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EDITORIAL

Viruela del Mono, el reflejo de las infecciones

olvidadas.

La viruela simica o viruela del mono es
una enfermedad infecciosa de origen viral,
de tipo zoonético, ocasionada por el virus del
mismo nombre, género Orthopoxvirus, familia
Poxwviridae. A este mismo género pertenece el
virus de la variola, causante de la viruela hu-
mana, enfermedad erradicada en 1980, con la
cual comparte caracteristicas clinicas simila-
res, aunque la viruela simica es mucho menos
grave. Entre los reservorios naturales del virus
se incluyen principalmente roedores como ra-
tas, ardillas, lirones y congjos, la enfermedad se
describié por primera vez en Europa en 1958,
en monos macacos de laboratorio, de ello viene
el nombre de viruela simica o viruela del mono.
En el ano 1970 se diagnostico por primera vez
en humanos, en un nifo de la Reptblica De-
mocratica del Congo (Africa central) y desde
entonces se reportan miles de casos cada ano
en este continente, donde es considerada una
enfermedad endémica.

Existen dos clados genéticos del virus,
uno en Africa occidental y otro en Africa
central, donde se ha presentado en forma
mas agresiva '. Al igual que en gran parte
de las zoonosis, se desconoce con precision
su origen especifico, estos saltos de espe-
cie ocurren bien sea porque el humano se
introduce en el habitat natural del reservo-
rio para deforestacion, o para comercializa-
cion de animales para transporte, consumo
o como mascotas. Proteger la biodiversidad
y los ecosistemas disminuiria de forma con-
siderable el riesgo de propagacion de las en-
fermedades zoondticas.

Los datos epidemioldgicos senalan,
como factor determinante del aumento pro-
gresivo de los casos y brotes epidémicos, al
cese de la vacunacién contra la viruela a par-

tir de 1980, puesto que esta vacuna genera
inmunidad cruzada contra ambos virus, ade-
mas la rapidez y frecuencia de los viajes in-
ternacionales favorecen la propagacion de la
enfermedad. El aumento de los casos en las
altimas décadas hace de esta, una mas de las
epidemias anunciadas.

Otro de los aspectos mas destacados en
el brote epidémico actual, es la via de trans-
mision de persona a persona. Es bien conoci-
da la transmision por via respiratoria, a tra-
vés de gotas de saliva por contactos cercanos
y prolongados, o por contacto directo con
lesiones mucocutaneas o material contami-
nado. La transmisién materno infantil tam-
bién ha sido descrita, a través de la placenta,
pudiendo generar casos de viruela simica
congénita o por contacto estrecho durante
y después del nacimiento. La transmision
por contacto sexual, mayoritariamente en-
tre hombres, ha sido también tema especial
durante la epidemia en curso, el contacto
fisico estrecho es un factor de riesgo bien
conocido para la transmision, pero no esta
claro en este momento si la viruela simica
puede transmitirse especificamente por via
sexual, y los fundamentos no son suficientes
para que sea considerada una infeccion de
transmision sexual (ITS). De igual manera,
la caracterizacion clinica ha tenido sus va-
riaciones, sobre todo en la fase de erupcién
cutdnea, ha sido descrito que las zonas mas
afectadas son el rostro (85%), por ello el
riesgo de lesiones oftalmoldgicas y peribu-
cales, y las extremidades, sobre todo palmas
y plantas (75%); las lesiones en genitales
habian sido descritas solo en un 30% de los
casos; sin embargo, en los casos recientes
fuera del continente africano, han ocurrido
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formas atipicas de presentacion, asi como el
mayor porcentaje de lesiones en areas geni-
tales, perianal y peribucal, frecuentemente
sin extension a otras zonas y de aparicion an-
terior a la adenopatia, la fiebre, el malestar
y otros sintomas asociados ?. También se ha
diagnosticado la infeccion en casos asinto-
maticos.

Este nuevo brote reafirma la necesidad
de conocer mejor la dinamica de la transmi-
sién, inclusive se esta tratando de dilucidar
cambios gendmicos que pudiesen estar mo-
dificando ¢l fenotipo, la transmisibilidad y
la virulencia. Es de vital importancia hacer
un buen diagnéstico clinico diferencial con
enfermedades vesiculopustulosas, como la
varicela, el molusco contagioso, las lesiones
herpéticas, la sifilis y el impétigo. La linfoa-
denopatia en fase prodromica y la ubicacion
predominante en cara y extremidades con
expansion centrifuga de las lesiones, son de
considerable ayuda, tomando en cuenta las
formas atipicas de presentacion. El diagnos-
tico confirmatorio por técnicas moleculares,
cultivo celular o téenicas seroldgicas no es
accesible a todas las poblaciones.

A pesar de que las epidemias y morta-
lidad causadas por virus son histéricas, el
avance de las terapias antivirales ha sido
lento; aunque los progresos son mucho mas
notables en las dltimas décadas. Los tra-
tamientos antirretrovirales para el control
de la infeccion por VIH y los tratamientos
curativos para Hepatitis C, son ejemplos
exitosos de ello. De igual manera las te-
rapias antivirales basadas en anticuerpos
monoclonales han sido determinantes en
el tratamiento y control de las infecciones
virales. En el caso de la viruela del mono,
se han usado antivirales como tecovirimat
, cidofovir y su profarmaco derivado, brin-
cidofovir, al igual que las inmunoglobulinas
vacunales endovenosas (VIGIV), su utiliza-
cién tanto para terapias pre como postex-
posicion, estd solamente disponible como
reserva estratégica nacional en muy pocos
paises y son usadas solo bajo protocolos de
ensayos controlados °.

Aunque es una enfermedad autolimitada
en la mayoria de los casos, el rango de mor-
talidad es amplio, entre 0 y 10% y depende no
solo del estado inmunoldgico del paciente sino
de la atencién 6ptima de los casos. El falleci-
miento ocurre, en la mayoria de los casos, por
infeccion sobreagregada de las lesiones y suce-
de primordialmente en los paises mas pobres y
con menor acceso a buenos sistemas de salud.

No hay vacunas disenadas especifica-
mente para proteger contra la viruela simi-
ca. Las vacunas que se estan considerando
para su uso en grupos vulnerables, son las va-
cunas basadas en el virus vaccinia, desarrolla-
das para prevenir la viruela. La ACAM2000,
una vacuna atenuada, era la tnica disponi-
ble, pero con importantes efectos adversos
asociados. A partir de 2019 se autorizé la
Jynneos (Imvamune) con virus modificados
no replicantes, la cual se considera mas se-
gura. No obstante, no esta considerada atin
la vacunacion en forma global, solo en gru-
pos prioritarios como personal de laborato-
rios de investigacion de orthopoxvirus, tra-
bajadores de salud de alto riesgo y contactos
cercanos de casos confirmados.

Se hace necesario mayor aporte para la
investigacion y la prevencion de enfermedades
infecciosas, aunque estén limitadas o afecten
principalmente a los paises mas empobreci-
dos, recordemos siempre, que los cambios en
cualquier nacién, pueden afectar al mundo
entero. Actuar de manera rapida y proactiva
sera crucial para contenerlas. Debemos ase-
gurarnos de aprender de las epidemias ante-
riores y las recientes, como la de COVID-19%,
y compartir los recursos disponibles de ma-
nera temprana y rapida sera la clave del éxi-
to. La viruela del mono ha estado presente
durante muchos afos, ya es el momento de
abordar las enfermedades reemergentes con
un enfoque global para evitar emergencias de
salud publica de importancia internacional y
el desarrollo de nuevas pandemias.

Yraima Larreal
ORCID: 0000-0003-0862-9842
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Monkeypox, the reflection of forgotten infections.

Monkeypox is a zoonotic infectious disease of viral origin, caused by a virus of the same
family as the virus that causes smallpox, a disease officially declared eradicated in 1980 by
vaccination. The cessation of this immunization, together with the speed and frequency of
international travel, in addition to the commercialization of possible reservoirs, have been
decisive for the increase in cases in recent decades. Changes in transmission dynamics and
clinical characterization could be associated with genotypic changes of the virus. The di-
agnostic methods, specific viral treatments and vaccines under consideration are not very
accessible to the vast majority of countries. Learning from other epidemics and acting pro-
actively and equitably, is key to preventing the development of new pandemics.
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Role and mechanism of miR-548-3p/
DAG1 in the occurrence and malignant
transformation of laryngeal carcinoma.

Jia Chen, Yu Lin Zhou, Ke Wen, Shi Huang, Nan Hou, Ling Wang and Yi Wang

Otorhinolaryngology Head and Neck Surgery, The First Affiliated Hospital of Chengdu
Medical College, Chengdu, 610500, China.

Key words: laryngeal cancer; hsa-miR-548-3p; DAG1.

Abstract. The AMC-HN-8 cell line and the primary human laryngeal epi-
thelial cell lines were utilized in this work to explore the molecular mecha-
nism of miR-548-3p regulating the gene DAG1 to induce the occurrence and
malignant transformation of laryngeal carcinoma. Non-coding RNA miR-548-
3p overexpression plasmid, interference plasmid and blank plasmid were con-
structed, and the plasmids were transfected into AMC-HN-8 cells, respectively.
Meanwhile, a non-transfected plasmid group and a human laryngeal epithelial
primary cell group were set up. Five groups of cells were named as NC (Nor-
mal control), Model, Ov-miR-548-3p, Sh-miR-548-3p and Blank-plasmid group.
The luciferase reporter experiment was used to analyze the regulation charac-
teristics of hsa-miR-548-3p on dystrophin-associated glycoprotein 1 (DAG1).
Immunofluorescence was used to analyze the relative expression characteris-
tics of the protein DAG1. The cell cloning experiment was used to analyze the
proliferation characteristics of AMC-HN-8. The scratch healing test was used
to analyze the migration ability of AMC-HN-8. The transwell test was used to
analyze the invasion ability of AMC-HN-8. The RT-PCR was used to analyze the
expression level of miR-548-3p. Western blot experiments were used to analyze
the expression of protein DAG1, laminin a2 (LAMA2) and utrophin (UTRN).
The luciferase report experiment and immunofluorescence test found that the
expression of DAG1 and miR-548-3p are positively correlated. Cell cloning,
scratching and migration experiments identified that the activity of laryngeal
cancer cells was positively correlated with the expression of DAG1. The results
of Western blot analysis further strengthened the above conclusions. Through
carrying out research on the cellular levels, our work has demonstrated that
miR-548-3p regulated the content of protein DAG1, and then further induced
malignant transformation of laryngeal carcinoma.

Corresponding author. Yi Wang, Otorhinolaryngology Head and Neck Surgery, The First Affiliated Hospital of
Chengdu Medical College, No. 278, Middle Section of Baoguang Avenue, Xindu District, Chengdu, 610500, China.
Tel: +86-8301-6131. Fax: +86-8301-6131. E-mail: y wang3566@126.com
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Papel y mecanismo de miR-548-3p/DAG1 en la aparicion
y transformacion maligna del carcinoma de laringe.

Invest Clin 2022; 63 (3): 206 — 217

Palabras clave: cancer de laringe; hsa-miR-548-3p; DAGI.

