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Achalasia Is Associated With eNOS4a4a, iNOS22GA,
and NNOS29TT Genotypes: A Case-control Study

Rajan Singh,' Uday C Ghoshal,'* Asha Misra,' and Balraj Mittal’

Departments of ' Gastroenterology and “Medical Genetics, Sanjay Gandhi Posigraduate Institute of Medical Sciences, Lucknow, India

Background/Aims

Achalasia is known to result from degeneration of inhibitory neurons, which are mostly nitrinergic. Characteristic features of
achalasia include incomplete lower esophageal sphincter (LES) relaxation and esophageal aperistalsis. Nitric oxide (NO), pro-
duced by NO synthase (NOS), plays an important role in peristalsis and LES relaxation. Therefore, we evaluated genetic poly-
morphisms of NOS gene isoforms (endothelial NOS [eNOS], inducible NOS [iNOS], and neuronal NOS [nNOS]) in patients with
achalasia and healthy subjects (HS).

Methods

Consecutive patients with achalasia (diagnosed using esophageal manometry) and HS were genotyped for 27-base pair (bp)
eNOS variable number of tandem repeats (VNTR), INOS22G/A (rs1060826), nNOS (/T (rs2682826) polymorphisms by polymer-
ase chain reaction (PCR) and PCR-restriction fragment length polymorphism (RFLP), respectively.

Results

Among 183 patients (118 [64.5%] male, age 39.5 = 13.0 years) with achalasia and 366 HS (254 [69.4%] male, age 40.8 +
11.0 years), eNOS4ada genotype of 27-bp VNTR was more common among achalasia than HS (20 [10.9%] vs 13 [3.6%]; P
< 0.001; OR, 3.72; 95% Cl, 1.8-7.7). Patients with achalasia had iINOS22GA genotypes more often than HS (95 [51.9%] vs
93 [25.4%]; P < 0.001; OR, 3.0; 95% Cl, 2.1-4.4). Frequency of genotypes GA + AA was higher in patients than HS (97
[53%] vs 107 [29.2%]; P < 0.001; OR, 2.7; 95% Cl, 1.8-3.9). Also, nNOS29TT variant genotype in rs2682826 was more com-
mon among patients compared to HS (14 [7.7%] vs 6 [1.6%]; P < 0.001; OR, 5.91; 95% Cl, 2.2-15.8).

Conclusions

Achalasia is associated with eNOS4ada, INOS22GA, and nNOS29TT genotypes. This may suggest that polymorphisms of eNOS,
iNOS, and nNOS genes are risk factors for achalasia.
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Introduction

Achalasia is a common cause of motor dysphagia.' Its patho-
genesis is still enizc:\rmaltic.l4 Genetic factors are likely to be im-
portant in its pathogenesis as supported by occasional familial ag-
gregation, concordance among monozygotic twins and reports on
association between achalasia and Hirshsprung’s disease, a sim-
ilar condition with genetic basis.”” Esophageal aperistalsis and
incomplete lower esophageal sphincter (LES) relaxation, the
characteristic features of achalasia, result from degeneration of
the ganglion cells in the myenteric plexus.” Abnormal esophageal
function in patients with achalasia is due to loss of inhibitory
innervation.”

Nitric oxide (NO) is the most important inhibitory neuro-
transmitter of the esophageal myenteric plexus; it progressively
delays muscular contraction in the distal esophagus preventing si-
multaneous contraction and relaxes LES during swallowing in
healthy persons.” Degeneration of NO-containing neurons,
therefore, causes simultaneous contraction in the esophageal body
and failure of swallow-induced LES relaxation.”’ NO is synthe-
sized by NO synthase (NOS), which has 3 isoforms, namely, en-
dothelial NOS (eNOS), inducible NOS (iNOS), and neuronal
NOS (nNOS)."""* The genes encoding for these isoforms are lo-
cated in the human chromosomes 7q36, 17q11.2-q12, and,
12q24.2, respectively, which have several polymorphisms.'"*"’

