of this study was to look at plasma
levels of progranulin, an anti-inflammatory neurotrophic factor, in children with autism spectrum disorder
and cognitive developmental delay.

Materials and Methods: The study was conducted on 52 children who were patients and 35 healthy chil-
dren. Of the 52 children of the patient group, 32 were diagnosed with CDD and 20 were diagnosed with
cognitive developmental delay—autism spectrum disorder. Serum progranulin concentrations were measured
using a human-specific sandwich enzyme-linked immunosorbent assay.

Results: Serum progranulin concentration was statistically lower in the patient group (110.746 + 26.04) than
in the healthy control group (137.346 + 30.02). There was a statistically significant difference between the
groups in levels of serum progranulin (P=.000). Receiver operating characteristic analysis was performed
to evaluate the potential of progranulin as a biomarker to distinguish patients with cognitive developmen-
tal delay—autism spectrum disorder from healthy children. It detected a moderate area under the curve
(0.743 + 0.06) value and a more significant P value for progranulin (P=.000).

Conclusion: Progranulin deficiency in patients with autism spectrum disorder—cognitive developmental
delay may result in decreased neurotrophic support for many years, with cumulative damage associated
with unregulated inflammation that may play a role in autism spectrum disorder—cognitive developmental
delay. We believe that low progranulin levels could be a biomarker for autism spectrum disorder—cognitive
developmental delay.

Keywords: Autism spectrum disorders, cognitive developmental delay, progranulin

Introduction

Cognitive developmental delay (CDD) is a picture of the group of early-onset chronic diseases
that affect 1.5-10% of children. Cognitive developmental delay is a subclass of developmental
disorders characterized by a significant delay in 2 or more domains, including fine/gross motor
domain, speech/language domain, cognition, social/personal domain, and activities of daily living.'

Autism spectrum disorders (ASD) are neurodevelopmental diseases with a genetic basis and
abnormal brain development, characterized by disorders in areas that make up interpersonal
relationships, such as communication, social cognition, and processing of emotional signals.?

Some neurological illnesses, such as autism, are thought to be caused by an immune system
malfunction.>* Autoimmunity to the central nervous system may be a significant factor in ASD.
This can be clearly inferred from the presence of brain-specific autoantibodies in some ASD
children>¢
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Progranulin - (PGRN), a glycoprotein-based
growth factor, is involved in a variety of physi-
ological and pathological processes, including
growth and development,” metabolic regulation,
and wound healing.® Recent studies have shown
that PGRN may function as a neurotrophic fac-
tor involved in normal neuron biology? In the
literature, PGRN has been hypothesized as a
regulator of the innate immune response, but
the variables that affect PGRN activity are yet
unknown.'?

Neutrophils, the body's first line of defense,
respond fast to tissue damage and invading
germs by producing vast amounts of reactive
oxygen species and releasing granular con-
tents that kill infections.!" Progranulin is highly
expressed on neutrophils and is converted
into granulin peptides by neutrophil-released
elastase.'” After cleavage, granulin peptides
stimulate interleukin (IL)-8 expression in epi-
thelial cells to recruit additional neutrophils to
the site of inflammation. secretory leukocyte
protease inhibitor (SLPI) binds with PGRN
and inhibits the conversion of PGRN to granu-
lin peptides by elastase, providing a switch to
control innate immunity and inflammation."?

The goal of this study was to investigate the
PGRN, an anti-inflammatory neurotrophic fac-
tor, levels in the blood of children with ASD and
CDD.

Materials and Methods

The approval for this research was obtained
from the Clinical Research Ethics Committee
of Atattrk University, Faculty of Medicine
(B30.2.ATAC.01.00/28). Al study partici-
pants were given the opportunity to give their
informed consent.

The study sample group consists of 52 children
who were patients (of the 52 children, 32 are
diagnosed with CDD and 20 are diagnosed with
CDD-ASD) aged 2-5 years and 35 children
without any health problems who applied to
Atatirk University Faculty of Medicine, pedi-
atrics, and child-adolescent mental health and
diseases polyclinics with complaints of develop-
mental delay.

