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Abstract
Background: Idiopathic	achalasia	 is	an	uncommon	esophageal	motor	disorder.	The	
disease	 involves	 interaction	 between	 inflammatory	 and	 autoimmune	 responses.	
However,	the	antigens	related	to	the	disease	are	still	unknown.
Aim: To	identify	the	possible	antigen	targets	in	muscle	biopsies	from	lower	esopha-
geal	sphincter	(LES)	of	achalasia	patients.
Methods: Esophageal	biopsies	of	patients	with	type	I	and	type	II	achalasia	and	esoph-
agogastric	junction	outflow	obstruction	(EGJOO)	were	analyzed.	Lower	esophageal	
sphincter	muscle	biopsy	from	a	Healthy	organ	Donor	(HD)	was	included	as	control	
for	two-dimensional	gel	electrophoresis.	Immunoblotting	of	muscle	from	LES	lysate	
with	sera	of	type	I,	type	II	achalasia,	or	type	III	achalasia,	sera	of	EGJOO	and	sera	of	
healthy	subjects	(HS)	was	performed.	The	target	proteins	of	the	serum	were	identi-
fied	by	mass	spectrometry	Matrix-assited	laser	desorption/ionization	time-of-flight	
(MALDI-TOF).
Key Results: The	proteomic	map	of	muscle	from	LES	tissue	lysates	of	type	I,	and	type	
II	achalasia,	EGJOO,	and	HD	were	analyzed	and	divided	into	three	important	regions.	
We	found	a	difference	in	the	concentration	of	certain	spots.	Further,	we	observed	
the	serum	reactivity	of	type	I	achalasia	and	type	II	achalasia	against	45	and	25	kDa	
bands	of	type	I	achalasia	tissue.	Serum	of	type	III	achalasia	and	EGJOO	mainly	recog-
nized	25	kDa	band.	Bands	correspond	to	triosephosphate	isomerase	(TPI)	(25	kDa),	
carbonic	anhydrase	(CA)	(25	kDa)	and	creatinine	kinase-brain	(CKB)	isoform	(45	kDa).
Conclusions and Inferences: We	 identify	 three	antigen	 targets,	TPI,	CA,	 and	CKB	
isoform,	which	are	recognized	by	sera	from	patients	with	achalasia.
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1  | BACKGROUND

Achalas ia	 is 	 an	 uncommon	 esophagea l 	 motor	 d isorder	
charac ter ized	by	impaired	swal low-induced	lower	esoph-
agea l 	sphinc ter	(LES) 	re laxat ion	and	absence	of 	per is ta l-
s is 	in	the	esophagea l 	body. 	These	changes	are	caused	by	
the	 loss	of 	 gangl ion	 ce l l s 	 in	 the	myenter ic 	 p lexus	of 	 the	
esophagus . 	 The	 c l in ica l 	 manifes tat ions	 inc lude	 dyspha-
g ia	 for	 so l ids	 and	 l iqu ids , 	 regurg i t at ion	 of	 esophagea l	
content s , 	and	chest	pa in .1 , 2

The	 pathophysiological	 mechanism	 of	 achalasia	 remains	 un-
known.	However,	 several	 studies	 suggest	 that	 it	 involves	an	 inter-
action	between	 inflammatory	and	autoimmune	responses,	 such	as	
viral	 infections,	 in	 genetically	 susceptible	 individuals.3,4	 The	 pro-
posed	pathogens	in	triggering	the	inflammatory	response	in	achala-
sia,	include	herpes	simplex	virus	(HSV),	varicella-zoster,	measles,	and	
human papillomavirus.3,5	On	 the	other	 hand,	 the	 autoimmune	eti-
ology	of	achalasia	is	supported	by	association	with	class-two	major	
histocompatibility	 complex	 haplotypes	 (HLA-DQ	 and	 HLA-DR),6-8 
the	 presence	 gelatinase	 B/Matrix	Metalloproteinase-9	 as	 immune	
effector	 molecule,9	 antimyenteric	 antibodies,	 and	 inflammatory	 T	
cell	 infiltrates	 in	 the	myenteric	 plexus,	 which	 are	 associated	 with	
damage	to	nerve	plexus/ganglia,	degeneration	of	neurons	and	gan-
glion cell loss.3,10	Furthermore,	 there	 is	evidence	of	an	association	
of	 the	 diverse	 autoimmune	 diseases	 with	 achalasia.	 In	 a	 previous	
study,	11.9%	of	the	idiopathic	achalasia	patients	had	an	autoimmune	
disease	 such	 as	 type	 1	 diabetes,	 hypothyroidism,	 Sjögren's	 syn-
drome,	and	systemic	lupus	erythematosus.11	Similarly,	we	found	that	
16.7%	of	idiopathic	achalasia	patients	had	an	autoimmune	disease,	
hypothyroidism	was	the	most	common	diagnosis	and	68.4%	of	the	
achalasia	patients	with	autoimmune	disease	had	a	history	of	familial	
autoimmunity.12	Other	authors	have	also	documented	the	associa-
tion with autoimmune thyroid disease.12,13

Regarding	 the	 identification	of	 antigen	 targets	 in	 achalasia	pa-
tients,	 there	 are	 few	 studies	 that	 have	 analyzed	 it.14,15	 Thus,	 this	
study	aimed	 to	 identify	 the	possible	 antigens	 recognized	by	acha-
lasia patients.