Resumen. En este trabajo se utilizaron la linea celular AMC-HN-8 y la linea
celular epitelial laringea humana primaria, para explorar el mecanismo mole-
cular regulador del miR-548-3p sobre el gen DAG1 para inducir la apariciéon y
la transformacién maligna del carcinoma laringeo. Se construyeron el plasmido
de sobreexpresién de miR-548-3p de ARN no codificante, el plasmido de interfe-
rencia y el plasmido en blanco, y los plasmidos se transfectaron en células AMC-
HN-8 respectivamente. Mientras tanto, se establecieron un grupo de plasmidos
no transfectados y un grupo de células primarias epiteliales laringeas humanas.
Se nombraron cinco grupos de células como NC (control normal), modelo, Ov-
miR-548-3p, Sh-miR-548-3p y grupo de plasmido en blanco. El experimento in-
dicador de luciferasa se utilizé para analizar las caracteristicas de regulacion de
hsa-miR-548-3p en la glicoproteina 1 asociada a distrofina (DAG1). Se utiliz6
inmunofluorescencia para analizar las caracteristicas de expresion relativa de
la proteina DAG1. El experimento de clonacién celular se utilizé para analizar
las caracteristicas de proliferacion de AMC-HN-8. Se utilizé la prueba de cica-
trizacion por rascado para analizar la capacidad de migracion de AMC-HN-8. La
prueba de transwell se utilizé para analizar la capacidad de invasién de AMC-
HN-8. Se utilizé6 RT-PCR para analizar el nivel de expresiéon de miR-548-3p. Se
us6 un experimento de transferencia Western (Western blot) para analizar las
expresiones de la proteina DAG1, laminina 02 (LAMA2) y utrofina (UTRN). El
experimento de reporte de luciferasa y la prueba de inmunofluorescencia en-
contraron que la expresion de DAG1 y miR-548-3p estan positivamente corre-
lacionadas. Los experimentos de clonacién celular, rascado y migracion, iden-
tificaron que la actividad de las células cancerosas de laringe se correlacioné
positivamente con la expresién de DAG1. Los resultados del andlisis de transfe-
rencia Western fortalecieron aiin mas las conclusiones anteriores. A través de la
investigacion a nivel celular, nuestro proyecto ha demostrado que miR-548-3p
regula el contenido de la proteina DAG1 y luego induce la transformaciéon ma-
ligna del carcinoma de laringe.

Received: 23-11-2021 Accepted: 27-03-2022

INTRODUCTION

Laryngeal cancer is a common malig-
nant tumor among head and neck tumors.
According to statistics from various places in
China, it accounts for 7.9% to 35% of malig-

nant tumors in the ear, nose and throat, and
ranks third in head and neck malignancies.
The treatment of laryngeal cancer in China
is still based on surgery . Surgical resection
combined with radiotherapy and chemother-
apy is mainly used. Laryngeal cancer is di-

Vol. 63(3): 206 - 217, 2022
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vided into primary and secondary 2. Primary
laryngeal carcinoma refers to tumors whose
primary site is in the larynx, and squamous
cell carcinoma is the most common. Second-
ary laryngeal cancer refers to the metastasis
of malignant tumors from other parts to the
larynx, which is relatively rare 3. Symptoms
of laryngeal cancer are mainly hoarseness,
dyspnea, cough, dysphagia, neck lymph node
metastasis, ete.?.

The function of DAGI is to participate
in the assembly of laminin and basement
membrane, muscle membrane stability,
cell survival, peripheral nerve myelination,
lymph node structure, cell migration and
epithelial polarization °.

miRNA is a type of endogenous small
RNA with a length of about 20-24 nucleo-
tides, which has a variety of important regu-
latory effects in cells. Each miRNA can have
multiple target genes, and several miRNAs
can also regulate the same gene. The high
degree of conservation of miRNA is closely
related to the importance of its function.
miRNA is closely related to the evolution of
its target genes, and studying its evolution-
ary history helps to further understand its
mechanism and function ”. miR-548 is a larg-
er, poorly conserved primate-specific miRNA
gene family, consists of 69 human miR-548
genes located in almost all human chromo-
somes, and the miR-548 gene family enrich-
ment pathway analysis showed they played
important roles in various human diseases °.
miR-548¢ is a member of miR-548 and the
mature miR-548c¢-3p is obtained from it.

miR-548c¢-3p is low expressed in hypo-
pharyngeal carcinoma tissues and cell lines,
inhibits the proliferation, cloning, migration
and invasion of FaDu cells, and promotes cell
apoptosis . Its expression pattern is consis-
tent with the expression pattern of tumor
suppressor genes °. miR-548¢-3p targets
TP53BP2, and the molecular axis of miR-548-
3p/TP53BP2 affects the biological functions
of hypopharyngeal carcinoma cells such as
proliferation, colonization, migration, inva-
sion, cycle and apoptosis .

To explore the role and mechanism of
miR-548-3p/DAG1 in the occurrence and
malignant transformation of laryngeal carci-
noma, the human laryngeal carcinoma cell
line AMC-HN-8 and the primary human la-
ryngeal epithelial cell line were utilized here.
We found that the non-coding RNA miR-548-
3p can target and regulate the gene DAGI,
and then further induce malignant transfor-
mation of laryngeal carcinoma.

MATERIALS AND METHODS

Experiment design

The culture the human laryngeal car-
cinoma cell line AMC-HN-8 and the primary
human laryngeal epithelial cell line were
strictly in accordance with the requirements
of aseptic cultures. The non-coding RNA miR-
548-3p overexpression plasmid, interference
plasmid and blank control plasmid were con-
structed, and the plasmids were transfected
into AMC-HN-8 cells respectively. At the
same time, a group of non-transfected plas-
mid group and a human laryngeal epithelial
primary cell group were set up. Five groups of
cells were named as NC group, Model group,
Ov-miR-548-3p group, Sh-miR-548-3p group
and Blank-plasmid group. The luciferase re-
porter experiment was used to analyze the
regulation characteristics of miR-548-3p on
gene DAG1. Immunofluorescence was used
to analyze the relative expression character-
istics of the protein DAG1. The cell cloning
experiment was used to analyze the prolifer-
ation characteristics of laryngeal carcinoma
cell lines. The scratch healing test was used
to analyze the migration ability of laryngeal
cancer cell lines. The transwell test was used
to analyze the invasion ability of laryngeal
cancer cell lines. RT-PCR was used to analyze
the expression level of miR-548-3p. A West-
ern blot was used to analyze the expression
of protein DAG1, LAMA2 and UTRN.

Luciferase reporter experiment
Recombinant plasmid preparation: a re-
combinant plasmid containing the gene to be

Investigacion Clinica 63(3): 2022
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tested DAG1/miR-548-3p was prepared. The re-
porter gene with DAG1/ miR-548-3p label and
the target gene were co-transfected for 48h.
Cell processing: the dual luciferase detection
kit was operated according to the protocol.
Fluorescence detection: a microplate reader
was used for fluorescence intensity detection,
and finally data analysis was performed.

Immunofluorescence analysis

In each group of cells, 1% BSA was ap-
plied for blocking at room temperature for
30 min to block non-specific epitopes. The
specific primary antibody was incubated ac-
cording to the recommended instructions
for the antibody and let it stand overnight in
a humidified box at 4°C. The slices were tak-
en out the next day and rewarmed at room
temperature for 30 min. The corresponding
immunofluorescence secondary antibody
was selected and then incubated at 37°C for
30 min in the dark. The nucleus was stained
with DAPI under dark conditions. Anti-fluo-
rescence quencher was added for mounting.
Finally, a fluorescence microscope was used
to observe and take pictures.

Cell cloning experiment

Each group of cells were taken in the
logarithmic growth phase, digested with
0.25% trypsin and pipetted into single cells,
and suspended in a culture medium of 10%
fetal bovine serum for later use. The cell sus-
pension was diluted in gradient multiples,
and each group of cells was inoculated into a
dish containing 10 mL of pre-warmed culture
medium at 37°C at a gradient density of 50,
100, and 200 cells per dish, and gently ro-
tated to make the cells uniformly dispersed.
Placed it in a cell incubator at 37°C, 5% CO,
and saturated humidity for 2-3 weeks. It was
frequently observed that when there were
visible clones in the petri dish, the culture
were stopped. The supernatant was discarded
and washed carefully with PBS twice. To fix
the cells 5 mL of 4% paraformaldehyde was
added for 15 minutes. The fixative solution
was then removed, an appropriate amount of

GIMSA was added and the dye solution was
applied to dye for 10-30 minutes, then slowly
washed off with running water.

Cell scratch test

After the cells of each group were di-
gested and counted, 8X10° cells were divided
into 35mm? culture dishes. A marker was
used to draw a line on the bottom of the dish
as a mark, the culture medium was aspirat-
ed, and a 10 uL pipette tip was used to mark
the cells in the dish perpendicularly to the
marker. A rinse with PBS was used to remove
the marked cells, and serum-free culture me-
dium was added to continue culturing. Pic-
tures were taken at 24h, and the intersection
of the line drawn by the marker was selected
and the cell scratch as the observation point,
and then observed at a fixed point.

Cell migration test

Twenty-four hours before the experi-
ment, the cells of different groups were re-
placed with serum-free medium, and the cul-
ture was continued. Before inoculation, the
24-well plate and transwell chamber were
soaked with 1XPBS for 5 min to moisten the
chamber. The cells were digested, washed
with serum-free medium, resuspended in se-
rum-free medium, counted and diluted to ad-
just the cell density to 5X10°/ mL. Then 0.2
mL cell suspension (5X10*cells) were inocu-
lated into the transwell chamber, and 0.7 mL
of RPMI-1640 medium containing 10% PBS
was added to the lower 24-well plate, 3 rep-
licate holes per group, and placed in a 37°C
incubator for 24 hours to finish the culture.
To each well of the above cells 1 mL of 4%
formaldehyde solution was added, and fixed
at room temperature for 10 min. The fixative
solution aspirated, washed once with 1x PBS.
To each well, 1mL 0.5% crystal violet solution
was added, washed with 1XPBS three times
after dyeing for 30 min. A cotton swab was
used to carefully wipe off the cells that have
not migrated in the transwell, and placed un-
der a 200X microscope for observation.
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RT-PCR analysis

The AMC-HN-8 cell and primary human
laryngeal epithelial cell were treated with
TRIzol reagent to extract the total RNA in the
cells. Revert Aid TW first Strand ¢cDNA Synthe-
sis Kit was used to synthesize the first chain
of DNA. QuantiNova SyBr Green PCR Kit was
used to perform PCR analysis. Reaction condi-
tions: pre-denaturation at 95°C for 1 minute,
denaturation at 95°C for 30 seconds, annealing
at 60°C for 30 seconds, and elongation at 72°C
for 30 seconds, running 40 cycles.

Western blot analysis

Cells were collected from each group,
and 200 uL of cell lysate was added to each
six-well plate. After sonication, the cells
were lysed on ice for 1 hour. The lysed cell
sample was centrifuged at 12,500 rpm for 15
minutes at 4°C. Then, the supernatant was
transfered in the centrifuge tube to a clean
centrifuge tube. B-actin protein quantifica-
tion kit was used to quantify protein concen-
tration. The measured protein samples were
stored at -80°C. In Western blot electropho-
resis, the protein loading concentration was
50 ug per well. After SDS-PAGE electropho-
resis, the membrane was transferred and
blocked. Proteins DAG1, LAMA2 and UTRN
primary antibody (1: 500, anti-human, Ther-
mo-Fisher, USA) were diluted to use concen-
tration. The samples were incubated over-
night on a shaker at 4°C. After washing with
PBS, the samples were incubated with the
secondary antibody (1: 1000, anti-human,
Thermo-Fisher, USA) for 30 minutes at room
temperature in the dark. Finally, a developer
was used for development and photography.