*  This study evaluated the plasma levels of progran-
ulin, an anti-inflammatory neurotrophic factor, in
children with autism spectrum disorder (ASD)
and cognitive developmental delay (CDD).

* Plasma progranulin levels were decreased in the
patient group with ASD and CDD.

* Decreased progranulin levels suggest that it may
be a biomarker for ASD-CDD.

Table 1. Demographic Characteristics of the Control and Patients Groups

PG HCG
Variables CDD (n=32)  ASD-CDD (n=20)  Total PG (n=52) (n=35)
Age (months) 411+ 1.06 2.0+ 121 25+ 116 46.6 +2.04
Gender (female/male) 14/18 4/16 18/34 15/20

delay; HCG, healthy control group.

PG, patient group; CDD, cognitive developmental delay; ASD-CDD, autism spectrum disorder-cognitive developmental

All cases presenting with developmental delay
were evaluated with detailed developmental
histories, together with detailed psychiatric,
pediatric, and neurological examinations and
tests. Children with any organic pathology that
would cause developmental delay were not
included in the study.

Cases meeting the study inclusion criteria were
evaluated by specialist child and adolescent
psychiatrists based on the Manual of Mental
Disorders Identification and  Classification
Diagnostic and Statistical Manual of Mental
Disorders (DMS-5). The Denver Il develop-
mental test and the Ankara Developmental Test
Inventory were applied to the cases. In addition,
the families of the subjects were asked to fill in
the Autism Behavior Checklist and the Behavior
Evaluation Scale for children [.5-5 years old
(Child Behavior Checklist For Ages (CBCL) 1.5-
5). As a result of these evaluations, 2 main diag-
nostic classes were established as those with
only cognitive developmental delay and those
with the coexistence of cognitive develop-
mental delay and autism spectrum disorder
(CDD-ASD).

Blood samples taken from patients and healthy
children were put into gel-containing vacutain-
ers and centrifuged at 3500 rpm for 10 minutes,
and serum samples were stored at —80°C until
the day of analysis. Serum PGNR concentrations
were measured using a human-specific sandwich
enzyme-linked immunosorbent assay (Hu PGNR
ELISA kit; Cat. No. MBS 163502, MyBioSource,
Belgium, San Diego, USA). Progranulin analysis
was performed by multiplate reader spectro-
photometer (City for XS Powerwave, BioTEK
Hampton, USA).

Statistical Analysis

Statistical analysis was performed using the
Statistical Package for Social Sciences for
Windows Version 20.0 (IBM Inc.; Chicago, ll,
USA). The variables were investigated using
Kolmogrov—Simirnov test to determine the
normal distribution. Descriptive analyses were
presented using means and standard deviations
(mean = SD). P < .05 was considered to be sta-
tistically significant.

Receiver operating characteristic (ROC) analysis
test was applied to determine whether the con-
tinuous variable could be used in the diagnosis
and to determine the cut-off value, positive pre-
dictive value (PPV), negative predictive value, and
area under the curve (AUC) value. The statistical
significance level for all data was taken as P < .05.

Results

Table | shows the demographic characteristics of
the patient group and the healthy control group.
There was no statistical difference between the
mean age of the total patient group and the
control group (P=.997). Of the 87 participants,
37.9% were female and 62.019% were male.

Serum PGRN concentration was statistically
lower in the patient group than in the healthy
control group (P=.000). Box plot graphs of the
patient group and healthy control group are
given in Figure I. There was no statistical differ-
ence between PGRN levels in patient subgroups
(P=.563). Serum PGRN levels of all groups are
presented in Table 2.

According to the findings, there was no statisti-
cally significant difference in serum PGRN levels
between males and females in the patient and
healthy groups (P > .05) (Table 3).

