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0-10 mM of VPA were 0.63-1.05 in OK11, 0.73-1.08 in
AM21 and 1.3-1.86 in CO31 (arbitrary units relative to
beta-actin; Fig. 3b). The change from the baseline only
reached significance for the OK11 line at 1 mM VPA.
Compared with the baseline levels of SMN protein
(0 mM), we observed an approximately 1.5-fold increase
in SMN protein expression in SMA cell lines treated
with 1-10 mM.

The baseline SMN protein levels in the SMA type 11
cells, AM21, were slightly higher than those in the SMA
type I cells, OK11. However, during VPA treatment, the
SMN protein levels were almost identical. SMN2 copy
number did not contribute to the increase in SMN
protein levels in both of our SMA cell lines.

3.3. VPA modulates splicing factor expression

Brichta et al. reported that VPA increased the levels
of the splicing factors SF2/ASF, Htra2-B1 and SRp20
[33]. However, they did not describe the effect of VPA
on other splicing factors, such as hnRNPA1. Thus, we
studied whether VPA treatment changes SF2/ASF or
hnRNPA1 protein levels relative to the baseline (mock
status) levels in cultured fibroblasts.

Transcript levels of the splicing factors, SF2/ASF or
hnRNPA1, upon treatment with 0-10 mM of VPA were
fluctuated in our fibroblast cell lines, showing no tendency
to increase or decrease with VPA amount (data not
shown). However, western blotting revealed an increase
in SF2/ASF protein expression in all three cell lines with
1-10 mM VPA (Fig. 4a). The maximum changes in
SF2/ASF protein levels were 0.59-0.91 in OKI1,
0.65-1.25 in AM21 and 0.96-1.56 in CO31 (arbitrary
units relative to beta-actin). Compared with the baseline
(mock status), we observed a 1.5-2-fold increase in SF2/
ASF protein expression in all cell lines treated with 1
and/or 10 mM VPA (Fig. 4a). On the other hand, treat-
ment with 1-10 mM VPA led to a significant decrease in
hnRNPA1 protein expression in all three cell lines
(Fig. 4b). The changes in hnRNPA1 protein levels were
0.56-0.29 in OK 11, 0.77-0.29 in AM21 and 0.85-0.51 in
CO31. Compared with the baseline (mock status), we
observed an approximately 2-fold decrease in hnRNPA1
protein expression in all cell lines treated with 10 mM
VPA. It should be noted that the ratio of SF2/ASF to
hnRNPAL1 also increased with increase in the VPA con-
centration (Fig. 4c).

4. Discussion

4.1. VPA induction of FL-SMN transcript and SMN
protein

We showed in this study that VPA treatment
increased total-SMN transcripts, FL-SMN transcripts
and SMN protein levels in SMA fibroblast cell lines.

VPA is an HDAC inhibitor [44,45]. Treatment with
HDAC inhibitors increases acetylated histone levels
and relaxes chromatin structure, resulting in the activa-
tion of many genes including SMN2 [33-39,46]. Our
SMA cell lines demonstrated an approximately 2-fold
increase in FL-SMN transcripts and a 1.5-fold increase
in SMN protein levels after 16h incubation with
10 mM VPA. These results are consistent with previous
studies of the effect of VPA on SMN expression [33,34].

Brichta et al. reported that a 16 h incubation with
VPA at concentrations less than 0.5 mM increased
FL-SMN transcripts in SMA fibroblast cell lines [33].
These authors also reported that 0.5 nM-0.5 mM VPA
increased the production of FL-SMN2 transcripts and
SMN protein levels 2 to 4-fold. They also predicted that
a considerable increase in SMN protein could be
obtained at even lower VPA concentrations than those
used in epilepsy treatment, because the serum VPA level
required for epilepsy therapy is 0.48-0.7 mM [47].

In contrast, Sumner et al. reported that a 24 h incuba-
tion with 1 mM VPA did not increase FL-SMN tran-
scripts in SMA fibroblast cell lines [34]. This agrees
with our data showing that a 16 h incubation with
1 mM VPA did not increase FL-SMN expression in
our SMA fibroblast cell lines. The effective concentra-
tion of VPA may depend on the responsiveness of
SMN to VPA in the cell line.

With regards to SMN2 copy number, our study show
that, before VPA treatment, the OK11 fibroblast cell
lines with zero SMNI and two SMN2 copies showed
significantly lower baseline levels of FL-SMN tran-
scripts and SMN protein than those of the AM21 fibro-
blast cell lines with zero SMNI and three SMN2 copies
(Figs. 2b and 3). However, during VPA treatment, both
fibroblast cell lines produced similar levels of FL-SMN
transcript and SMN protein. Contrary to our expecta-
tions, our SMA fibroblast cell lines responded similarly
to the VPA treatment, regardless of their different
SMN2 copy numbers. This suggests that the SMN2 cop-
ies are not equivalent in response to VPA treatment.

4.2. Modulation of splicing factor expression by VPA

Brichta et al. and Sumner et al. reported that, in
SMA fibroblasts, the FL/A7 ratio increased 1.5-2-fold
after VPA treatment [33,34]. Both of these reports con-
cluded that the increase in VPA-induced FL-SMN could
be explained not only by SMN2 transcriptional activa-
tion but also SMN2 exon 7 splicing correction. The
upregulation of the FL/A7 ratio suggested modulated
production of splicing factors in the cells.