2  | MATERIAL S AND METHODS

2.1 | Patients

Lower	esophageal	sphincter	biopsies	from	10	achalasia	patients	 (5	
type	I	and	5	type	II),	5	patients	with	esophagogastric	junction	out-
flow	 obstruction	 (EGJOO)	 and	 one	 organ	 donor	 biopsy	 (control)	
were	 included.	Sera	 from	22	achalasia	patients	 (9	 type	 I	achalasia;	
7	type	II	achalasia;	and	6	type	III	achalasia),	6	EGJOO	patients	and	
9	healthy	 subjects	 (HS)	were	analyzed	 (Table	1).	All	 patients	were	
recruited	 from	 the	 Outpatient	 Clinics	 of	 Gastroenterology	 and	
Surgery	of	 the	 Instituto	Nacional	de	Ciencias	Médicas	y	Nutrición	
Salvador	Zubirán	(a	tertiary	referral	center	in	Mexico	City,	Mexico).	
Esophagram,	 high-resolution	 manometry	 (HRM)	 and	 endoscopy	

were	 performed	 for	 the	 diagnosis	 of	 achalasia	 and	 EGJOO.16,17 
Patients	were	excluded	from	the	study	if	they	presented	any	of	the	
following	pathologies:	Chagas	disease,	eosinophilic	esophagitis,	es-
ophageal	stricture,	gastric	or	esophageal	cancer,	scleroderma,	hiatal	
hernias,	 gastroesophageal	 reflux	 disease	with	 erosive	 esophagitis,	
human	immunodeficiency	virus	(HIV),	or	hepatitis	C	virus	(HCV)	in-
fections.16,17	Demographic,	clinical,	and	laboratory	information	were	
collected	(Table	1).	Lower	esophageal	sphincter	muscle	sample	from	
one	organ	donor	was	included	as	tissue	control.	This	donor	had	no	
known	 history	 of	 metabolic,	 inflammatory,	 neoplastic,	 or	 autoim-
mune	diseases.	No	viral	infections	with	cytomegalovirus,	HCV,	hep-
atitis	B	virus,	and	HIV	were	detected.	Tests	for	syphilis	and	serum	
antinuclear antibodies were negative.

2.2 | High-resolution esophageal manometry

Esophageal	HRM	was	 performed	 in	 every	 patient	 at	 baseline	 and	
before	being	referred	for	surgery.	A	solid-state	HRM	probe	with	36	
circumferential	 sensors	was	 used	 (Given	 Imaging).	 Having	 the	 pa-
tient	 in	a	sitting	position	and	at	45	degrees,	stationary	esophageal	
HRM	was	performed.	After	a	12-hour	fasting	period,	the	probe	was	
inserted	trans-nasally	until	passing	the	EGJ,	assessed	visually	on	the	
computer	screen.	Ten	water	swallows	of	5	mL	separated	by	30	sec-
onds	 were	 provided.	 Analyses	 were	 performed	 using	 Manoview	
2.0	 (Given	 Imaging),	 and	 patients	were	 classified	 according	 to	 lat-
est	Chicago	classification	v3.018	into	four	groups:	(a)	type	I	achalasia	
(without	pressurization	within	the	esophageal	body);	(b)	type	II	(with	
>20%	 panpressurization);	 (c)	 type	 III	 (spastic);	 and	 (d)	 EGJOO	 (el-
evated	median	integrated	relaxation	pressure	[IRP]-15	mm	Hg-with	
enough	evidence	of	peristalsis).	The	classification	was	performed	by	
two	gastroenterologists	(MAV,	EC-A)	experts	in	esophageal	HRM.

2.3 | HRM data analysis

The	 analysis	 was	 performed	 with	 ManoView	 software	 (Given	
Imaging).	 Four	 key	metrics	of	HRM,	 the	distal	 contractile	 integral,	

Key points

•	 Idiopathic	achalasia	is	an	uncommon	esophageal	motor	
disorder.	The	 loss	of	myenteric	plexus	associated	with	
inflammatory	infiltrates	and	autoantibodies	support	the	
hypothesis	of	an	autoimmune	mechanism.	However,	the	
antigens	related	to	the	disease	are	still	unknown.

