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Keywords:

CIDP spectrum encompasses several clinical variants and the reasons of the heterogeneous clinical expression

CIDP and the variable response to therapy are scarcely known.

Chronic inflammatory demyelinating
polyradiculoneuropathy

HLA

DR3

DR3/DQ2

HLA associations are common in dysimmune conditions. In CIDP, few studies reported no associations or
HLA-DR13/DQ6 association in some populations but, to date, a clear confirmed association is lacking.

We analyzed expression of HLA-DR and DQ haplotypes in 24 CIDP patients and 216 healthy subject.

HLA-DR3 and DR3/DQ2 were significantly more frequent in CIDP patients than in the control group. The DR3

and DR3/DQ2 positive patients present with more frequent relapsing course, worse response to IVIg, higher
inflammatory neuropathy sensory sumscore (ISS) and Rotterdam Inflammatory Neuropathy Cause and
Treatment Scale (INCAT) than negative patients.

1. Introduction

Chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP) is an autoimmune disease mediated by humoral and cellular
immunity against Schwann cell and/or myelin antigen [14].

The estimated overall prevalence of the disease is 4,77 per 100,000
(95% confidence interval 3.49-6.37) [26].

The main clinical features of classical CIDP are symmetrical distal
sensory symptoms, including paresthesia or pain, and muscle weakness
with a proximal progression [28]. While CIDP symptoms usually de-
velop gradually over > 8 weeks, about 16% of patients can experience
acute deterioration (acute CIDP, A-CIDP) and some patients may pre-
sent with a subacute onset (SIDP) [24,29].

The clinical spectrum encompasses several different variants in-
cluding an asymmetrical form (multifocal acquired demyelinating
sensory and motor neuropathy - MADSAM), focal CIDP, distal acquired

demyelinating symmetrical (DADS) neuropathy, sensory CIDP and
motor CIDP [5]. Clinical progression could vary from a progressive to a
relapsing form [36]. To date, diagnosis is usually based on the EFNS/
PNS electrophyisiological and clinical criteria [11].

CIDP pathogenesis is still not completely understood. A putative
antigen target is the non-compact myelin located at the nodal and
paranodal region which is extremely important in the processes of
myelin-axon interaction. Disruption of these regions may result in early
conduction block. The current view suggests an immune cell activation
in the blood following putative antigen processing by antigen-pre-
senting cells such as macrophages [3]. Subsequent steps are clonal
expansion of T cells, upregulation of adhesion molecules on endothelial
cells and transmigration of T cells across the blood-nerve barrier to the
myelin sheath. T cells chemokine and cytokine release activates re-
sident macrophages which by invading myelin cause a macrophage-
mediated demyelination [4].
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A role of humoral factors in pathogenic process is likely. Cytokines
and chemokines may activate B cells which produce antibodies which
recognize antigens on the myelin by fixing complement or by binding to
the Fc receptors on macrophages [3,17].

Autoantibodies targeting nodal and paranodal antigens, i.e.
Neurofascin, Contactinl and contactin-associated protein 1 have been
recently identified in about 10% of the patients [37]. Their dominant
isotype is IgG4 which has several different features from the other IgG
subtypes such as no capacity to effectively cross-link target antigens, no
capacity to activate complement and little FcR binding capacity [37].

Antigen presentation and T cell activation appear to be key pro-
cesses for triggering an autoimmune response. Antigens are internalized
via antigen presenting cells (APC) and are bound by Human Leucocyte
Antigen (HLA) class II molecules which are synthesized in the rough
endoplasmic reticulum. The HLA peptide complex is then transported to
the cell surface for recognition by CD4+ Th cells [38].

HLA represents a set of gene-encoding loci for some antigens in-
volved in regulating the immune response and which collectively as-
sume in humans the name of major histocompatibility complex (MHC).
Class I HLA molecules (A, B and C) are expressed on most, but not all,
the nucleated cells in the body at basal conditions, including peripheral
nerve myelin cells ([13,31]. Class II HLA molecules (DP, DQ and DR)
are weakly expressed in Schwann cell cultures under basal conditions
[19]. Schwann cells increased expression of HLA Class I and II mole-
cules under inflammatory conditions [19].

