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Abstract

Poliovirus (PV) has been implicated in the etiology of poliomyelitis. Post-polio syndrome (PPS) is a condition
that affects polio survivor years after recovery from an initial acute attack of the polio virus. DNA polymorphisms in
the poliovirus receptor gene (PVR) are associated with persistent poliovirus infection. In the present study we have
presented clinical and demographic characteristics of the PPS individuals who were affected initially by poliomyelitis
and later developed PPS. We have also attempted to find out whether mutation in the PVR gene allows poliomyelitis
patients to progress for PPS. PVR mutation was studied in 110 cases of PPS and 200 normal controls. In PVR exon
2, the Ala67Thr mutation was detected in 45.46% of progressive PPS and 10% of control subjects. The frequency of
the mutation was significantly higher in patients with PPS than in controls. Changes in the PVR gene may result in
slowly progressive cytopathic effects that may lead to progression of PPS.
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Introduction

Post-Poliomyelitis Syndrome or Post-Polio Syndrome (PPS) is the
commonly accepted term to describe the neuromuscular symptoms,
which may develop many years after acute paralytic poliomyelitis [1].
The existence of PPS has been questioned, but the delayed effect of
poliomyelitis or PPS is generally accepted as a defined clinical entity
[2,3]. Different studies of motor units of patients with PPS have
revealed an ongoing denervation and reinnervation process [4,5]. PVR
is related to the nectin family of adhesion molecules and expressed in
intercellular junctions [6].

The involvement of virus in the progression of motor neuron
disorders has long been suspected, especially since when poliovirus
(a member of enteroviral family) was known to affect motor neuron
selectively [7]. Recent studies shows existence of Enterovirus nucleic
acids in the spinal cords of sporadic amyotrophic lateral sclerosis (ALS)
more frequently as of controls [8-10]. An important aspect in the
establishment of persistent Enterovirus infection is the viral receptor
which is present in the cell surface [11]. Poliovirus share a common
receptor known as polio virus receptor that belongs to immunoglobulin
superfamily (CD 155;12). The human PV receptor (PVR), CD155, is a
glycoprotein belonging to the immunoglobulin superfamily [12,13].
The PVR contains three extracellular immunoglobulin-like domains,
a transmembrane like and cytoplasmic tail. It is known that antibody-
mediated immune responses are important for cellular effector
functions, such as regulation of antibody production through receptor
of the Fc part of immunoglobin G (FcyR) [14]. There was a significant
correlation observed between FcyR polymorphism and poliomyelitis
[15]. PVR gene domain 1 (located in exon 2) confers susceptibility to
PV infection [13].

It is known that PV is considered to be a lytic virus; it has been
shown to persist in neuronal cell lines [16] as well as in the mouse
nervous system [17]. We therefore investigated a group of patients with
PPS to determine the frequency of these mutations and to understand
the root cause for the development of PPS.

Materials and Methods
Patient population and control subjects

The entire cohort comprised 110 subjects. All met the diagnostic
criteria for PPS giving a prevalence of 100.0%. The prevalence rate was
significantly higher in females (56.36%) as compared to males (43.64%).
The mean age at the time of sampling was 39.65 years and the mean
age at onset for the whole cohort was 24.63 months (median 12, range
3-84 months). The mean age at onset of PPS was 35.6 years (median 34,
range 19-47.2 years). Muscle weakness represented the first symptom
of PPS onset in 40.5% of patients, in 52.4% they started complaining
muscle weakness and pain at the same time, and in 7.1% it followed
pain (Tables 1 and 2). 200 male and female controls were collected who
had an average age of 32.24 years. None of the controls had a history
of any genetic or non-genetic diseases. None of the controls had a
smoking habit as well.