Polymorphisms in eNOS, iNOS, and nNOS genes result in
occurrence of either “high” or “low” producer alleles. Subjects
homozygous for the high-producer alleles synthesize the highest
amount of NO, those homozygous for the low-producer alleles the
least, while heterozygotes produce an intermediate amount."”’ T

the 27-bp variable number of tandem repeats (VN'TR) poly-

n

morphism, 2 alleles have been identified; the larger of which,
eNOS-4b (higher-producer of NO), has § tandem 27-bp repeats
(GAAGTCTAGACCTGCTGC [A/G] GGGGTGAG) and
the smaller, eNOS-4a (lower-producer of NO), has 4 tandem
27-bp repeats.”’ 27-bp VNTR polymorphism of eNOS is asso-
ciated with a low plasma concentration of nitric oxide.” The
functional role of iNOS (G/A-37498) polymorphism is not well
known but it may alter NO activity.'” The allelic variant of
nNOS C/T in exon 29 is located in an untranslated region of the
gene and may influence the rate of expression and stability of
nNOS mRNA.” Studies on the association between NOS gene
isoform polymorphisms and achalasia, however, are scanty. In a

study from Spain, a trend toward a higher prevalence of geno-
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types iINOS22AA and eNOS4a4a was found among patients
with achalasia.'’ However, the difference was not statistically
significant. In another study from Spain, the frequency of
iNOS22AA genotypes was lower among patients with achalasia
than controls.”* Hence, studies on larger number of patients and
controls are needed.

We hypothesized that low-producer polymorphisms of
eNOS, iNOS, and nNOS gene may be associated with achalasia.
Thus, we aimed to study host genetic polymorphisms of eNOS
(27-bp-VNTR), iNOS22 (G/A-37498), and nNOS29 (C/T)
genes in patients with achalasia as compared to healthy subjects
(HS) and evaluated relationship between various sub-types of

achalasia and genotypes.

Materials and Methods

Study Participants

Sample size calculation

Sample size was calculated using Quanto version 1.1.1.
Sample size for eNOS 27-bp VNTR polymorphism was calcu-
lated according to the following parameters: significance level
(2-tailed) 0.05, odds ratio (OR) 2.0, power of the study 80% and
ratio of case to control equal to 1:2; proportion of population ex-
pected to have achalasia based on previous study of 0.01% and
proportion of control expected to have eNOS “4a” variant allele
frequency of 23% as reported from India."*" The sample size
was estimated to be 183 patients and 366 controls.

Sample size for iNOS gene G/A-37498 polymorphism was
calculated keeping all the above-mentioned parameters same and
variant “A” allele frequency of 41% among controls as reported
from France.” The sample size was estimated to be 145 patients
and 290 controls.

Similarly, the sample size for nNOS gene C/T polymor-
phism was calculated according to the above parameters and var-
iant “T” allele frequency of 26% among control population as re-
ported from Spain.11 The sample size was estimated to be 171 pa-
tients and 342 controls.

One hundred eighty-three patients with achalasia were in-
cluded during a §-year period (2008 to 2013). The diagnosis of
achalasia was suspected on the basis of clinical, radiological, en-
doscopic parameters and confirmed on esophageal manometry
(conventional or high resolution, HRM) according to the stand-

2628
ard parameters.
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HS were invited from the community. A total of 366 age and
gender-matched unrelated HS of similar ethnicity, free from any
significant gastrointestinal symptoms were included as controls
from the same population. All the patients and controls consented
to participate in the study. The Institutional Ethics Committee
approved the study protocol.

Clinical Assessment

Severity of dysphagia, regurgitation and chest pain was as-
sessed according to the following scoring system: 0, never; 1,
once per month; 2, once per week; 3, 2-4 times per week; 4, once
per day; and §, several times per day. Other symptoms like regur-

gitation, heartburn, globus sensation were also assessed.

Esophageal Manometry

From May 2008 till October 2010, patients underwent con-
ventional manometry (n = 96), From November 2010 till May
2013, HRM was performed (n = 87). Conventional esophageal
manometry was performed using station and rapid pull-through
methods by standard techniques.”® Esophageal HRM was per-
formed using a water perfusion system (G S Hebbard system,
Melbourne, Australia) and 16-ports catheter using standard
technique. Manometry signals were analyzed using “Trace 1.2”
software (G S Hebbard system), which was applied to the data
tracings viewed as Clouse plot. Intra-gastric pressure was used as

baseline for any pressure measurement.

