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Macrophage phenotype after human refluxate
exposure, esophageal dysmotility and their
correlation with gastroesophageal reflux disease
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Aim of the study. To investigate the esophageal dysmotility, changes in the esophageal mucosa and the immune
response depending on the type of refluxate in gastroesophageal reflux disease (GERD) patients.

Material and methods. 68 patients with GERD were recruited: 28 (14 men; mean age, 45.74 = 2.23 years) non-
erosive reflux disease (NERD), 22 (15 men; mean age, 45.0 + 3.24 years) erosive reflux disease (EE), 18 (13 men;
mean age, 47.22 + 2.95) Barrett’s esophagus (BE). GERD patients underwent esophageal high-resolution manom-
etry (HRM) with a 22-channel water-perfused catheter and Solar Gl system (Medical Measurements Systems, En-
schede, the Netherlands), 24-hour impedance and pH monitoring using the Ohmega Ambulatory Impedance pH Re-
corder (Medical Measurements Systems). We analyzed receptor characteristics of monocyte-derived macrophages
in all groups of patients.

Results. On HRM examination, we showed that DCI (distal contractile integral) in NERD patients was higher than in
EE (p = 0.088) and BE (p = 0.076), also LES RP (lower esophageal sphincter resting pressure) in NERD patients was
higher thanin EE (p =0.039) and BE (p = 0.012). The analysis of reflux characteristics showed that the total reflux time
with pH < 4 for BE patients was longer than that for NERD and EE patients. An analysis of receptor characteristics
of monocyte-derived macrophages showed the prevalence of CD25 and CD80 expression in all groups of patients.
Conclusion. An analysis of the phenotype of macrophages derived from blood monocytes of GERD patients revealed
a prevalence of M1 macrophages that was typical for the Th1 type of immune response. The degree of esophageal
dysmotility was correlated with GERD severity and type.
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Matepuanbl u meToabl. Bbinn 06¢cnenoBaHbl 68 naumeHToB ¢ NOPB: 28 ¢ HE3PO3UBHOM PedJItOKCHON 60e3HbI0
(H3PB), 22 nauyieHTa ¢ 3p03MBHOM pPedsItoKCHOM 6oneaHbo (33) 1 18 naumeHToB ¢ nmesoaom bappeta (MB). Bcem
naumeHTam, BKJIlOYEHHBIM B UCCIIeA0BaHNE, Oblia BbINOHEHA MAHOMETPUS MULLEBOAA BbICOKOrO pa3peLleHns 22-ka-
HanbHbIM BOAHO-Nepdy3noHHbIM kateTepoM (Medical Measurements Systems, Enschede, the Netherlands), 24-4ya-
coBas pH-umnegaHcomeTpusa (The Ohmega Ambulatory Impedance pH Recorder Medical Measurements Systems).
Bo Bcex rpynnax nauyeHToB Mbl OLEHUIN GEeHOTUN MakpodaroB KPOBM NOCHE BbIAENEHUS UX N3 MOHOLIMTOB.
Pe3ynkTtaTthl. B x04e aHann3a pe3ynsratoB MaHOMETPUM NULLEBOAA BbICOKOrO paspeLleHns MHTerpaabHas Cokpa-
TUMOCTb OVCTaNIbHOrO CEerMeHTa nuileesoaa y naumeHtoB ¢ HOPB 6bina Boile, 4em y naumeHToB ¢ 33 (p = 0,088)
1 MNB (p = 0,076). JlaBneHne Nokos HMXHEro NULLLEBOAHOIO chUHKTEPA B rpynne naumeHToB ¢ HOPB Takxe 6bi10
BbiLle, 4eM y naumeHToB ¢ I3 (p = 0,039) n B (p = 0,012). MNMpoueHT Bpemenu ¢ pH < 4 eanHuu y nauyeHTos ¢ Nb
Obin 6onblue, 4em y naumeHToB ¢ HOPE n 33. AHanma CD noBepXHOCTHbLIX PELLENTOPOB Makpodaros nokasasi npe-
obnapaHne CD25 n CD80 noBEPXHOCTHLIX PeLenTopoB y nauneHTos ¢ MNIPE.