•	 This	 is	the	first	study	to	identify	the	antigen	targets	 in	
muscle	biopsies	from	lower	esophageal	sphincter	(LES)	
of	achalasia	patients	by	mass	spectrometry	MALDI-TOF.

•	 Three	antigen	 targets,	 triosephosphate	 isomerase,	car-
bonic	 anhydrase,	 and	 creatinine	 kinase-brain	 isoform	
were	identified	in	LES	of	achalasia	patients.
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the	basal	 EGJ	pressure,	 the	 intrabolus	pressure	 (IBP),	 and	 the	 IRP	
were	used	to	assess	the	pressure	motor	activity	of	the	esophageal	
body	and	EGJ.

Achalasia	was	defined	by	IRP	>	15	mm	Hg	and	aperistalsis.	Type	
I	achalasia	was	defined	by	absent	peristalsis	with	no	compartmental-
ization	of	IBP.	Type	II	achalasia	was	defined	as	panesophageal	pres-
surization	present	in	at	least	20%	of	swallows	in	a	30-mm	Hg	isobaric	
contour.	Type	 III	 achalasia	was	defined	by	premature	contractions	

with	shortened	distal	latency	(<4.5	seconds)	in	at	least	20%	of	swal-
lows	≥450	mm	Hg.s.cm.

2.4 | Tissue biopsies

Biopsies	 of	 EGJOO	 and	 achalasia	 patients	 were	 taken	 during	
laparoscopic	Heller	myotomy.	After	the	myotomy	was	completed	

TA B L E  1  Demographic,	clinical,	and	laboratory	variables

Tissue HD (n = 1) EGJOO (n = 5)

Type I 
achalasia 
(n = 5)

Type II achalasia 
(n = 5) P value

Demographics      

Age	(years),      

Mean	±	SD 51 33.6	±	14.6 38.0	±	10.2 44.6	±	9.4 NS

Median  35.0 36.0 43.0  

Range  19-54 23-48 34-57  

Sex

Female/male 0/1 1/4 3/2 4/1  

Disease	evolution	(mo),	
mean	±	SD

NA 9.6	±	8.2 48.8	±	34.3 19.6	±	11.1 .026	(EGJOO	vs	type	I	achalasia)

Median  7.0 48.0 18.0  

Range  3-24 12-100 7-36  

Clinical	variables

Dysphagia	n,	(%) NA 5	(100) 5	(100) 5	(100) NS

Regurgitation	n,	(%) NA 4	(80) 5	(100) 5	(100) NS

Weight	loss	n,	(%) NA 4	(80) 4	(80) 5	(100) NS

Pyrosis	(%) NA 3	(60) 2	(40) 4	(80) NS

Antinuclear	antibodies	n,	(%) 0	(0) 0	(0) 3	(60) 3	(60) <.05

Serum
Healthy subjects 
(n = 9) EGJOO (n = 6)

Type I achalasia 
(n = 9)

Type II achalasia 
(n = 7)

Type III achalasia 
(n = 6) P value

Age	(y)

Mean	±	SD 33.8	±	15.3 37.8	±	16.7 38.7	±	19.6 47.1	±	18.8 48.7	±	17.8 NS

Median 25.5 37.5 43.0 48.0 43.5

Range 21-62 19-59 18-79 19-67 26-77

Sex
Female/male

4/5 5/1 5/4 5/2 4/2 NS

Disease	evolution	(mo)
mean	±	SD
Median
Range

NA 10.0	±	7.4
7.0
3-24

40.1	±	30.7
36.0
5-100

29.3	±	17.7
18.0
12-48

49.7	±	93.5
12.0
4-240

NS

Clinical	variables

Dysphagia	n,	(%) NA 6	(100) 9	(100) 7	(100) 6	(100) NS

Regurgitation	n,	(%) NA 5	(83) 7	(78) 7	(100) 4	(67) NS

Weight	loss	n,	(%) NA 5	(83) 7	(78) 6	(86) 4	(67) NS

Pyrosis	(%) NA 3	(50) 3	(33) 6	(86) 2	(33) NS

Antinuclear	antibodies	n,	(%) NA 0	(0) 5	(56) 3	(43) 5	(83) <.05

Note: Disease	evolution:	onset	of	symptoms.
Abbreviations:	EJOO,	Esophageal	junction	outflow	obstruction;	HD,	healthy	donor;	NA,	not	applicable;	NS,	not	significant.
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with	 no	 use	 of	 energy	 devices,	 a	 full-thickness	 muscle	 biopsy,	
2	mm	wide	and	2	cm	long,	was	obtained	by	cutting	with	scissors	
and was immediately preserved.19	 For	 healthy	 tissue	 control,	 a	
biopsy	from	an	organ	donor	was	included.	The	EGJ	was	obtained	
during	organ	procurement,	with	previous	signed	 informed	con-
sent	 from	the	 family.	The	EGJ	with	3	cm	of	 the	esophagus	and	
2	 cm	of	 the	 stomach	was	 taken.	The	 tissue	was	 transported	at	
4°C	 in	 Bretschneider's	 (Custodiol)	 solution	 within	 a	 period	 of	
4-6	 hours.	 Subsequently,	 a	 full-thickness	 biopsy	 of	 the	 mus-
cle	 (thus	 including	 the	myenteric	plexus)	of	 the	esophagus	was	
obtained.