HLA class Il molecules traditionally present exogenous antigens and
class I present endogenous antigens such as those derived from viruses
and intracellular bacteria, but this rule is not rigid and presentation of
endogenous antigens by class I and exogenous antigens by class I has
been also observed (Simmonds et al., 2007).

Several HLA polymorphisms have been implicated in a number of
autoimmune disorders and the presence of a specific HLA association
can be one of the criteria for diagnosing autoimmune diseases [10,27],
i.e. in ankylosing spondylitis (HLA-B27:02, HLA-B27:05), narcolepsia
(HLA-DQ6), seropositive rheumatoid arthritis (DRB1-04:01,
DRB1-04:04, DRB1-04:05, DRB1-01:01) [20]. Some HLA associations
may predispose to specific diseases as HLA-DR1 and DR4 (rheumatoid
arthritis, type 1 diabetes, and systemic lupus erythematosus), DR2
which confers susceptibility to multiple sclerosis and DQ2 and DQ8
which predispose to celiac disease [9,12].

Several hypotheses have been suggested to explain how variation in
HLA genes could trigger or predispose to autoimmunity. HLA class II
molecule polymorphisms in binding sites could lead to preferential
presentation of only a specific limited set of self-peptides, could alter
the Th and Treg cell repertoire or could cause changes in how the an-
tigen is recognized in the periphery (Simmonds et al., 2007). Viral/
bacterial antigens presented by HLA class I molecules may trigger au-
toimmunity through molecular mimicry and via acting as super-
antigens, producing a strong non-specific immune response that then
cross reacts attacking other tissues (Simmonds et al., 2007). HLA class I
molecules can also act by inhibiting NK cell activity (Simmonds et al.,
2007).

The role of HLA polymorphisms in influencing clinical expression of
CIDP has been already investigated [18,21]. HLA II has been mainly
studied because of its decisive role in presenting antigenic peptides
from predominantly extracellular sources to CD4+ T cells and in
mediating the thymic selection of helper T cells [34].

However, discordant results have been obtained and different HLA
associations, including HLA DR13, DR2 or D3, have been reported in
different studies [18,21,22].

In this study we aimed to explore HLA II haplotype in an Italian
cohort of CIDP patients in order to better define the relations between
specific haplotypes and the disease. Moreover we aim to explore a
possible HLA II role in determining clinical variability and therapeutic
response, by taking in account eventual relations between some specific
haplotypes and different clinical presentations, course and response to
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therapy.

2. Patients and methods
2.1. Patients

We analyzed lymphocytic expression of HLA DR and DQ haplotypes
of 23 Italian patients and 1 Asian patient diagnosed with CIDP at our
Center between 2010 and 2016.

All patients had a defined CIDP according to EFNS/PNS criteria
[11].

Diagnostic work-up include cerebrospinal fluid (CSF) analysis,
electroneurography (ENG), electromyography (EMG) and antibody
profile against myelin-associated antigen (anti-MAG, anti-gangliosides
[anti-GM and GQ], anti-Contactin-1 [CNT1] and anti-Neurofascin [anti-
NF155]). For each patient INCAT (Rotterdam Inflammatory
Neuropathy Cause and Treatment Scale), ISS (inflammatory neuropathy
sensory sumscore), MRC (Medical Research Council) sumscore and
Quality of Life (Score) score were calculated.

The mean age of onset was 53,8 *= 16,7 years, ranging from 18 to
76.

Twenty-one patients had classical form, 2 had pure sensory CIDP, 1
had DADS.

Sixteen patients had a chronic form, while 8 presented a relapsing-
remitting course.

Out of the 24 patients studied, 5 (20,8%) showed response to the
first treatment line, 13 (54,2%) received two different treatment, 5
(20,8%) requires three treatment lines and only 1(4,2%) four.

Twenty-one subjects were treated with IVIg and 18 (85,7%) showed
clinical benefits. Three of these patients then switched to treatment
with SClg, all showing a positive response.

Twenty-one patients were treated at least once with corticosteroids,
but only 13 (61,9%) showed a satisfactory response. Of the 15 patients
treated with both corticosteroids and IVIg, 10 showed benefit in both
cases, 2 only with IVIg treatment, and 3 with neither of the two
therapies.