BbiBoAbl. AHaNn3 heHoTMNA MakpodaroB KPOBM NaLLMEHTOB Nokasan npeobnagaHre NoBEPXHOCTHbLIX PELLENTOPOB
M1 makpodaros, xapakTepHbIX 48 npoBocnanutensHoro Th1 Tmna nMMyHHOro otTeeTa. HapyleHus oBMratenbHOn
bYHKUMN NuLeBoaa 6b11v 601ee BbipaxeHbl y 60MbHbIX ¢ B, yem y naumeHToB ¢ HOPB 1 93.

KnioueBble cnoBa: ractpoadodareasnbHas pedniokcHas 6051e3Hb, MMMYHHbIA OTBET, MOHOLIUTLI KDOBW, HapyLue-
HWe ABuUratesibHon GYHKUUW NuLesoaa

KoHdnukT uHTepecoB. ABTOPbI 3asB/S0T 06 OTCYTCTBUMN KOHDNKTA UHTEPECOB.

Ana umtupoBaHua: [lNMapackesoBa A.B., TpyxmaHoB A.C., CtopoHoBa O.A., JlamuHa C.B., Kanuw C.B., MNuporoe C.C.,
MoHomapes A.B., PymaHuesa [.E., Mansbiwes U.10., Maes U.B., BawkunH B.T. Koppensunn nameHeHmin peHotuna makpodaros
KPOBWM Mocne BO3OENCTBUSA Ha HUX ractpoasodareanbHOro pediokrata U HapylweHuin MOoTopukm nuuweBopa ¢ dopmon
racTpoasodareanbHoii pednoKCcHo 6onesHn. Poccuinckuii xypHan racTpO3HTEepPOsIOrnMn, renaTtosiornn, KONornpoKTONornn.
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Gastroesophageal reflux disease (GERD) symp-
toms can be identified in 10 % to 20 % in the adult
population in the Western countries and less than
5 % in Asia [1], and endoscopic findings of GERD
have been observed in more than 10 % of all patients
who have undergone upper gastrointestinal endosco-
py [2—4]. Unfortunately, observational studies have
shown that the overall prevalence of partial- and
nonresponse to proton pump inhibitor (PPI) therapy
was 45 % [5, 6]. The disease rather progresses with
an increase in erosion size, ulceration, and devel-
opment of esophageal complications such as peptic
stricture, bleeding and Barrett’s esophagus. There
are many mechanisms involved in the pathogenesis of
GERD, including impaired resting pressure (RP) of
the lower esophageal sphincter (LES; LES RP), hia-
tal hernia, disturbed esophageal clearance, and gas-
tric dysmotility [7—10]. Therefore, high-resolution
manometry (HRM) is an essential diagnostic test
for determining esophageal motor function disorders
[11]. These problems are arousing increased interest,
especially considering the findings from studies of
the immune response in patients with GERD.

Cytokines are produced mainly by macrophages.
Macrophages can change their phenotype under the
influence of various factors. They produce inflam-
matory and anti-inflammatory cytokines, as well as
growth factors and reactive oxygen species [12].

GERD is characterized by the impaired immune
response manifesting as an imbalance of the cellular
(Th1) and humoral (Th2) immunity, which may be
caused by the difference in macrophage phenotypes:
M1 (pro-inflammatory) or M2 (anti-inflammatory).
M1 macrophages arise following stimulation with

IFN-y and M2 macrophages are stimulated by IL-4
or IL-13 [13—15].

Previous studies have found that activation of
the Th1-mediated immune response leads to erosive
GERD, while activation of the Th2-mediated immune
response can cause Barrett’s esophagus [16, 17].

Recently, refractory GERD at the tissue and cel-
lular levels has become the subject of increased inter-
est, and the possible effects of the immune response
to GERD are being actively discussed [18]. Increased
secretions of interleukin (IL)-18 [19], IL-8, tumor
necrosis factor (TNF), and IL-10 have been observed
in patients with GERD. Furthermore, experimental
studies have shown that Th2-type immune response
cytokine (IL-4, 1L-10, I1L-13) levels are significantly
higher in BE patients [19]. However, no difference in
pro-inflammatory cytokine levels has been observed.
The most recent studies of BE have shown that it
is characterized by IL-4 secretion and activation of
the Th2-type immune response [18, 20, 21]. IL-4 in-
duces metaplasia of esophageal squamous epithelial
cells; therefore, IL-4 causes the development of BE
in GERD patients [20].

