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Abstract

Objective

This study examined GNPTAB and NAGPA gene polymorphisms associated with stuttering in
Pakistani population.

Methodology

This case control study was initiated by screening stuttering in samples using SSI-4 tool. Individuals
who suffered physical abnormalities, incomplete data of participants (SSI-4 and PCR bands) were
excluded. Total 100 individuals including 69 stuttering and 31 non-stuttering participants data was
recorded. Statistical analysis included Hardy-Weinberg Equilibrium, Chi square of homogeneity and
odds ratios with 95% Confidence intervals.

Results

Results showed significant (P<0.05) association between family history and stuttering, with 88% of
participants reporting a familial history of the condition. The GNPTAB SNP distribution for stuttering
participants showed no deviation (via Hardy-Weinberg Equilibrium) in the Pakistani population.
GNPTAB polymorphisms distribution showed a highly significant association with stuttering
(P<0.01), with the AG genotype significantly increasing the risk (OR =21, 95% CI: 2.66-165.37). In
contrast, NAGPA genotypes showed no significant association (P>0.05) with stuttering. The chi-
square test for homogeneity revealed a highly significant (P<0.01) difference in genotype between
stuttering and non-stuttering groups. The dominant genotype (AA) reduced the risk of stuttering,
whereas heterozygous genotypes GNPTAB SNP (A>G) increased the risk of stuttering. For NAGPA
gene, the dominant genotype (CC) appeared protective.

Conclusion

Stuttering showed a strong association with family history and GNPTAB gene polymorphisms. Future
research should validate the GNPTAB and NAGPA association across diverse populations and
explore gene-environment interactions, epigenetics, neuroimaging and transcriptomics to refine
stuttering models.
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Introduction

Globally, stuttering affects approximately 1% of the population, with significant proportion in
children and fewer in adulthood?. Males being four times more likely to experience this disorder than
females®. This gender disparity is commonly observed in both developmental and neurogenic
stuttering cases. Developmental stuttering emerges as part of the normal speech development process.
Neurogenic stuttering results from a lack of coordination between various brain regions involved in
speech production.

Stuttering can affect individual social interactions, emotional well-being, and overall quality of life,
as they often experience feelings of frustration, embarrassment, and anxiety related to their speech
difficulties®*. Stuttering decreases with altered auditory feedback in hearing-impaired individuals®.
The difference between the prevalence and incidence rates of stuttering can be attributed to the fact
that developmental stuttering resolves in approximately 80% of cases before adulthood®.

Recent research has suggested that developmental stuttering is a multifactorial disorder, with both
neurological and genetic factors playing significant roles’. Children with persistent stuttering often
show reduced brain activity in areas crucial for motor planning and coordination, such as the left
premotor cortex and basal ganglia, compared to those who do not stutter®. The genetic complexity of
stuttering stems from its deviation from typical Mendelian inheritance patterns, involving multiple
genetic loci and environmental factors®19:11,

Stuttering exhibits significant heritability, with inheritance patterns that may follow either a dominant
or autosomal recessive mode, suggesting a complex interaction between genetic and environmental
factors'>13, Various genetic analyses have identified loci associated with stuttering in genes like
GNPTAB, GNPTG, NAGPA, and AP4E1, which are involved in protein trafficking and lysosomal
function*. The GNPTAB and GNPTG encode subunits of N-acetylglucosamine-1-
phosphotransferase, which initiates synthesis of the mannose 6-phosphate (M6P) signal, essential for
directing enzymes to the lysosomes®®. Using genome-wide linkage scans across 46 families, Kang®®
identified 87 candidate genes on chromosome 12g23.3 and pinpointed the mutation ¢.3598G>A
(p.Glu1200Lys) in the GNPTAB gene. The NAGPA gene facilitates the second step of this process
by exposing the M6P marker, allowing M6P receptors to recognize and properly direct lysosomal
enzymes. Mutations in these genes can disrupts cellular processes, leading to lysosomal dysfunctions
such as mucolipidosis types Il and I1I, which may impair neural communication and contribute to
stuttering’. In this study, we examined the association between the GNPTAB and NAGPA gene
polymorphism with stuttering in Pakistani population.