Statistical analysis

The experimental results are expressed
as means = standard deviations. Quanti-
tative variables between two groups were
compared by the Student’s ¢ test (normal
distribution) or Mann-Whitney U test (non-
normal distribution), and one-way or two-
way ANOVA was used for comparing multiple
groups. Pearson x2 test or Fisher’s exact test

were used to compare qualitative variables.
Pearman’s analysis was conducted for corre-
lation analysis. Statistical analysis was per-
formed using the SPSS 22.0 software. The
figures were produced with Origin 2021 and
Adobe Illustrator 2020 software.

RESULTS

miR-548-3p had a significant regulatory
effect on gene DAG1

The results of this experiment are
shown in Fig. 1. It can be secen from the
figure that miR-548-3p was significantly in-
creased with the expression of DAG1-wild
type (WT) (p=0.0003) and was remarkably
decreased with the expression of DAG-mu-
tant type (MUT) (p=0.008), indicating that
miR-548-3p has a significant regulatory ef-
fect on the gene DAGI.

The results of immunofluorescence
analysis are shown in Fig. 2. The green flu-
orescence in the figure was emitted by the
DAG1 protein A. This experiment visually
indicated the difference in DAGI protein ex-
pression between the groups, and the experi-
mental results were consistent with the re-
sults of the luciferase report experiment B.

Protein DAG1 induced malignant
transformation of laryngeal carcinoma
The cell clone formation experiment
is an important technical method used to
detect cell proliferation, invasiveness, and
sensitivity to killing factors. The clone for-
mation rate reflects the two important traits
of cell population dependence and prolifera-
tion ability. The results of the cell cloning ex-
periment are shown in Fig. 3. It can be seen
from the figure that when miR-548-3p was
overexpressed, the number of cell clones in-
creased significantly. When miR-548-3p was
interfered, cell cloning was also inhibited.
This indicated that the expression of miR-
548-3p was positively correlated with the
malignant degree of laryngeal cancer cells.
The results of the cell scratch test are
shown in Fig. 4. Cell scratch is a typical meth-
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Fig. 1. The results of the dual luciferase detection experiment. miR-548-3p has a significant regulatory effect

on gene DAG1 (p<0.05).
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Fig. 2. The results of immunofluorescence analysis of the expression characteristics of DAG1. The expression of
DAG1 protein in the Ov-miR-548-3p group and Sh-miR-548-3p group changed significantly (p< 0.05).

od used to detect the invasion ability of tumor
cells. After 24 hours, the narrower the scratch,
the stronger the cell invasion ability. From the
results, we can know that overexpression of
miR-548-3p significantly enhanced the migra-
tion ability of laryngeal cancer cells, while in-
terference with the expression of miR-548-3p
could inhibit the migration of laryngeal cancer
cells. The blank plasmid had no effect on the
expression of miR-548-3p, so the cell scratch
of Model group and Blank-plasmid group was
very serious.

The cell migration test is similar to the
cell scratch test, which detects the strength

of cell invasion. The more cells, the stronger
the tumor cell’s malignant metastasis and
invasion ability. The results of the cell migra-
tion test are shown in Fig. 5. Comparing the
results of Fig. 4 and Fig. 5, we can find that
the results of the cell migration test are con-
sistent with the results of the cell scratch
test. The three experiments of cell clon-
ing, scratching and migration all reached a
common conclusion: the overexpression of
miR-548-3p enhanced the malignant trans-
formation of laryngeal carcinoma, whereas
miR-548-3p knockdown lead to inhibition of
malignant transformation.
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Ov-hsa-miR-548-3p

Fig. 3. The results of cell migration experiment. There was no cloning phenomenon in the NC group. The
number of cell clones in the Ov-miR-548-3p group and Sh-miR-548-3p group was significantly different
from that in the Model group (p<0.05).

Plasmids had clear effects on the
expression of miR-548-3p

The results of RT-PCR analysis are
shown in Fig. 6. miR-548-3p is expressed
in normal cells, so there was a certain
amount of miR-548-3p in the NC group.
The expression of miR-548-3p in the Mod-
el group increased significantly, and the
expression of miR-548-3p increased and
decreased greatly through the influence of
overexpression plasmid and interference
plasmid. This was positively correlated
with DAG1 expression and the malignant
degree of laryngeal cancer cells, confirm-
ing the correlation of the three.

Expression of the protein to be analyzed
showed the same trend

The results of Western blot analysis are
shown in Fig. 7. The protein DAG1 is involved
in the assembly of laminin and basement

membrane, muscle membrane stability and
cell survival. Its overexpression will improve
the viability of cancer cells. The protein
LAMA?2 is the main component of the base-
ment membrane and interacts closely with
other extracellular matrix components. Its
overexpression will increase the migration
and invasion ability of cancer cells. UTRN is
also a typical oncogene expressed protein.
Its overexpression will increase the activity
of cancer cells. Compared with model group,
the expression of DAG1, LAMA2 and UTRN
were significantly increased through over-
expression of miR-548-3p plasmid, thus the
expression of these proteins was obviously
decreased with the treatment of interfer-
ence plasmid. The expression of the above-
mentioned proteins is positively correlated
with malignant degree of laryngeal cancer
cells, and the results of this experiment also
show this.
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Fig. 4. The results of cell
scratch test. The data
of NC and Model group
are consistent with the
normal value.
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Fig. 5. The results of cell migration test. The data of NC and Model group are consistent with the normal
value. The results of this experiment are consistent with the results of the cell scratch test.
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Fig. 6. The results of RT-PCR analysis. The results of this experiment are consistent with the results of the
dual luciferase detection experiment and immunofluorescence analysis.
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Fig. 7. The results of Western blot analysis. The data of NC and Model group are all consistent with the nor-
mal value. All the results of Ov-miR-548-3p group and Sh-miR-548-3p group were statistically diffe-
rent from the results of Model group (p<0.05). (A) Original gel electrophoresis image. (B) The ratio
of protein DAG1, LAMA2 and UTRN expression compared to NC group.
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DISCUSSION

The essence of malignant tumors is
abnormal cell proliferation, which locally
invades surrounding normal tissues, and
even metastasizes to other parts of the body
through the circulatory system. From the
perspective of molecular pathology, the root
cause of malignant tumors is the accumu-
lation of DNA mutations. The accumulation
of mutations leads to the large expression
of proteins that promote cell growth, mak-
ing cell cycle control abnormal >4, Primary
laryngeal carcinoma is a kind of squamous
cell carcinoma, and its malignancy ranks in
the forefront of all cancers 1. This project
aims to promote the development of diag-
nosis and treatment of laryngeal cancer by
identifying the underlying molecular mecha-
nism of laryngeal cancer exacerbation.

miR-548-3p has been shown to be
widely involved in the regulation of cancer
genes. Luo et al pointed out that decrease
of miR-548¢-3p could upregulate the expres-
sion of ITGAV and contribute to tumor pro-
gression °. Observation of samples from oral
squamous cell carcinoma patients found
that miR-548-3p was increased in the OSCC
group compared with the control group 7.
This work has indicated that miR-548-3p in-
directly participates in the various processes
of malignant transformation of laryngeal
cancer by regulating the expression of DAG1.

In skeletal muscle, the DAG1 complex
works as a transmembrane linkage between
the extracellular matrix and the cytoskel-
eton. 0-DAG1 is extracellular and binds to
merosin -2 laminin in the basement mem-
brane, while B-DAG1 is a transmembrane
protein and binds to dystrophin, which is a
large rod-like cytoskeletal protein, absent in
Duchenne muscular dystrophy patients. Dys-
trophin binds to intracellular actin cables.
In this way, the DAG1 complex, which links
the extracellular matrix to the intracellular
actin cables, is thought to provide structural
integrity in muscle tissues . The DAG1
complex is also known to serve as an agrin

receptor in muscle, where it may regulate
agrin-induced acetylcholine receptor clus-
tering at the neuromuscular junction. There
is also evidence which suggests the function
of DAG1 as a part of the signal transduction
pathway because it is shown that Grb2, a
mediator of the Ras-related signal pathway,
can interact with the cytoplasmic domain of
DAG1 . DAG1 also plays an important role
in the development and progression of can-
cer, and the regulation of DAG1 by miR-548-
3p is particularly important in the progres-
sion of laryngeal cancer.

a-DAG1 is extracellular peripheral gly-
coprotein that acts as a receptor for extracel-
lular matrix proteins containing laminin-G
domains and receptor for laminin-2 (LAMA2)
and agrin in peripheral nerve Schwann cells.
It also acts as a receptor for laminin LAMAS
2122 B-DAG] is transmembrane protein that
plays important roles in connecting the ex-
tracellular matrix to the cytoskeleton, which
acts as a cell adhesion receptor in both mus-
cle and non-muscle tissues. It is a receptor
for both DMD and UTRN and, through these
interactions, scaffolds axin to the cytoskel-
eton. B-DAG1 also functions in cell adhesion-
mediated signaling and implicated in cell
polarity %%, The direct action of DAG1 with
the proteins LAMA2 and UTRN enhances the
proliferation, migration and invasion ability
of laryngeal cancer cells, thereby increasing
the malignant degree of laryngeal cancer in
all directions.

In summary, this experiment con-
trolled the expression of miR-548-3p by add-
ing different plasmids, and then controlled
the expression of protein DAG1, and finally
achieved the effect of controlling the malig-
nant degree of laryngeal cancer. Cell cloning,
scratching and migration experiments were
used to determine the viability of laryngeal
cancer cells. At the same time, by measuring
the expression of cancerrelated proteins,
the regulatory effect of protein DAG1 on la-
ryngeal cancer was further investigated. We
reported the novel function of miR-548-3p
in regulating laryngeal carcinoma cell mi-
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gration and invasion though modulating the
expression of DAG1. This provides a poten-
tial strategy for the diagnosis and treatment
of laryngeal cancer. Nevertheless, more in-
depth research is still needed to sterenght
the conclusions of this experiment and la-
ryngeal cancer samples are also needed to
truly promote the conclusions of this work
for the future diagnosis and treatment of
lung cancer.
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en respuesta a Toxoplasma gondii aparecen
desde las etapas tempranas en pacientes
co-infectados con VIH-1.
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Resumen. Tanto el Virus de Inmunodeficiencia Humana-1 (VIH-1), como
el protozoo Toxoplasma gondii son capaces de infectar al ser humano e invadir
su sistema nervioso central (SNC). En individuos inmunocompetentes T. gondii
causa infecciones cronicas, generalmente asintomaticas; sin embargo, la inmu-
nodeficiencia asociada a etapas avanzadas de la infeccién por VIH-1, se relacio-
na con la pérdida del control de la infeccion parasitaria latente y enfermedades
graves a nivel del SNC, como encefalitis toxoplasmica. Este trabajo tuvo como
objetivo evaluar la evolucion de la respuesta inmunitaria contra T. gondii en
pacientes co-infectados con VIH-1, en distintas etapas de la infeccion viral. La
respuesta contra T. gondii se evalud a través de la produccion in vitro de citoci-
nas en respuesta a antigenos parasitarios, en individuos con serologia positiva
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para VIH-1 y negativa para T. gondii (P1), positiva para VIH-1 y T. gondii (P2),
negativa para VIH-1 y T. gondii (C1) y negativa para VIH-1 y positiva para T.
gondii (C2). Los pacientes (P1 y P2) se agruparon en tempranos/asintomditicos
(P1A, P2A) o tardios/sintomdticos (P1B/C, P2B/C) de acuerdo a su recuento
de linfocitos T CD4+ en sangre periférica (>350 o <350 células/pL, respecti-
vamente). La infeccion por VIH-1, desde etapas tempranas, se asocié con una
produccion de IL-2, TNF-a e IFN-y en respuesta a T. gondii significativamente
menor. Estos defectos pueden entorpecer la respuesta anti-T. gondii en pacien-
tes co-infectados, aumentando la posibilidad de reactivacion de las infecciones
latentes, lo que representa un riesgo para la integridad y funcionalidad del SNC.