2.5 | Esophageal tissue lysate

Esophageal	tissue	lysates	were	pooled.	For	the	above,	tissues	were	
mechanically	disintegrated	in	lysis	buffer	(10	mmol/L	HEPES	pH	7.9,	
10mmol/L	KCl,	1.5	mmol/L	MgCl2,	1	mmol/L	dithiothreitol	 [DTT]),	
incubated	10	minutes	on	ice	and	centrifuged.	The	supernatant	was	
recuperated	 and	 dialyzed	 against	 H2O	 for	 24	 hours.	 Protein	 con-
centration was determined using the bicinchoninic acid method. 
Samples	were	stored	at	−80°C	until	use.

2.6 | Two-dimensional gel electrophoresis

After	thawing,	acetone	was	added	to	each	sample	at	a	1:4	propor-
tion	 and	was	 incubated	 overnight	 at	 −20°C.	 Samples	were	 next	
centrifuged	at	18	500×	g	for	30	minutes.	Pellets	were	washed	two	
times	with	 acetone	 (−20°C).	 Each	 pellet	 was	 vacuumed	 dried	 at	
room	 temperature	 and	 finally	 rehydrated	 in	ultrapure	water	 and	
concentration	adjusted	at	1	mg/mL.	One-hundred	µg	of	esopha-
geal	tissue	lysate	was	mixed	with	rehydration	buffer	(8	mol/L	urea,	
100	mmol/L	DTT,	4%	3-[(3-cholamidopropyl)	dimethylammonio]-
1-propanesulfonate	 [Bio-Rad],	 0.5%	 carrier	 ampholytes	 pH	 4-7,	
0.01%	bromophenol	 blue	 and	 40	mmol/L	 Tris)	 to	 a	 final	 volume	
of	 200	 μL	 and	 then	 incubated	 for	 1	 hour	 at	 room	 temperature.	
This	mixture	was	then	applied	to	a	ready	strip	(7	cm,	pH	4-7;	Bio-
Rad)	 and	 actively	 rehydrated	 at	 20°C	 for	 14	 hour.	 Esophageal	
tissue	 lysate	was	 isoelectrically	 focused	at	50	V	 for	15	minutes,	
followed	by	a	first	 linear	50-100	V	gradient	for	15	minutes.	This	
was	then	slowly	ramped	up	to	4000	V	for	2	hours	and	then	main-
tained	at	4000	V	for	a	total	of	12	000	V	per	gel.	The	ready	strips	
were	equilibrated	in	two	steps	for	15	minutes	in	an	equilibration	
buffer	containing	6	mol/L	urea,	540	mmol/L	Tris-HCl	pH	8.8,	30%	
glycerol,	4%	sodium	dodecyl	sulfate	(SDS),	and	130	mmol/L	DTT.	
Then,	they	were	equilibrated	for	20	minutes	in	the	same	solution	
without	 DTT	 but	 containing	 135	 mmol/L	 iodoacetamide.	 Strips	
were	 rinsed	 in	 tris-glycine	 SDS	 running	 buffer	 (25	 mmol/L	 Tris,	
192	mmol/L	glycine,	0.1%	SDS	pH	8.8)	applied	to	the	top	of	a	12%	
polyacrylamide	gel	and	run	at	300	V	for	4-5	hours.	Gels	were	visu-
alized	using	silver	staining	(Invitrogen).

2.7 | Sera samples

A	10	mL	sample	of	venous	blood	was	obtained	in	SST	BD	Vacutainer	
tubes	 and	 allowed	 to	 stand	 for	 20	minutes	 at	 room	 temperature.	
Subsequently,	 the	 blood	 samples	 were	 centrifuged	 at	 400	 g	 for	
20	minutes	at	4°C.	The	sera	were	obtained	under	sterile	conditions,	
aliquoted	 and	 stored	 at	 −70°C	 until	 use.	 They	 were	 only	 thawed	
once.