Receiver operating characteristic analysis was
performed to evaluate the potential of PGRN as
a biomarker to distinguish CDD-ASD patients
from healthy children. It detected a moder-
ate AUC value and a more significant P value

20001

PRGN (ngimL)
g
S

10001

0.0 o

T
patert Contra
Groups

Figure |. Serum progranulin levels of the control
group and patient group.
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Table 2. Progranulin Levels of the Healthy Control and Patients Groups

PG HCG
Variables CDD (n=32) ASD-CDD (n=20) Pl value Total PG (n=52) HCG (n=35) P2 value
PRGN (ng/mL) 109.071 +25.56 113.426 + 27.24 563 110.746 + 26.04 137.346 + 30.02 .000

PG, patient group; CDD, cognitive developmental delay; ASD-CDD: autism spectrum disorder-cognitive developmental delay; HCG, healthy control group; P, significance of the
comparison of CDD and ASD in the PG group; P2, significance of the comparison of PG and HCG groups.

Table 3. Serum Progranulin Levels in Male and Female Patients and Healthy Group

Variables PG Pl HCG P2
Gender Male Female Male Female
PRGN (ng/mL) 110.39+28.62 111.40+£21.05 .895 132.22 +29.21 144.18 + 30.71 249

of the comparison of female and male in the HCG group.

PG, patient group; CDD, cognitive developmental delay; ASD-CDD, autism spectrum disorder-cognitive developmental
delay; HCG, healthy control group; Pl, significance of the comparison of female and male in the PG group; P2, significance

Table 4. Data of ROC Analysis for Progranulin
AUC (CI%) P

PPV (CI%) NPV (CI%)

PRG 0.743 (87.6-98.6) 0.000

96.57 (98.3-87.4) 92.74 (94.5-88.7)

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.

for PGRN (P=.000). The cut-off value was
155334 ng/mL for PGRN, and PPV and PNV
were calculated. The values of ROC analysis are
presented in Table 4 and Figure 2.

Discussion

The development of the brain includes a set
of fundamental biological processes that occur
in concert and are tightly regulated by area
and time. Some genetic and/or environmental
variables may interfere with these processes,
causing variations from the expected path.
Large-scale brain abnormalities are linked to
both morphological and functional organiza-
tion in ASD, according to previous clinical find-
ings.'*'> Autism spectrum disorder and CDD
may partially involve an autoimmune pathogen-
esis? It has a pathological role in neutrophillear
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Figure 2. Receiver operating characteristic analysis
graphic of progranulin.

autoimmunity.'®  Progranulin, a neurotrophic
factor expressed primarily in neurons and
microglia, suppresses neutrophil activation and
inflammatory activity, making it a significant anti-
inflammatory suppressor.'”

In our study, serum PGRN levels were found to
be significantly lower in children with CDD-ASD
compared to healthy controls (P=.000).

Because it has been shown that PGRN plays a
vital role in the beginning and progression of neu-
rodegenerative disorders, significant attention has
been dedicated to the functional role of PGRN
in the central nervous system in recent years.'®
2l Progranulin is expressed broadly throughout
early brain development, although it is eventually
confined to certain neuronal populations such
as cortical and hippocampal pyramidal neurons
and Purkinje cells?> The finding of PGRN gene
null mutations as a prevalent cause of autoso-
mal dominant tau-negative frontotemporal lobe
dementia (FTLD) has piqued interest in the
gene.” As a result, neurodegeneration is hypoth-
esized to be caused by haploinsufficiency with
diminished PGRN-induced neuronal survival.**

According to new study, FTLD is caused in part
by brain damage produced by a combination
of dysregulated inflammation and increased
neuronal sensitivity due to low PGRN lev-
els.” According to a research, PGRN/GRN is
a neurotrophic factor that promotes neuronal
survival and axonal development and that rela-
tive PGRN shortage in individuals with PGRN
mutations alters neurite integrity and may result
in neurodegeneration.?'