VPA activates not only SMN2, but also many other
genes, including those encoding splicing factors. Brichta
et al. showed that VPA induced overexpression of the
splicing factor, Htra2-B1, in the SMA cells, and these
authors speculated that overexpressed Htra2-f1 plays
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Fig. 4. Quantitative analysis of SF2/ASF protein. (a) Upregulation of SF2/ASF protein levels determined by western blotting in the cell lines,
incubated for 16 h with different concentrations of VPA. The data are expressed as mean =+ SD in arbitrary units relative to beta-actin. Densitometry
revealed increasing SF2/ASF protein levels with increasing concentration of VPA. *p<0.05 and ""p<0.01 vs. the baseline (mock). (b)
Downregulation of hnRNPA1 protein levels determined by western blotting in the cell lines, incubated for 16 h with different concentrations of VPA.
The data are expressed as mean £ SD in arbitrary units relative to beta-actin. Densitometry indicated decreasing hnRNPAI protein levels with
increasing VPA concentration. Asterisks indicate a significant decrease compared with the mock status in each cell line. "p < 0.05 and *p < 0.01 vs.
the baseline (mock). (¢) The calculated [SF2/ASF/hnRNPAI ratios showed modulation of splicing factor expression induced by VPA. The FL/A7
ratio was not affected by the increase in the [SF2/ASF]/ hnRNPA1 ratio, suggesting that SMN2 gene splicing was not affected by modulation of SF2/
ASF and hnRNPA1 levels. “p < 0.05 and **p <0.01 vs. the baseline (mock).

an important role in correcting the splicing pattern [33).
This notion was supported by previous studies showing
that Htra2-B1 overexpression can promote the inclusion
of SMN2 exon 7 [39,48,49].

We examined two crucial splicing factors: SF2/ASF,
related to SMNI exon 7 inclusion, and hnRNPAI,
related to SMN2 exon 7 exclusion. In our study, VPA
increased SF2/ASF and decreased hnRNPA1 at the pro-
tein level (Fig. 4a and b). It should be noted here that
VPA does not always activate gene expression, but
sometimes inactivates gene expression indirectly. For
example, HDAC inhibitors such as trichostatin A and
VPA suppress the expression of steroidogenic gene
CY11A41 and reduce CY11Al levels in adrenocortical
cell lines [50].

According to Kashima et al., SMN2 exon 7 inclusion
was enhanced by treatment with small interfering RNAs
against hnRNPAI1 [19]. Thus, it can be expected that
decreased hnRNPA1 expression prevents the skipping
of SMN2 exon 7, correcting the splicing of SMN2 exon
7. In contrast, our experiment shows that VPA did not
change the FL/A7 ratio in any cell line, indicating that
the decrease in hnRNPA1 caused by VPA did not
contribute to a splicing correction of SMN2 exon 7. This
may be explained by at least three possibilities. The first
explanation is that the decrease in hnRNPA1 was insuf-
ficient for splicing correction. The second is that addi-
tional effects of VPA may weaken the influence of
decreased hnRNPA1 expression in correcting the splic-
ing. As an example of the latter case, if VPA could
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increase or retain the amount of hnRNPA2 which is
related and potentially redundant with hnRNPA1 [51],
it may attenuate the influence of decreased hnRNPA1
expression in splicing correction. The third is the possi-
bility that in our cell lines, VPA could not increase
Htra2-B1. If VPA could increase the amount of Htra2-
B1, the ratio of FL/A7 would have been corrected. Fur-
ther analysis of the effects of VPA on splicing factors,
including Htra2-B1, is required.

" 4.3. Clinical application of VPA in SMA treatment

Brichta et al. showed the effect of VPA treatment in 20
SMA patients [40]. There was an increase in SMN tran-
script and SMN protein levels in blood cells in 7 patients
(1 of 5in type I; 4 of 11 in type II and 2 of 4 in type III).
According to these authors, there are two types of SMA
patients: responders and nonresponders to the VPA treat-
ment, mantaining serum VPA levels of 0.48-0.70 mM
[40]. Responders showed a 1.6-3.4-fold elevation of
FL-SMN transcripts while nonresponders showed only
minor changes in FL-SMN transcript levels. For nonre-
sponders, a higher dose of VPA may be required to obtain
a sufficient increase in FL-SMN transcripts or SMN pro-
tein. However, Brichta et al. did not demonstrate an effect
of VPA on the improvement of clinical symptoms includ-
ing muscle strength.

Weihl et al. presented evidence for improvement in
muscle strength in seven adult patients with SMA type
III/IV patients after VPA treatment [52). These authors
collected quantitative data of muscle strength deter-
mined by hand-held dynamometry [53]. They also
reported the patient’s subjective benefits from VPA
treatment, such as feeling stronger, ease of breathing,
ease of rising from chairs, ability to dress themselves,
ability to comb hair and pick grapes and walking endur-
ance in a marching band.

Tsai et al. reported that age may play a role in the
improvement of muscle strength in six SMA patients
(two SMA type II and four SMA type I1I) with VPA
treatment [41]. The therapeutic effects of VPA in SMA
patients were inversely related to age. These authors
assessed the muscle strength of SMA patients using
the Medical Research Council score (from 0 to 5) [41].
Two SMA children showed some improvement in mus-
cle power, and two SMA adolescents showed a slight
increase. In contrast, two SMA adult patients showed
no response to VPA.

Swoboda et al. [54] reported results similar to those of
Tsai et al. and found that the Modified Hammersmith
Functional Motor Scale showed some improvement in
gross motor function in 27 SMA type II children upon
VPA treatment. However, no children >5 years of age
showed a six-point improvement after 1year. In 8 of
16 children (50%) under 5 years of age, the improvement
was significantly more pronounced.