2.8 | Immunoblotting

The	 samples	 of	 esophageal	 tissue	 lysate	 were	 separated	 on	 12%	
SDS-PAGE	and	then	transferred	to	Polyvinylidene	fluoride	(PVDF),	
blocked	 with	 3%	 non-fat	 milk	 in	 PBS/Tween,	 and	 incubated	 with	
human	 serum	 at	 a	 1:100	 dilution	 overnight	 at	 4°C.	 Membranes	
were	 washed	 three	 times	 with	 PBS-Tween	 and	 incubated	 with	
Immunoglobulin	G	 (IgG)	antihuman	conjugated	with	alkaline-phos-
phatase.	After	a	further	wash,	membranes	were	developed	with	fast	
red	(SIGMA)	and	naphthol-phosphate	(SIGMA).

2.9 | Mass spectrometric analysis

The	spots	were	subjected	to	in-gel	trypsinization	according	to	the	
manufacturer's	 protocol	 (Promega).	 The	 resulting	 peptides	were	
placed	 into	 the	 Liquid	 chromatography-mass	 spectrometry	 (LC-
MS)	 system	 consisting	 of	 a	 nanoflow	 pump	 EASY-nLC	 (Thermo-
Fischer	Co.)	 coupled	 to	a	mass	 spectrometer	LTQ-Orbitrap	Veils	
(Thermo-Fischer	Co.)	with	a	nano-electrospray	ionization	system	
type.	Peptides	were	fragmented	by	the	collision-induced	dissocia-
tion	and	high	energy	collision	dissociation	methods.	The	spectro-
metric	 data	were	 analyzed	 and	 compared	 in	 the	Uniprot	 human	
database	through	the	Sequest	search	system	using	the	Discoverer	
1.4 program.

2.10 | Ethical Considerations

This	work	was	performed	according	to	the	principles	expressed	 in	
the	Declaration	of	Helsinki.	The	ethical	committee	from	our	institu-
tion	approved	the	study	and	written	informed	consent	was	obtained	
from	all	subjects	(ref.	no.	1522).

3  | RESULTS

3.1 | Patients' characteristics

Demographic,	 clinical	 variables,	 and	 laboratory	 data	 from	 the	 HS	
(sera),	 tissue	 control	 (organ	 donor),	 patients	with	 EGJOO	 and	 pa-
tients	with	achalasia	are	described	in	Table	1.
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3.2 | Esophageal tissues lysates 2DGE analysis

Two-dimensional	gel	electrophoresis	(2DGE-PAGE)	analysis	of	the	
different	study	groups	revealed	differences	in	both,	the	number	of	
spots	protein,	and	the	concentration.	To	facilitate	the	analysis,	the	
2DGE	protein	profiles	of	esophageal	 tissue	 lysates	were	divided	
into	three	regions	(Figure	1).

In	region	1,	six	spots	were	observed;	in	type	I	achalasia,	its	con-
centration was considerably diminished compared with achalasia 
type	 II	 and	healthy	donor	 tissue.	 In	EGJOO,	 these	 spots	were	not	
observed.

In	region	2,	22	spots	were	observed;	 in	type	 I	achalasia	only	9	
spots	were	detected;	2	spots	were	exclusive	of	type	II	achalasia	(21	
and	22);	in	EGJOO	spots	13,	14,	16,	and	17	were	increased	(9.5,	42.0,	
3.9,	and	2.5-fold,	respectively)	compared	with	healthy	donor	tissue.

In	 region	 3,	 56	 spots	 were	 observed;	 in	 type	 I	 achalasia	 and	
EGJOO,	spot	38	was	highlighted,	while	in	healthy	donor	tissue	and	
type	 II	 achalasia	 this	 was	 not	 observed.	 In	 type	 I	 achalasia,	 type	
II	 achalasia,	 and	 EGJOO,	 spot	 35	 was	 decreased	 compared	 with	
healthy	 donor	 tissue.	 Spots	 15,	 16,	 17,	 and	 18	were	 decreased	 in	
type	I	achalasia,	type	II	achalasia	(3.0,	1.1,	9.0,	and	13.5-fold,	respec-
tively)	 compared	 healthy	 donor	 tissue;	 spots	 10,	 11,	 and	 12	were	
not	detected	in	type	I	achalasia	and	EGJOO	compared	with	healthy	
donor	tissue.	Finally,	spots	1,	2,	3,	4,	and	5	were	found	to	be	dimin-
ished	in	type	I	achalasia	(3.6,	1.5,	3.7,	2.5,	and	2.7-fold,	respectively)	
and	type	II	achalasia	(1.9,	13.0,	3.2,	59.0,	and	1.7-fold,	respectively)	
compared healthy donor tissue.

3.3 | ∣Reactivity of the sera against a lysate of 
esophageal tissue

More	than	56%	of	the	sera	of	HS	had	reactivity	against	the	25	and	
45	kDa	proteins	of	the	lysed	LES	muscle	from	type	I	but	not	type	II	
achalasia	 (Figure	2,	Table	2).	Although	the	reactivity	of	sera	of	HS	
was	observed	against	the	25	and	45	kDa	proteins,	the	intensity	of	
the bands is conspicuously lower compared with that observed in 
patients	with	achalasia	(Figure	2).