Diagnosis and Sub-typing of Achalasia

Achalasia was diagnosed on conventional and HRM and
sub-typed using standard criteria and Chicago classification,

20212 Body motility, distal contractile integral and

respectively.
integrated relaxation pressure (IRP) were evaluated in response
to 10 water swallows (5 mL each) according to standard
methods.” Patients were classified either into classic or vigorous
types with conventional manometry.” On HRM, achalasia was
classified into type I, type II, and type III as per Chicago
classification.” In the earlier classification, patients with achalasia
with low amplitude contractions in the body (average amplitude
=< 40 mmHg) were classified as classic achalasia. Those with
high amplitude contractions in the esophageal body (average am-
plitude > 40 mmHg), either focal segmental or diffuse, were
classified as vigorous achalasia.” In the current Chicago classi-
fication, those with low amplitude contraction in the body as rep-
resented by no distal esophageal pressurization of > 30 mmHg
in = 8 of the 10 wet swallows are classified as type I, those with

pan-esophageal pressurization to > 30 mmHg in at least 2 out of
the 10 wet swallows are classified as type II and those with pre-
served fragments of distal peristalsis or premature (spastic) con-
tractions in 2 or more of the 10 swallows are classified as type
I11." The value of IRP had to be > 10 mmHg to diagnose type I
and > 15 mmHg to diagnose type II and III achalasia.”’ We
grouped classic achalasia according to older classification and
type I according to the current Chicago classification as low am-
plitude and vigorous achalasia according to the older classi-
fication and type II and III according to the newer classification

as high amplitude achalasia for the purpose of our study.

Sample Collection

Genomic DNA, extracted from venous blood in ethylene
di-amine tetra acetic acid (EDTA) using commercially available
kit (Qiagen Inc, Valencia, CA, USA), was used to study NOS

gene polymorphism.

Quantitation and Storage of DNA

The quality and purity of DNA was evaluated by the ratio of
optical density (OD) at 260 nm and 280 nm. The ratio of absorb-
ance at 260 and 280 nm of DNA was around 1.7-1.9. Purity of

DNA was also confirmed by 1% agarose gel electrophoresis in
1 X TBE buffer.

Genotyping of Endothelial Nitric Oxide
Synthase Gene 27-base Pair Variable
Number of Tandem Repeats Polymorphism

Genotyping of eNOS gene 27-bp VNTR was determined
using polymerase chain reaction (PCR). PCR amplification was
carried out in a total volume of 25 pL. with 10 pmol of forward
and reverse primers. Forward primer was 5'-~AGGCCCTAT-
GGTAGTGCCTTT-3" and reverse was 5-TCTCTTAGTG-
CTGTGGTCA -3'. The constituents of PCR reaction mixture
contained 100-150 ng of genomic DNA, 1.5 mM MgCl,, 20
mM Tris-HCI (pH 8.0), 50 mM KCl, 0.2 mM each ANTP and
2.0 U of Tag DNA polymerase (Bangalore Genei, Bangalore,
India). Protocol for PCR amplification was as follows: initial de-
naturation at 97°C for § minutes followed by 35 cycles of denatu-
ration at 95°C for 1 minute, annealing at 55°C for 30 seconds, ex-
tension at 72°C for 1 minute, and 10 minutes of final extension at
72°C. PCR products were separated on 3% agarose gels and vi-
sualized after ethidium bromide staining under ultraviolet
trans-illumination. Two different alleles, denoted as allele 4b (5
repeats) and 4a (4 repeats) were identified (Fig. 1A)."
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Figure 1. Representative gel pictures of 27-base pair (bp) variable
number of tandem repeats of endothelial nitric oxide synthase (eNOS),
inducible NOS (iNOS)22 G/A (rs1060826), and neuronal NOS
(nNOS) C/T (rs2682826) polymorphisms. (A) Polymerase chain
reaction (PCR) products of 27-bp VNTR of eNOS polymorphism
were run on 3% agarose gel electrophoresis (AGE): lanes 2-7 show
various genotypes, lane 1 shows a 50-bp DNA ladder. (B) PCR-
restriction fragment length polymorphism products of iNOS22 G/A
(rs1060826) polymorphism were run on 3% AGE: lanes 2-7 show
various genotypes, lane 1 shows a 50-bp DNA ladder. (C) PCR-
restriction fragment length polymorphism products of nNOS C/T
(rs2682826) polymorphism were run on 15% polyacrylamide gel elec-
trophoresis (PAGE): lanes 1-3 and 5-6 show various genotypes, lane 4
show a 50-bp DNA ladder.