According to published data, the type of esopha-
geal damage and the response of the mucous mem-
brane largely depend on the type of refluxate, as well
as the patient’s immune profile. Th2-immune response
was shown to cause Barrett’s esophagus and decreased
acidity and the alkaline duodenal content in the
esophagus may increase risk of this condition [22].

We hypothesized that different types of refluxate
may in some way have a different effect on the mac-
rophage phenotype, thus affecting the immune pro-
file that determines the type of GERD. This study
was aimed to investigate the damage to the mucous
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membrane of the esophagus depending on the type
of refluxate.

The study was conducted to assess the role of mo-
tor dysfunction and the burden of on immune cells
caused by various types of refluxates. It has the po-
tential to contribute to the future investigation of
prokinetics use in GERD and to refine the treatment
strategies for GERD.

Methods

Data Sources

This prospective, experimental study was con-
ducted at Sechenov First Moscow State Medical
University (Sechenov University) and Yevdokimov
Moscow State University of Medicine and Dentistry.
Clinical study protocol was approved by the local
ethics committee of Sechenov University version 2.0
from 10.02.2016 and posted on ClinicalTrials.gov
with study identifier NCT02699060 before enroll-
ment of patients.

The following inclusion criteria in the study were
identified:

1. Signed informed consent.

2. Male and female patients from 18 to 65 year
old.

3. Clinically and/or endoscopically confirmed
diagnosis of GERD.

Exclusion criteria were as follows:

1. Treatments with PPIs and/or H2RA were
stopped at least 1 week prior to study inclusion.

2. Female patients who was pregnant or planning
to become pregnant or lactating.

3. Any acute diseases or conditions, exacerba-
tions of concomitant chronic diseases at the inclusion
phase of the study.

4. Participation in a clinical trial in the past
3 months.

5. Any condition which, in the opinion of investi-
gator, makes the patient unsuitable for participation
in the study.

Patients with non-erosive gastroesophageal re-
flux disease (NERD), erosive esophagitis (EE) and
Barrett’s esophagus (BE) were enrolled. Patients
were classified based on clinical evidence and the re-
sults of an upper gastrointestinal endoscopy. Written,
informed consent was obtained from each patient in-
cluded in the study. The study protocol conforms
to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the in-
stitution’s human research committee.

NERD: GERD patients with minimal mucosal
changes by endoscopic examination. The changes in-
cluded vascular injection or vascular spots above the
Z-line. When the impedance-pH monitoring record-
ings were analyzed the symptom index (SI) and the
symptom association probability (SAP) (heartburn)
resulted in a positive SI and SAP in 28 patients with
NERD during our study.

BE: patients with long segment (>3 cm) and
short segments (<3 c¢cm) of the epithelial column lo-
cated between the upper border of the gastric folds
and the proximal part of the Z line and the presence
of intestinal metaplasia was histopathologically con-
firmed in biopsies of the Barrett epithelium segment.

EE: Patients with GERD symptoms with ero-
sions or disruptions of the esophageal mucosa of dif-
ferent degrees by Los Angeles Classification as fol-
lows: Grade A, one (or more) mucosal break less
than 5 mm that does not extend between the tops of
two mucosal folds; Grade B, one (or more) mucosal
break greater than 5 mm long that does not extend
between the tops of two mucosal folds; Grade C, one
(or more) mucosal break that is continuous between
the tops of two or more mucosal folds but involves
less than 75 % of the circumference; and Grade D,
one (or more) mucosal break that involves at least
75 % of esophageal circumference [8].

Frequency Scale for the Symptoms of GERD
(FSSG)

The intensity of gastroesophageal reflux symp-
toms was assessed using the Frequency Scale for
the Symptoms of GERD (FSSG) questionnaire, in
which a score of 4 indicated the highest frequency
of symptoms and a score of 0 indicated an absence
of symptoms. The FSSG questionnaire consists of
12 questions related to 7 acid reflux symptoms and
5 dysmotility-like symptoms, was used to assess the
GERD symptoms [23].

Blood sampling

We determined type of Th-immune response
by analyzing blood monocyte/macrophage pheno-
type in patients with different forms of GERD.
Monocytes were isolated from the patients’ blood
samples and cultured to macrophages in standard
conditions: RPMI1640 medium, 10 % FBS, 37 °C,
5 % CO.,. Pooled analysis of macrophage and mono-
cyte derived macrophages included typical M1/
M2 surface macrophage CD markers (CD25, CD80
and CD163, CD206) performed by flow cytometry
(Beckman Coulter FC500). CD25, CD80 (M1 mark-
ers) and CD163, CD206 (M2 markers) are receptor
characteristics Th1 and Th2 immune response, re-
spectively.

