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A B S T R A C T   

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is a rare immune-mediated neuropathy for 
which there is no clearly identified risk factor. The present study identified rare variants in the FBXO38 gene in 
three familial cases of CIDP with response to corticosteroids in three generations with incomplete penetrance, 
and in an unrelated fourth case with diffuse nerve hypertrophy. FBXO38 may be involved in the regulation of the 
immunity mediated by CD8 T cells, which have an important role in CIDP pathophysiology, through PD1 
degradation. Considering these findings, FBXO38 should be investigated as a potential genetic factor in larger 
cohorts of patients with CIDP.   

1. Introduction 

Chronic inflammatory demyelinating polyradiculoneuropathy 
(CIDP) is a rare immune-mediated neuropathy, with different clinical 
presentations (Van Den Bergh et al., 2021; Bunschoten et al., 2019). 
There is no risk factor clearly identified; some genetic predisposing 
factors, such as HLA, have been reported, although no clear association 
was established (Blum and McCombe, 2014). Patients with complex 
genetic diseases, especially those carrying AIRE or CD59 mutations may 
present with CIDP-like neuropathies (Duchateau et al., 2019; Valenzise 
et al., 2017). However, since rare familial cases of inflammatory neu
ropathies have been described, the presence of a genetic risk factor has 
been questioned (Magy et al., 1997; Gabreels-Festen et al., 1986; Ullah 
et al., 2022). 

In this report, we describe a family with three cases of CIDP in three 
generations and an unrelated fourth case, with rare variants in the 
FBXO38 gene. This gene is included in the panel of genetic neuropathies, 
due to its association with rare cases of distal hereditary motor neu
ropathy (dHMN), a pure axonal motor neuropathy, with calf predomi
nance (Sumner et al., 2013). FBXO38 is an E3 ubiquitin ligase targeting 

PD1, a protein of the PD1/PDL1 complex, an immune checkpoint, down- 
regulating the immune system and promoting self-tolerance by sup
pressing T cell inflammatory activity (Meng et al., 2018; Serman and 
Gack, 2019). T cells are the main immune cells involved in the patho
physiology of CIDP (Bunschoten et al., 2019). Furthermore, as immune 
check point inhibitor (ICI) (Okada et al., 2021), a therapy targeting the 
PD1/PDL1 complex used in cancer immunotherapy, is known to be a 
trigger of inflammatory polyradiculoneuropathy, we hypothesize that 
dysfunction of the PD1 pathway that may results from variants in 
FBXO38 could induce CIDP. 

2. Case series – clinical and paraclinical exams 

2.1. Family 1 (familial pedigree, on Fig. 1): 

2.1.1. Case 1 
A 68-year-old female (I-1) presented with the subacute onset (in 3–4 

months) of feet and legs hypoesthesia, and imbalance with slight distal 
weakness, with a demyelinating motor and sensory neuropathy on nerve 
conduction study (NCS). Cerebrospinal fluid (CSF) showed elevated 

* Corresponding author at: Service ENMG et de pathologies neuromusculaires, Hôpital Neurologique P. Wertheimer, 59 boulevard Pinel, 69500 Bron, France. 
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protein levels at 0.7 g/L (N < 0.5 g/L). She was diagnosed with CIDP and 
treated with oral corticosteroids, which led to a good improvement, with 
a normal gait. In the subsequent years however, she experienced two 
relapses of paresthesia and walking difficulties as well as an episode of 
diplopia. The patient experienced an incomplete regression of symptoms 
with continuous need for treatment (20 mg/day of oral corticosteroids). 
She died at 83 years old. 