PVR genome analysis

DNA from peripheral EDTA coated blood was extracted by a
phenol-chloroform method [18]. The genomic sequence of PVR was
obtained from Genbank (Accession no. X94226). The set of primer
was designed as forward: 5'-GCCCCTCCCTATCTAGTCC-3' and the
reverse: 5-ATCCTCCCACCAAGTCTCTG-3' of exon 2 to amplify
a 465 bp target including PVR exon 2 and its exon-intron junctions.
Polymerase chain reaction (PCR) was carried out in a total volume of
50 pL using 100 ng genomic DNA, 0.4 pM of each primer, 2.5 mM of
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Criteria Affected by PPS P Unadjusted OR (CI) Adjusted OR (CI) P
Both Sexes 110

Male 48 1.00 (reference) 1.00 (reference)

Female 62 0.02 2.37 (1.07-3.84) 1.57 (0.72-2.88) 0.2
Age at Onset of Polio®

<12 months 64 1.00 (reference) 1.00 (reference)

> 12 months 46 0.01 0.32 (0.16-0.82) 0.23 (0.12-0.89) 0.02
Number of affected muscles®

<3 38 1.00 (reference) o

>3 27 0.7 1.12(0.43-2.34) 0.4
Number of affected functions®

<2 28 1.00 (reference) o

>2 24 0.3 1.58 (0.71-3.32) 0.9
Eductaion (years of school)?

0-5 43 1.00 (reference) 1.00 (reference)

6-8 27 0.30 (0.13-1.04) 0.36 (0.15-1.23)

>9 40 0.002 0.23 (0.07-0.57) 0.21 (0.07-0.69) 0.003

aDifferences between subgroup frequencies are tested by chi?analysis. Variables are dichotomised according to the median of the distribution in the whole cohort. "Age
at onset of poliomyelitis was unknown in one patient affected by PPS. °Number of affected muscles and number of affected functions were unknown in four patients not
affected by PPS. “Education was unknown in two patients not affected by PPS

Table 1: Frequencies and risk estimates of clinical and demographic characteristics of patients with previous poliomyelitis, affected or not by PPS.

Age (Yrs) LLs? RUL® LUL® ULs¢ RLL® LLL' OTHERS® TOTAL
15-20 2 1 0 1 0 2 1 7
21-25 0 0 2 1 1 0 5
26-30 0 1 2 0 2 1 0 6
30-35 2 2 5 0 1 0 1 11
36-40 9 3 7 7 4 6 4 40
41-50 1 0 1 1 1 3 2 9
51-55 3 2 1 0 2 2 1 1"
55-60 1 0 2 0 0 2 0 5
61-65 1 1 1 1 1 2 1 8
66-70 0 1 1 0 2 2 2 8
Total 20 11 20 12 14 21 12 110

aLeft limbs, *Right upper limb, °Left upper limb, Upper limbs, °Right left limb, ‘Left lower limb, 9paralysis in other part of the body
Table 2: Age distribution and the severity in the PPS individuals.

total ANTPs, 1U Taq polymerase, 1X PCR buffer and MgClL,. Samples
were denatured at 95°C for 2 min followed by 35 cycles of 95°C for
30s, annealing at 55°C for 30s and 72°C for 10s. Final extension was at
72°C for 7 min. DNA was purified using QIAamp” DNA Blood Mini
kit (Qiagen, Hilden, Germany) according to the Blood and Body Fluid
Spin protocol provided by Qiagen. Purified DNA was eluted into AE
buffer (Qiagen) and stored at -20°C.

significantly higher among patients who had the onset of poliomyelitis
before 12 months of age, and it was inversely associated with a higher
education level. It was also observed that a significantly higher
frequency of comorbid disorders in persons affected by PPS compared
to polio survivors not affected by PPS.

The patients were of 15 years to 70 years at the time of sample
collection. The age group ranges from 36-40 years were found to be
most affected in our study. The major symptom of paralysis was found
to be more prominent in LLs (Lower Limbs) as shown in Table 2. The
minimal affected age group was found to be in 55-60 years age group
i.e. 5. Table 2 also describes the age groups participated in the study
and we have found the most affected age group was 36-40 years which
is indicated as blue line and minimal which is 55-60 indicated as pink
line.

Single strand confirmation polymorphism (SSCP) analysis

SSCP was performed as per modified protocol of Orita et al. [19].
Samples were denatured at 95°C for 5 min and immediately placed on
ice for 1 min. 4pL of PCR product was loaded on 6% polyacrylamide
gel. The electrophoresis was run at 80 v for 5 h. The gel was silver
stained and viewed under gel documentation system (Biorad, USA).
DNA sequencing The SSCP analysis of the PCR products of the exon 2 of PVR gene
is shown in Figure 1A. Out of 110 patients, only 50 patients (45.46%)
showed polymorphism by SSCP in exon 2 of PVR gene. DNA sequence
of PVR gene exon 2 revealed G>A mutation in 67th locus of PVR exon
2 gene, resulting change in amino acid reading frame as Ala67Thr as
shown in Figure 1C. The control subject showed no change in respective
position of PVR gene (Figure 1B).