Genotyping of Inducible Nitric Oxide
Synthase Gene G/A-37498 Polymorphism
Genotyping of iNOS gene G/A (rs1060826) was determined
using PCR followed by restriction digestion. PCR amplification
was carried out in a total volume of 25 pL. with 10 pmol of for-

ward and reverse primers. Forward primer used was 5'-CTGC-

TGGCTTCCTGCTTTCC-3'and reverse primer was 5'-CTC-

eNOS4a4da, iNOS22GA, and nNOS29TT Genotypes in Achalasia

GGGTGTGGTAGGTGACC-3’. Genomic DNA (100-150
ng), 1X 500 mM KCl buffer (pH 8.4), 5§ mM MgCl,, 0.2 mM
dNTP set, and 1 U Taq DNA polymerase (Bangalore Genei)
were used in the PCR reaction mixture. Protocol for PCR ampli-
fication was as follows: initial denaturation at 95°C for 10 minutes
followed by 34 cycles of denaturation at 95°C for 1 minute, an-
nealing at 66°C for 30 seconds and extension at 72°C for 30
seconds. The final extension at 72°C was for 10 minutes. The
PCR product was digested with restriction enzyme Btg (10
U/uL,, NEB) at 37°C overnight and fragments were analyzed on
3% agarose gels stained with ethidium bromide. The G allele was
defined by the presence of 3 fragments of 78, 24, and 24 bp and
the A allele by the presence of 2 fragments of 102 bp and 24 bp
(Fig. 1B)."

Genotyping of Neuronal Nitric Oxide
Synthase Gene C/T Polymorphism

Genotyping of nNOS29 gene C/T (rs2682826) was de-
termined using PCR followed by restriction digestion. PCR am-
plification was carried out in a total volume of 25 pL. with 10
pmol of forward and reverse primers. Forward primer used was
SSTTGAGTTTTCCTGCTGCGATGT-3' and reverse pri-
mer was 5'-GCTTGTGCCTAGTTCCTGCA-3’. Genomic
DNA (100-150 ng), 1X 500 mM KClI buffer (pH 8.4), 5§ mM
MgCl,, 0.2 mM dNTP set, and 1 U Taq DNA polymerase
(Bangalore Genei) were used in the PCR reaction mixture. PCR
amplification was performed as follows: initial denaturation at
95°C for 6 minutes followed by 34 cycles of denaturation at 95°C
for 1 minute, annealing at 68°C for 30 seconds and extension at
72°C for 30 seconds. The final extension at 72°C was for 10
minutes. The PCR product was digested with restriction enzyme
NIalII (5 U/uL; New England Biolabs, Frankfurt, Germany) at
37°C overnight and fragments were analyzed on 15% poly-
acrylamide gels stained with ethidium bromide. The C allele was
defined by the presence of 3 fragments of 102, 69, and 16 bp and
the T allele by the presence of 4 fragments of 94, 69, 16, and 8 bp
(Fig. 1C).”

Statistical Methods

Differences in genotype frequency in patients with achalasia
and HS were compared using 2 X 2 contingency table using %2
test with Yates’ correction, as applicable. The direct gene count-
ing method was used to determine the frequency of genotypes.
The %2 goodness of fit test was used to check for any deviation
from Hardy-Weinberg equilibrium in HS. Continuous data
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were analyzed using unpaired 7 test. P-values less than 0.05 were
considered significant. The association between NOS gene poly-
morphisms and achalasia were analyzed using binary logistic
regression. The OR was adjusted for confounding factors such as
age and gender. Data were analyzed using the statistical software
SPSS, version 15.0 (SPSS Inc, Chicago, IL, USA).

Results

Gender and Age of the Study-participants
Patients with achalasia (n = 183; 39.5 £ 13.0 years; 118
[64.5%] male) were comparable with HS (n = 366; 40.8 = 11.0
years; 254 [69.4%] male) with respect to age and gender and all
were unrelated natives from northern India. None of HS had
dysphagia, significant regurgitation (more than twice per week)

or chest pain. None had any functional gastrointestinal disease as

Table 1. Demographic, Clinical, and Manometric Characteristics of
Patients With Achalasia

Patients with

Parameters achalasia (n = 183)

Age (mean * SD, yr) 39.5 = 13.0
Gender (Male, n [%]) 118 (64.5)
Dysphagia (n [%]) 183 (100.0)
Regurgitation more than twice per week (n [%]) 119 (65.0)
Bolus obstruction (n [%]) 65 (35.5)
Globus sensation (n [%]) 86 (47.0)
Nasal regurgitation (n [%]) 113 (61.7)
Heartburn (n [%]) 49 (26.8)
Chest pain (n [%]) 93 (50.8)
Cough (n [%]) 89 (48.6)
Weight loss (n [%]) 121 (66.1)
Dysphagia duration (mean = SD, mo) 41.6 = 50.0
LES pressure (mean = SD, mmHg) 38.5 = 18.7
DCI (median [range], mmHg - sec - cm) 1139 (0-10750)
IRP (mean * SD, mmHg) 35.3 =+ 20.0
Maximum distal esophageal pressure
(mean = SD, mmHg) 4.8 % 27.0

