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Abstract 

Background: Progressive multifocal leukoencephalopathy is a rare demyelinating disease that is often secondary to 
lytic destruction of oligodendrocytes and, to a lesser extent, to astrocytes’ response to human neurotrophic John Cun-
ningham polyomavirus. Any underlying congenital disorder of primary or secondary immunodeficiency may predis-
pose to virus infection and possible invasion of the brain. We present the first reported case of progressive multifocal 
leukoencephalopathy due to a mutation in the RAC2 gene.

Case presentation: We describe the case of a 34-year-old Iranian man with recurrent infections from the age of 
2 years, along with other disorders such as nephritic syndrome, factor XI deficiency, and hypogammaglobulinemia. 
He was treated regularly with intravenous immunoglobulin from the age of 10 years with a diagnosis of common vari-
able immune deficiency. Genetic testing confirmed a novel homozygous mutation in the RAC2 gene in the patient. 
Owing to the onset of neurological symptoms a few months ago, the patient was completely avaluated, which con-
firmed the diagnosis of PML. Despite all efforts, the patient died shortly after progression of neurological symptoms.

Conclusions: According to previous studies, progressive multifocal leukoencephalopathy has been associated with 
26 cases of primary immunodeficiency. Our patient presents a new case of primary immunodeficiency with pro-
gressive multifocal leukoencephalopathy. Accurate examination of these cases can help us to gain insight into the 
immune response to John Cunningham virus and better treat this potentially deadly disease.
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Introduction
Progressive multifocal leukoencephalopathy (PML) is a 
severe and rare demyelinating disorder. It affects white 
matter and, to a lesser extent, gray matter, including the 
basal ganglia and thalamus. The disease is caused by a 
reaction to human neurotrophic John Cunningham virus 
(JCV), which is one of the most common viral infections 
in communities [1]. People with normal immune systems 

are able to successfully control this infection. Oligoden-
drocytes are the main target of JCV in the brain and, 
to a lesser extent, astrocytes. Focal or extensive myelin 
destruction occurs following the lytic degradation of 
these cells and the release of viral fragments [2].

Adaptive immunity, especially cellular immunity, plays 
a significant role in controlling this infection, and impair-
ment of the immune system, either primary or second-
ary, predisposes to reactivation of the virus [3]. PML was 
first described in 1958 in three patients with hematologic 
malignancy [4] but was broadly defined in 1980 during 
the acquired immunodeficiency syndrome (AIDS) epi-
demic. During the previous decades, the treatment of 
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cancer or rheumatologic disorders by using monoclonal 
antibodies once again increased the prevalence of sec-
ondary PML [3].

PML is seen as a rare complication of several types of 
primary immunodeficiency (PID), most of which are in 
the form of combined immunodeficiency. Twenty-six 
cases of PID with PML have been reported, of which 
some, such as STAT1 gain of function (GOF), Wiskott–
Aldrich syndrome, and DOCK8 deficiency, have been 
reported in more than one patient, but disorders such as 
X-linked agammaglobulinemia, CD40 ligand (CD40L) 
deficiency, purine nucleoside phosphorylase (PNP) defi-
ciency, adenosine deaminase (ADA) deficiency, and 
immunodeficiency-centromeric instability-facial anoma-
lies syndrome (ICF syndrome), were found in only a sin-
gle case [5]. In seven patients, PML has been reported 
as a complication of combined immunodeficiency. Dis-
orders such as hypogammaglobulinemia, hyper-Immu-
noglobulin (ig)E syndrome, and, in one case, hyper-IgM 
syndrome have been associated with PML [6]. Unfortu-
nately, PML prognosis is very disappointing; therefore, 
early diagnosis of disease in the presence of predisposing 
conditions such as primary or secondary immunodefi-
ciency and early initiation of treatment may be effective 
in increasing patients’ survival. In this report, we are the 
first to describe PML in a patient with an early diagno-
sis of common variable immune deficiency (CVID) and 
known mutations in the RAC2 gene.

Case presentation
Our patient is a 34-year-old Iranian man of Gilaki ethnic-
ity from consanguineous parents, who was 2 years old at 
the onset of the disease, with recurrent sinopulmonary 
infections, poor weight gain, urticaria, and sinusitis at 
age of 7 years. Owing to the low serum level of IgA, he 
was first diagnosed with selective IgA deficiency. At the 
age of 8  years, he developed post-infection glomerulo-
nephritis and then was treated as a case with nephritic 
syndrome. Lack of factor XI is another complication that 
was diagnosed at the age of 10  years. At the same age, 
owing to a decrease of IgM–IgG along with recurrent 
infections, he was diagnosed with CVID, and since then 
he has undergone regular intravenous immunoglobulin 
(IVIG) therapy. Also, he was treated separately for other 
comorbidities, including bronchiectasis, hypothyroidism, 
and growth hormone deficiency.

As his sister presented with similar immunodeficiency 
manifestations, they were genetically examined by whole-
exome sequencing (WES) analysis. A novel homozygous 
nonsense mutation in codon 56 (W56X) was detected on 
the RAC2 gene, which was confirmed by Sanger sequenc-
ing [7].