Methodology

Participants in speech therapist clinics were screened for stuttering using SSI-4%8. A stratified random
sampling technique was employed. In total, 100 participants were selected for subsequent analysis,
including 69 stuttering and 31 controls. Demographic characteristics including stuttering family
history as well as SSI-4 data were collected from these participants. Those individuals who suffered
some physical abnormalities were excluded from the study. Prior to data collection, ethical approval
(10" April, 2022), from University of Peshawar was granted as well as consent form from the
participants/guardian of children was taken that were below 16 years age.

Blood was taken from antecubital vein from these participants. Genomic DNA was extracted using
QAIGEN Flexi-Gene DNA kit Catalog # 51206 and Thermoscientific DNA extraction kit Catalog #
K0721. High quality intact genomic DNA with an optical density ratio of 260/280 < 1.8 and 260/230
> 1.5 was further used for ARMS PCR.

The Ensembl Variant Effect Predictor (VEP) indicated that the queried variants are previously known
polymorphism with established annotation records. The 8 ARMS’ primers with wild and mutant types
with one base mismatched at the 3'-end following the mutation type (synonymous SNP) of the
GANTAB and NAGPA gene is given table 1.
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Table 1: GANTAB and NAGPA genes SNPs primers profile.

GNPTAB/ Exonl3/ p. Thr644Thr / rs10778148 /c.1932A > G
Sequence (5'->3") Length | Tm | GC%
Fo | GTGGAAAACCATCCACCTCATA 22 58.04 | 45.45
Ro | ACTCAACTGGGCGTCTTTTGG 21 61.09 | 52.38
Fi | GAGGGACCAAAACTGAATTCTACG | 24 58.69 | 41.67
Ri | ATTTTCGTAACCCTTCTGGGCT 22 59.96 | 45.45
NAGPA /exon10/ p.Thr465lle /rs7188856 /c.1394 C > T
Fo | TATCTATGCCGGGTAGAGGGA 21 59.00 | 52.38
Ro | GAAGCCAGACCGTGGGGAA 19 61.89 | 63.16
Fi | CTTCCTCCTGCTGATCAGCAT 21 60.74 | 57.14
Ro | CAAGGACAGGTTTGCTGCAG 20 59.69 | 55.00

PCR was performed in a 25 pL reaction volume that comprised 1.5 pL DNA template, 0.7 uM primers,
12 pL 2X PCR Taq Master Mix, and 10 pL double distilled water. PCR cycle regimen was as follows:
initial denaturation at 95°C for 5 minutes, followed by 35 cycles for 30 s at 95°C, 30 sat Tm-5 °C, 1
minute at 72°C, and then a final extension for 10 min at 72°C, and finally the PCR products were
maintained at 4°C in the end.

PCR products were resolved on a 2% agarose gel with 1x Tris—acetate ethylenediaminetetraacetic
acid (TAE) buffer, and then subjected to electrophoresis at 110 V, 200 mA and for 30 min. The
agarose gel was stained with 2ul ethidium bromide and photographed by UV trans-illuminator. DNA
ladder of 1kb was also used to presume the size of intensified product.

Statistical Analysis

Statistical analysis was performed using SPSS ver.26 (statistical package for social sciences; Chicago,
IL, USA). Chi square was used for Hardy-Weinberg Equilibrium analysis. Chi square test of
homogeneity was used for genotype distribution between stuttering and non-stuttering group. Odds
ratios with 95% confidence interval was used for the genetic predictive risk of stuttering.