In light of these data, the question arises as to
whether VPA can have a negative effect on the motor
neuron function. Rak et al. found that VPA can increase
Smn expression and lead to reduced growth cone size
and decreased excitability in axon terminals of the
motor neurons of SMA mice (Smn"/'; SMN2) [55].
These authors reported that the potential positive effects
of VPA are counteracted by its negative effects of on
neuronal excitability and axon growth. Similarly, Van
der Berg et al. reported that VPA reduced neuronal exci-
tation through sodium channels [56]. Recently, Swo-
boda et al. have demonstrated no benefit from six
months treatment with VPA and r-carnitine in a young
non-ambulatory cohort of subjects with SMA [57].
However, their patients may have included responders
and non responders to VPA. We should rather empha-
size the importance of estimating prior to the treatment
whether the SMA patients are responders or non
responders to VPA. If we can identify the responders
for VPA treatment before clinical trial, feasible outcome
would be gained.

We can say that it is worthwhile treating SMA
patients with VPA, especially who are VPA-respond-
ers, because it is a safe, widely-used and long-term
drug used in epileptic children. Based on the studies
using cells derived from SMA patients, including ours,
the responsiveness to VPA of SMN2 expression may
vary from patient to patient. Some patients require a
small dose of VPA to activate SMN2 expression and
improve clinical symptoms, but others require a much
larger dose. Thus, dose-related side effects should
always be considered. In fact, children need a higher
dose of VPA per kilogram than adults to obtain an
equivalent serum concentration [58]. Regular monitor-
ing of serum VPA levels is necessary to avoid any
harmful side effects.

5. Conclusion

We demonstrated here that VPA increases FL-SMN2
transcript and SMN protein levels, suggesting that VPA
is a candidate drug for SMA. Because splicing correc-
tion of SMN2 exon 7 was not observed, the increase
in FL-SMN2 transcript and SMN protein levels may
be explained mainly by the activation of SMN2
transcription.

In addition, we also demonstrated that VPA modu-
lates the expression of the splicing factors SF2/ASF
and hnRNPA1l in our cell lines: VPA increased
SF2/ASF protein levels and decreased hnRNPA1 pro-
tein levels. Based on our data, SMN2 exon 7 splicing
may be regulated not only by SF2/ASF and hnRNPA1
but also by other factors as well. However, the number
of SMA cell lines in our study was very limited: we could
not neglect the possibility that these findings were spe-
cific to our SMA cell lines. Thus, it is necessary to study
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the VPA-effects on expression of the splicing factors
using a larger number of cell lines.
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Survey for Assessing How Duchenne Muscular Dystrophy is Explained to
Children with the Disorder

Haruo Fujino, Toshio Saito, MD, Osamu Imura, Tsuyoshi Matsumura, MD and Susumu Shinno, MD
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Objective: There are many difficulties in disclosing Duchenne muscular dystrophy (DMD) to children with the disorder. The purpose
of this study was to assess the explanation of DMD given to affected children by child neurologist.

Methods : The questionnaire was mailed to board-certified child neurologists of the Japanese Society of Child Neurology. The ques-
tionnaire consisted of questions on how physicians explained the condition to children with DMD (their patterns of explanation) and their

attitude towards the children while explaining the disease.

Results: We received 311 replies. The contents of physicians’ explanations were categorized and correspondence analysis revealed

- “medical support” (explanation about the symptoms, prognosis, medical responses) and “humanistic support” (telling purpose in life,

patient group introduction). Parents’ understanding of the disease, acceptance, and trust relationships were considered important factors
for disease explanation by the physicians. Physicians agreed with the need of clinical psychologist and other psychological professionals
when they tell their diagnosis, and agreed with telling the diagnosis to a DMD child reached a certain age.

Conclusions : It was revealed that physicians’ explanation were largely categorized into two groups, and the important factors for dis-
ease explanation and physicians® attitudes towards disclosure of the diagnosis. This information will help in explaining the disease to chil-
dren with DMD.

No To Hattatsu 2013;45:11-6
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Allele-specific PCR for a cost-effective & time-efficient
diagnostic screening of spinal muscular atrophy
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Background & objectives: Genetic diagnosis of spinal muscular atrophy (SMA) is complicated by the
presence of SMN2 gene as majority of SMA patients show absence or deletion of SMNI gene. PCR may
amplify both the genes non selectively in presence of high amount of DNA. We evaluated whether allele-
specific PCR for diagnostic screening of SMA is reliable in the presence of high amount of genomic DNA,
which is commonly used when performing diagnestic screening using restriction enzymes.

Methods: A total of 126 blood DNA samples were tested in amounts ranging 80-200 ng, referred for the
genetic diagnosis of SMA using both conventional PCR-RFLP and allele-specific PCR.

Results: The results from both methods showed agreement. Further, allele-specific PCR was found to be
a time-efficient and cost-effective method.

Interpretation & conclusions: Our study demonstrated the accuracy of our allele-specific PCR and the
results were comparable compatible with that of PCR-RFLP, indicating its practical application in SMA
diagnostic screening.