Sub-types of achalasia

Low-amplitude achalasia 104 (56.8)

High-amplitude achalasia 79 (43.2)

SD, standard deviation; LES, lower esophageal sphincter; DCI, distal con-
tractile integral; IRP, integrated relaxation pressure; Low-amplitude achalasia,
classic and type I achalasia; High-amplitude achalasia, vigorous and type II +
type 111 achalasia.

DCI and IRP was calculated only in patients with achalasia undergoing
high-resolution manometry.

defined by Rome III criteria.”” In HS, the frequency of geno-
types was in Hardy-Weinberg equilibrium.

Clinical Parameters and Characterization of
Phenotype

All the 183 patients with achalasia had daily dysphagia of
long duration (41.6 = 50.0 months). Median severity score for
symptoms such as dysphagia, regurgitation and chest pain was
5.0 (range: 1-5), 3.0 (0-5) and 1.0 (0-5), respectively. Some pa-
tients also reported nasal regurgitation and bolus obstruction
(Table 1). On upper gastrointestinal endoscopy, findings in-
cluded: tight LES (n = 26 [14.2%]), dilated body of the esoph-
agus (n = 30 [16.4%])), tight LES as well as dilated body (n =
23 [12.6%]), excess food residue (n = 4 [2.2%]), dilated body
with food residue (n = 47 [25.7%]), and normal (n = 53
[29%]). Barium esophagogram revealed: dilated body of the
esophagus (n = 16 [8.7%]), bird beaking of the lower end (n =
50 [27.3%]), dilated body with bird beaking (n = 92 [50.3%]),
and normal study (n = 25 [13.7%]).

Sub-types of Achalasia

On conventional esophageal manometry (done in 96 pa-
tients), 74 had classic and 22 had vigorous achalasia. On HRM
(done in 87 patients), 30, 56, and 1 had type 1, type 11, and type
I11 achalasia, respectively using Chicago classification.”” For the
purpose of analysis, classic achalasia was grouped with type I (74
+ 30 = 104, referred as low-amplitude achalasia) and vigorous
with type IL and III (22 + 56 + 1 = 79, referred as high-ampli-

tude achalasia).

Manometry Parameters

Patients with type I achalasia had lower basal LES pressure
(Fig. 2A) compared to other sub-types. Type I achalasia had low-
er distal contractile integral and IRP than other sub-types (Fig.
2B and 2C). Maximum esophageal pressurization (values plotted
are the means for each patient at whatever location along the dis-
tal segment the pressure was highest) during the 10 test swallows

was lower among type I achalasia than other sub-types (Fig. 2D).

Result of Endothelial Nitric Oxide Synthase
27-base Pair Variable Number of Tandem
Repeats Polymorphism

The genotype distribution in patients with achalasia and HS
are shown in Table 2. Patients with achalasia had a higher fre-
quency of eNOS4a4a genotype (lower-producer of NO) of

384 Journal of Neurogastroenterology and Motility
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Figure 2. Comparison of manometric parameters among patients with achalasia. (A) Basal lower esophageal sphincter (LES) pressure (mmHg). (B)

Distal contractile integral (DCI, mmHg - sec - cm). (C) Integrated relaxation pressure (IRP, mmHg). (D) Maximum distal esophageal pressure (mmHg).

DCI and IRP was calculated only in patients with achalasia undergoing high-resolution manometry.

Table 2. Genotype Frequency of Endothelial Nitric Oxide Synthase 27-bp Variable Number of Tandem Repeats Gene Polymorphism in Patients

With Achalasia and Healthy Subjects

Patients with HS
Genotypes achalasia N (%) N* (%) Prvalue OR (95% CI)
eNOS4b4b (higher-producer of NO) 111 (60.7) 269 (73.5) - Reference
eNOS4b4a (intermediate-producer of NO) 52(28.4) 84 (23.0) 0.053 1.50 (0.99-2.20)
eNOS4a4a (lower-producer of NO) 20(10.9) 13 (3.6) <0.001 3.72 (1.80-7.70)

“Total number of patients with achalasia (183) and healthy subjects (366).