2.1.2. Case 2 
A 57-year-old female (II-4), daughter of case 1 (I-1), presented at the 

age of 35 a first episode of moderate imbalance and hypoesthesia of four 
limbs without work-up nor treatment. Two years later, she was hospi
talized for a new episode of four limbs dysesthesia that appeared 2 
months ago and imbalance that appeared 1 week ago. Proximal and 
distal weakness with abolished stretch reflex at lower limbs was noted. 
Overall Neuropathy Limitations Scale (ONLS) was evaluated at 7/12 [3/ 
5 for upper limbs (UL) and 4/7 for lower limbs (LL)]. CSF revealed 
elevated protein levels at 1.73 g/L, and NCS showed demyelination 
sensory and motor neuropathy with conduction blocks on several nerves 
(Supplementary table). The laboratory work up was unremarkable, 
especially normal anti-gangliosides antibodies. A final diagnosis of 
typical CIDP was made, retrospectively fulfilling EAN/PNS 2021 criteria 
(Van Den Bergh et al., 2021). She was treated by intravenous immu
noglobulins (IVIg) without improvement. Oral corticosteroids (1 mg/kg 
per day) were clinically effective with improvement of ONLS at 3/12. 
However, walking difficulties and quadriparesis reappeared several 
times (maximum ONLS at 6/12) during the six following months, when 
corticosteroids dosage was decreased and even stopped due to poor 
tolerance. Mycophenolate mofetil and then azathioprine were admin
istered but not tolerated. Corticosteroids were reintroduced at a dose of 
20 to 40 mg/day and the patient was stable until 44 years of age (ONLS 
at 4/12). Then, she developed a diplopia and new proximal lower limbs 
weakness (ONLS 6/12) with a good response (ONLS 4/12) to an increase 
in corticosteroid treatment (1 mg/kg). Treatment was progressively 
diminished. Immunological tests including antibodies anti-neurofascin 
155 (NF-155), anti-contactin 1, anti-contactin-associated protein 1 
(CASPR1), and anti-neurofascin 186 (NF186) were negative. Subsequent 
NCS at the age of 56 showed a predominantly axonal neuropathy with 
improvement of demyelinating abnormalities. 

2.1.3. Case 3 
A 31-year-old female (III-2), niece of case 2 (II-4), presented at the 

age of 18 with rapidly progressive (in 6 months) gait and balance dis
order with weakness of four limbs. Motor deficit of dorsal and plantar 
flexions of feet and dorsal interossei muscles were observed as well as 
hypoesthesia of four limbs and abolished reflexes of lower limbs. ONLS 
was evaluated at 4/12 (2 for UL and 2 for LL). NCS revealed a demye
linating sensory and motor neuropathy, with conduction blocks (Sup
plementary table), retrospectively fulfilling EAN/PNS 2021 criteria (Van 
Den Bergh et al., 2021). CSF revealed elevated protein levels at 0.92 g/L. 
Anti-gangliosides antibodies were negative. Several courses of IVIg 
subsequent to the CIDP diagnosis allowed a partial improvement during 

three years (ONLS 1/12). However, new episodes of milder gait disor
ders and weakness that occurred during the three following years led to 
several course of IVIg. Oral corticosteroids (1 mg/kg following by pro
gressive tapering) were tried when she was 21 years old and led to 
additional improvement but were stopped due to poor tolerance. IVIg 
were again administered between her 22 and 25 years of age. Since, she 
experienced relapses two or three times a year, treated with cortico
steroids (1 mg/kg, with progressive tapering) and requiring a tempo
rarily walking aid for recurrences of gait ataxia. 

In this family, the male patient (II-3), son of case 1 (I-2) and father of 
case 3 (III-2; Fig. 1), presented no sign nor symptom of neuropathy, and 
a normal NCS. This male patient progressively developed a cerebellar 
syndrome at adulthood, without argument for autoimmune cerebellar 
ataxia. However, a genetic cause was suspected but not confirmed by a 
large genetic exploration for cerebellar ataxia. 

2.2. Family 2 

2.2.1. Case 4 
A 73-year-old female presented with low back pain with S1 bilateral 

radicular pain and feet paresthesia with imbalance for three weeks. 
Fifteen years ago, she had a breast cancer treated using non-neurotoxic 
chemotherapy. Few weeks after the onset of chemotherapy, she pre
sented with extended paresthesia on the lower limbs and imbalance 
without weakness that developed in 48 h. NCS showed clear arguments 
for multifocal demyelination in sensory and motor nerves. An initial 
diagnosis of acute inflammatory demyelinating neuropathy (AIDP) was 
made and she was treated by IVIg, which allowed a complete clinical 
recovery that was followed by a relapse of the symptoms after 3 months. 
Hence, a second course of IVIg was administered and led to a novel 
complete clinical recovery. During the last control of NCS, 26 months 
after onset, a persistent demyelinating neuropathy with clear improve
ment was found. 