All the amplicons were purified using DNA sequencing kit (Life
technologies, USA). The products were directly sequenced to obtain
typed DNA which could be used for DHPLC. The Big Dye terminator
kit v3.1 was used for sequencing and fragments were characterized on
an ABI PRISM 3700 DNA Analyzer.

Results . .
Discussion
Tables 1 and 2 summarize the distribution of the investigated

variables among persons with previous poliomyelitis. PPS was The result from the present study shows that a polymorphism in
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the polio virus receptor is a possible risk factor for etiology of PPS. We
have found that there was a possible conformational change present in
PPS individual with respect to PVR exon 2 gene. This is in the contrast
with the sequencing result which shows G>A mutation (Ala67Thr).
There were different studies present in the literature which supports
our study, as presented in Table 3. As per previous studies done on
PVR receptor [20-23], A/A homozygosity was not found. There might
be two possibilities, one could be the lethality of homozygous mutation
and another possibility is homozygous mutations are rare and failed to
achieve in investigated population.

In spite of total 110 PPS cases were investigated, there are still
limitations remains regarding mutation analysis of PVR. One relays
to the association between Ala67Thr mutation and disease progression
of PPS. We have investigated 110 cases of progressive PPS, in which 50
patients were found to have Ala67Thr mutation (Table 3). Saunderson

et al. [22] have investigated 110 cases of ALS and they found 11.8%
with Ala67Thr mutation which is lesser than us. The controls were also
showed 5% of allelic frequency in our study whereas it was 6.8% in
study done by Saunderson et al. [22] and Rosche et al. [21] has found
highest frequency of mutation in controls (7.5%) among all the studies
listed in Table 3.

The mechanism by which Ala67Thr is associated with PPS
is unknown. As per previous studies, Ala67Thr mutation was
found to facilitate increased resistance against poliovirus-induced
apoptosis or cell lysis [24,25]. Gromeier et al. has demonstrated that
expression of CD155 is limited to spinal cord anterior horn motor
neurons in transgenic mice [26]. Ala67Thr mutation can be used to
obtain transgenic mice which would express CD155 receptors for
understanding the pathogenesis of polio.

A univariate analysis risk for PPS showed a significant association

(A) PVR exon 2 polymorphism screening for Ala67Thr by SSCP

w w MM M M M

M WM M MM MMMW W

(B) DNA sequence showing Wild type (W) GCG in control

(C) DNA sequence showing Mutant (M) GCG — ACG (Ala67Thr) in PPS individuals

Figure 1: Mutation analysis for exon 2 of PVR gene.

(A) A SSCP analysis of PCR products of PVR exon 2 in PPS patients; W refers to wild type and M as mutant.

(B) Wild type alleles in control individual with GCG.

(C) Mutant allele in PPS patients with GCG—ACG confirmation (highlighted refers to point of the mutation).

Patient’s Group

Post-Polio syndrome

Paralytic poliomyelitis

Amyotrophic lateral sclerosis (ALS)
Vaccine Associated Paralytic Poliomyelitis (VAPP)
Progressive muscular atrophy (PMA)
Controls

Controls

Controls

Controls

Total of all controls

No. of Patients Ala67Thr References
110 50 (45.46%) Present study
6 1(16.7%) [23]
110 13 (11.8%) [22]
9 1(11.1%) [23]
30 6 (20%) [22]
200 10 (5%) Present study
280 19 (6.8%) [22]
56 4(7.1%) [20]
493 37 (7.5%) [21]
1029 70 (6.8%)

Table 3: Distribution of Ala67 Thr mutation in the PVR gene among different study groups.
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with the female sex and the presence of other disorders, while it was
inversely associated with an onset of polio after 12 months of age and a
higher educational level. Using multiple logistic regression analysis, it
was observed that an inverse significant association between PPS and
age at onset of polio after the first year of life and higher educational
level, while a strong significant association between the presence of
other diseases and PPS was also observed.

In conclusion, we have found that mutation in PVR gene may be
associated with disease progression of PPS. It would be of great interest
to find out exact mechanism playing role behind mutation of PVR gene
and etiology of PPS after initial polio attack.
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