Alterations in the production of cytokines in response

to Toxoplasma gondii appear from early stages in patients
co-infected with HIV-1.

Invest Clin 2022; 63 (3): 218 — 234

Key words: HIV-1; Toxoplasma gondii; immune response; co-infection.

Abstract. Both HIV-1 and Toxoplasma gondii are able to invade central
nervous system and affect its functionality. Advanced HIV-1 infection has been
associated with defects in immune response to T. gondii, leading to reactivation
of latent infections and the appearing of toxoplasmic encephalitis. This study
evaluated changes in the immune response to T. gondii in different stages of
HIV infection. Immune response to T. gondii was assessed studying cytokine
production in response to parasite antigens in HIV-1-infected/T. gondii-non-
infected (P1), HIV-1/T. gondii co-infected (P2), HIV-1-non-infected/T. gondii-
non-infected (C1) and HIV-1-non-infected/T. gondii-infected (C2) individuals.
Patients (P1 and P2) were divided in early/asymptomatic (P1A, P2A) or late/
symptomatic (P1B/C, P2B/C) according to peripheral blood CD4+ T lympho-
cyte counts (>350 or <350/ul, respectively). The HIV-1 infection, from early/
asymptomatic stages, was associated with significant lower production of IL-2,
TNF-a and IFN-y in response to T. gondii, when P2 patients were compared with
C2 controls. These early defects may impair anti-parasitic response in co-infect-
ed patients, allowing to reactivation of parasitic latent infection, enhancing the
risk of CNS damage and impairment of neurocognitive functions.

Recibido: 10-02-2022 Aceptado: 10-06-2022

INTRODUCCION promedio del 25,7 %°. En individuos inmu-
nocompetentes la infeccion por T. gondii es

Toxoplasma gondii es un parasito in- usualmente cronica y el parasito se mantie-
tracelular obligado, que causa una de las ne en forma latente en el interior de quistes
infecciones por protozoos mas comunes en en los tejidos del hospedador, especialmen-
el ser humano!, con una prevalencia global te en el sistema nervioso central (SNC)™ 4.
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Durante la infeccion aguda los taquizoitos
(forma del parasito en su fase de replicacion
rapida®) proliferan activamente en diversas
células nucleadas que incluyen neuronas,
astrocitos y otras poblaciones celulares en
el cerebro®®; luego, bajo la presion ejercida
por la respuesta inmunitaria, los bradizoitos
(forma del parasito en su etapa latente®), se
ubican dentro de quistes en las células in-
fectadas, estableciendo asi la infeccion cro-
nica. La produccién de interferon gamma
(IFN-y), por células de la inmunidad innata®
19y adaptativa'- 12 ¢s parte fundamental de la
respuesta protectora contra T. gondii™® y con-
duce a la activacion de macrétagos, con pro-
duccion de factor de necrosis tumoral alfa
(TNF-a) y a la expresion de sintasa inducible
de oxido nitrico (iNOS)'" 5| creando un mi-
croambiente que lleva a la transformacion
de taquizoitos en bradizoitos'. La produc-
cion de IFN-y también es primordial para evi-
tar la reactivacion de la infeccion crénica'”
18y aunque diversas poblaciones celulares
participan en la produccién de esta citoci-
na, ¢l papel de los linfocitos T es esencial en
la respuesta protectora efectiva'®> 12120, En
esta respuesta inmunitaria contra T. gondii,
la interleucina-2 (IL-2) media la expansion
de los linfocitos T y de las células citotoxi-
cas naturales (NK)?!, mientras que la IL-10,
con su papel modulador de la respuesta in-
munitaria y su efecto anti-inflamatorio, se
requiere para evitar el dano a los tejidos del
hospedador®: 2. Es notable que los estados
de inmunosupresiéon, como aquellos asocia-
dos con la infeccion avanzada por el virus de
inmunodeficiencia humana-1 (VIH-1)?* 23
puedan conducir a la reactivacién de las in-
fecciones crénicas latentes, con ruptura de
quistes y proliferacion de taquizoitos, provo-
cando una fuerte respuesta inflamatoria y la
destruccion de tejidos del hospedador®. En
el SNC la reactivacion de la infeccion cro-
nica usualmente se presenta como encefali-
tis toxopldsmica, una importante infeccién
oportunista en pacientes con el sindrome de
inmunodeficiencia adquirida (SIDA)?°. Debi-
do a que la progresion de la infeccion por

VIH-1, asi como el deterioro de la respuesta
inmunitaria asociada con esta, son proce-
sos graduales?™| este estudio se enfoco en
evaluar c6mo se modifica la produccion de
citocinas en respuesta a T. gondii en las dis-
tintas etapas de la infeccion por VIH-1 en los
pacientes co-infectados. La evaluacion de la
produccion de citocinas hizo posible eviden-
ciar alteraciones tempranas en la respuesta
anti-T. gondii, que podrian disminuir la capa-
cidad de control de las infecciones latentes,
con aumento del riesgo de reactivacion de la
replicacion parasitaria y de dafios en la es-
tructura y funcionalidad del SNC.

PACIENTES Y METODOS

Se incorporaron en el estudio 34 in-
dividuos adultos seropositivos para VIH-1 y
14 seronegativos, pacientes del Servicio de
Infectologia del Hospital “José Ignacio Bal-
d6” de Caracas, de la Seccion de Inmunolo-
gia del Instituto de Medicina Tropical y de
la Escuela de Medicina “José Maria Vargas”
de la Universidad Central de Venezuela en
Caracas. Todos los participantes firmaron un
consentimiento informado y el estudio fue
aprobado por los comités de bioética de las
instituciones participantes.

Los participantes fueron agrupados de
la siguiente manera:

* Grupo Control 1 (C1): 5 individuos
asintomaticos (2 hombres, 3 mujeres;
38 = 4 anos de edad), seronegativos
para VIH-1 y T. gondii.

* Grupo Control 2 (C2): 9 individuos
asintomaticos (6 hombres, 3 mujeres;
31 = 12 anos de edad), seronegativos
para VIH-1 y seropositivos para T. gondii.

* Grupo de Pacientes 1 (P1): 13 indi-
viduos (8 hombres, 5 mujeres; 37 = 9
anos de edad), seropositivos para VIH-
1 y seronegativos para T. gondii. Estos
pacientes se agruparon en base a su re-
cuento de linfocitos T CD4+ en sangre
periférica de la siguiente manera:

Investigacion Clinica 63(3): 2022



Respuesta anti-T. gondii en pacientes co-infectados con VIH-1 221

*Grupo PI1A (“temprano/asintomati-
co0”): 5 individuos (2 hombres, 3 mujeres;
39 = 6 anos de edad), con recuentos de
linfocitos T CD4+ en sangre periférica ma-
yores a 350 células/ul..

*Grupo PI1B/C (“tardio/sintoma-
tico”): 8 individuos (6 hombres, 2
mujeres; 36 = 10 afios de edad), con
recuentos de linfocitos T CD4+ en
sangre periférica menores a 350 célu-
las/ulL.

* Grupo de Pacientes 2 (P2): 21 indi-
viduos (16 hombres, 5 mujeres; 37 =
10 afios de edad), seropositivos para
VIH-1 y T. gondii. Estos pacientes se
agruparon en base a su recuento de lin-
focitos T CD4+ en sangre periférica de
la siguiente manera:

*Grupo P2A (“temprano/asintoma-
tico”): 8 individuos (5 hombres, 3 mu-
jeres; 35 * 10 anos de edad), con re-
cuentos de linfocitos T CD4+ en sangre
periférica mayores a 350 células/ul.

*Grupo P2B/C (“tardio/sintomati-
c0”): 13 individuos (11 hombres, 2
mujeres; 38 = 9 anos de edad), con re-
cuentos de linfocitos T CD4+ en sangre
periférica menores a 350 células/ul..

Criterios de exclusion y Toma
de la muestra

La serologia para VIH-1 se determiné
por pruebas de ELISA y Western Blot, y la
de T. gondii por ELISA (IsG e IgM) y avidez.
Los participantes no habian recibido terapia
anti-retroviral ni anti-toxopldsmica al mo-
mento del estudio. Los criterios de exclusion
inclufan traumatismo crianeo-encefalico, en-
fermedades autoinmunes, enfermedades del
SNC no asociadas a VIH-1, abuso o dependen-
cia al alcohol o drogas ilicitas y el tratamiento
con inmunosupresores. A cada participante
se le tomé una muestra de sangre periférica,
utilizando EDTA como anticoagulante, para
la determinacion de la carga viral de VIH-1,

las subpoblaciones de linfocitos T, el cultivo
celular y la determinacion de citocinas.

Cultivo de células mononucleares
de sangre periférica

Las células mononucleares de sangre
periférica (CMSP) fueron aisladas por gra-
diente de densidad (Histopaque 1077; Sigma-
Aldrich) de las muestras de los pacientes. Las
CMSP (1 x 10° células/pozo) fueron cultiva-
das por 72 horas, a una temperatura de 37°C
y un ambiente con 5% de CO,, por triplicado
(tres pozos para cada condicion), en placas
de cultivo de 96 pozos (Nunclone, Nunc), en
un volumen final de 200 ul/pozo, en medio
de cultivo RPMI completo (RPMI 1640, Gib-
co; tampén HEPES 10 mM, Gibco; piruvato
de sodio 1 mM, Sigma; aminoacidos no esen-
ciales 1x, Gibco; L-glutamina 2 mM, Gibco;
antibiéticos: penicilina 100 U/mL, estrepto-
micina 100 mg/mL, Gibco; suero bovino fetal
10%, Gibco), en tres condiciones basicas:

* Medio: CMSP cultivadas en condicio-

nes basales, sin estimulacion.

e PHA: CMSP cultivadas en presencia
del estimulador policlonal fitohemaglu-
tinina (PHA, Sigma, 5 ug/mlL)

* SATg: CMSP cultivadas en presencia
de extracto de antigenos solubles de ta-
quizoitos de T. gondii (SATg, provisto por
Belkisyolé Alarcén de Noya, Instituto de
Medicina Tropical, Universidad Central
de Venezuela, Caracas; 1 ug/mL). A las
72 horas de cultivo los sobrenadantes
se recolectaron y almacenaron a -80°C,
para ser posteriormente utilizados en la
determinacién de citocinas.