Plasmapheresis was used in 3 cases but showed effectiveness in only
1 (33%) subject, which previously had no benefit from IVIg and corti-
costeroid therapy.

Immunosuppressants were used in 2 cases but showed no clinical
benefits.

Two hundred sixteen healthy samples from Brescia Bone Marrow
Donor Registry were random selected as the control group.

2.2. Methods

HLA analysis was performed by SSP, a PCR-based method that uses
Sequence Specific Primers (SSPs) for molecular tissue typing. The kits
for typing are composed of mixtures of primers, wherein each mixture
contains one or more pairs of primers specific for an allele and/or an
allelic group, in addition to a pair of control primers for conserved
sequences in the sample. The pair of control primers has the internal
control function of the PCR and therefore amplifies efficiency ver-
ification. The method is based on the principle that a primer perfectly
matching the allele sequence is used more efficiently in the PCR reac-
tion than a primer with one or more mismatch at end 3. The specificity
of the typing is within the amplification phase and the processing of the
results occurs after an electrophoresis on agarose gel. The amplified
fragments are then separated by electrophoresis on agarose gel in the
presence of specific dye, exposed to ultraviolet light and photographed.
Each pair of primers identifies two polymorphic sites [7,25]. Haplotype
analysis was performed by determining the association of alleles pre-
sents on each of the subjects' chromosomes [15].
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Table 1
HLA-DR and HLA-DQ alleles frequency in healthy controls compared to CIDP
patients.

HLA class II % allele in healthy controls % allele in CIDP P value
(18n = 432) (2n = 48)
DRB1*01 11% 10,40% 1
DRB1*03 4,00% 12,50% 0,042
DRB1*04 14,10% 8,30% 0,373
DRB1*07 13,20% 6,30% 0,248
DRB1*08 4,40% 0% 0,241
DRB1*10 0% 4,20% 0,01
DRB1+%11 25,70% 31,30% 0,393
DRB1*%13 12,50% 14,60% 0,65
DRB1*14 3,70% 4,20% 0,699
DRB1*15 5,60% 4,20% 1
DRB1*16 4,40% 4,20% 1
DRQ1*02 16,90% 16,70% 1
DRQ1*03 45,40% 41,70% 0,65
DRQ1*04 3,70% 0% 0,389
DRQ1*05 19,20% 25% 0,342
DRQ1*06 14,60% 16,70% 0,67

Bold indicates statistically significant values.
2.3. Statistical analyses

The statistical analysis was carried out using SPSS software
(RRID:SCR_002865), version 20. The clinical, pathological and im-
munological characteristics of patients with CIDP were analyzed by x2
or Student's t-tests for independent variables, depending on the ap-
propriateness. We used the Bonferroni correction for multiple com-
parisons. A p < .05 was considered statistically significant.

3. Results
3.1. Relation between HLA haplotypes and CIDP

HLA-DR3 results to be significantly more frequent in the cohort of
patients with CIDP (six patients, 25%) than in the controls (18 controls,
8%) with a p < 0,05. Single HLA-DR and HLA-DQ frequency in pa-
tients and controls are shown in Table 1.

All CIDP patients carrying HLA-DR3 were also HLA-DR3/DQ2 po-
sitive.

HLA-DR3/DQ2 results to be significantly more frequent in the co-
hort of patients with CIDP (six patients, 25%) than in the controls (16
controls, 7.4%) with a statistically significant difference (p < 0,05)
(Table 2).

Three CIDP patients harbored HLA DQ2 without HLA DR3.

No one of the patients neither healthy controls were homozygous
for alleles HLA DR3, HLA DQ2 and for DR3/DQ2 haplotype.

HLA haplotype DR10/DQ5 was found only in the Asian CIDP subject
and in none of the control group subjects (4,2% vs 0%, p < 0,01).

Table 2
HLA-DR/DQ haplotypes frequency in healthy controls compared to CIDP pa-
tients.