The clinical examination performed at 73 years old, when she 
experienced the radicular pain, found slight weakness of dorsal feet 
flexion and hallux extension, distal diminished sense of vibration, and 
absent Achilles reflex, without pes cavus nor leg atrophy. She had no 
symptom/sign on upper limb, including no tremor. A cauda equina 
tumor was suspected after a first lumbar MRI. The MRI of the brachial 
and lumbosacral plexuses revealed significant hypertrophy of all pe
ripheral nerve structures without nodular thickening nor enhancement 
after contrast medium injection, suggesting CIDP (Fig. 2). NCS revealed 
a multifocal sensory and motor demyelinating neuropathy, with prox
imal conduction block, with secondary axonal damage (Supplementary 
table), and a few distal fibrillation potentials in needle electromyog
raphy. Nerve ultrasonography confirmed a diffuse nerve enlargement of 
median nerve and trunks, which was in favor of CIDP (Van Den Bergh 
et al., 2021) (Fig. 2). CSF showed 5 cells/mm3 and major elevated 
protein levels at 45 g/L. Immunological tests including antibodies anti 
NF-155, anti-contactin1, anti-CASPR1, and anti-NF186 were negative. A 
corticosteroid treatment was proposed but declined by the patient. At 6 
months after onset, she had no radicular pain, she kept only distal 
paresthesia and weakness of dorsal feet flexion, as well as hallux 
extension at MRC (medical research council scale) 3/5, a slight propri
oceptive ataxia, with Rasch-built Overall Disability Score (RODS) at 44/ 
48, and ONLS at 1/12. 

2.3. Genetics analyses 

The analysis of 104 genes involved in hereditary neuropathies 
(including genes SH3TC2, FIG. 4, SIMPLE/LITAF, PLEKHG5, MPZ, and 
GJB1) using next generation sequencing (NGS) was performed in case 2 
(II-4) and case 3 (III-2, Fig. 1) of family 1 as well as in case 4 and in her 
asymptomatic brother. In family 1, in II-4 and III-2, no pathogenic, nor 
probably pathogenic variant was found, but a rare variant of undeter
mined significance (VUS) was identified in the FBXO38 gene: 

Fig. 1. Pedigrees of family 1. 
Three patients had CIDP in this family (I-2, II-4, and III-2), and all carried the 
rare FBXO38 variant, c.3125 A > G, p.(Asn1042Ser), except I-2 who was 
not tested. 
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NM_030793.4(FBXO38):c.3125 A > G, p.(Asn1042Ser). This variant was 
confirmed using Sanger sequencing, and cause the substitution of an 
asparagine by a serine at residue 1042. It is absent from the Genome 
Aggregation Database (gnomAD), and was predicted “uncertain” by 
REVEL and “likely benign” by AlphaMissense. The asparagine residue is 
highly conserved throughout species. The patient I-1 was not available 
for genetic analysis, neither the subject II-3. However, since II-3 is the 
father of III-2 and the brother of II-4, who carry this variant, II-3 
necessarily also carry this variant. 

In case 4 (family 2), the genetic analysis was performed due to a 
more severe alteration of NCS compared to few clinical signs/symptoms, 
and diffuse major nerve enlargement. The NGS analysis did not identify 
pathogenic, nor probably pathogenic variant, but a rare VUS was iden
tified in the FBXO38 gene: NM_030793.4(FBXO38):c.3247C > T, p. 
(Arg1083Cys), which was found at a very low frequency (0.0015%) in 
gnomAD. This corresponds to an occurrence of 4, which is not incom
patible with a deleterious effect on the protein. For instance, confirmed 
pathogenic variants involved in neuropathies are found in the gnomAD 
with occurrences of up to 13 (eg: NM_000530.8(MPZ): c.434 A > C, p. 
Tyr145Ser or NM_001540.5(HSPB1): c.116C > T, p.Pro39Leu). The VUS 
variation in FBXO38 was predicted “uncertain” by REVEL and “likely 
pathogenic” by AlphaMissense. The arginine residue is highly conserved 
throughout species. This variant was not found in her brother, without 
demyelinating neuropathy on NCS. Other siblings were not available for 
NCS or/and genetic analysis. 