Determinacion de citocinas

La concentracion de IL-2, IL-10, TNF-o
e IFN-y en los sobrenadantes de cultivo se de-
terminé por citometria de flujo (citdbmetro
FACScalibur, Becton Dickinson) utilizando
un estuche comercial (Human Th1/Th2 Cyto-
kine, Cytometric Bead Array, Becton-Dickin-
son), siguiendo las instrucciones del fabrican-
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te. Brevemente, los sobrenadantes de cultivo
se incubaron simultdneamente con varias po-
blaciones de microperlas. Cada poblacion de
microperlas tenia una intensidad de fluores-
cencia particular, la cual podia evidenciarse
con el detector FL3 del citébmetro, y tenia en
su superficie anticuerpos especificos para una
de las citocinas (IL-2, IL-10, TNF-a o IFN-y),
de manera que podia “atrapar” dicha citoci-
na del sobrenadante. Simultdneamente, las
muestras fueron incubadas con anticuerpos
detectores conjugados con ficoeritrina (PE),
que eran especificos para cada una de las dis-
tintas citocinas y podian formar complejos o
“sandwiches” con las citocinas unidas a las
microperlas. La intensidad de fluorescencia
de la PE medida en el detector FL2 del cit6-
metro revelaba cudnta citocina se habia unido
a cada poblacion de microperlas y, utilizando
curvas de calibracion, era posible conocer la
concentracion en las muestras.

Anilisis estadistico

Para analizar los datos se utiliz6 el pro-
grama SigmaStat® (Jandel Scientific). Para
estudiar las diferencias entre los grupos se
utilizaron las pruebas T de Student o U de
Mann-Whitney, seguin fuese apropiado. El co-
eficiente de Pearson se utiliz6 para analizar
la correlacion entre las variables. Las prue-
bas se consideraron estadisticamente signi-
ficativas para valores de p<0,05.

RESULTADOS

Produccion de IL-2: Cuando las CMSP
del grupo C2 (individuos con serologia positi-
va para T. gondii, y negativa para VIH-1) fueron
estimuladas durante 72 horas con antigenos
de T gondii (SATg), produjeron mas I1.-2 que
cualquier otro grupo (Tablas 1y 2), con dife-
rencias estadisticamente significativas cuan-
do se compararon con la produccion de las
mismas células cultivadas sin estimulacion
(p=0,001) (Fig. 1A, SATg vs. Medio). Por otra
parte, la produccion de IL-2 por las CMSP de
los pacientes P2 (individuos con serologia po-
sitiva para T. gondii y VIH-1) estimuladas con

SATg, fue significativamente menor que la
del grupo C2, tanto en las etapas tempranas
(p=0,006) como en las tardias (p<0,001)
(Fig. 1A, SATg). Ningtn grupo incremento su
produccién de IL-2 cuando las CMSP fueron
cultivadas por 72 horas en presencia de PHA
(Fig. 1A, PHA ©vs. Medio).

Produccion de IL-10: La estimulacion
con PHA indujo una produccion significati-
vamente mayor de IL-10 en todos los grupos,
al comparar con los cultivos no estimulados
(p=<0,029) (Fig. 1B, PHA ©vs. Medio). Cuan-
do las CMSP de los grupos C2 y P1A fueron
cultivadas en presencia de SATg, produjeron
cantidades significativamente mayores de
IL-10 que el grupo C1 (p=0,040y p=0,016,
respectivamente) (Fig. 1B, SATZ) y que sus
respectivos cultivos en Medio (p=0,001 y
p=0,029, respectivamente) (Fig. 1B, SATg
vs. Medio). P2B/C, bajo estimulacién con
SATg, produjo una cantidad significativa-
mente mayor de IL-10 que en cultivos no
estimulados (p=0,009) (Fig. 1B, SATg wvs.
Medio). P1B/C evidenci6 produccion espon-
tanea de IL-10 en cultivos no estimulados,
con valores significativamente mayores que
P1A y C1 (p=0,024 y p=0,042, respectiva-
mente) (Fig. 1B, Medio).

Produccion de TNF-a: Bajo estimula-
cion con PHA, todos los grupos produjeron
una cantidad significativamente mayor de
TNF-a. que los cultivos en Medio (p<0,032)
(Fig. 1C, PHA vs. Medio), pero la produccion
de los pacientes (P1y P2), en esta condicion
de estimulacion policlonal, fue significativa-
mente mayor que la de los grupos control
(C1 y G2, respectivamente; p<0,029) (Fig.
1C, PHA). C2, bajo estimulacién con SATg,
produjo una cantidad significativamente
mayor de TNF-a que C1 (p=0,004) (Fig. 1C,
SATg) y que su respectivo cultivo en Medio
(p=0,001) (Fig. 1C, SATg vs. Medio). Tam-
bién, bajo estimulacion con SATg, los dos
grupos de pacientes P2 produjeron mas
TNF-a. que los cultivos en Medio (significa-
tivo para P2B/C; p=0,006) (Fig. 1C, SATg
vs. Medio) pero menos que C2 (significativo
para P2A; p=0,041) (Fig. 1C, SATg).
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Tabla 1
Determinacion de Citocinas
Gl IL-2 (pg/mL)* IL-10 (pg/mL)* TNF-a (pg/mL)* IFN-y (pg/mL)*
Medio® PHA® STAg! Medio PHA SATg Medio PHA SATg Medio PHA  SATg
Cl.1 26 23 35 9 36 3 5 2 43 51 25
Cl.2 17 32 18 354 7 12 23 10821 43
C1.3 16 23 17 3 486 3 2 8 3 29 48 36
Cl4 17 18 19 9 750 9 3 8 2 27 41 36
C1.5 16 15 59 6 906 16 4 108 20 18 9047
B IL-2 (pg/mL) IL-10 (pg/mL) TNF-a (pg/mL) IFN-y (pg/mL)
Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA  SATg
C2.1 14 11 196 4 1661 60 2 214 422 28 37819¢ 41280¢
c2.2 13 11 143 3 750 32 3 49 82 38 8074 16263
C2.3 18 17 38 10 498 28 3 68 50 39 1483 3242
C2.4 19 19 188 3 1185 35 3 61 460 32 2391 37520¢
C2.5 22 16 98 10 800 49 6 473 54
C2.6 18 16 57 25 1064 40 4 75 23 326
C2.7 17 26 32 914 101 17 92  74225¢ 37918¢
2.8 18 22 24 527 286
C2.9 25 20 20
_ IL-2 (pg/mL) IL-10 (pg/mL) TNF-a (pg/mL) IFN-y (pg/mL)
Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA  SATg
P1A.1 18 28 16 18 208 35 3 757 3 31 5556 33
P1A.2 14 18 15
PIA.3 19 15 19 3 2384 63 3 831 31  34044¢ 37
P1A4 20 17 20 13 1762 73 3 1100 7 39  34776° 54
P1A.5 18 18 20 4 631 43 2 1441 21 33 25029¢ 46
PIB/G IL-2 (pg/mL) IL-10 (pg/mL) TNF-o (pg/mL) IFN-y (pg/mL)
Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA  SATg
P1B/C.1 18 18 17 19 2514 162 3 767 6 29 20010¢ 42
P1B/C.2 19 19 17 105 1244 127 4 2310 4 33 22243¢ 35
P1B/C.3 22 23 18 137 1984 20 36 1687 8 58 54711¢ 45
P1B/C4 17 23 16 6 344 7 5 411 7 33 10341 38
P1B/C.5 18 20 18 249 594 379 13 1134 33 35 7440 23
P1B/C.6 20 22 21 32 1618 167 5 316 7 56 769 48
P1B/C.7 16 19 15
P1B/C.8 17 17 75 623 12 334 39
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Tabla 1. CONTINUACION
POk IL-2 (pg/mlL) IL-10 (pg/mlL) TNF-a (pg/mL) IFN-y (pg/mL)
Medio PHA STAg Medio PHA SATs Medio PHA SATg Medio PHA  SATg
P2A.1 12 13 12 6 2787 14 7 943 4 41 8666 43
P2A.2 13 16 21
P2A.3 21 21 24 780 10 8 580 62 110 50854¢
P2A.4 22 21 21 5 1051 8 5 1274 7 43 3766 68
P2A.5 15 25 20 24 791 40 8 1163 18 37 71385¢ 277
P2A.6 11 68 18 6 3428 185 2 3123 6 30 31280¢ 42
P2A.7 21 18 23 17 187 17 58 27951¢ 1964
P2A.8 17 22 21 34 182 142 20 884 135 18 11292 107
P2B/C IL-2 (pg/mL) IL-10 (pg/mL) TNF-o (pg/mL) IFN-y (pg/mL)
Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA  SATg
P2B/C.1 12 12 12 8 1929 80 39 33603¢ 102
P2B/C.2 20 19 20 3 1478 42 3 2364 10 31 35101¢ 45
P2B/C.3 16 20 15 46 180 68 42 1335 94 36 20398¢ 199
P2B/C.4 14 12 15 27 227 68 43  31413¢ 65
P2B/C.5 19 15 27 5 507 11 4 203 2006 24 32945¢
P2B/C.6 18 18 21 824 17 2 52 4 37 39
P2B/C.7 17 19 18 11 473 129 6 874 76 40 12347 53
P2B/C.8 15 12 13 49 427 32 31 469 6 69 1436 21
P2B/C.9 17 13 17 38 668 171 10 3130 146 44 37327¢ 1089
P2B/C.10 19 37 23 28 459 84
P2B/C.11 18 21 18 39 1030 235 3 531 8 35 12381 61
P2B/C.12 19 20 24 16 231 22 5 1809 66 31 5201 887
P2B/C.13 18 19 21 16 1560 334 3 859 234 24 10802 774

1Las concentraciones de IL-2, IL-10, TNF-o ¢ IFN-y se determinaron en el sobrenadante de los cultivos.

"Medio: CMSP cultivadas por 72 horas en condiciones basales, sin estimulacion.

*PHA: CMSP cultivadas por 72 horas en presencia de fitohemaglutinina (5 ug/mL).

4SATg: CMSP cultivadas por 72 horas en presencia de antigenos solubles de taquizoitos de T. gondii (1 ug/mL).
¢Las concentraciones de IFN-y mayores a 20.000 pg/mL se consideran mas alld del rango de la curva de calibracion.
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Tabla 2
Produccion de Citocinas — Dispersion de valores.
IL-2 IL-10 TNF-a IFN-y
Gl Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA SATg
Mediana® 17 23 19 7 618 13 3 8 3 27 52 36
25%* 16 17 18 5 420 6 3 6 2 22 47 31
75%" 19 25 41 9 829 26 5 58 14 32 9491 40
n® 5 5 5 4 4 4 5 4 5 5 5 4
IL-2 IL-10 TNF-a IFN-y
o2 Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA SATg
Mediana 18 17 58 7 914 41 3 75 82 35 5233 37520
25% 16 15 30 3 763 33 3 63 51 28 1484 13008
75% 19 21 155 11 1155 57 6 408 388 39 37819 38759
n 9 9 9 6 7 7 7 7 7 6 6 5
IL-2 IL-10 TNF-a IFN-y
FIA Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA SATg
Mediana 18 18 19 8 1196 53 3 966 5 32 29536 42
25% 17 17 16 3 419 39 2 794 3 31 15293 35
75% 19 21 20 16 2073 68 3 1271 14 36 34410 50
n 5 5 5 4 4 4 4 4 4 4 4 4
IL-2 IL-10 TNF-a IFN-y
FLB/C Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA SATg
Mediana 18 19 17 75 1244 144 5 767 7 35 15176 40
25% 17 18 17 22 602 20 4 353 6 33 7440 35
75% 19 22 18 129 1893 167 13 1549 8 52 22243 45
n 8 8 7 7 7 6 7 7 6 7 6 6
IL-2 IL-10 TNF-a IFN-y
Fad Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA SATg
Mediana 16 21 21 6 791 17 7 1053 13 41 27952 88
25% 13 17 19 5 335 11 5 884 6 32 9323 43
75% 21 24 22 22 2353 116 8 1274 62 54 45960 277
n 8 8 8 7 7 7 6 6 6 7 7 6
IL-2 IL-10 TNF-a IFN-y
FeB/C Medio PHA STAg Medio PHA SATg Medio PHA SATg Medio PHA SATg
Mediana 18 19 18 22 490 68 5 874 76 37 20398 65
25% 16 13 15 10 329 27 3 484 9 31 11189 47
75% 19 20 21 39 927 150 9 1899 133 41 33439 630
n 13 13 13 12 12 12 11 11 11 12 11 11

1Los valores de mediana, percentil 25 y percentil 75 estdn expresados en pg/mL.
bn=ndamero de pacientes en cada grupo analizado.
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Produccion de IFN-y: La estimulacion
con PHA indujo una produccion significati-
vamente mayor de IFN-y en todos los gru-
pos, al comparar con la condicion Medio
(p=<0,029) (Fig. 1D, PHA vs. Medio). Bajo
estimulacion con SATg, los grupos C2, P2A
y P2B/C produjeron una cantidad signifi-
cativamente mayor de IFN-y que en Medio
(p=0,004, p=0,026 y p=0,0006, respectiva-
mente) (Fig. 1D, SATg vs. Medio), y mayor
que sus respectivos grupos C1, P1IAy P1B/C,
también bajo estimulacion con SATg (sig-
nificativo para C2 vs. C1: p=0,016; y para
P2B/Cvs. P1B/C: p=0,024) (Fig. 1D, SATg).
Sin embargo, los pacientes P2A 'y P2B/C pro-
dujeron cantidades significativamente me-
nores de IFN-y que el grupo C2, en cultivos
estimulados con SATg (p=0,004 y p=0,002,
respectivamente) (Fig. 1D, SATg).