Results

In all stuttering categories i.e., very mild, mild, moderate and severe the highest participants were
male with resultant 16%, 6%, 31% and 7%, respectively, compared to female with 15%, 4%, 18%
and 3%, respectively (Table 2). Among the age groups, the highest participants with 5 to 9 years aged
were recorded with moderate stuttering (28%) followed by those that were 10 to 14 years age (16%).
The school going students for all the categories of stuttering i.e., very mild, mild, moderate and severe
with resultant 25%, 8%, 35% and 8%, respectively, comparatively was higher than preschool
participants. As for family history for stuttering, highest participants had moderate stuttering (43%),
followed by very mild (25%), severe (9%) and least with mild stuttering (5%). Statistically, except
for family history being significant (P<0.05), all others demographic characteristics were non-
significant (P>0.05).

Table 2: Demographic characteristics of participants categorized by different stuttering
severity levels

Demographic characteristics Stuttering
grap Very Mild | Mild | Moderate | Severe
Female 15 4 18 3
ns
Gender Male 16 6 |3l 7
5-9 16 6 28 4
10-14 8 3 16 2
ns
Age 1519 |5 1 |2 3
20-24 2 3 1
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Schoolina™ Preschool | 6 2 14 2
g School | 25 8 |35 8
A No 6 5 6 1
*
Family History Yes 25 5 13 9

ns: Non-significant (P >0.05), *: significant (P <0.05)

As shown in table 3, among GNPTAB genotypes in the stuttering participants, the AA genotype was
observed in the highest number of participants (46.38%) of the stuttering cases, followed by AG
(34.78%) and least with GG genotype (18.84%). The P value (P>0.05) indicated stuttering group
follows Hardy-Weinberg equilibrium. In control (non-stuttering) group, the highest number of
participants was observed with AA genotype (90.32%). Only 1 participant was observed with AG
genotype (3.23%) followed by GG genotype (6.45%). The chi square (P<0.05) indicates the control
(non-Stuttering) group genotypes distribution deviates from Hardy-Weinberg equilibrium.

As for the NAGPA genotype in the stuttering participants, the CC genotype was observed the highest
(63.77%) for stuttering cases, followed by CT (24.64%) and least with TT genotype (11.59%). In
control (non-stuttering) group, the highest number of participants was observed with CC genotype
(83.87%), whereas the least participants was observed with TT genotype (6.45%) followed by CT
genotype (9.68%). The chi square for NAGPA both case and control group showed P value less than
0.05, indicating these groups genotypes distribution in population deviates from Hardy-Weinberg
equilibrium.

The additional model showed that odds ratios for AG genotype individuals significantly (OR=21,
95% CI: 2.66-165.37) increased the risk of stuttering (Table 4). The odds ratios for the dominant
model showed that dominant genotype (AA) was significantly (OR=0.09, 95% CI: 0.02-0.33) less
likely to develop stuttering compared to those with recessive genotype (AG + GG). As for the
codominant model, in the stuttering group the AG genotype was observed in 24 stuttering participants
whereas the homogenous genotypes (AA + GG) were found in 45 stuttering individuals. On the other
hand, in non-stuttering participants, codominant heterogenous genotype (AG) was observed in only 1
individual and homogenous genotypes (AA + GG) was found in 30 non-stuttering individuals.
Statistically, a highly significant (P<0.01) difference in genotype distribution was found between
stuttering and non-stuttering groups. The odds ratios for codominant model showed significantly
(OR=16, 95% CI: 2.05-124.66) increase of developing stuttering compared to homogenous genotypes
(AA or GG). The chi-square (y?) test of homogeneity indicated a statistically high significant (P <
0.01) difference between stuttering and non-stuttering groups for distribution of genotypes in additive,
dominant, codominant and allele distribution.

The odds ratios for NAGPA showed significant (OR=0.09, 95% CI: 0.02-0.33) less development for
dominant model (OR=0.33, 95% CI: 0.22-0.99) and allele (OR=0.40, 95% CI: 0.16-0.97) for
stuttering. Similarly, the chi-square () test of homogeneity indicated a statistically significant (P<
0.05) difference of allele and genotypes distribution between stuttering and non-stuttering groups.