More	 than	50%	of	 the	 sera	of	patients	with	EGJOO	had	 reac-
tivity	against	the	25	kDa	protein	of	the	lysed	LES	muscle	from	pa-
tients	with	EGJOO,	and	patients	with	type	I	and	type	II.	While	67%	
of	EGJOO	sera	had	reactivity	against	the	45	kDa	protein	of	type	I	
and	II	achalasia	tissues	(Figure	2;	Table	2).

The	56%	of	 the	sera	of	patients	with	type	 I	achalasia	had	only	
reactivity	against	the	25	kDa	protein	of	the	lysate	LES	muscle	from	
type	I	achalasia.

More	than	71%	of	the	sera	of	patients	with	type	II	achalasia	had	
reactivity	against	the	25	kDa	protein	of	the	lysate	LES	muscle	from	
HD,	EGJOO,	type	I,	and	type	II	achalasia.	While	86%	of	the	sera	had	
reactivity	against	the	45	kDa	protein	of	the	lysate	muscle	LES	from	
type	I	and	type	II	achalasia.	The	sera	with	the	highest	reactivity	were	
those	of	patients	with	achalasia	type	II	(Figure	2;	Table	2).

More	than	50%	of	the	sera	of	type	III	achalasia	reacted	against	
the	25	and	45	kDa	proteins	of	the	healthy	donor	tissue	and	type	I	
achalasia	lysate	(Figure	2;	Table	2).

The	 lysate	 tissue	 that	 showed	 the	 highest	 reactivity	 was	 the	
type	I	achalasia,	where	the	25	kDa	protein	was	recognized	by	89%-
100%	of	the	sera	(Figure	2;	Table	2).	The	above	suggests	that	it	could	
have	 a	 higher	 content	 of	 antigenic	 proteins	 due	 to	 one	 or	 several	
post-translational	modifications	and/or	a	greater	antigenic	exposure,	
which	would	correlate	with	a	long	time	of	disease	evolution.

3.4 | ∣Identification of proteins by mass 
spectrometry

Bands	25	and	45	kDa	were	identified	by	mass	spectrometry	MALDI-
TOF	 as	 triosephosphate	 isomerase	 (TPI),	 carbonic	 anhydrase	 (CA)	
for	25	kDa	band	and	creatinine	kinase	bran	isoform	(CKB)	for	45	kDa	
band	(Table	3).

4  | DISCUSSION

Although	achalasia	has	been	considered	a	multifactorial	disease	with	
autoimmune	etiology,	there	are	few	studies	focused	on	the	search	
antigenic	 targets.	 To	 our	 knowledge,	 there	 are	 at	 least	 2	 studies	
regarding	proteomic	analysis.	One	of	them	has	been	used	monkey	
cerebellum	extract	in	an	immunoblot	commercial	kit	for	the	detec-
tion	of	antineuronal	antibodies.	 It	has	been	 found	bands	of	52/53	
and	 49	 kDa.	Nonetheless,	 the	 proteins	were	 not	 identified.	 It	 has	
been	only	determined	the	presence	of	anti-Hu,	anti-Yo,	and	anti-Ri	
antibodies.14	 Another	 proteomic	 analysis	 has	 been	 performed	 in	
the	 serum	of	patients	with	 achalasia,	 finding	elevation	of	 comple-
ment	proteins	(C3,	C5,	and	C4b5),	CDK5,	transthyretin,	and	alpha-2	
macroglobulin.15	Herein,	we	analyzed	 the	proteomic	profile	of	 the	
lysates	of	esophageal	tissue	of	patients	with	EGJOO	and	sub-clas-
sified	achalasia	as	type	I	and	type	II.	Of	the	three	regions	analyzed	
in	 the	proteomic	map	of	 type	 I	achalasia	and	 type	 II	 achalasia,	we	
observed	 50	 and	 47	 spots,	 respectively.	 The	main	 difference	was	
the	 concentration	 of	 certain	 proteins,	 two	 spots	 in	 region	3	 draw	
attention;	in	type	I	achalasia	the	spot	35	is	diminished	and	the	spot	
38	is	increased	compared	with	type	II	achalasia.	On	the	other	hand,	
healthy	donor	tissue	versus	achalasia	has	a	higher	concentration	of	
most	 spots.	However,	 spot	 38	 is	 decreased	 in	HD	esophageal	 tis-
sue	compared	with	achalasia	tissue	of	type	I	achalasia	and	EGJOO.	
Unfortunately,	due	to	the	amount	of	esophageal	tissue	biopsy,	it	was	
not	possible	to	identify	all	proteins.	The	decrease	in	the	number	of	
proteins	 in	2DGE	may	be	due	to	the	alteration	of	the	extracellular	
matrix	components,	such	as	protein	cross-linking,	proteolysis,	post-
translational	modification,	etc.20