HS, healthy subjects; OR, odds ratio; CI, confidence interval; eNOS, endothelial nitric oxide synthase; NO, nitric oxide.
Statistical test: binary logistic regression model was used to calculate age and gender adjusted OR and 95% CI.

27-bp VNTR than HS (20 [10.9%] vs 13[3.6%], P < 0.001).
However, frequency of other genotypes ie, eNOS4b4a
(intermediate-producer of NO) and 4b4b (higher-producer of
NO) was similar among patients and HS. Subjects having
eNOS4a4a genotypes (lower-producer of NO), were significant-

ly associated with achalasia (OR, 3.72; 95% CI, 1.8-7.7; P <

0.001).
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Table 3. Genotype Frequency of Inducible Nitric Oxide Synthase G/A-37498 Gene Polymorphism in Patients With Achalasia and Healthy Subjects

Patients with HS
Genotypes achalasia N* (%) N* (%) P-value OR (95% CI)
iNOS22GG (wild genotype) 86 (47.0) 259 (70.8) - Reference
iNOS22GA (heterozygous genotype) 95(51.9) 93 (25.4) <0.001 3.00 (2.10-4.40)
iNOS22AA (variant genotype) 2(1.D 14 (3.3) 0.270 0.43 (0.10-1.90)

“Total number of patients with achalasia (183) and healthy subjects (366).

HS, healthy subjects; OR, odds ratio; CI, confidence interval; iNOS, inducible nitric oxide synthase.
Statistical test: binary logistic regression model was used to calculate age and gender adjusted OR and 95% CI.

Table 4. Genotype Frequency of Inducible Nitric Oxide Synthase G/A-37498 Gene Polymorphism (Dominant Model) in Patients With Achalasia

and Healthy Subjects
Patients with HS
Genotypes achalasia N* (%) N* (%) P-value OR (95% CI)
iNOS22GG (wild genotype) 86 (47.0) 259 (70.8) - Reference
iNOS22GA + AA 97 =95 +2(53.0) 107 =93 + 14(29.2) <0.001 2.70 (1.80-3.90)

(Heterozygous + Homozygous variant genotypes)

“Total number of patients with achalasia (183) and healthy subjects (366).

HS, healthy subjects; OR, odds ratio; CI, confidence interval; iNOS, inducible nitric oxide synthase.
Statistical test: binary logistic regression model was used to calculate age and gender adjusted OR and 95% CI.

Table 5. Genotype Frequency of Neuronal Nitric Oxide Synthase29 C/T Gene Polymorphism in Patients With Achalasia and Healthy Subjects

Patients with HS
a . P-val R I
Genotypes achalasia N* (%) N* (%) value OR (95% CI)
nNOS29CC (wild genotype) 97 (53.0) 246 (67.2) - Reference
nNOS29CT (heterozygous genotype) 72 (39.3) 114 (31.1) 0.140 1.60 (1.00-2.30)
nNOS29TT (variant genotype) 14 (7.7) 6(1.6) <0.001 5.90 (2.20-15.80)

“Total number of patients with achalasia (183) and healthy subjects (366).

HS, healthy subjects; OR, odds ratio; CI, confidence interval; nNOS, neuronal nitric oxide synthase.
Statistical test: binary logistic regression model was used to calculate age and gender adjusted OR and 95% CI.

Result of Inducible Nitric Oxide Synthase
Gene G/A (rs1060826) Polymorphism

Patients with achalasia had more often iNOS22GA geno-
types than HS (95 [51.9%)] vs 68 [25.4%], P < 0.001) (Table 3).
Risk estimates were also calculated for a dominant genetic model
using the most common homozygous genotype as reference and
assuming iNOS22 “A” allele as the high risk allele. On applying
dominant model (GG vs GA + AA), iNOS22G/A poly-
morphism was associated with achalasia (OR, 2.7; 95% CI,
1.8-3.9; P < 0.001) (Table 4).

Result of Neuronal Nitric Oxide Synthase
Gene C/T (rs2682826) Polymorphism

Patients with achalasia had more often nNOS29TT geno-

types than HS (14 [7.7%] vs 6 [1.6%], P < 0.001). However,
frequency of other genotypes ie, CC and CT were similar in pa-
tients and HS (Table 5). Subjects having nNOS29TT genotypes
were more often associated with achalasia than nNOS29CT and
nNOS29CC (OR, 5.91; 95% CI, 2.2-15.8; P < 0.001).