Correlaciones entre las producciones
de citocinas: Cuando la produccién de ci-
tocinas en respuesta a los antigenos de T.
gondii (SATg) se analizé en los grupos de in-
dividuos seropositivos para el parasito (C2 y
P2), se encontraron correlaciones positivas
(Coeficiente de Pearson), estadisticamente
significativas, entre la produccion de IFN-y y
la produccién de IL-2 (p<0,001, n=25; Fig.
2A), entre la produccion de TNF-a y la pro-
duccion de IL-2 (p<0,001, n=23; Fig. 2B), y
entre la produccion de TNF-a y la produccion
de IFN-y (p<0,001, n=20; Fig. 2C).

DISCUSION

Los individuos inmunocompetentes
son capaces de controlar la infeccion por
T. gondii induciendo una respuesta inmuni-
taria celular temprana y fuerte®*32. En esta
respuesta el IFN-y es el principal mediador
de resistencia del hospedador!?, al estimular
la expresion de diferentes moléculas efecto-
ras, tales como las trifosfatasas de guanosi-
na inducibles por IFN (GTPasas), la sintasa
inducible de 6xido nitrico (iNOS) y la indo-
lamina-2,3-dioxigenasa (IDO)** 3 las cuales
conducen a vigorosas respuestas inmunita-
rias celulares auténomas® %, con supresion

del crecimiento y/o muerte del parasito
dentro de las células infectadas*~°. El TNF-a
también juega un papel fundamental en la
respuesta protectora, particularmente en el
cerebro' 153739 - gl disminuir la entrada del
parasito a las células, detener su prolifera-
cién e inducir su muerte. La IL-10, por su
parte, ejerce un efecto regulador, al prevenir
la inmunopatologia potencialmente letal®*
2331 Asi pues, el perfil de citocinas produci-
do en respuesta a T. gondii, es critico para lo-
grar un control efectivo de la infeccion, pero
sin causar danos al propio hospedador?®32.
En los experimentos descritos en este traba-
jo, los individuos seropositivos para T. gon-
dii, pero seronegativos para VIH-1, produje-
ron cantidades significativamente mayores
de IFN-y, TNF-a ¢ IL-10 en respuesta a los
antigenos parasitarios, que los individuos se-
ronegativos para T. gondii y VIH-1. Por lo tan-
to, la produccion de IFN-y, TNF-a ¢ IL-10, de
acuerdo a los métodos aqui descritos, permi-
te claramente distinguir entre la respuesta
inmunitaria contra T. gondii de individuos
asintomaticos seropositivos para este parasi-
to y la de individuos seronegativos.

Por su parte, la IL-2 es importante para
la funcion y regulacion de los linfocitos T2"
40.41 v su producciéon bajo estimulacion con
SATg, present6 correlaciones positivas con
las producciones de IFN-y y de TNF-a en los
individuos seropositivos para T. gondii. Sin
embargo, los pacientes infectados con VIH-
1 y serologia positiva para T. gondii, desde
etapas tempranas/asintomaticas, produje-
ron cantidades significativamente menores
de IL-2, TNF-a e¢ IFN-y en respuesta a los
antigenos parasitarios que las del grupo se-
ropositivo para T. gondii, pero seronegativos
para VIH-1, lo cual relaciona a la infeccion
por VIH-1 con alteraciones tempranas (ade-
mas de las ya descritas en etapas avanzadas)
en la respuesta contra T. gondii. Estas alte-
raciones tempranas podrian comprometer la
capacidad de control de la infeccién laten-
te!18: 39739 gqumentando el riesgo de reacti-
vacion de la replicaciéon parasitaria, aunque
fuese de manera limitada*> *, es decir, no
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en una magnitud suficiente para producir
encefalitis toxoplasmica (asociada sélo con
etapas avanzadas de la infeccién por VIH-1),
pero con la posibilidad de provocar danos
acumulativos a nivel del SNC y de deteriorar
las funciones neurocognitivas, incluso antes
de llegar a etapas francamente sintomaticas.
En congruencia con este razonamiento, la
evaluacion neurofisioldgica de estos mismos
grupos** *° evidencié que los pacientes in-
fectados con VIH-1 y serologia positiva para
T. gondii presentaron deficiencias de la me-
moria a corto plazo*® *7, del procesamiento
cognitivo de estimulos visuales y auditivos*®
¥y de las funciones ejecutivas del 16bulo
frontal®® 31 significativamente mayores que
las de los pacientes infectados con VIH-1 y
serologia negativa para T. gondii, desde eta-
pas tempranas de la infeccion por VIH-1, su-
giriendo que la neurotoxicidad esta aumen-
tada** %, lo cual refuerza la relevancia que
puede tener la pérdida gradual del control
de tales infecciones latentes, al comprome-
ter la funcién del sistema nervioso central,
adicionalmente al deterioro que pueda gene-
rar el propio VIH-13% 53,

Con respecto a la IL-10, los resultados
de este trabajo asociaron la infeccion por
VIH-1 con produccién “inespecifica”, ya que
los pacientes infectados con VIH-1 y serolo-
gia negativa para T. gondii la produjeron en
respuesta a la estimulacion con SATg; asi
como con produccién “espontianea” en eta-
pas tardias, pues este grupo produjo cantida-
des significativamente elevadas en cultivos
sin estimulacién. La IL-10 es una importan-
te citocina reguladora™ >, cuya produccion
ha sido reportada como aumentada en pa-
cientes infectados con VIH-1%% 57, Este au-
mento se ha asociado con la inhibicién de la
respuesta especifica contra el virus®, pero
también con el control de la replicacion vi-
ral®®? de manera que es dificil definir si el
efecto de la IL-10 en la infeccion por VIH-1
es perjudicial o protector® ¢, Existen diver-
sos reportes de situaciones en las cuales la
IL-10 puede presentar efectos estimuladores
de la respuesta inmunitaria o pro-inflama-

torios®® * y de otras circunstancias en las

cuales se puede presentar una resistencia al
efecto anti-inflamatorio de la IL-10%°7, todo
lo cual hace mas compleja la interpretacion
de la accion de la IL-10 en un contexto de-
terminado.

Por otra parte, la infecciéon por VIH-1 se
asoci6 con mayor produccion de TNF-a bajo es-
timulacién con PHA, ya que todos los pacientes
infectados con VIH-1 produjeron cantidades
significativamente mayores que sus respecti-
vos grupos controles sin infeccion por VIH-1,
en esta condicion de estimulacion policlonal,
lo cual asocia a la infeccion por VIH-1 con la
induccion de un ambiente pro-inflamatorio®.
Es notable c¢émo la infeccién por VIH-1 puede
estar asociada simultaneamente con el aumen-
to en la produccion de citocinas reguladoras
(IL-10) y pro-inflamatorias (TNF-a)), y como la
co-infeccion con T, gondii puede aumentar la
complejidad de esta red de citocinas®.

También fue notable que los pacientes
infectados con VIH-1 fuesen capaces de pro-
ducir IFN-y, TNF-a e IL-10 bajo estimulacion
con PHA, en todas las etapas de la infeccion
viral, mostrando que mantenian esta capaci-
dad, aun cuando presentaran defectos en la
produccion de estas citocinas en respuesta
los antigenos parasitarios. De manera que,
incluso en etapas avanzadas, los pacientes
son capaces de responder con produccion de
citocinas dadas las condiciones apropiadas,
lo cual es una oportunidad para la interven-
cion terapéutica’™ !,

Con relacién a la IL-2, es importante re-
cordar que esta citocina se produce muy rapi-
do, es decir, pocos minutos después de la esti-
mulacion antigénica™. De manera que el hecho
de que sélo el grupo seropositivo para T. gondii,
pero seronegativo para VIH-1, presentara au-
mentos significativos en la concentracion de
IL-2 bajo estimulacién con SATg, muestra que
la produccion fue lo suficientemente prolonga-
da y/o lo suficientemente elevada como para
ser detectada después de 72 horas de cultivo,
mientras que la produccion en los pacientes co-
infectados no fue tan prolongada o tan elevada.
Valdria la pena estudiar estas mismas respues-
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tas inmunitarias en pacientes co-infectados
tratados con medicamentos anti-T gondii, a
fin de evaluar si estos hallazgos se revierten, al
menos parcialmente, con el tratamiento anti-
parasitario.