Regarding	 sera	 from	 achalasia	 patients,	 it	 is	 important	 to	
note	that	sera	from	type	I,	 type	II,	and	type	III	achalasia	reacted	
mainly	 against	 lysate	 of	 type	 I	 achalasia	 tissue.	 Type	 I	 achalasia	
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F I G U R E  1  2DGE-PAGE	of	esophageal	tissue	lysate:	(A)	proteomic	map	of	healthy	donor	tissue	(HD),	type	I	achalasia	(Type	IA),	type	
II	achalasia	(type	IIA),	and	esophagogastric	junction	outflow	obstruction	(EGJOO).	2DGE	was	divided	into	three	regions;	(B)	Region	1.	
Comparison	of	spots	of	HD,	Type	IA,	Type	IIA,	and	EGJOO;	(C)	Region	2.	Comparison	of	spots	of	HD,	Type	IA,	Type	IIA,	and	EGJOO;	(D)	
Region	3.	Comparison	of	spots	of	HD,	Type	IA,	Type	IIA,	and	EGJOO
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is	considered	to	be	a	later	stage	of	the	disease	and	therefore	the	
tissue	may	have	neoantigens	or	higher	content	of	antigenic	pro-
teins	due	to	one	or	several	post-translational	modifications	and/
or	greater	antigenic	exposure.20	These	could	be	recognized	by	the	

immunoglobulins	of	 the	 sera	 from	healthy	 individuals,	 as	well	 as	
achalasia	patients,	in	contrast	to	earlier	stages	of	the	disease	such	
as	 achalasia	 type	 II	 and	 type	 III	where	 antigen	expression	 is	 not	
abundant and/or varied.

F I G U R E  2   Representative 
immunoblotting	of	esophageal	tissue	
lysate	against	the	25kDa	and	45kDa	
proteins:	(A)	serum	of	healthy	subjects	
HS;	(B)	serum	of	type	I	achalasia	(Type	
IA)	and	type	achalasia	II	(Type	IIA),	and;	
(C)	Serum	of	type	achalasia	III	(Type	IIIA)	
and	esophagogastric	junction	outflow	
obstruction	EGJOO

TA B L E  2  Percentage	of	sera	that	recognize	achalasia	tissue	25	and	45	kDa	proteins

Band

HD tissue EGJOO tissue Type I achalasia tissue Type II achalasia tissue

45 kDa (%) 25 kDa n (%) 45 kDa n (%) 25 kDa n (%) 45 kDa n (%) 25 kDa n (%) 45 kDa n (%) 25 kDa n (%)

Serum

HS	(n	=	9) 0	(0) 1	(11) 0	(0) 4	(44) 5	(56) 9	(100) 0	(0) 2	(22)

EGJOO	
(n	=	6)

2	(33) 5	(83) 2	(33) 5	(83) 4	(67) 6	(100) 4	(67) 3	(50)

Type	I	
achalasia 
(n	=	9)

5	(56) 6	(33) 1	(11) 2	(22) 5	(56) 8	(89) 0	(0) 4	(44)

Type	II	
achalasia 
(n	=	7)

5	(71) 6	(88) 0	(0) 5	(71) 6	(86) 7	(100) 0	(0) 5	(71)

Type	III	
achalasia 
(n	=	6)

4	(67) 6	(100) 1	(17) 1	(17) 3	(50) 6	(100) 2	(33) 2	(33)

Abbreviations:	EGJOO,	esophageal	junction	outflow	obstruction;	HD,	healthy	donor;	HS,	healthy	subjects.

TA B L E  3  Proteins	identified	by	mass	spectrometry

Band (kDa) Accession no. Protein ID Protein description MW kDa

25 Q53HE2_HUMAN	(+1) TPI Triosephosphate	isomerase 27

25 CAH1_HUMAN	(+1) CA Carbonic	anhydrase 29

45 AOAOC4DFV3_HUMAN	(+1) CKB Creatinine	kinase-brain	isoform 45

Note: UniProt	accession	number	and	protein	ID	(www.unipr	ot.org).

http://www.uniprot.org


8 of 9  |     HERNÁNDEZ-RAMÍREZ Et Al.

On	the	other	hand,	we	identified	two	25	and	45	kDa	bands	as	pos-
sible	targets,	derived	from	esophageal	tissue	lysate,	which	were	rec-
ognized	by	the	autoantibodies	of	patients	with	achalasia,	and	EGJOO,	
were	identified	as	TPI	and	CA	for	the	25	kDa	band	and	CKB	for	the	
45	kDa.	Triosephosphate	 isomerase	and	CA	have	been	 identified	by	
other authors as targets antigens in several autoimmune diseases.