Recent research focus on ASD has demon-
strated that neuroinflammation is the underly-
ing cause, with evidence from the dysregulated
cytokine profiles in the cerebrospinal fluid of
children with ASD** Neuroglial activation and
an increase in inflammatory marker levels in the
cerebrospinal fluid were found in postmortem
brain samples from patients with ASD, although
little is known about the underlying molecular
mechanisms.?’ Cell activity of PGRN is regu-
lated by interaction with proteins of the cell
membrane and extracellular matrix. Proteolytic
enzymes play a crucial role in PGRN activity
regulation. The neutrophil enzymes elastase
and proteinase-3 are crucial in balancing the
anti-inflammatory and inflammatory actions of
intact PGRN and its peptide fragments contain-
ing granulin domains.'®

Progranulin is vital for increasing long-term
neuronal survival and brain availability as an
effective neuroinflammatory regulator and
autocrine neurotrophic factor domains of
grandlin. Although the mechanisms connecting
PGRN deficit to ASD neurodegeneration are
unknown, it is apparent that PGRN deficiency
contributes to neurodegeneration, manifesting
at an early stage in neurodegenerative illnesses
and remaining stable over time. These proper-
ties suggest that PGRN might be a key thera-
peutic target, and restoring PGRN levels could
be a good strategy to prevent and cure ASD.630

The etiology of ASD, a category of early-
onset neurodevelopmental illnesses, is largely
unknown. Autism is increasingly being recog-
nized as a complex disorder caused by both
hereditary and environmental factors. Autism is
now diagnosed purely via clinical observation of
changing behavior and can only be done around
the age of 2 because clinical diagnosis in younger
children is difficult and ambiguous. Therefore,
there is a need for valid biomarkers that will
allow us to improve and predict the diagnosis.
Receiver operating characteristic analysis was
performed to evaluate the potential of PGRN
as a biomarker for CDD and ASD patients. It
detected a moderate AUC (0.743) value and a
more significant P value for PGRN (P=.000).

Thus, PGRN deficiency may result in dimin-
ished neurotrophic support for many years in



Eurasian | Med 2022; 54(1): 50-53

Ozgeris et al. Progranulin and Autisim ® 53

certain people with ASD-CDD, with cumulative
damage linked with dysregulated inflammation,
which may play a role in autism.

Plasma PGRN levels were decreased in the
patient group with ASD and CDD. In some
patients with ASD-CDD, PGRN deficiency may
result in decreased neurotrophic support for
many years, with cumulative damage associated
with unregulated inflammation that may play a
role in ASD-CDD. To date, the diagnosis of ASD
and CDD is based solely on clinical observation of
changing behavior and can only be made around
the age of 2 as clinical diagnosis in younger chil-
dren is difficult and uncertain. There is a demand
for reliable biomarkers that can help enhance
and forecast diagnosis; furthermore, excellent
biomarkers can predict the clinical outcome of
ASD-CDD and aid in monitoring the efficacy
of pharmacological and nutraceutical therapy. In
conclusion, decreased PGRN levels suggest that
it may be a biomarker for ASD and CDD.

Limitation of the Study

The only limitation of this research is that the
number of cases (especially ASD subgroups)
is low.

Ethics Committee Approval: The approval for this
research was obtained from the Clinical Research
Ethics Committee of Atatlrk University, Faculty of
Medicine (B.30.2.ATA0.01.00/28). Informed consent
was obtained from all individual participants included
in the study.

Informed Consent: Informed consent was obtained
from all patients.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — FB.O, N.K, LU,
Design — FB.O, NK, LU, KKY; Supervision MSK,
OB.D,; Resources — FB.O.; Materials — FB.O., N.K.
Data Collection and/or Processing — FB.O., N.K, LU,
KK Analysis and/or Interpretation — FB.O., N.K;
Literature Search — FB.O, NK, LLU, KK, Writing
Manuscript — FB.O; Critical Review — FB.O, NK,
MSK, AC, OBD.

Conflict of Interest: The authors have no conflicts of
interest to declare.

Financial Disclosure: This study was partially sup-
ported by Ataturk University (Scientific Research
Project, 2013/7).

References

I. Rydz D, Shevell MI, Majnemer A, Oskoui M.
Developmental  screening. | Child  Neurol.
2005;20(1):4-21. [CrossRef]

Ozbaran B, KOSe SG, Erermis S. Yaygin gelisimsel
bozukluklarda sosyal bilis. Kiin Psikofarmakol Bul.
2009;19(3):322-331.