Aplotipo DRB1*/ % Healthy controls % CIDP patients P value
DQB1* (18n = 432) (2n = 48)

DR03/DQO02 3,70% 12.5% 0,038
DR04/DQ03 10,60% 6,30% 0,455
DR07/DQ02 7,60% 2,10% 0,234
DR07/DQ03 4,20% 4,20% 1
DR10/DQO5 0% 4,20% 0,01
DR11/DQ03 20,80% 22,90% 0,711
DR13/DQ06 9,50% 14,60% 0,306
DR15/DQ06 4,60% 2,10% 0,71

Bold indicates statistically significant values.
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3.2. Relation between HLA haplotypes and CIDP variants

All the patients harboring HLA-DR3/DQ2 haplotype present with a
classical CIDP. The other 15 classic patients and the three subjects
having a non-classical variant were DR3 and DR3/DQ2 negative.

3.3. Relation between HLA haplotypes and clinical aspects

Although following findings did not reach statistical significance,
DR3/DQ2 positive patients present more frequently relapsing-remitting
course, a more frequent upper limb distal sensory and cranial nerve
involvement and higher ISS and INCAT scores than DR3 and DR3/DQ2
negative patients.

Specifically, 50% of the HLA-DR3/DQ2 positive patients have a
relapsing-remitting course versus 27% of the HLA-DR3/DQ2 negative
ones (p value 0.36).

Eighty-three per cent of the HLA-DR3/DQ2 positive patients present
with a severe distal sensory impairment and 17% with cranial nerve
involvement versus 50% and 5,6% respectively of the HLA-DR3/DQ2
negative subjects (p value respectively of 0,34 and 0,44).

No significant differences about pain (66,7% vs 50%) and tremor
(33,3% vs 27,8%) were found between HLA-DR3/DQ2 positive and
negative subjects.

The results of both ISS (7,17 vs 5,7) and INCAT scores (3,83 vs 2,72)
were slightly higher in patients with HLA-DR3/DQ2, while MRC score
(52,5 vs 53) and Quality of life score (8,17 vs 7,83) showed no differ-
ences (Table 3).

3.4. Relation between HLA haplotypes and therapy

All the DR3/DQ2 positive patients were treated with IVIg, showing
a good response in 4 (66,7%) cases, while corticosteroids where used in
4 cases as second line treatment, showing effectiveness in half of the
cases. In two patients a plasma-exchange cycle was used, but, given the
lack of response, we returned to IVIg therapy.

HLA-DR3/DQ2 positive patients showed a worse response to IVIg
than HLA-DR3/DQ2 negative CIDP subjects, (66,7% vs 78%), while the
rate of response to corticosteroids was similar (50% vs 55,6%).

4. Discussion

Several putative risk factors, such as previous infections or vacci-
nations, have been investigated for a long time in CIDP but their role in
the disease pathogenesis has not been completely clarified so far [6].
Recently, Doneddu et al. reported antecedent events before CIDP onset
in 15.5% of the patients, including infections in 12% and vaccinations
in 1.5% [6].

Also a number of candidate genes possibly involved in CIDP pa-
thogenesis have been investigated [2]. Specifically, two genes have
been implicated in CIDP susceptibility: SH2D2A (a gene encoding for a
T-cell-specific adapter protein involved in controlling early T-cell acti-
vation) and the M3 allele of alpha-1 antitrypsin [23,32].

HLA haplotype association with CIDP has been already studied in
the past with discordant and not definitive results [2]. Generally, no
attempt to relate HLA haplotype to different clinical characteristics of
the disease was done.

In late ‘70, patients with chronic relapsing polyneuritis were re-
ported to show an association with HLA-AW30 and AW31 and probable
associations with HLA-B8, HLA-DW3 [30].

Adams et al. reported possible disease susceptibility gene associated
with the HLA-A1, —B8, —DRw3, and -Dw3 haplotype in 14 cases di-
agnosed as recurrent or chronic relapsing idiopathic inflammatory
polyneuropathy [1]. They did not find associations with HLA-AW30
and AW31 [25].