Triosephosphate	isomerase	is	a	glycolytic	enzyme	that	intercon-
verts	 D-glyceraldehyde-3	 phosphate	 and	 dihydroxyacetone	 phos-
phate.	TPI	is	recognized	by	24.7%	of	the	tested	serum	samples	from	
patients with osteoarthritis.21	Triosephosphate	isomerase	is	also	in-
volved	in	the	stability	of	neuronal	microtubules,	which	are	potential	
receptors	of	TPI.	Studies	showed	that	the	inhibition	of	TPI	activity	
influences	microtubule	stabilization	and	 induces	neuronal	death	 in	
cultured murine cortical cells.22	Autoantibodies	anti-TPI	in	cerebro-
spinal	fluid	is	associated	with	neuropsychiatric	lupus23,24	and	MRL/
MpJ-Faslpr mouse.25 Recent studies have shown to the association 
of	anti-TPI	antibodies	and	neurological	 lupus,	as	well	as	a	possible	
mechanism	through	the	formation	and	deposition	of	immune	com-
plexes	 in	 regions	 near	 the	 ventricles,	 and	 the	 hippocampus	 cho-
roid	 plexus	 that	 could	 contribute	 to	 brain	 damage	 and	 behavioral	
deficit.23,24	 In	 the	 present	 study,	 we	 show	 that	 the	 antibodies	 of	
achalasia	patients	 recognized	TPI.	Similarly,	a	mechanism	could	be	
occurring	 in	 the	 esophageal	myenteric	 plexus	 neurons,	where	 the	
accumulation	of	TPI-anti-TPI	 immune	complex	could	affect,	 in	 this	
case,	the	esophageal	motility.

Further,	we	identified	the	type	I	CAI	in	the	esophagus	lysate,	as	
other	antigen	recognized	by	achalasia	serum.	The	CA	is	a	metalloen-
zyme	that	catalyzes	the	reversible	hydration	of	carbon	dioxide	to	bi-
carbonate,	and	it	is	essential	for	the	regulation	of	acid-base	balance.	
Carbonic	anhydrase	functions	in	many	physiological	and	pathologi-
cal	processes,	such	as	transport,	bone	resorption,	calcification,	and	
tumorigenesis	are	demonstrated.	Thus,	16	different	 isozymes	 that	
differ	from	each	other	with	tissue	distribution,	cell	localization,	cata-
lytic	activity,	and	resistance	to	inhibitors	have	been	described.26	CAI	
and	CAII	antibodies	have	been	identified	in	various	autoimmune	and	
idiopathic	diseases;	Grave's	disease,27	metabolic	syndrome,	polycys-
tic	ovary	syndrome,28	acute	anterior	uveitis,	and	Behcet's	disease.29 
Besides	CAII	autoantibodies	have	been	reported	 in	systemic	 lupus	
erythematosus,30,31	rheumatoid	arthritis,32	primary	biliary	cirrhosis,	
Sjögren's	syndrome,30 and acute anterior uveitis.33	Both	CA	isoforms	
have	high	homology,	so	it	is	expected	to	found	some	cross-reactivity	
between them.

Finally,	the	CKB,	other	antigen	recognized	by	achalasia	patients	in	
this	study,	predominates	in	the	brain,	but	is	also	ubiquitous	in	smooth	
muscle	and	comprises	the	major	fraction	of	CK	found	in	urinary	blad-
der,	lung,	prostate,	uterus,	thyroid,	pancreas,	stomach,	smooth	muscle,	
and	kidney	homogenates.	The	 liver,	 spleen,	 salivary	 glands,	 and	bile	
contain	a	varying	but	small	amount	of	CKB.	Anti-CKB	antibody	was	
present	in	the	sera	from	paraneoplastic	cerebellar	degeneration	with	
bladder	cancer,	small	cell	lung	cancer,	non-Hodking	lymphoma.34

In	summary,	we	identified	three	possible	antigenic	targets	rec-
ognized	by	patients	with	achalasia;	it	is	the	first	time	that	anti-TPI,	
anti-CA,	and	anti-CKB	antibodies	have	been	described	in	patients	

with	achalasia.	We	recognize	the	limitation	of	the	study:	It	is	nec-
essary	 to	 verify	 the	 reactivity	 against	 these	 antigens	 in	 a	 larger	
sample	of	patients	and	by	another	technique	that	allows	elucidat-
ing	the	role	of	antibodies,	anti-TPI,	anti-CA,	and	anti-CKB,	which	
in	this	study	was	by	immunoblotting.	Furthermore,	these	findings	
add evidence to the hypothesis that achalasia has an autoimmune 
component.
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