Cohly HHP, Panja A. Immunological findings in
autism. Int Rev  Neurobiol. 2005;71:317-341.
[CrossRef]

Al-ayadhi LY, Mostafa GA. Increased serum
osteopontin levels in autistic children: relation to
the disease severity. Brain Behav
2011;25(7):1393-1398. [CrossRef]
Mostafa GA, El-Sayed ZA, El-Aziz MM, El-
Sayed MF. Serum anti-myelin—associated glyco-
protein antibodies in Egyptian autistic children. |

Immun.

Child Neurol. 2008;23(12):1413-1418.
[CrossRef]
Mostafa GA, El-Hadidi ES, Hewedi DH,

Abdou MM. Oxidative stress in Egyptian children
with autism: relation to autoimmunity. | Neuroim-
munol. 2010;219(1-2):1 14-118. [CrossRef]
Toh H, Cao M, Daniels E, Bateman A. Expression
of the growth factor progranulin in endothelial
cells influences growth and development of
blood vessels: a novel mouse model. PLoS ONE.
2013;8(5):e64989. [CrossRef]

Jacova C, Hsiung GY, Tawankanjanachot |, et al.
Anterior brain glucose hypometabolism pre-
dates dementia in progranulin mutation carriers.
Neurology. 2013;81(15):1322-133 1. [CrossRef]
Lan J, Hu Y, Wang X et al. Abnormal spatiotem-
poral expression pattern of progranulin and
neurodevelopment impairment in VPA-induced
ASD rat model. Neuropharmacology.
2021;196:108689. [CrossRef]

Kessenbrock K, Frohlich L, Sixt M, et al. Protein-
ase 3 and neutrophil elastase enhance inflamma-
tion in mice by inactivating antiinflammatory
progranulin. | Clin Invest. 2008; | 18(7):2438-2447.
[CrossRef]

Nothan C. Neutrophils and immunity: challenges
and port unities. Nat Rev Immunol. 2006;6(6):173.
Jian J, Konopka J, Liu C. Insights into the role of
progranulin in immunity, infection, and inflamma-
tion. | Leukoc Biol. 2013;93(2):199-208.
[CrossRef]

Zhu J, Nathan C, Jin W, et al. Conversion of
proepithelin to epithelins: roles of SLPI and
elastase in host defense and wound repair. Cell.
2002;111(6):867-878. [CrossRef]

Courchesne E, Mouton PR, Calhoun ME, et al.
Neuron number and size in prefrontal cortex of
children with autism. JAMA. 201 1;306(18):2001-
2010. [CrossRef]

Fu Z, Tu Y, Di X, et al. Transient increased tha-
lamic-sensory  connectivity
whole-brain dynamism in autism. Neurolmage.
2019;190:191-204. [CrossRef]

Li L, Huang L, Vergis AL, et al. IL-17 produced by
neutrophils regulates IFN-y—mediated neutro-
phil migration in mouse kidney ischemia-reper-
fusion injury. | Clin Invest. 2010;120(1):331-342.
[CrossRef]

and  decreased

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Progranulin (PGRN). Sci-Bus Exch.
2008;1(12):289. [CrossRef]

Wang XM, Zeng P, Fang YY, Zhang T, Tian Q.
Progranulin in neurodegenerative dementia. |
Neurochem. 2021;158(2):119-137. [CrossRef]
Arrant AE, Onyilo VC, Unger DE, Roberson ED.
Progranulin gene therapy improves lysosomal
dysfunction and microglial pathology associated
with frontotemporal dementia and neuronal
ceroid lipofuscinosis. | Neurosci. 2018;38(9):2341 -
2358. [CrossRef]

Bartoletti-Stella A, De Pasqua S, Baiardi S, et al.
Characterization of novel progranulin gene vari-
ants in ltalian patients with neurodegenerative
diseases. Neurobiol Aging. 2021;97:145.e7-145.
el5. [CrossRef]