Key words Allele-specific PCR - PCR-RFLP - SMA diagnostic screening - SMNI - spinal muscular atrophy

Conventional PCR-RFLP for genetic diagnosis of The responsible genes for SMA are Survival Motor
spinal muscular atrophy (SMA)! has been considered time Neuron (SMN) genes. The SMN genes consist of two
consuming and expensive. It requires restriction enzyme highly identical genes; SMNI (telomeric SMN) and

(RE) digestion which uses a consi derably high amount of SMN2 (centromeric SMN) which share over 99.8 per
PCR product. If the amount of the PCR product is higher cent sequence homology over a 30 kb segment. SMN/
than necessary, this may lead to partial RE digestion and SMN2 can be distinguished by only five nucleotides
resulting in the appearance of undigested PCR product on differences located in intron 6, exon 7, intron 7 and
gel electrophoresis (i.e. false-negative results). exon 82, Ninety five per cent of SMA patients showed
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an absence of SMNI gene due to either deletion or
conversion, thus demonstrating that SMN/, not SMN2,
is the SMA-causing gene®. Thus, genetic diagnosis of
SMA (i.e. detection of SMNT deletion) was complicated
by the presence of SMN2 because PCR may amplify
the genes unselectively, especially in the presence
of high amount of genomic DNA, while all patients
carry SMN2 gene. Allele-specific PCR for the genetic
diagnosis of SMA has been described elsewhere from as
carly as 1999, However, to the best of our knowledge
studies involving high amount of DNA, the amount of
which is routinely used for genetic diagnosis, provided
conflicting results regarding chances of SMN2 mis-
amplification. In addition, no study has been done to
evaluate the cost-effectiveness and time-efficiency
of this method over conventional PCR-RFLP. Using
relatively larger sample size, we studied the reliability
of allele-specific PCR by comparing the test results
against conventional PCR-RFLP using high amount of
genomic DNA.

Material & Methods

This study was carried out from 2003 to 2008 in the
Department of Paediatric, School of Medical Sciences,
Universiti Sains Malaysia, Kelantan. A total of 126
patients were randomly selected from the patients sent
for SMA genetic diagnosis (Table I). Whole blood (3-5
ml) was collected from patients. Informed consent was
taken prior to blood taking. The study protocol was
approved by the Research Ethics Committee (Human)

of the Universiti Sains Malaysia. Sample size was
calculated using single proportion formula. Genomic
DNA was extracted using commercially available kit
(GeneAll Biotechnology Co. Ltd., Korea).

PCR-RFLP (Method A): All samples were analyzed
twice, each using two different methods, method A
and method B. Method A refers to the PCR-RFLP as
previously described!. This method consisted of two
steps, PCR amplification and enzyme digestion which
used Dral restriction enzyme for exon 7 SMN.

Allele-specific PCR  (Method B): Method B
refers to allele-specific PCR using primer
pairs  described  previously’,  telSMNex7forw
S-TTTATTTTCCTTACAGGGTTTC-3’ and
telSMNint7rev 5’-
GTGAAAGTATGTTTCTTCCACgGTA-3. Italic

uppercase characters indicate the position of
nucleotide difference between SMNI and SMNZ,
while lowercase character indicates the position of a
deliberate mismatch. The primers specifically amplify
exon 7 of SMNI, not SMN2. This method consisted
of only one PCR amplification step. Positive or
negative interpretation was determined visually on
agarose gel electrophoresis by the absence or presence
of the SMNI exon 7, respectively. To monitor the
efficiency of PCR amplification, a housekeeping
gene (B-globin) was used as a reference gene, with
the primers 5-ACCTCACCCTGTGGAGCCAC-3
and 5-CTCACCACCAACTTCATCCAAG-3. One

Table I. Clinical features of the patients
Clinical features Number of patients Total
Sex Male 25 - ‘
Female 38 63
Age on diagnosis (Month) 0-6 11
. 6-18 13
>18 39 63
.. Type of SMA I 31
Clinically SMA 1 -
I 9 63
Tongue Fasciculation +ve 35
-ve 20 55
EMG +ve 20
-ve 1 21"
Sex Male 30
! Female 33 63
3 Clinically Not SMA Age on diagnosis (Month) 0-6 20
6-18 19
>18 22 61"
EMG; electromyography, “Data not available for some patients

—175~—



[Downloaded free from http:/Awww.ijmr.org.in on Tuesday, March 13, 2012, IP: 133.30.186.70] || Click here to download free Android application for this journal

MARINI ef al: AS-PCR FOR A COST-EFFECTIVE & TIME-EFFICIENT SCREENING OF SMA 33

Patients

Method A
{(PCR-RFLP)

Method B
(Aliele-Specific PCR}

4 5 6 7 8 9

Fig. SMNI (exon 7) deletion analysis using method (A) and (B). In method (A), deletion or non-deletion is indicated by the absence or
presence of the first band (188 bp). The second band (164 bp) shows the presence of SMN2 (exon 7). In method (B), deletion or non-deletion is
indicated by the absence or presence of the first band (307 bp). The second band (240 bp) indicated the presence of reference gene (B-globin).
Molecular markers were electrophoresed in the “Mk™ lane and a control PCR product in the “—ve” lane. Patients 1, 2, 4, 5, 6, 8 show deletion

of SMN1. Patients 3, 7, 9 show non-deletion of SMNI.

reaction of 20 pl of PCR mixture contained 80 - 200 ng
of genomic DNA, 0.4 pul of 10 mM dNTPs, 1.2 ul of 25
mM MgCl,, 4.0 pl of 5x PCR buffer, 0.75U Tag DNA
polymerase (Promega Corporation, Madison, USA)
and 1.5 ul of each 10 pmol of an allele specific primer
pairs and 0.5 ul of each 5 pmol of an internal control
primer pairs (Sigma-Proligo, The Woodlands, TX,
USA). The PCR cycles included an initial denaturation
at 94°C for 7 min, followed by 33 cycles of 94°C for
1 min, 59.7°C for 1 min, 72°C 1 min before a final
extension at 72°C for 7 min. The PCR product was then
directly visualized under the UV light, using 2 per cent
agarose gel. PCR product of SMNI] was visualized at
the corresponding size of 307 bp, while that of B-globin
was at the size of 240 bp.