Endoscopy and biopsy

All the patients underwent upper gastrointesti-
nal endoscopy to confirm and grade the type of the
disease (NERD, EE, BE). The examination included
analysis of esophageal mucosa, expression of inflam-
matory changes, location, size, number of mucosal
defects, as well as the appearance of the gastric and
duodenal mucosa. Biopsy was performed of the four
quadrants at each 2 cm and 2 cm above the Z-line
[24, 25]. Microscopic features were based on hema-
toxylin and eosin (H&E) staining (original magnifi-
cation x40).
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Esophageal high-resolution manometry and

esophageal pH monitoring

GERD patients underwent esophageal high-res-
olution manometry (HRM) with a 22-channel wa-
ter-perfused catheter and Solar GI system (Medical
Measurements Systems, Enschede, the Netherlands)
and 24-hour impedance and pH monitoring using
the Ohmega Ambulatory Impedance pH Recorder
(Medical Measurements Systems). The 24-hour im-
pedance and pH monitoring recording were uploaded
onto a portable storage card and for computer-as-
sisted manual analysis, using a specialized software
program.

In GERD patients forms we analyzed follow-
ing HRM parameters: the distal contractile integral
(DCI) and the lower esophageal sphincter resting
pressure (LES RP). Standard measuring parame-
ters were collected: percentage of total time when
pH was <4, longest reflux event, number of reflux
events longer than 5 minutes, and number of reflux
episodes in 24 hours. Reflux episodes were classified
as acid, weakly acidic and weakly alkaline reflux.
Heartburn was considered related to a reflux episode
if they occurred after/within 2 minutes or during of
a reflux episode.

Statistical analysis

For statistical analysis, we used descriptive
statistics for numerical variables and frequen-
cies, p < 0.05 was considered to be statistically
significant. The analysis was performed by using

SPSS-17.0 statistical analysis software (SPSS Inc.,
Chicago, IL, USA).

Results

28 NERD patients (14 men; mean age, 45.74 +
2.23 years), 22 EE patients (15 men; mean age,
45.0 + 3.24 years) and 18 BE patients (13 men;
mean age, 47.22 £ 2.95) were recruited at the
V.H. Vasilenko Clinic of Internal Diseases
Propaedeutics, Gastroenterology and Hepatology of
Sechenov University (Figure 1).

FSSG questionnaire results

The FSSG questionnaire was used to assess GERD
symptoms in this study. The total FSSG scores of the
patients ranged between 1 and 21 points. 61 % of
NERD patients had prevalent symptoms associated
with acid reflux and 39 % of NERD patients had
prevalent symptoms related to dysmotility. 27 % of
EE patients had prevalent symptoms associated with
acid reflux and 73 % of EE patients had symptoms
related to dysmotility. 33 % of BE patients had prev-
alent symptoms associated with acid reflux and 67 %
of BE patients had symptoms related to dysmotility.

Esophageal HRM

On HRM examination, we showed that DCI in
NERD patients was higher than in EE (p = 0.088)
and BE (p = 0.076), also LES RP in NERD patients
was higher than in EE (p = 0.039) and BE (p =
0.012) (Figure 2). For NERD patients, the DCI
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GER (I'9P) — gastroesophageal refluxate (racrpossodareampuniii pedmoxrar); GERD (I'9PB) — gastroesophageal reflux
disease (racrpossodareampnas pedmorcras 6omesnn); NERD (HOPB) — non-erosive reflux disease (nesposusnas pedamoxc-
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Fig. 1. Scheme of experimental study and patients’ distribution

Puc. 1. Cxema 9KCIIEPUMEHTAJIbHOTO HUCCJJAEeJ0BaHNA U paclpe/ie/ieHnd IMalueHToB
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DCI and LES RP for BE patients were less than that for NERD and EE patients.

NCAC u AII HIIC y nanmenTos ¢ IIb 6o ke, yeM y manuentos ¢ HOPB u 93.

Difference the LES RP for NERD patients and EE patients and BE patients was significant.