In 1990, HLA-A3, —B7, —DR2 associations and concomitant de-
creased frequency of HLA-B44 and DR7 were found in 71 CIDP patients,
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Table 3
MRG, ISS, INCAT and QOL score of DR3-DQ2 positive CIDP patients compared with DR3-DQ2 negative.
DRB1 03 N Average Standard deviation Standard error average P value
MRC SCORE No 18 53 8275 1,95 0,89
Yes 6 52,5 5431 2217
ISS SCORE No 18 5,72 2886 0,68 0,3
Yes 6 7,17 3061 1249
INCAT SCORE upper limbs No 18 0,89 0,9 0,212 0,2
Yes 6 1,5 1225 0,5
INCAT SCORE lower limbs No 18 1,83 1,15 0,271 0,41
Yes 6 2,33 1633 0,667
Total INCAT (ONLS) No 18 2,72 1674 0,394 0,24
Yes 6 3,83 2787 1138
QoL SCORE No 18 7,83 2333 0,55 0,74
Yes 6 8,17 1472 0,601

while previous observed associations were not confirmed [8].

In the same year, a different study confirmed a mild association with
HLA-B8 and identify a stronger association with HLA-Cw7 [35].

The only attempt to evaluate the MHC associations with CIDP on the
bases of specific clinical parameters was made in 1991 when van Doorn
et al. studied HLA in CIDP patients divided for the presence or absence
of anti-neural antibodies or improving or not improving after in-
travenous immunoglobulin [33]. However, they found no significant
associations with any of the HLA-A, B, C, DR or DQ antigens [33].

In 2006, McCombe et al. showed that the gene frequency and the
frequency of CIDP individuals positive for HLA-DR2 were greater in
female patients than female controls, although this was statistically
significant only for the gene frequency [18].

In 2013, association with the HLA-DR13 allele was found in a cohort
of 36 Tunisian patients; moreover, the haplotypes DR13/DQ6 and DR7/
DQ3 were found to confer a susceptibility to disease [21].

More recently, DR15 alleles were found to be a strong risk factor
associated to anti-NF155 associated CIDP, providing further evidence
that this subset of patients constitute a specific entity within the CIDP
spectrum diseases [16].

In a way, our study further complicates the picture. We found an
association between HLA-DR3 and DR3/DQ2 and CIDP in a cohort of
Italian patients. HLA haplotype DR10/DQ5 was found only in the Asian
patient and in none of the other patients or control group subjects.

The allelic analysis of the class II DR and DQ HLA genes showed a
statistically significant prevalence of the alleles DR3 (p = .042) and
DR10 (p = .01) in the affected subjects compared to the healthy control
population. Haplotype analysis showed that haplotypes DR3/DQ2 and
DR10/DQ5 are more statistically present in disease subjects than
healthy controls.

These results are, again, different from previous studies and, in
particular, did not show any association with DR2 and DR13 alleles.
None of our patients was anti NF155 positive.

Regarding the relation HLA haplotype/clinical characteristics, in
our cohort the DR3 and DR3/DQ2 patients represent a subset of our
CIDP population which present more frequently with a relapsing-re-
mitting course, an upper limb distal sensory and cranial nerve in-
volvement, higher VAS, ISS and INCAT scores and worse response to Ig
IV treatment than DR3 and DR3/DQ2 negative subjects.

Unfortunately, the number of our non-classic patients is too small to
have adequate evaluations on HLA haplotype differences between
classic and non-classic variants. However, on the light of our results this
last aspect deserves further studies on a larger population.

Our results (statistically significant although the relatively small
patient population) support a role for HLA haplotype association in the
pathogenic mechanisms of CIDP.

As for the recent evidence of a specific association between DR15
alleles and the NF155-linked subset CIDP patients, our findings identify
some prevalent clinical characteristics in DR3 and DR3/DQ2 positive
patients respect to the negative ones, therefore reinforcing the idea that

different subsets of patients both from a clinical and immunological
point of view do exist in this disease [16].

The differences between the results of the various studies performed
on HLA involvement in CIDP remain hardly explainable but we believe
that a major bias could be the “uncorrect” selection of the patients,
which means that we really don't know the real boundaries of CIDP and
whether it should be considered a single disease with some variants or,
more likely, a group of diseases that may differ in their clinical pre-
sentation, pathogenesis and therapeutic response [22]. Especially, it is
unclear if a single immune mechanism underlies CIDP or different pa-
thogenic mechanisms may be more likely involved and which possibly
may explain different clinical presentations [22].

Further studies on HLA and other genetic susceptibility factors will
be useful to achieve these responses and better understand the real
range of the CIDP spectrum diseases.
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