Endothelial Nitric Oxide Synthase 27-bp
Variable Number of Tandem Repeats,
Inducible Nitric Oxide Synthase 22G/A, and
Neuronal Nitric Oxide Synthase 29C/T
Polymorphism in Various Sub-types of
Achalasia

Frequency of eNOS 27-bp VNTR polymorphism was com-
parable among patients with low- and high-amplitude achalasia
(genotypes: eNOS4b4b 62/104 [59.6%], 4b4a 31/104 [29.8%],
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4ada 11/104 [10.6%] vs 4bdb 49/79 [62.0%], 4bda 21/79
[26.6%], 4a4a 9/79 [11.4%]; P = 0.940). Similarly, frequency
of INOS G/A-37498 polymorphism was comparable among vari-
ous sub-types of achalasia (genotypes: iINOS22GG 47/104
[45.2%], GA 56/104 [53.8%], AA 1/104 [1%] among patients
with low-amplitude achalasia vs GG 39/79 [49.4%], GA 39/79
[49.4%], AA 1/79 [1.3%] among patients with high-amplitude
achalasia; P = 0.890). Also, nNOS29 C/T polymorphism was
comparable among various sub-types of achalasia (genotypes:
nNOS29CC 54/104 [51.9%], CT 42/104 [40.4%], TT 8/104
[7.7%] among patients with low-amplitude achalasia vs CC
43/79 [54.4%], CT 30/79 [38%], TT 6/79 [7.6%] among pa-
tients with high-amplitude achalasia; 7 = 0.910).

Discussion

The present study on a large number of patients with acha-
lasia and HS showed that, eNOS4a4a genotype of 27-bp VNTR,
iINOS22GA genotypes, and nNOS29TT variant genotype in
152682826 were more common among patients with achalasia
than HS. Moreover, on applying a dominant model, (GG vs GA
+ AA), iNOS22 G/A polymorphism was associated with
achalasia. However, there was no relationship between these gen-
otypes and various sub-types of achalasia.

Imbalance between inhibitory and excitatory neurons may
lead to achalasia.’ Farlier, it was thought that inhibitory neurons
were dopaminergic and VIP-ergic; several landmark studies re-
ported subsequently, however, demonstrated that most inhibitory
neurons were nitrinergic.”** Achalasia is known to result from
degeneration of these inhibitory neurones, which are mostly
nitrinergics.” " In this study, we examined whether degeneration
of inhibitory neurones, mostly nitrinergic, may be associated with
polymorhism in NOS gene. NOS gene have several poly-
morphisms such as 27-bp VNTR polymorphism of eNOS, a
biallelic polymorphism in exon 16 of iNOS gene and in exon 29
of nNOS. The presence of these polymorphisms within NOS
gene isoforms may influence the expression and activity of NOS
and may result in variation in NO production. A few studies
showed these polymorphisms to be associated with Parkinson’s
disease, migraines and cardiovascular disease.”*>* In different
studies, it has been shown that in patients with achalasia, the LES
has less NOS as compared to controls.” Studies in animals have
shown that esophageal peristalsis and LLES relaxation are nor-
mally controlled by NO.”* Also, knockout mice lacking
nNOS exhibit a hypertonic LES with impaired relaxation on

eNOS4a4da, iNOS22GA, and nNOS29TT Genotypes in Achalasia

swallowing similar to that observed in achalasia patients.”® These
observations could explain our results showing association between
eNOS, iNOS, and nNOS gene polymorphisms and achalasia.

Our study showed that eNOS4ad4a genotype of 27-bp
VNTR polymorphism was associated with achalasia as compared
with the presence of eNOS4b4b genotype. A previous case-con-
trol study by Mearin et al'' showed that the frequency of 27-bp
VNTR polymorphism was comparable between patients with
achalasia and HS. However, the sample size of patients and con-
trols was small in that study; hence, a possibility of type II stat-
istical error is quite likely. In 27-bp VNTR polymorphism of
e-NOS, 4a allele has been associated with reduced plasma NO
levels. Subjects homozygous for 4a allele exhibit 20% lower levels
of NO than the subjects bearing 4b allele.”" Therefore, patients
with achalasia having eNOS4a4a genotype would produce less
amount of NO, leading to simultaneous contraction in the esoph-
ageal body and failure of swallow-induced LES relaxation.’
Thus, our finding showing association between achalasia and
presence of eNOS4a4a genotype is important as this genotype is
associated with low levels of NO, which is known to have role in
development of achalasia.