JII HIIC y nammento ¢ HOPDB cratucruyeckn 3naunmo oramnvanocs 1o cpasienuto ¢ I HIIC y nanumenrtos ¢ 939 u IIb.

Fig. 2. HRM parameters in patients with GERD
Puc. 2. ITapamerpor MBP y namnuenro ¢ T9Pb

was 1140.7 mmHgxsxcm (104.0—3759.0); the DCI
values were 695.7 mmHgxsxcm (41.0—2462.0) for
EE patients and 682.0 mmHgxsxcm (14.0—1933.0)
for BE patients. The LES RP for NERD patients
was 23.48 mmHg (9.0—42.0); the LES RP values
were 18.36 mmHg (5.0—45.5) for EE patients and
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The total reflux time with pH <4 for BE patients was longer
than that for NERD and EE patients

[Ipouent Bpemenu ¢ pH<4 y manuenros ¢ [Ib 6bur Goabie,
yeM y nanuenros ¢ HOPb u 939

Fig. 3. The total reflux time with pH<4 % for GERD
patients

Puc. 3. % Bpemenu ¢ pH<4 B mnuieBosie y MaiueHToB ¢
pazmmunbiMu popmamu ['OPb

15.7 mmHg (1.0—43.0) for BE patients. Therefore,
significant difference was observed between the
LES RP for NERD patients and EE patients and
BE patients.

Twenty-four hour pH-impedance Metrics

The total reflux time, the number of reflux epi-
sodes, the number of long reflux periods > 5 minutes,
the longest reflux period were analyzed by 24-hour
impedance and pH monitoring (Tables 1, 2). The
AET of NERD patients was lower than that of EE
and BE patients. As for the reflux episodes, NERD
patients had a significantly decreased number of acid
reflux episodes when compared with EE and BE pa-
tients. The minimal change in NERD patients may
be due to the fact that PPI treatment was stopped at
1 week prior to study inclusion.

The analysis of reflux characteristics showed that
the total reflux time with pH <4 for BE patients
was longer than that for NERD and EE patients
(Figure 3).

Morphological characteristics of esophagus

Neutrophilic and eosinophilic infiltration of the
esophageal mucosa and submucosa and dilated in-
tercellular spaces were observed in all GERD pa-
tients. Furthermore, neutrophilic infiltration and
eosinophilic infiltration of the esophageal mucosa
and submucosa were more commonly observed in
NERD patients than in EE patients. Some EE pa-
tients had gastric metaplasia. BE patients had in-
testinal metaplasia and low-grade dysplasia of the
esophageal mucosa.
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Table 1. Main parameters of 24-hour esophageal pH monitoring for patients with different forms of

GERD

Tabauua 1. OcHoBHbIE MapaMeTpbl 24-uyacoBoil pH-uMIejaHcOMETpUN THIEBOA Y MAIMEHTOB ¢ pas-
sunuabiMu popmamu [IPH

Types of GERD
patients
['pynmbl manueHToB

C Pa3JMYHBIMU
dopmamu I'OPB

Total reflux

time episodes reflux periods >5 minutes | the longest GER,
<4 (%) Meaunana yuciaa Meanana ynciaa minutes
% BpemeH SIN30/10B 2130108 [P Meanana caMmoro
¢ pH Menee 4 ractposzodareasbHbIX MIPOIOJKATETHHOCTHIO JUINTEIbHOTO
peduTokcoB 6osiee 5 MUHYT 9P, MunyThI

Median scores of reflux

Median scores of long

Median scores of

NERD patients

Temerm @ ESIVE 5.6 (0.4; 18.0) 39.0 (8.0; 90.0) 4.0 (0.0; 14.0) 13.0 (1.0; 99.0)
EE patients 11.25 : ) .
Hatmentsi ¢ 99 (0.0; 57.8) 66.0 (2.0; 361.0) 5.0 €0.0; 30.0) 30.5 (0.8; 11.6)
BE patients 14.5 . . .
ammerntor ¢ 115 (0.6: 49.9) 81 (12.0; 211.0) 8.0 (0.0; 29.0) 39.0 (3.0; 350.0)

NERD — non-erosive reflux disease (nesposusnas pedmokchas 6onesnn); EE — erosive reflux esophagitis (sposusnbrit ped-
mokc-s30¢arnt); BE — Barrett’s esophagus (mumesoa Bappera); AET — acid exposure time <4 % (mpouent spemenn ¢ pH
meree 4); GER — gastroesophageal reflux (ractpossodareanbusrii pediokc).