Table 3. Hardy-Weinberg Equilibrium HWE of Allele and Genotype Frequencies among

stuttering and control grou
HW HW 2
Allele G Observed HW expected .- P-value
frequencies enotype frequenc enotypes | frequenc critical HWE
q quency | genotyp quency value
(%) (%)
A: 0.64 AA 32(46.38) p2=0.41 | 28.06(40.66)
@ | G:0.36 AG 24(34.78) 2pg=0.46 | 31.88(46.21) | 4.22 P>0.05
m S GG 13(18.84) g2=0.13 | 9.06(13.13)
l<£ = [ A:0.92 AA 28(90.32) p2=0.85 | 26.20(84.52)
2 £ |/ G:0.08 AG 1(3.23) 2pg=0.15 | 4.60(14.83) | 18.98 P<0.01
ol S GG 2(6.45) g2=0.01 | 0.20(0.65)
=4 S8 {C:0.76 CC 44(63.77) p2=0.58 | 39.95(57.89) | 7.20 P<0.05
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T. 0.24 CT 17(24.64) | 2pq=0.36 | 25.11(36.38)
TT 8(1159) | q2=0.06 |3.95(5.72)
= [ C:0.89 cC 26(83.87) | p2=0.79 | 24.40(78.69)
£ [T.011 CT 3(9.68) 2pg=0.20 | 6.21(20.03) | 8.28 P<0.05
S TT 2(6.45) q2=0.01 | 0.40(1.27)

Table 4. The GNPTAB and NAGPA genetic models (Additive, Dominant, Recessive, and
Codominant) analysis of stuttering individuals

GNPTAR |Stuttering X? OR NAGPA | Stuttering X? OR
Genotype | Yes | No (P (95% Genotype | Yes | No (P (95%
value) | Cl) value) | Cl)
AA 32 |28 - CC 44 | 26 -
21 3.35
AG 24 |1 (2.66- |CT 17 |3 (0.89-
Additive 0.00 165.37) 0.12 12.53)
0.27 0.70
GG 13 |2 (0.02- |TT 8 2 (0.09-
3.27) 5.09)
0.09 0.33
Dominant | A 32128 1900 80303% cc 44126 1004 (()Ogg
AG+GG 37 |3 CT+TT 25 |5
3.36 1.90
Recessive | OC 1312 1910 (1%7913) i 8 12 |oa 505?;;
AA+AG 56 |29 CC+CT 61 |29
16 3.05
Codominant | ¢ 24 11 1000 222'2%'6) cT 1713 1008 (101%22)
AA+GG 45 |30 CC+TT 52 |28
0.15 0.40
A 88 |57 (0.05- |C 105 | 55 (0.16-
Allele 0.00 0.41) 0.04 0.97)
G 50 |5 T 33 |7

Discussion

This study investigated the association between GNPTAB and NAGPA gene polymorphisms with
stuttering in a Pakistani population. Descriptive analysis revealed that stuttering was more prevalent
among males and younger age groups. Findings from the National Health Interview Survey indicated
that the male-to-female prevalence ratio for stuttering was 2:1, with rates decreasing as age
increased!®. Samson et al.?’ and Boyce et al.?! reported similar occurrences of stuttering in children
aged 3 to 6 years. Among the participants in the current study, nearly half (49.9%) reported a family
history of stuttering, reinforcing the notion that despite therapeutic interventions, stuttering is a
complex trait that often persists. In the Indian population, the male-to-female ratio was found to be
slightly higher, at 2.4:1%2, Recent findings suggest that stuttering is now more prevalent among
bilingual speakers than their monolingual counterparts®. In Pakistan, bilingual individuals,
particularly children, demonstrate similar patterns of stuttering prevalence as observed in other
bilingual populations?,

Achieving effective therapeutic outcomes for stuttering in Pakistan presents numerous challenges.
Speech-language pathologists face barriers such as divergent professional perspectives, clinical
challenges, systemic and environmental constraints, and, most significantly, a lack of collaboration
and institutional support?*. Additionally, negative social reactions to stuttering, observed across
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diverse cultural settings, underscore the urgent need for greater awareness, understanding, and
acceptance of individuals with this speech disorder®®. Addressing these societal attitudes, alongside
clinical and systemic barriers, is imperative for fostering a more inclusive and supportive environment
for individuals who stutter.