3. Discussion 

The present study identified rare variants in the FBXO38 gene of 
patients with CIDP; the c.3125 A > G variant was found in patients from 
different generations of a family and the c.3247C > T variant was found 
in an unrelated case. Cases from family 1 showed no or insufficient 
response to IVIg but exhibited a positive response to corticosteroids. 
Penetrance was incomplete, as an individual (II-3) did not have clinical, 
nor electrophysiological evidence of neuropathy. All patients were fe
male although there is no clear pathophysiological explanation for a 
female-susceptibility. Multifocal demyelinating abnormalities and their 
improvement in NCS, the acute/subacute relapses, the improvement of 
clinical signs using corticosteroids, the absence of osteoarticular de
formities were rather in favor of CIDP and argued against a Charcot- 
Marie-Tooth (CMT) diagnosis. Of note, genes involved in CMT - 
including SH3TC2, FIG. 4, SIMPLE/LITAF, PLEKHG5, MPZ, and GJB1- 
that can lead to CIDP misdiagnosis due to non-uniform conduction 
slowing have been analyzed and did not carry any variant (Uncini et al., 
2024). The unrelated case had a particularly intriguing form of CIDP, 
characterized by a diffuse and major hypertrophy throughout the pe
ripheral nervous system, comprising root, plexus as well as proximal and 
distal parts of nerve, with markedly elevated protein levels in CSF at 45 
g/L. Cases from family 1did not undergo nerve MRI or ultrasonography. 

FBXO38 plays an important role in the regulation of the anti-tumor 
immunity mediated by CD8 T cells since FBXO38 participates in PD1 
degradation through ubiquitination (Meng et al., 2018; Serman and 
Gack, 2019). In cancer, PDL1 is expressed on the surface of cancer cells 
and binds to PD1 that is expressed on the surface of T cells, which leads 

Fig. 2. Nerve, Roots and plexus MRI or/and ultrasonography of case 4 (family 2). 
(a) Spinal MRI T2 images (sagittal) revealed hypertrophy of the cauda equina roots, presenting a “pseudo-tumoral” appearance. (b) MR Neurography of brachial 
plexuses (3D T2-Nerve View) revealed hypertrophy of the entire cervical and dorsal roots, brachial plexus, and intercostal nerves. (c) MR Neurography of lumbo
sacral plexuses (3D T2-Nerve View) revealed hypertrophy of the lumbar roots and lumbosacral brachial plexuses. (d) Nerve ultrasonography of the brachial plexus 
(interscalene): upper, middle, and lower trunk enlargement with cross-sectional area (CSA) was 27, 32, and 32mm2, respectively (nerve enlargement suggesting CIDP 
whether CSA >9mm2 for trunk (Van Den Bergh et al., 2021). (e) Nerve ultrasonography of the median nerve, at middle arm enlargement with CSA was 56mm2 (nerve 
enlargement suggesting CIDP whether CSA for median nerve at middle arm >13mm2 (Van Den Bergh et al., 2021). Also, median nerve enlargement with CSA was 
27mm2 at forearm and 53mm2 at wrist (nerve enlargement suggesting CIDP whether CSA for median nerve at forearm >10mm2 (Van Den Bergh et al., 2021). At wrist 
normal value is <10mm2 (data not shown for these two values). 
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to the inhibition of the T cells response (Meng et al., 2018, Serman and 
Gack, 2019). During neoplasia, FBXO38 is downregulated in tumor- 
infiltrating CD8 T cells, resulting in an increased expression of PD1 on 
the surface of T cells and the suppression of anti-tumor immune re
sponses (Meng et al., 2018, Serman and Gack, 2019). The use of ICIs, 
such as anti-PD1 and anti-PDL1, in cancer treatment disrupts this PD1/ 
PDL1 binding, restoring the immune response of T cells against cancer 
cells (Okada et al., 2021). However, ICIs may induce several autoim
mune complications including CIDP (Okada et al., 2021). This possible 
dysfunction of the PD1 pathway due to variants in FBXO38 could induce 
CIDP in patients presented herein. 