Van Damme B, Van Hoecke A, Lambrechts D, et
al. Progranulin functions as a neurotrophic factor
to regulate neurite outgrowth and enhance neu-
ronal survival. | Cell Biol. 2008;181(1):37-41.
[CrossRef]

Daniel R, Daniels E, He Z, Bateman A. Progranu-
lin (acrogranin/PC cell derived growth factor/
granulin epithelin precursor) is expressed in the
placenta, epidermis, microvasculature, and brain
during  murine  development. Dev  Dyn.
2003;227(4):593-599. [CrossRef]

Baker M, Mackenzie IR, Pickering-Brown SM, et
al. Mutations in progranulin cause tau-negative
frontotemporal dementia linked to chromo-
some |7. Nature. 2006;442(7105):916-919.
[CrossRef]

Ahmed Z, Mackenzie IRA, Hutton ML, Dick-
son DW. Progranulin in frontotemporal lobar
degeneration and neuroinflammation. | Neuroin-
flammation. 2007;4(1):7. [CrossRef]

Yin FF, Banerjee R, Thomas B, et al. Exaggerated
inflammation, impaired host defense, and neuro-
pathology in progranulin-deficient mice. | Exp
Med. 2010;207(1):117-128. [CrossRef]

Pardo CA, Vargas DL, Zimmerman AW. Immu-
nity, neuroglia and neuroinflammation in autism.
Int ~ Rev  Psychiatry. ~ 2005;17(6):485-495.
[CrossRef]

Toh H, Chitramuthu BPF Bennett HPJ, Bate-
man A. Structure, function, and mechanism of
progranulin; the brain and beyond. | Mol Neurosci.
2011;45(3):538-548. [CrossRef]

Cui Y, Hettinghouse A, Liu CJ. Progranulin: a
conductor of receptors orchestra, a chaperone
of lysosomal enzymes and a therapeutic target
for multiple diseases. Cytokine Growth Factor Rev.
2019;45:53-64. [CrossRef]

Elia LP, Reisine T, Alijagic A, Finkbeiner S.
Approaches to develop therapeutics to treat
frontotemporal dementia. Neuropharmacology.
2020;166:107948. [CrossRef]

Malik BR, Maddison DC, Smith GA, Peters OM.
Autophagic and endo-lysosomal dysfunction in
neurodegenerative  disease. Mol Brain.
2019;12(1):100. [CrossRef]


https://doi.org/10.1177/08830738050200010201
https://doi.org/10.1016/s0074-7742(05)71013-8
https://doi.org/10.1016/j.bbi.2011.04.006
https://doi.org/10.1177/0883073808319321
https://doi.org/10.1016/j.jneuroim.2009.12.003
https://doi.org/10.1371/journal.pone.0064989
https://doi.org/10.1212/WNL.0b013e3182a8237e
https://doi.org/10.1016/j.neuropharm.2021.108689
https://doi.org/10.1172/JCI34694
https://doi.org/10.1189/jlb.0812429
https://doi.org/10.1016/s0092-8674(02)01141-8
https://doi.org/10.1001/jama.2011.1638
https://doi.org/10.1016/j.neuroimage.2018.06.003
https://doi.org/10.1172/JCI38702
https://doi.org/10.1038/scibx.2008.289
https://doi.org/10.1111/jnc.15378
https://doi.org/10.1523/JNEUROSCI.3081-17.2018
https://doi.org/10.1016/j.neurobiolaging.2020.05.004
https://doi.org/10.1083/jcb.200712039
https://doi.org/10.1002/dvdy.10341
https://doi.org/10.1038/nature05016
https://doi.org/10.1186/1742-2094-4-7
https://doi.org/10.1084/jem.20091568
https://doi.org/10.1080/02646830500381930
https://doi.org/10.1007/s12031-011-9569-4
https://doi.org/10.1016/j.cytogfr.2019.01.002
https://doi.org/10.1016/j.neuropharm.2020.107948
https://doi.org/10.1186/s13041-019-0504-x