Table 2. Assessment of the type of gastroesophageal refluxate in GERD patients

Tabauua 2. Ouenka xapakrepa ractpoasogdareanbHoro pedJokrara y nauuedros ¢ [IOPB

Types of GERD
patients
I'pymib! nanueHToB
C Pa3JIMYHBIMU

Median score of weakly
acid reflux episodes
Meaunana kosdyecTsa cJa-
6GOKUCIBIX TacTpoa3odare-

Median score of acid reflux
episodes
MeauaHa KOIMYECTBA KUCIbIX
racTpoa3odareasTbHbIX

Median score of non-acid
reflux episodes
Meanana KOMYECTBA CJIa-
6ONIEeSOUYHBIX TacTPo330(ha-

dopmamu ['9PH AJIBHBIX pedIoKCcoB pedorcoB reaJIbHbIX PedJIIOKCOB
Ef}ﬁg}{g’gfij‘}%% 53.1 (28.8-99.0) 33.6 (0.0-79.0) 0.0 (0.0-2.0)
BIE el 34.4 (12.0-1000.0) 42.8 (2.0-111.0) 0.2 (0.0-2.0)
ITammenTsr ¢ 9
1) ipaiitemis 31.8 (4.0-100.0) 58.6 (7.0-279.0) 0.2 (0.0-2.0)

ITamuents: ¢ 11D

NERD — non-erosive reflux disease (neaposusnast pedmiokcnas 6osesnun); EE — erosive reflux esophagitis (sposusnbrii ped-
mokc-szodarut); BE — Barrett’s esophagus (mumeson Bappera); GER — gastroesophageal reflux (racrpossodareanbmbrii

pedToKc).

Patients with NERD predominantly had weakly acid GER, whereas EE and BE patients had predominantly acid GER.
Y nannentoB ¢ HOPB npeobragamu caabokucisie I'DOP, mo cpaBHenmio ¢ mammentamu ¢ 93 u IIB, y koTopbIX mpeobiragann

kucabie FOP.

Blood sampling (monocytes /macrophages)

An analysis of receptor characteristics of mono-
cyte-derived macrophages showed the prevalence of
CD25 and CD80 expression in all groups of patients,
which indicated M1 macrophages. For NERD pa-
tients, the median expression levels of surface M1/
M2 macrophage CD markers were as follows: CD25,
39.4 (6.1—69.4) mg/1; CD80, 19.6 (2.8—49.3) mg/1;
CD163, 15.7 (2.7-37.2) mg/l; and CD206, 10.5
(0.4—21.6) mg/1. For EE patients, the median ex-
pression levels of surface M1,/M2 macrophage CD
markers were as follows: CD25, 34.7 (13.1—59.6)
mg/1; CD80, 22.8 (6.1—43.6) mg/l; CD163, 17.4
(0.6—37.2) mg/1; and CD206, 12.6 (0.3—30.6)
mg/1. For BE patients, the median expression levels
of surface M1,/M2 macrophage CD markers were as
follows: CD25, 39.2 (16.3—67.0) mg/1; CD80, 21.9

(8.3—46.1) mg/1; CD163, 14.9 (1.8—34.0) mg/I;
and CD206, 8.9 (0.5-25.9) mg/1. The prevalence of
CD25 and CD80 expression characterized the preva-
lence Th1 immune response (Table 3).

Discussion

We studied the esophageal dysmotility and type
of immune response of GERD patients. In our study,
we showed the prevalence of esophageal exposure
to acid GER in patients with EE and BE, and the
prevalence of weakly acidic GER in NERD develop-
ment. We also demonstrated that all GERD patients
had esophageal motor disorders. The progression of
esophageal dysmotility leads to a prolonged exposure
to reflux of the esophageal mucosa. BE patients had
a greater prevalence of esophageal dysmotility than
EE and NERD patients.
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Table 3. Type of immune response by CD markers expression by blood samples in GERD patients

Ta6auya 3. Tun ummyHHOTO OoTBeTa y naientoB ¢ [OPDB, onpeessieMplii myTeM aHaIM3a 9KCIPECCUH