In addition to its role in T cells regulation, FBXO38 is a coactivator of 
the transcription factor KLF7, which is crucial for neuronal axon 
outgrowth and repair, which could explain its association with dHMN 
(Sumner et al., 2013). Patients presented with progressive length- 
dependent muscular weakness with. an axonal motor neuropathy 
(without demyelinating features) at NCS (Sumner et al., 2013; Grun
seich et al., 2021; Akçimen et al., 2019). 

In dHMN cases as well as in CIDP cases, variants were located in 
different regions of the gene. Variant c.616 T > C linked to dHMN is 
located near a region with a signaling function, specifically the second 
nuclear export signal (NES) domain (Sumner et al., 2013). In contrast, 
the variants found in patients with CIDP were located near a nuclear 
localization signal (NLS). These disparities in variant locations may 
suggest different pathophysiological roles, potentially associated with 
different phenotypes. 

To our knowledge, cases of inflammatory demyelinating neuropathy 
mimicking CIDP or AIDP/Guillain-Barré syndrome (GBS) have been 
rarely described in the same family; in 1986 two siblings with possible 
CIDP at a young age were reported (Gabreels-Festen et al., 1986). 
Although nerve biopsy findings suggested an inflammatory component, 
a genetic testing was not performed, thus a potential hereditary demy
elinating neuropathy was not excluded (Gabreels-Festen et al., 1986). 
Furthermore, the occurrence of GBS within the same family has been 
rarely reported (Ullah et al., 2022), leading to consider a potential ge
netic predisposition coupled with environmental factors. Moreover, a 
French family of eight members with AIDP triggered by fever were 
described (Magy et al., 1997); the genetic analysis of FBXO38 was per
formed on a patient from this family, yet no variant was identified. It 
was reported that patients with proven genetic demyelinating neurop
athies could present with an additional inflammatory neuropathy like 
CIDP or AIDP; responsive to immunotherapies (Kokubun, 2020), 
showing the close links between genetics and acquired factors in 
demyelinating neuropathies. 

Genetic factors may be involved in the pathophysiology of CIDP. 
Specifically, patients with rare genetic diseases may develop CIDP-like 
neuropathy, especially those with mutations in CD59 or AIRE genes. 
In children with inherited chronic hemolysis who carried CD59 muta
tions, CIDP-like neuropathy has been described; although no mutation 
in CD59 was found in 35 patients with isolated CIDP (Duchateau et al., 
2019). Additionally, rare cases of patients with Autoimmune 
polyendocrinopathy-candidiasis-ectodermal-dystrophy (APECED), a 
rare primary immunodeficiency disorder, due to homozygous mutation 
in AIRE gene developed CIDP at a young age (Valenzise et al., 2017). 
Genetic susceptibility to CIDP has been studied, especially for HLA 
genes, but there is no clear HLA association in either GBS or CIDP (Blum 
and McCombe, 2014). Polymorphisms of CD1 and SH2D2A associated 
with inflammatory neuropathies have been suspected but not confirmed 
(Blum and McCombe, 2014). Additionally, rare monoallelic variants in 
PRF1 (encoding Perforin) have been identified as risk factor to develop 
autoimmune diseases such as CIDP (Buttini et al., 2015). 

Penetrance of CIDP was incomplete, the subject (II-3) had no neu
ropathy, but surprisingly he had also a neurological disease with a 
chronic cerebellar ataxia having a suspected genetic origin, without 
argument for cerebellitis. A link between his cerebellar ataxia and 
FBXO38 could be discussed, since cerebellitis are also a rare 

complication of ICI (Dinoto et al., 2023). However, cerebellar ataxia was 
not described in patients with dHMN associated with variant in the gene 
FBXO38. Unfortunately, there was no genetic data available for the 
unaffected individuals of the family 1. Hence, it is difficult to evaluate 
the penetrance or the segregation of the disease with the variant. It 
would be interesting to perform additional studies, in animal models for 
example, to add arguments to the present pathophysiological 
hypothesis. 

4. Conclusion 

To conclude, herein we presented familial cases of CIDP with 
incomplete penetrance and an unrelated case of CIDP, with possible 
extensive major nerve hypertrophy, all were females and carried rare 
variants of FBXO38. These findings raise questions regarding FBXO38 as 
a potential genetic risk factor for CIDP. This gene should be investigated 
in larger cohorts of patients with CIDP, and in rare familial cases of 
inflammatory neuropathies. 
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