About 4  months ago, the patient was first diagnosed 
with nausea and headache, which gradually worsened 
along with progressive blurred vision, paresis, and par-
esthesia on the left side of the body. On brain magnetic 
resonance imaging (MRI), subcortical lesions in the 
left occipital and right temporoparietal area (Fig.  1), as 
well as the involvement of parts of the corpus callosum 
and thalamus (Fig.  2), suggested the possibility of dis-
eases involving cerebral white matter, such as posterior 
reversible encephalopathy syndrome (PRES) or PML. 
To confirm the diagnosis, the patient underwent a more 
accurate workup. The combination of clinical and radio-
logical findings, along with positive polymerase chain 
reaction (PCR) for JCV in a cerebrospinal fluid (CSF) 
sample, confirmed the PML diagnosis. Other tests that 
were performed on the CSF sample, including glucose, 
protein, and inflammatory cell counts, were reported to 
be normal. To determine the risk factors for PML, other 
than PID, in the patient, human immunodeficiency virus 
(HIV) Ribonucleic acid (RNA) Polymerase chain reaction 
(PCR) testing was performed, which was reported nega-
tive. In general, the patient’s PID can be considered the 
most important risk factor for PML. Despite the treat-
ments, our patient died within a month of diagnosis. He 
was the first case reported with PML due to mutations in 
the RAC2 gene.

Discussion
Human neurotrophic polyomavirus JCV is consid-
ered the most important cause of diffuse demyelinating 
disease, such as PML [6]. This virus is first transmitted 
through the nose and mouth and then transmitted to 
the bone marrow and kidneys through infected lympho-
cytes [8]. Under these conditions, the virus can remain 
in the latent phase for many years. It is clear that, under 
the conditions of dysfunction of the immune system, the 
invading virus increasingly causes uncontrolled infection 
throughout the body.

Although the exact mechanism of the immune 
response to JCV is still unclear, a review of the 26 cases 
of PID associated with PML helps solve this complex 
puzzle. For example, a report of four cases with PML 
who had gain-of-function (GOF) mutations in STAT-1 
revealed the major role of STAT-1 in controlling inter-
feron (IFN) responses. Accordingly, it can be concluded 
that IFNs, especially gamma interferon (IFN-γ), play 
a significant role in controlling JCV [9]. As another 
hypothesis in patients with GOF mutations in STAT-1, 
increased expression of programmed cell death protein 
ligand 1 (PD-L1) on T cells leads to anergy and dysfunc-
tion of these cells, which in turn predisposes to PML [6]. 
The association of disorders such as DOCK8 deficiency 
[10] and hyper-IgE syndrome [11] with PML suggests a 
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possible role for IL-17 in controlling the virus in normal 
individuals. Our report regarding the first PML case with 
RAC2 deficiency mutation provoked us to investigate the 
possible roles of this gene in the response of the immune 
system to JCV. RAC2 protein, as a member of the Rho 
GTPase family, plays a key role in the regulation of the 
cellular process of neutrophils in the activity of cytoskel-
eton actin dynamics, chemotaxis of neutrophils, cell 
migration, and NADPH oxidase activity [12].

Although our patient and his sibling had no symp-
toms in favor of neutrophil dysfunction despite hav-
ing mutations in the same gene during infancy, the first 
manifestations at older ages can be attributed to their 
hypogammaglobulinemia, which suggests a significant 
role of the RAC2 gene in the development and activa-
tion of B and T cells. In the sample that was taken from 
the patient, a decrease in chemotaxis, as well as in the 
number and morphology of granules in neutrophils, 
confirmed serious dysfunction in these cells, but the 

Fig. 1 Magnetic resonance imaging of the brain, showing subcortical signal changes in the left occipital and right temporoparietal area
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patient did not have a specific manifestation in favor of 
neutrophil disorder. Nevertheless, immunophenotyping 
of lymphocytes in the patient indicated B-cell lympho-
penia and abnormalities in T-cell subpopulations, with 
reversed ratio of CD4/CD8 T cells, decreased percent-
ages of naive CD4, and CD8 T cells, and regulatory T and 
recent thymic emigrant cells [12]. Therefore, it may be 

concluded that the patient had a combined disorder of B 
cells and T cells, which predisposed him to reactivation 
of latent JCV infection and PML. Cellular immunity plays 
a very important role in controlling JCV infection. The 
role of humoral immunity is not exactly known; in the 
patient of the current study, PCR for JCV was performed 

Fig. 2 Magnetic resonance imaging of the brain, indicting subcortical signal changes in the left side of the splenium corpus callosum and the right 
side of the thalamus
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on a sample taken from CSF to confirm the diagnosis of 
PML [13].

Regarding PML treatment, it is important to pay atten-
tion to a few general strategies after making a correct and 
timely diagnosis. The first point is to prevent the virus 
from entering the cells, and the next point is to improve 
the immune response against the virus and treat predis-
posing underlying diseases. In the reported patient, with 
the aim of improving the immune response, firstly, the 
dose of IVIG was increased. The measured IgG level of 
the patient was reported to be 1058 mg/dL during hos-
pitalization. Secondly, mirtazapine was used as an anti-
viral drug to block one of the virus receptors (5HTR2) in 
the host cells. Pembrolizumab as a PD-L1 inhibitor was 
another option in the treatment of the patient, although, 
unfortunately, owing to the high cost, despite the great 
efforts of the family and medical staff, it was not pos-
sible to prepare and prescribe this drug for the patient. 
Our patient did not respond to any of the treatments and 
suffered from the progression of neurological symptoms, 
and eventually died.

Conclusion
PML has been reported as a fatal complication in 26 
patients with PID due to various gene mutations. Our 
patient is the first case reported with PML due to muta-
tions in the RAC2 gene. Early diagnosis and treatment are 
very important in the prognosis of PML. Owing to the 
rarity of the complication, it seems necessary to report all 
cases of it.
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