Cost and time evaluation: The cost and time for
both methods were compared to evaluate the cost-
effectiveness and time-efficiency of allele-specific
PCR over PCR-RFLP.

Results & Discussion

Of the 126 samples tested, 54 (43%) were found to
have SMNI exon 7 deletions. The findings (Fig.) from
both methods were in complete agreement, suggesting
that both methods performed with the same reliability.
Evaluation of time-efficiency for both methods showed
that method B was five times more rapid than method
A. Evaluation on the cost-effectiveness showed that
method B was more cost-effective (68%) compared to
method A (Table II).

Table IL. Comparison of time-efficiency and cost-effectiveness between PCR-RFLP and allele-specific PCR in SMA genetic diagnosis

. Items PCR-RFLP (A) Allele-specific PCR (B)
! (min) (min)
© A. Time-efficiency comparison
1. PCR mixture preparation 30 30
2. PCR thermocycling 150 150
3. Gel clectrophoresis 1 40 40
4. PCR-RFLP preparation 10 -
5. Incubation 960 -
6. Gel electrophoresis I 40 -
Total 1230 220
B. Cost-effectiveness comparison PCR-RFLP Allele-specific PCR
(INR) (USY) (INR) (USS)
1. PCR reagents 949 16.9 949 16.9
| 2. Restriction enzyme 2336 41.6 - -
. 3.Gel electrophoresis 190 34 95 1.7
4. Consumables 219 3.9 95 1.7
Total 3694 65.8 1139 20.3

 *based on US$ 1 = INR 56.15
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Table II1. Summary of previous studis on diagnosis of SMA using allele specific PCR
Author Primers Technique Outcome
Feldkotter et al* Forward (c.840C>T) Quantitative real-time PCR SMNI-specific amplification from 11.25ng of
Reverse (c.888+214A>G) of SMN1 using LightCycler genomic DNA.
instrument (Roche Diagnostics)
. . Lower analytical sensitivity/specificity,
Xuetal (ngzgig;;;ersc prumer PCR especially VZith lower (< 0t.>1, ppg) and ;};gher
’ (=1 pg) DNA amount.
Moutou et aP® Specific reverse primer PCR with fluorescent SMN1-specific amplification from up to Ing
(c.840C>T) technology of genomic DNA.
Zeng et al Specific reverse primer PCR SMNI-specific amplification from 50ng of
(c.840C>T) genomic DNA.
Ravard-Goulvestre  Specific reverse primer PCR with fluorescent SMNI-specific amplification from up to
et alb (c.840C>T) technology 700ng of genomic DNA.
Simsek et al’ Specific forward primer PCR Successfully amplified SMN! by using
(c.840C>T) 100ng of DNA amount and the results were
comparable with the PCR-RFLP.

We have been using the primers described by
Feldkotter et al* for gene-specific copy number analysis
of SMNI and SMN2 as a diagnostic procedure in our
laboratory and found that our results were consistent!®!!,
However, the experiments were done with relatively
low amount of DNA, by which the chance for SMN2
mis-amplification was very small.

In this study, 54 samples showed deletion in SMN/
gene exon 7. Among the remaining 72 patients without
SMNI deletion, nine were categorized as clinically
SMA (Table I). Patients without apparent deletion of
SMNI may not be excluded from the SMA diagnosis
since possibility remains that they might carry point
mutation which can only be identified through DNA
sequencing.

Our analyses showed that allele-specific PCR was
a time-efficient and cost-effective method. It may also
reduce the risk for experimental errors since it involves
fewer steps.

The main differences of the method described here
compared to other similar methods is the design of the
primers, the usage of conventional PCR method and
the usage of a relatively higher amount of genomic
DNA than the amount which is routinely used for SMA
genetic diagnosis. Using primer pairs described by
Feldkotter et al*. We could specifically amplify SMNI
in the existence of relatively high DNA amount (80 -
200ng), without mis-amplifying SMN2, thus enabling
the use of the method for routine genetic testing of
SMA. However, the use of higher amount of DNA in
this study has not provided evidence if the test is still
reliable in the presence of much lower DNA amount as

described elsewhere>®. This could be a major hurdle for
applications such as preimplantation genetic diagnosis
(PGD).

The primers were selected because these fulfilled
the criteria for highly-efficient allele-specific
amplification for utilizing two nucleotides differences
between SMNI and SMN2 in exon 7 (¢.840C>T) and
intron 7 (c.888+214A>QG) and a deliberate primer
mismatch simultaneously in one PCR reaction.
SMNI carries the C and A in its exon 7 and intron 7,
respectively. The forward primer (telSMNex7forw)
incorporated the C at its first nucleotide at the 3’
end, while the reverse (telSMNint7rev) combined an
incorporation of A at its 2" nucleotide before the 3’ end
and a deliberate mismatch at its 3" nucleotide before
the 3’end (G instead of A). Newton et a/'? showed
that a deliberate mismatch near to the primer’s 3’end
increased its amplification specificity. Therefore, the
primer pair described by Feldkotter et al* contained
three characteristics, a specific forward, a specific
reverse and a deliberate mismatch.

Similarly, specific primers may be designed to
detect the presence or absence of SMNI exon 8.
However, we concentrated only on exon 7 of the SMN!
gene in this study because it is the only region with
the clinical significance for the diagnostic screening
of SMA". The summary of the previous studies were
shown in Table II1.