Our data showed a difference in genotype frequency of
iNOS22 G/A polymorphism between patients with achalasia and
HS. Since the number of patients with homozygous AA genotype
was small, we constructed a dominant model (GG vs GA + AA)
to see the effect of “A” allele on the risk of development of
achalasia. Our data showed that presence of “A” allele carrier
genotype (iINOS22GA and AA) was associated with achalasia.
The functional role of iINOS22 G/A polymorphism is not clearly
known.” As the results of our study suggest that it might be asso-
ciated with achalasia, it is possible that that these genes are in
linkage disequilibrium with other genes, which might be asso-
ciated with degeneration of inhibitory neurons.”' In contrast to
our study, previous studies by Mearin et al'' and Vigo et al**
showed that iNOS22 G/A polymorphism was comparable be-
tween patients with achalasia and HS. However, they did not
construct dominant model; moreover, sample size in those stud-
ies was smaller than that in our study. More studies are needed on
this issue.

Our study showed that nANOS29TT genotype of nNOS29
C/T polymorphism was associated with achalasia as compared
with the presence of nNOS29CC genotype. The functional role
of nNOS29 C/T polymorphism is not clearly known. However,
the importance of this gene as a risk factor for various neuro-

degenerative diseases such as schizophrenia, Parkinson’s disease,
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fronto temporal lobar degeneration, suicidal behavior, and Alzheimer’s
disease has been established by association studies.””**** These
studies verified a higher risk of disease susceptibility with the T
allele of nNNOS29 C/T polymorphism. Achalasia is also a neuro-
degenerative disease not only confined to esophagus but also ex-
tended to brain as evidenced by Wallerian degeneration of vagus
nerve, presence of Lewy bodies in the brainstem, impaired auto-
nomic response to insulin-induced hypoglycemia, rare reports of
association with other neuronal diseases such as Hirschsprung’s
disease, intestinal pseudo-obstruction and gastroparesis.***
Hence, it is logical to think that nNOS29 C/T polymorphism
would be associated with achalasia. However, data on this issue is
scanty. In a small case-control study reported till date, nNOS29
C/T polymorphism was comparable among patients with acha-
lasia and HS."" Our study, however, contradicts that study and
showed that the presence of nNOS29TT genotype was asso-
ciated with achalasia.

We compared eNOS 27-bp VNTR, iNOS G/A-37498, and
nNOS29 C/T polymorphisms in different sub-types of achalasia.
There was no difference in frequency of these polymorphisms in
low and high-amplitude achalasia. This is not entirely unex-
pected. In the early phase of achalasia, though there is degener-
ation of inhibitory neurons such as nitrinergic neuron, chol-
inergic system remains intact and therefore, the amplitude of
esophageal contraction is high though these are simultaneous. In
the later phase, degeneration of cholinergic system leads to re-
duced amplitude of contraction.” In fact, this is the basis for
combining patients with classic achalasia on conventional man-
ometry with type I achalasia on HRM. Hence, genotypes are not
expected to be different in sub-types of achalasia. In addition,
when the association analysis was undertaken considering age as
discriminating factor, our study showed no association between
age of onset of the disease and NOSs gene polymorphisms.
However, in the study by Paladini et al,* only late onset achalasia
was associated with VIPR1 gene polymorphisms (rs437876 and
rs896).

A large sample size of patients and control was the strength of
the study. The power of this sample size was 80% (probability of
not making a type II error) to detect the risk of 1.5 or higher.
However, there are some limitations of our study. We did not
study the expression and/or activity of the NOSs enzymes. More
studies with functional profiling of RNA may strengthen our
hypothesis. We did not perform manometry among HS to rule
out achalasia. However, since none of our patients had symptoms

such as dysphagia, significant regurgitation and chest pain and

achalasia is hardly ever asymptomatic, * we believe that this is not
a major limitation of our study. Moreover, performing man-
ometry in such a large sample of HS was not ethically justified.
Our findings may be population specific. Therefore, before gen-
eralizing the result to other population, more studies are needed
validating this hypothesis in other population. In conclusion, our
study suggests that eNOS4a4a, iNOS22 (GA + AA) and
nNOS29TT genotypes are associated with achalasia. This study,
therefore, provides support for genetic factors contributing to the
pathogenesis of achalasia. However, the genetic factors may not

play much role in development of various sub-types of achalasia.
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