Asi pues, desde etapas tempranas los pa-
cientes co-infectados presentaron defectos en
la produccion de citocinas que podrian alterar
el control de la replicacion del parasito en el
SNC, con la posibilidad de causar danos al te-
jido y deterioro de la funcion. El hecho de que
en su evaluacion neurocognitiva** 45 estos mis-
mos pacientes hayan presentado mayores de-
fectos que aquellos con serologia negativa para
T. gondii, sugiere fuertemente una asociacion
entre los efectos tempranos sobre la respuesta
inmunitaria y el aumento de las alteraciones
neurocognitivas en los pacientes co-infectados,
incluso en etapas “asintomaticas”. Estos resul-
tados invitan a reconsiderar lo que es realmen-
te la etapa “asintomatica”. De hecho, varios
grupos estan reevaluando el concepto de que
la infeccion crénica por T, gondii sea realmente
“asintomadtica”, debido a la gran cantidad de
evidencias que sugieren que esta esta asociada
con alteraciones neurosiquidtricas y conduc-
tuales* 37¢. Mas atn, los resultados de este trabajo
enfatizan la importancia del diagnodstico temprano y
el tratamiento precoz para preservar la integri-
dad de la respuesta inmunitaria y evitar el dete-
rioro del SNC y sus funciones™ ™| y asi mejorar
la calidad de vida de los pacientes.
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Analysis of high risk factors for
complications in the trial of vaginal delivery
due to uterine scarring in a subsequent
pregnancy to a cesarean section.
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Abstract. The purpose of this work was to analyze the high-risk factors of com-
plications in the trial of vaginal delivery of a subsequent pregnancy for scar uterus
after a previous cesarean. 136 pregnant women with scar uterus with a history of
cesarean who were admitted to our obstetrics department from February 2016 to
March 2019 were selected and were divided into a successful group and a failed
group according to the results of pregnancy and trial of labor vaginal delivery. Gen-
eral data of before, during, and after delivery were collected and the high-risk fac-
tors for failed vaginal delivery of scar uterine were analyzed by the logistic regression
analysis. Among the 136 patients, 108 cases (79.41%) of vaginal trials were success-
ful, and 28 cases (20.59%) of vaginal trials faired. The univariate analysis showed
that the differences in gravidity, parity and the previous cesarean interval, vaginal
birth history, prenatal BMI, uterine contraction, gestational age, infant weight, dila-
tation of the cervix, cervical Bishop score, the height of the fetal head, the thickness
of the lower uterus, and whether the membranes were prematurely ruptured were
statistically significant (P<0.05). Logistic regression analysis showed vaginal birth
history, prenatal BMI = 30 kg/m?, parity = 2 times, cesarean interval <2 times,
dilatation of cervix = 1 cm, the height of the fetal head = -3, premature rupture
of the membrane and the thickness of the lower uterus of 3.0 to 3.9 ecm were the
high-risk factors of complications in the vaginal trial delivery of pregnancy again for
scar uterus (P<0.05). It is feasible for pregnant women with scar uterus to undergo
vaginal delivery, but many related factors can affect the failure of trial of labor. It is
necessary to pay attention to all aspects of clinical examination and choose applica-
tions strictly according to the indications.
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Analisis de factores de alto riesgo para complicaciones
en el trabajo de parto vaginal debidas a cicatrizacion uterina
en un embarazo posterior a una operacion cesarea.

Invest Clin 2022; 63 (3): 235 — 242

Palabras clave: cicatriz uterina; embarazo; prueba de parto vaginal; complicaciones;

factores de alto riesgo.

Resumen. El proposito del presente trabajo fue analizar los factores de
alto riesgo de complicaciones por cicatriz uterina en la prueba de parto vagi-
nal del siguiente embarazo después de una cesarea previa. 136 gestantes con
cicatriz uterina fueron seleccionadas con antecedente de cesdrea anterior que
ingresaron a nuestro servicio de obstetricia de febrero 2016 a marzo 2019, y
se dividieron en un grupo exitoso y un grupo fallido segiin los resultados de las
pruebas de embarazo y parto vaginal. Los datos generales anteriores fueron
recolectados, durante y después del parto y se analizaron los factores de alto
riesgo para el parto vaginal fallido de la cicatriz uterina mediante el analisis de
regresion logistica. Entre las 136 pacientes, 108 casos (79,41%) de las pruebas
vaginales fueron exitosas y 28 casos (20,59%) de las pruebas vaginales fracasa-
ron. El analisis univariado mostré que las diferencias en la gravidez, la paridad
y el intervalo de cesarea previa, la historia de parto vaginal, el IMC prenatal,
la contraccion uterina, la edad gestacional, el peso del lactante, la dilatacion
del cuello uterino, la puntuacién cervical de Bishop, la altura de la cabeza fe-
tal, el grosor del segmento uterino inferior, y si las membranas se habian roto
prematuramente fueron estadisticamente significativas (P<0,05). El analisis
de regresion logistica mostré antecedente del parto vaginal, el IMC prenatal =
30 kg/m2, la paridad = 2 veces, el intervalo entre cesdreas < 2 veces, la dila-
tacion del cuello uterino = 1 ¢m, la altura de la cabeza fetal = -3, la ruptura
prematura de la membrana y el grosor del segmento uterino inferior de 3,0 a
3,9 c¢m fueron los factores de alto riesgo de complicaciones por cicatriz uterina
en la prueba de parto vaginal de un siguiente embarazo (P<0,05). Seria posi-
ble que las gestantes con cicatriz uterina vuelvan a someterse a parto vaginal,
pero existen muchos factores relacionados que inciden en el fracaso del trabajo
de parto. Es necesario prestar atencién a todos los aspectos de la exploracién
fisica y elegir las aplicaciones estrictamente de acuerdo con las indicaciones.

Received: 15-05-2022 Accepted: 16-07-2022

INTRODUCTION

A Cesarean section is an operation to
open the abdominal wall and uterus to re-
move the fetus that is an important opera-
tion in the field of obstetrics. It plays an im-
portant role in solving dystocia and severe

pregnancy complications; and reduces the
morbidity and mortality of mothers and in-
fants !. At present, as the indications for ce-
sarecan section surgery and the technology
of cesarean section become more and more
sophisticated, China’s cesarean section rate
has been above the global cesarean section
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warning line. Although cesarean section can
significantly reduce the incidence of dysto-
cia and postnatal adverse reactions, it can
significantly increase the number of preg-
nant women with scar uterus after cesarean
section, increase the risk of patients with
scar pregnancy, placental implantation, pla-
centa previa, and other events, which pose a
certain threat to the health of mothers and
infants >3, In recent years, with the full pop-
ularization of the national “second child”
policy, the number of women who have had
a vaginal delivery again after the cesarean
section has significantly increased. Related
data shows that *, the risk of uterine rupture
during the vaginal delivery of pregnant wom-
en with scar uterus is obviously increased,
which easily leads to maternal and perinatal
death. Reviewing relevant research findings
at home and abroad °, most of the referenc-
es mainly discuss the factors related to the
success of vaginal delivery in scar uterus re-
pregnancy. There are fewer factors related to
the complications of vaginal delivery in scar
uterus re-pregnancy, this study aims to ana-
lyze risk factors of complications in vaginal
trial delivery of a subsequent pregnancy for
scar uterus after cesarean section.

MATERIAL AND METHODS

Research subjects

136 pregnant women with scarred
uteri with a history of cesarean section
who were admitted to the obstetrics de-
partment of our hospital from February
2016 to March 2019 were selected as the
research subjects. This study was approved
by the ethics committee of our hospital.
Inclusion criteria: 1) those aged 22 to 40
years with 37 to 41 weeks gestation; 2) the
time between the last cesarean operation
and this pregnancy of all pregnant women
was more than 2 years; 3)the uterine scar
of the pregnant woman was located at the
lower section of the uterus; 4) the fetal po-
sition was normal and without absolute pel-
vic pelvis; 5) the pelvic bones of pregnant

women were normal; 6) the indication for
the last cesarean section operation did not
exist; 7) The patient and family members
were informed and signed a consent form.
Exclusion criteria: 1) those who had a his-
tory of two or more cesarean sections; 2)
patients with intrauterine multiple births
and non-term pregnancies; 3) patients with
previous history of uterine rupture; 4) preg-
nant women with uterine tumor disease; 5)
those who occur new cesarean section indi-
cations in this pregnancy; 6) those that had
placenta attachment or poor continuity of
muscle layer in the scar of the lower uterus.
7) products with estimated weights great-
er than 4000 grams were not considered.
136 pregnant women aged 22 to 40 years
old, with an average age of (27.82 + 3.84)
years, 37 to 41 weeks of gestational age, an
average of (39.15 = 1.07) weeks, with two
to five pregnancies, an average of (2.10 =
1.03) times, and one to four times of parity,
with an average of (1.18 = 0.47) times, and
the interval between cesarean sections was
24-168 months, with an average of (62.38
+ 25.47) months. According to the results
of vaginal trial delivery, they were divided
into the successful group and failed groups.

Delivery methods

After admission, pregnant women un-
derwent detailed obstetric examinations
and fetal ultrasound examinations to evalu-
ate comprehensively their physical and preg-
nancy status. Pregnant women and their
families chose the delivery method based on
the actual situation. Continuous electronic
ECG monitoring was given, and the midwife
accompany the trial of pregnant women by
the way of one-on-one monitoring the prog-
ress of the labor process closely. After the
successful trial, it was checked whether the
uterus was complete and whether the uter-
ine scar had cracked. If the pregnant woman
does not give birth within 12 hours after
contraction, or if there are suspicious signs
of uterine rupture and fetal distress, a cesar-
ean section should be given immediately.

Vol. 63(3): 235 - 242, 2022



238

Ye et al.

Data collection

The general information on prenatal,
perinatal, and postpartum for all pregnant
women was collected, including age, educa-
tion, pregnancy, parity, previous cesarean
sections interval, vaginal birth history, pre-
natal BMI, use of uterine contractions, gesta-
tional age, infant weight, admission uterine
dilation of the cervix, cervical Bishop score,
the height of the fetal head, lower uterine
segment thickness, premature rupture of
membranes, regular birth checkup, ete., and
the record content was checked.

Statistical methods

All the count data in this study are ex-
pressed in [n (%)]. The comparison between
the two groups was performed using the y2
test. Logistic regression analysis was used
to analyze the high-risk factors for failed
vaginal delivery of scar uterine pregnancy.
P<0.05 was considered statistically signifi-
cant. The research data were analyzed using
the SPSS21.0 software package.

RESULTS

Analysis of maternal delivery results

Among the 136 patients, 108 cases
(79.41%) of successful vaginal trials were in
the successful group, 28 cases (20.59%) of
failed vaginal trials were in the failed group,
and the reasons for 28 cases of pregnant
women who failed vaginal trials and were
changed to cesarcan section, are shown in
Table 1.

Table 1
Reasons for pregnant women who have failed
vaginal trials were changed to cesarean section.

Reasons Cases
Fetal distress 12 (42.86)
Secondary tocolytic weakness 1 (3.57)
Abnormal labor 7 (25.00)
Intrauterine infection 1 (3.57)
Other factors 7 (25.00)

Univariate analysis of factors related to
failed vaginal trial delivery of scar uterine
pregnancy

The univariate analysis showed that
there were statistically significant differences
in gravidity, parity, previous cesarean sections
interval, vaginal birth history, prenatal BMI,
use of uterine contraction, gestational age,
infant weight, admission dilation of the cer-
vix, cervical Bishop score, the height of the
fetal head, the thickness of the lower uterus,
and whether the membranes were premature-
ly ruptured (P <0.05). See Table 2.

Influencing factors and assignments

The high-risk factors and assignments
of failed vaginal trial delivery in scar uterine
pregnancy, are expressed in Table 3.

Logistic regression analysis of high-risk
factors for failed vaginal trial delivery
in scar uterus pregnancy

Taking the failed vaginal trial delivery
as the dependent variable, the statistically
significant indicators in Table 2 were used
as the dependent variables for evaluation
(see Table 3) and were included in the lo-
gistic regression analysis model. The results
showed that there was no history of vaginal
delivery, BMI = 30 kg/m?, parity = 2 times,
cesarean section interval < 2 times, admis-
sion dilation of cervix = 1 c¢m, the height
of fetal head = -3, premature rupture of
membranes, and 3.0-3.9cm of the thickness
of the lower uterus are high-risk factors for
complications in vaginal trial delivery in scar
uterus pregnancy (P <0.05) (see Table 4).