In conclusion, our study demonstrated the
reliability of allele-specific PCR for diagnostic
screening of SMA. The accuracy of this method was
comparable with that of PCR-RFLP, and it was cost-

—177—



[Downloaded free from http://www.ijmr.org.in on Tuesday, March 13, 2012, IP: 133.30.186.70] || Click here to download free Android application for this journal

MARINI ez al: AS-PCR FOR A COST-EFFECTIVE & TIME-EFFICIENT SCREENING OF SMA 35

effective. Thus, it can be applied to routine diagnostic
screening of SMA.
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Aim: Spinal muscular atrophy (SMA) is a common autosomal recessive neuromuscular disorder. It is caused by
mutations in the SMN1, and its clinical severity is modified by copy number variations of the SMN2. According to
previous studies, deletion of SMN1 exon 7 is the most frequently observed in patients with SMA. Therefore, molecular
analyses exploiting this genetic lesion could be beneficial in the diagnosis of SMA. Unfortunately, in many geo-
graphical regions, physicians do not have the latest molecular screening technologies at their immediate disposal.
Thus, to overcome this issue, we developed an SMA-diagnosing system using dried blood spots (DBS) placed on filter
paper to facilitate remote diagnosis. Methods: In this study, we validate the applicability of DBS on Flinders Tech-
nology Associates (FTA) filter paper for detecting SMNT exon 7 deletions and copy number variations of SMN1T and
SMN?2. To detect exon 7 deletions in SMIN1, polymerase chain reaction (PCR)-restriction fragment length polymor-
phism analysis was conducted by using DNA exiracted from the DBS on FTA filter paper that had been stored at
room temperature for a period of up to 4 years. To determine the copy numbers of SMNT and SMN2, we carried out
SYBR green-based real-time PCR by using the same blood specimens. Results: The results obtained from the DBS on
FTA filter paper were in complete concordance with those analyses using fresh blood specimens. This indicates that
DBS on filter papers is a reliable method for SMA patient detection and carrier screenings. Conclusion: The SMA-
diagnosing system, combined with the mailing of DBS on filter paper, will be beneficial for patients suffering from
neuromuscular disorders in areas with limited or no access to diagnostic facilities with molecular capabilities.

Introduction

SPINAL MUSCULAR ATROPHY (SMA) is an autosomal reces-
sive disease characterized by degeneration of motor neu-
rons in the spinal cord, resulting in atrophy of skeletal
muscles. SMA is clinically divided into four subtypes based
on age at onset and the type of motor function achieved: SMA
type I (Werdnig-Hoffman disease, severe type), SMA type II
(intermediate type), SMA type III (Kugelberg-Welander dis-
ease, mild type), and SMA type IV (adult onset type or very
mild type) (Lunn and Wang, 2008).

The gene responsible for SMA is the survival motor neuron
(SMN) gene. This gene has two nearly identical copies, SMN1
and SMIN2 (Lefebvre et al., 1995). It has been shown that SMA
is caused by a homozygous disruption of SMN1, and further,
the clinical severity of the disease is modified by copy number
variations of SMIN2 (Feldkétter et al., 2002). To a limited de-
gree, the presence of SMN2 copies can compensate for the

deletion of SMIN1, and it has been shown that in the absence of
SMN1, increased copy numbers of SMN2 can improve the
clinical severity of the disease (Harada et al., 2002). Ad-
ditionally, the presence of the neuronal apoptosis inhibitory
protein (NAIP) gene is also associated with the clinical se-
verity (Glotov ef al., 2001).

Most cases of SMA present with the complete absence of
SMNT1 (Parsons et al., 1998). Patients with an SMA-like pre-
sentation should be tested for the presence of a homozygous
deletion of SMN1 by using methods that are 98.4%-99%
sensitive and 98.3%-100% specific (Beck et al., 2001; Mailman
et al., 2002). Therefore, the detection of SMN1 deletions is
highly beneficial in diagnosing SMA. Additionally, copy
number analysis of SMN1 may also be valuable for carrier
testing, because all carriers have only 1 copy of SMNI.

When discussing the topic of molecular testing, it is essential
to note that the means to conduct molecular analysis is not
universally available in all geographical regions of the world.
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With this in mind, if a simple method of collection, storage, and
shipment of samples could be established, then all patients can
gain access to the benefits of molecular analysis regardless of
geographical or industrial limitations. This is true not only for
SMA but also for other inherited disorders as well (Aggarwal
etal., 1992). In this study, we proposed a novel SMA-diagnosing
system using dried blood spot (DBS) on filter paper, which
effectively facilitates the simplified collection, storage, and
shipment of patient samples to centralized testing facilities.

Patients and Methods
Patients

ID-1 (woman, SMA type 1). She was referred to Kobe
University Hospital for the evaluation of muscle weakness at
1 month old. She did not obtain head control or sit by 3 years.

ID-2 (woman, SMA type II). She was referred to Kobe
University Hospital for the evaluation of muscle weakness at
6 months old. She obtained head control at 4 months old, but
she could not sit without aid. She underwent tracheostomy at
2 years of age.

ID-3 (woman, SMA type Ill). She was referred to Kobe
University Hospital for the evaluation of muscle weakness
affecting dominantly lower limbs at 12 years old. Her gait
disturbance had been noticed since she was 3 years old.

ID-4 (woman, SMA type I). She was referred to Kobe
University Hospital for the evaluation of muscle weakness at
1 year 5 months old. She did not obtain head control or sit
without aid.