Over the past four decades, increasing evidence has supported a genetic basis for persistent
developmental stuttering, with recent studies linking it to genes involved in intracellular trafficking
deficits. In our study, in Pakistani population, GNPTAB polymorphisms was significantly associated
with stuttering. These findings align with previous researches that have identify GNPTAB mutations
as risk factors for stuttering. In Western populations, NAGPA variants have been significantly
associated with speech disorders'?®, Mutations in the GNPTAB gene are associated with reduced
astrocyte staining and structural changes in the corpus callosum, suggesting a crucial role of astrocytes
in stuttering®®. Our findings also align with Lehmann?’ who showed GNPTAB mutations, including
Ser321Gly (S321G) and Ala455Ser (A455S), disrupt vocalization patterns in mice, mirroring speech
deficits in humans who stutter. Our findings on GNPTAB mutation models contrast with mouse
genetic studies on vocalization deficits?®, which associate GNPTAB variants—such as rs10778148—
with dyslexia under a recessive model. Nonetheless, this suggests that GNPTAB dysfunction may
underlie broader neurodevelopmental communication disorders, including both stuttering and
dyslexia. A de novo variant (p. lle268Leu) in GNPTG was previously reported®?, indicating GNPTG
may contribute to stuttering in only a subset of cases rather than as a primary genetic factor. These
findings reinforce the genetic link between GNPTAB and stuttering while highlighting the need for
further investigation into the roles of GNPTG and NAGPA in different populations.

Conclusion

The study revealed a higher prevalence of stuttering in males compared to females, and statistically
significant association between stuttering and family history. The Heterozygous GNAPTAB (A>G)
increases stuttering risk, while dominant GNPTAB (AA) and NAGPA (CC) genotypes significantly
reduce it. Further, large scale genetic studies related to stuttering, integration of stuttering risk
screening in early childhood health policies, and increased awareness among healthcare professionals
for early identification and intervention is needed.
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TOSHIBA-PC |4/1/2022 959 AM  |7.7 ng/ul  |0.154 0.084 1.83)/ TiMIE
28 TOSHIBA PC  |4/1/2022 10:00 AM | 34.0 ng/ul (0681  [0353 [1.93 il
29 TOSHIBA-PC |4/1/2022 10:00 AM |56 6 ng/pl [1.131 0.609 1.86 2.
iao TOSHIBA-PC ||4/1/2022 10:01 AM |26 9 ng/ul 0538|0278 [1.94 2.8
31 TOSHIBA-PC| [4/1/2022 10:01 AM |35 8 ng/pl (0716 |0.395  [1.81 1.20
32 TOSHIBA-PC |4/1/2022 10:02AM |47.8 = [ngiul [0.956  [0.605 .83
33 TOSHIBA-PC |4/1/2022 10:02 AM | 85.1 ng/ul [1.703  [0.900
34 TOSHIBA-PC |4/1/2022 10:02AM |11.6 gl 0231 [0.118
35 TOSHIBA-PC |4/1/2022 10:03AM |10.8 ng/ul 0215  |0.136
36 TOSHIBA-PC  |4/1/2022 10:03 AM |63.1 ng/pl 1262  |0.675
__ |TOSHIBA-PC |4/1/2022 10:04 AM |49.4 ng/ul 0988 0527
TOSHIBA-PC | 4/1/2022 10:04 AM |33.7 ng/ul 0674 0359
ITOSHIBA-PC | 4/1/2022 10:04 AM |50.3 ng/ul 1007 0534
. | TOSHIBA-PC | 4/1/2022 10:05AM |13.5 ng/yl 0270 0133 3
TOSHIBA-PC | 4/1/2022 10:05AM 388 ng/ul 10775 [0.414
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ARMS PCR
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