CD mapkepoB MakpodaroB KpoBu

Type of immune response
Tun ummMyHHOTO OTBETa

Number of GERD patients with CD25 and CD80 markers expression typical
for Th1 immune response and CD163 and CD206 markers expression typical

for Th2 immune response

Uucno manmenTtoB ¢ FTAPDB ¢ akcnpeccueit CD25 u CD80, xapakTepHbIX JIst
Th1 tuna ummynHoro orBera, u CD163 u CD206, xapakrepubix st Th2 tuma

UMMYHHOTO OTBETa

NERD EE BE
Th1 immune response
Th1 T UMMyHHOTO OTBeTa A Lg 1z
Th2 immune response 8 5 3
Th2 tun uMMyHHOTO OTBETa

NERD — non-erosive reflux disease (HeaposusHas peduokchas Gosesup); EE — erosive reflux esophagitis (sposusHbiii 930~

¢darur); BE — Barrett’s esophagus (immeBos Bappera).

Patients with GERD may have not only acid re-
fluxate, but also weakly acid and non-acid refluxate.
In our study, we demonstrated that NERD patients
had a significantly increased number of weakly acid
reflux episodes when compared with EE and BE pa-
tients. On HRM examination, we showed that DCI
and LES RP in NERD patients was higher than in
EE and BE patients. It is important to supplement
PPI treatment with prokinetics because it can im-
prove esophageal motility and increase LES RP. For
example, prokinetics mosapride and itopride enhance
esophageal contractions [26] and decrease the num-
ber of episodes of transient LE relaxation, which are
important causes of GERD [27]. Itopride has been
shown to help decrease the duration of the highly
acidic period in the esophagus (pH < 4) [28]. For
patients with GERD, the addition of prokinetics to
standard PPI therapy demonstrated better clinical
results [29, 30].

GERD is characterized by disorders of the im-
mune response and imbalanced cellular and humoral
functions of the immune response. We hypothesized
that the different types of refluxate may somehow
differentiate the macrophage phenotype and the im-
mune profile of GERD patients.

Interleukins are the ligands to the surface recep-
tors on macrophages (CD25, CD80, CD163, CD206).
The pro-inflammatory IL-2 is a ligand for CD25 and
CD80 receptors [13, 31]. Anti-inflammatory IL-10
and IL-6 are ligands for the CD163 receptor [12],
whereas anti-inflammatory IL-4 and TNF-p are li-
gands for the CD206 receptor. We supposed that
the development of different types of GERD may
be associated with inflammatory and anti-inflamma-
tory cytokines, which, as mentioned, define the im-
mune response of the whole body. An analysis of the
monocyte-derived macrophage phenotype showed the
prevalence of the expression of CD25 and CD80 in
all groups of patients, which is the characteristic of
Th1 immune response.

Limitations of the current study are as follows:
1) No control comparisons. However, further testing

could be performed to evaluate healthy people with-
out GERD as controls (to determine the immune sta-
tus of healthy people). 2) The number of patients ex-
amined needs to be increased. 3) In the current study,
we analyzed monocytes/macrophages isolation from
venous blood GERD patients. However, we have
not studied monocyte/macrophage phenotype in bi-
opsy material of distal esophagus. Further studies are
needed to research monocyte/macrophage phenotype
assessment biopsy material of distal esophagus.

Conclusion

There is a relationship between the characteristics
of the refluxate and the type of immune response
of GERD patients. An analysis of the phenotype
of macrophages derived from blood monocytes of
GERD patients revealed a prevalence of M1 macro-
phages that was typical for the Th1 type of immune
response.

The degree of esophageal dysmotility was correlat-
ed with GERD severity and type (NERD, EE, BE).
In other words, GERD is a multifactorial disorder
involving the deterioration of the motor function of
the upper gastrointestinal tract. Differences in the im-
mune response that were dependent on the pH of the
refluxate emphasized the need for more detailed in-
vestigations of the immune profile of GERD patients.

In the current research, we studied the blood
monocyte/macrophage phenotypes of GERD pa-
tients and the motility of the esophagus in patients
with different forms of GERD. We demonstrated
the presence of esophageal motility disorders in all
GERD patients.

These data emphasize the need of conducting fur-
ther studies of the immune status of patients with
different forms of GERD. Consequently, study of
immune response in patients with different GERD
forms may lead to further development of new
methods of treatment of GERD. Understanding the
pathophysiological basis for GERD will pave way
for well-targeted therapies and successful outcomes.
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