ID-5 (man, SMA type III). He was referred to Kobe Uni-
versity Hospital for the evaluation of muscle weakness af-
fecting dominantly lower limbs at 5 years of age.

Before the molecular analysis, informed consent was ob-
tained from the parents of the patients. This study was ap-
proved by the Ethical Committee in Kobe University.

Extraction of DNA from Flinders Technology
Associate elute microcard™

For the collection of blood samples from SMA suspicious
patients, we adopted the use of FTA® Elute Cards (Whatman®
Inc, Schleicher & Schuell, Clifton, NJ, art no. WB 120410). Sto-
rage periods of the Flinders Technology Associate (FTA) Elute
Cards varied from 1 to 4 years. All FTA Elute Cards were stored
at room temperature. To extract DNA from the DBS, 5 circles
were punched out from the center of a blood spot by using a
@3 mm hole puncher, as shown in Figure 1. The punched circles
were put into a sterile 1.5mL microfuge tube and washed by
adding 500 uL of sterile water and 3 cycles of pulse vortexing.
Excess water used for washing was removed from the tube by
using a sterile pipette. After this step, the circles obtained were
further centrifuged for 55, and excess water was removed again
by pipetting. After washing, these punched circles were com-
pletely immersed in 100 uL of TE buffer, used as an eluant
followed by heating at 95°C for 30 min. At the end of the in-
cubation period, the tubes were pulse vortexed ~ 60 times. The
eluant was stored at ~20°C until being used as a DNA source
for further examination (Whatman, Inc., Clifton, NJ).

Deletion test

Polymerase chain reaction (PCR) was performed according
to the methods described by van der Steege et al. (1995). For each

HARAHAP ET AL.

FIG. 1. Image of FTA Elute microcard™ after being pun-
ched. On filter paper, five holes in the center of one well can
be observed. To avoid cross contamination between samples,
a micropunch was carried out thrice on a clean piece of filter
paper followed by wiping of the holepuncher with 95%
ethanol. This was done between all FTA samples. FTA,
Flinders Technology Associates.

reaction, 300-500ng of DNA was used. The oligonucleotide
primers for exon 7 in the SMINT and SMN2 were R111 (Lefebvre
et al., 1995) and x 7-Dra (van der Steege ef al., 1995), and those
applied for use on exon 8 of both genes were 541C950 (Lefebvre
et al., 1995) and 541C1120 (Lefebvre et al., 1995). To discriminate
between SMNI and SMN2 products, PCR amplicons were
completely digested with Dral (Takara Biomedical, Tokyo,
Japan) for exon 7 and Ddel (Takara Biomedicals) for exon 8. The
restriction enzymes Dral and Ddel only cleave the amplified
fragments from SMN2 exon 7 and 8, respectively. PCR ampli-
fication of the NAIP-specific sequence, exon 5, was performed
according to the method reported by Roy ef al. (1995).

Sequencing analysis

To identify and confirm the presence of hybrid genes, direct
sequencing analysis was performed by using a BigDye Ter-
minator V3.0 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA) and a genetic analyzer (ABI Prism 310; Ap-
plied Biosystems), with DNA Sequencing Analysis Software
(Applied Biosystems). PCR amplicons were used as templates
along with the forward primer of intron 6 and reverse primer
of exon 8 for sequencing reactions.
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SMA PATIENT DETECTION AND CARRIER SCREENING

Copy number analysis

For determination of SMNT and SMN2 copy numbers, we
used a quantification method utilizing real-time PCR and a
LightCycler instrument (Roche Diagnostics, Mannheim, Ger-
many). SMN1 exon 7 was amplified with a primer set of tel-
SMNex7forw (5-TTT ATT TTC CIT ACA GGG TIT C-3)
(Feldkotter et al., 2002) and telSMNint7rev (5-GTG AAA GTA
TGTTTCTTC CAC GTA-3) (Feldkotter et al., 2002). SMN2 exon
7 was amplified with a primer set of cenSMNex7forw (5-TTT
ATT TTC CTT ACA GGG TTT TA-3) (Feldkotter ef al., 2002)
and cenSMNint7rev (5-GTG AAA GTA TGT TTC TTC CAC
GCA-3") (Feldkotter et al., 2002). The CFTR was used as a ref-
erence gene for the relative quantification of SMN1 and SMN2.
CFTR was amplified with a primer set of CF621F (5-AGT CAC
CAA AGC AGT ACA GC-3) (McAndrew et al., 1997) and
CF621R (5-GGG CCT GTG CAA GGA ATG TTA-3") (McAn-
drew et al., 1997). The details of the experimental procedure we
applied have been described elsewhere (Tran et al., 2008).

Statistical analysis

To evaluate the performance of the FTA Elute Microcard
method described in this study, sensitivity and specificity
were calculated by using standard statistical analyses.

Results

DNA concentration or recovery of DNA from the DBS
on FTA elute microcard

To assess the performance of FTA Elute microcards
(Whatman Inc, Schleicher & Schuell, art no. WB 120410), we
selected cards based on their storage time (Table 1). The
storage time of the individual cards varied from 1 to 4 years.

Mk 1 2 3 4 5 8 7 8

3

TaBLE 1. DNA CONCENTRATION FROM DRIED BLooOD SpoT
oN FLINDERS TECHNOLOGY ASSOCIATES ELUTE MICROCARD™

Age of dried blood DNA
on FTA elute Personal concentration OD 260:
Microcard™ D (mg/L TE Buffer) ~ OD280
1 year 16 255.9 1.68
17 151.4 1.75
9 200.1 1.62
19 244.8 1.61
2 year 3 66.5 1.76
8 73.6 1.86
5 215.3 1.67
6 321.3 161
7 239.9 1.67
4 270.5 1.57
12 180.2 1.64
13 223.6 1.66
3 year 1 143.8 1.56
14 314.8 1.61
10 180.4 1.61
11 200.7 1.67
18 226.4 1.75
20 268.0 1.77
4 year 2 187.6 1.81
15 123.2 1.62

Sample was prepared from five punched circles that had been
(®3 mm) incubated in 100 puL. of TE buffer.

Concentration of DNA extracted from the cards ranged be-
tween 66.5 and 321.3mg/L (mean 204.4mg/L). DNA sam-
ples had OD 260: OD 280 values of 1.56 and 1.86, respectively.
The concentration and purity of the isolated DNA was suffi-
cient for subsequent PCR analysis.

8 10
—— SMNi 187 bp
e SMN2 163 bp
FIG. 2. (A) SMN1I exon 7
deletion test. About 5/20
samples showed a homozy-
| e SMNT187Dp gous deletion of SMNT exon 7.
| SMN2T83BR About 2/20 samples showed
a homozygous deletion of
SMN2 exon 7. (B) SMNT1 exon
8 deletion test. About 3/20
— iﬁﬁ; §§§ ié;i: samples showed a homozy

gous deletion of SMNT exon 8.
2/20 samples showed a hy-
brid SMN gene. Another 2/20
samples showed a homozy-

| SN2 BSbp

e SMINT 18350 o515 deletion of SMN2 exon 8.
= §§,’§§ "’§§ ‘§§ (C) NAIP exon 5 deletion test.
About 1/12 samples showed a
homozygous deletion NAIP
, exon 5. Lane numbers in this
| —— NAJP 436bp  figure are identical to personal

ID of the samples in Tables 1
and 2.

| e NAIP 438 bp
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TABLE 2. SURVIVAL MOTOR NEURON-DELETION TEST AND SMN1 AND SMN2 Cory NUMBER ANALYSIS
UsinGg DrieD BLoop oN FLINDERS TECHNOLOGY ASSOCIATES ELUTE MICROCARD

Deletion test

Copy number SMN1

Copy number SMIN2

P , SMN Exon 7 SMN Exon 8 Freshly prepared sample Card DNA Freshly prepared sample Card DNA
ersona
ID Clinical status ~ SMIN1 SMN2 SMN1 SMN2 NAIP Exon 5 CNR  Copy number CNR Copy number CNR  Copy number CNR Copy number
Patient 1 SMA type I Del Nondel Del Nondel Del - 0 - 0 1.96 2 1.91 2
2 SMA typell Del Nondel Del Nondel Nondel - 0 - 0 3.00 3 2.96 3
3  SMA type Il Del Nondel Del Nondel Nondel - 0 - 0 3.32 3 3.25 3
4  SMA typel Del Nondel Nondel Nondel Nondel - 0 - 0 2.67 3 2.87 3
5 SMA type Il Del Nondel Nondel Nondel Nondel - 0 - 0 3.65 4 3.72 4
Carrier 6  Father of Patient Nondel Nondel Nondel Nondel Nondel 0.95 1 0.93 1 1.75 2 2.38 2
no 5
7 Mother of Patient Nondel Nondel Nondel Nondel Nondel 1.05 1 0.66 1 2.65 3 2.58 3
no 5
8  Mother of Patient Nondel Nondel Nondel Nondel Nondel 0.95 1 1.00 1 2.97 3 313 3
no 3
Control 9  Healthy Nondel Del Nondel Del Nondel 1.99 2 1.91 2 — 0 - 0
10 Healthy Nondel Del Nondel Del Nondel 1.96 2 191 2 - 0 - 0
11 Healthy Nondel Nondel Nondel Nondel Nondel 1.84 2 1.55 2 0.93 1 1.07 1
12 Healthy Nondel Nondel Nondel Nondel Nondel 2.30 2 2.30 2 1.00 1 1.14 1
13 Healthy Nondel Nondel Nondel Nondel Nondel 2.20 2 2.32 2 1.15 1 1.20 1
14 Healthy Nondel Nondel Nondel Nondel Nondel 1.87 2 2.23 2 1.80 2 2.20 2
15  Healthy Nondel Nondel Nondel Nondel Nondel 1.88 2 1.90 2 1.97 2 1.74 2
16 ~ Healthy Nondel Nondel Nondel Nondel Nondel 1.97 2 2.04 2 2.05 2 2.16 2
17 Healthy Nondel Nondel Nondel Nondel Nondel 1.95 2 1.90 2 2.00 2 2.19 2
18  Healthy Nondel Nondel Nondel Nondel Nondel 2.28 2 222 2 222 2 1.52 2
19 Healthy Nondel Nondel Nondel Nondel Nondel 2.02 2 1.96 2 2.84 3 3.19 3
20  Healthy Nondel Nondel Nondel Nondel Nondel 2.96 3 2.71 3 191 2 2.26 2

These data obtained from analyses using DNA extracted from DBS on the FTA Elute microcards were compatible with those obtained from analyses using DNA prepared from EDTA-blood. (The data

of SMN-deletion test using DNA prepared from EDTA-blood not shown).
*The deletion test using card blood was completely compatible with the freshly prepared sample.

DBS, dried blood spot; FTA, Flinders Technology Associates; CNR, calibrator-normalized ratio; del, deletion; nondel, nondeletion.
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