DISCUSSION

With the continuous increase in cesarean
section rate in the world and the widespread
application of laparoscopic myomectomy in
women of childbearing age, the problem of
subsequent pregnancies for scarred uterus is
inevitable °. With the gradual increase in cesar-
ean section rate, the scarred uterus appears in
large numbers. There are two methods of deliv-
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Table 2
Univariate analysis of factors related to failed vaginal delivery of scar uterine pregnancy.
Relative factors Slg;(;elsgtsu)l f(;(‘)())up ?r? 162(18)g r((())/ou)p F  pvalue®™

Age <35 years 99(91.67) 27(96.43)  0.740  0.390
=35 years 9(8.33) 1(3.57)

Education Under the high school 85(78.70) 21(75.00)  0.177 0.674
High school or above 23(21.30) 7(25.00)

Gravidity <3 times 33(30.56) 12(42.56)  1.520 0.218
>3 times 75(69.44) 16(57.14)

Parity <2 times 83(76.85) 27(96.43) 5.511  0.019
=2 times 25(23.15) 1(3.57)

Previous cesarean 24~36 months 55(50.93) 21(75.00) 5.227 0.022

sections interval >36 months 53(49.07) 7(25.00)

Vaginal birth history Yes 67(62.04) 3(10.71)  11.825 0.001
No 41(37.96) 25(89.29)

Prenatal BMI <30 kg/m2 78(72.22) 14(50.00)  5.017  0.025
=30 kg/m2 30(27.78) 14(50.00)

Use of uterine contraction Yes 55(50.93) 8(28.57) 7.281  0.007
No 53(49.07) 20(71.43)

Gestational age <40 weeks 82(75.93) 16(57.14)  3.896  0.048
=40 weeks 26(24.07) 12(42.56)

Infant weight <3.5kg 72(66.67) 12(42.56)  5.338 0.021
=3.5kg 36(33.33) 16(57.14)

Dilation of cervix <lcm 44(40.74) 22(78.57) 12.740 <0.001
=lem 64(59.26) 6(21.43)

Cervical Bishop score <3 scores 4(3.70) 4(14.29) 4.497  0.034
=3 scores 104(96.30) 24(85.71)

Height of the fetal head <-3 4(3.70) 4(14.29) 4497 0.034
=-3 104(96.30) 24(85.71)

The thickness of the lower 3.0~3.9c¢m 32(29.63) 16(57.14)  7.370  0.007

uterus >4.0cm 76(70.37) 12(42.56)

Whether the membranes  Yes 16(14.81) 10(35.71)  6.281 0.012

were prematurely ruptured N, 92(85.19) 18(64.29)

Regular birth checkup Yes 75(69.44) 16(57.14) 1.520 0.218
No 33(30.56) 12(42.86)

* n= number, % (percent).
#**P-value based on univariate analysis (linear regression).
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Table 3
High-risk factors and assignments of failed vaginal trial delivery in scar uterine pregnancy.
Code Variate Assignments
X1 Gender 1=male, 2=female
X2 Education 1= under the high school, 2= high school or above
X3 Gravidity 1=<3 times, 2==3 times
X4 Parity 1=<2 times, 2==2 times
X5 Previous cesarean sections interval 1=24~36 months, 2>36 months
X6 Vaginal birth history 1=yes, 2=no
X7 Prenatal BMI 1=<30 kg/m2, 2==30 kg/m2
X8* Use of uterine contraction 1=yes, 2=no
X9 Gestational age 1=<40 weeks, 2==40 weecks
X10%* Infant weight 1=<3.5kg, 2==3.5kg
X11 Dilation of cervix l1=<lem, 2==1cm
X12 Cervical Bishop score 1=<3 scores, 2==3 scores
X13 Height of the fetal head 1=<-3, 2==-3
X14 The thickness of the lower uterus 1=3.0~3.9¢m, 2==4.0cm
X15 Whether the membranes were
prematurely ruptured 1=yes, 2=no
X16 Regular birth checkup 1=yes, 2=no
Y Vaginal trial delivery results 1=successful, 2=failed

* Oxytocic medications were used.

** The cut-off point of 3500 grams was taken intentionally.

Table 4

Logistic regression analysis of high-risk factors for failed vaginal delivery of scar uterine pregnancy.
Influencing factors B SE Wald p OR 95%CI
No history of vaginal delivery 0.839 0.175 20.135 0.001 2.319 1.614~3.253
Prenatal BMI=30 kg/m2 0.078 0.021 19.561 0.001 1.120  1.041~1.132
Parity=2 times 0.737 0.245 8.426 0.002 2.142 1.031~4.173
Cesarean section interval
<2 times 0.086 0.021 4.167 0.012 1.169 1.022~2.637
dilation of cervix=1cm 0.026 0.017 4.865 0.014 1.038 1.004~1.071
height of fetal head=-3 0.802 0.232 11.028 0.001 2.146 1.210~4.281
premature rupture
of membranes 0.364 0.175 4.010 0.039 1.337 1.002~2.112
3.0-3.9cm of the thickness
of the lower uterus 0.428 0.125 5.814 0.014 1.546 1.027~2.587
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eries for scarred uterus in subsequent pregnan-
cies, including cesarean section and vaginal
delivery. A second cesarean section can reduce
certain maternal and infant complications and
newborn death rates, but it can increase the
incidence of pain, pelvic adhesions, and surgi-
cal injuries in patients. The guided delivery in
a subsequent pregnancy for scarred uterus is
more economical than a second cesarean deliv-
ery, with less postpartum pain, and can reduce
placental implantation and risk of placenta
placement ™. In recent years, the concept of
vaginal trial delivery of a subsequent pregnan-
cy for scarred uterus after the cesarean sec-
tion has been accepted by obstetricians. Some
scholars have found that the success rate of
vaginal delivery after scar uterus for a previous
cesarean section can reach 82.61%. However,
there is currently no clear assessment of risk
factors for vaginal trials in China, and most
pregnant women have a certain degree of re-
jection of vaginal trials *'°. The results of this
study showed that in 136 patients, 108 cases
of vaginal trials were successful (79.41%), and
28 cases of vaginal trials failed (20.59%), which
suggested that the scarred uterus has certain
feasibility. The associated risk factors for preg-
nant women who have failed delivery were ana-
lyzed in this study.

Logistic regression analysis showed no
history of vaginal birth, prenatal BMI = 30
kg/m?, parity = 2 times, cesarean delivery
interval <2 times, admission dilation of
cervix= 1 cm, the height of fetal head =-
3, premature rupture of membranes and a
thickness of 3.0 - 3.9cm at the lower uterus
are the high-risk factors for complications in
the vaginal trial of scar uterine pregnancy (P
<0.05). Increased prenatal BMI can increase
the risk of adverse pregnancy outcomes such
as hypertension and diabetes during preg-
nancy. Some scholars have found that preg-
nant women with high prenatal BMI values
have a relatively slow expansion of the cer-
vix during vaginal delivery, increasing the
risk of vaginal trial failure ''. Relevant data
show that the shorter the interval from the
last cesarean section, the higher the risk of

uterine rupture in pregnant women 2. First
fetal head exposure refers to the part of the
fetus that first enters the pelvic entrance.
Pregnant women with high first fetal head
exposure have a higher incidence of dysto-
cia . Premature rupture of membranes is
a common perinatal complication, which
refers to the natural rupture of membranes
before labor, which can lead to an increase
in perinatal mortality. Relevant data '* show
that the incidence of neonatal asphyxia after
cesarean delivery in pregnant women with
fetal head height and premature rupture of
membranes has significantly increased. The
thickness of the lower part of the uterus is
a predictive indicator of uterine threatened
rupture. When the thickness of the lower
part of the uterus is low, it can increase the
scar tension during labor and prone to com-
plications such as uterine rupture 3,

In summary, no history of vaginal birth,
prenatal BMI = 30 kg/m?, parity = 2 times,
cesarean section interval <2 times, admis-
sion dilation of cervix= 1 cm, the height
of fetal head =- 3, premature rupture of
membranes and a thickness of 3.0 - 3.9 ¢cm
at the lower uterus are the high-risk factors
for complications in the vaginal trial of scar
uterine pregnancy. Therefore, a vaginal trial
for pregnant women with a scarred uterus
is feasible. However, there are many relevant
factors affecting the failure of trial of labor,
and more attention should be paid to all as-
pects of inspection, and choose the applica-
tion strictly according to the indication.
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on the intracellular Ca?* homeostasis

in breast cancer cells (MCF-7) and its
relationship with apoptosis.
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Abstract. Tetrahydroquinoline derivatives are interesting structures exhib-
iting a wide range of biological activities, including antitumor effects. In this
investigation, the effect of the synthesized tetrahydroquinolines JS-56 and JS-92
on apoptosis, intracellular Ca®* concentration ([Ca**].),and the sarco(endo)plas-
mic reticulum Ca?*-ATPase (SERCA) activity was determined on MCF-7 breast
cancer cells. Colorimetric assays were used to assess MCF-7 cells viability and
SERCA activity. Fura-2 and rhodamine 123 were used to measure the intracellu-
lar Ca?* concentration and the mitochondrial electrochemical potential, respec-
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tively. TUNEL assay was used to analyze DNA fragmentation, while caspase activi-
ty and NF-kB-dependent gene expression were assessed by luminescence. In silico
models were used for molecular docking analysis. These compounds increase
intracellular Ca®* concentration; the main contribution is the Ca’** entry from
the extracellular milieu. Both JS-56 and JS-92 inhibit the activity of SERCA and
dissipate the mitochondrial electrochemical potential through processes depen-
dent and independent of the Ca®* uptake by this organelle. Furthermore, JS-56
and JS-92 generate cytotoxicity in MCF-7 cells. The effect of JS-92 is higher than
JS-56. Both compounds activate caspases 7 and 9, cause DNA fragmentation,
and potentiate the effect of phorbol 12-myristate-13-acetate on NF-kB-dependent
gene expression. Molecular docking analysis suggests that both compounds have
a high interaction for SERCA, similar to thapsigargin. Both tetrahydroquinoline
derivatives induced cell death through a combination of apoptotic events, in-
crease [Ca**],, and inhibit SERCA activity by direct interaction.

Efecto de derivados de tetrahidroquinolinas sobre la
homeostasis del Ca?* intracelular en células de cancer de mama
(MCF-7) y su relacion con la apoptosis.

Invest Clin 2022; 63 (3): 243 — 261

Palabras clave: Ca’*, apoptosis, tetrahidroquinolinas, Mitocondria, SERCA, NF-xB.

Resumen. Los derivados de tetrahidroquinolina son estructuras interesan-
tes que exhiben una amplia gama de actividades biolégicas, incluyendo efectos
antitumorales. Se determiné el efecto de las tetrahidroquinolinas sintetizadas
JS-56 y JS-92 sobre la apoptosis, concentracion intracelular de Ca** ([Ca**]) y
la actividad Ca*-ATPasa del reticulo sarco(endo)plasmico (SERCA) en células de
cancer de mama MCF-7. Se usaron ensayos colorimétricos para evaluar la viabili-
dad de las células MCF-7 y la actividad SERCA. Se emplearon Fura-2 y rodamina
123 para medir la concentracion de Ca®* intracelular y el potencial electroqui-
mico mitocondrial, respectivamente. El ensayo TUNEL se utiliz6 para analizar la
fragmentacion del ADN, mientras que la actividad de caspasas y la expresion géni-
ca dependiente de NF-kB se evaluaron mediante luminiscencia. Modelos in silico
permitieron el anlisis del acoplamiento molecular. Estos compuestos aumentan
la concentracion de Ca** intracelular; la principal contribucion es la entrada de

~a’* desde el medio extracelular. Tanto JS-56 como JS-92 inhiben la actividad de

SERCA y disipan el potencial electroquimico mitocondrial a través de procesos
dependientes ¢ independientes de la captacion de Ca** por este organulo. Ade-
mas, JS-56 y JS-92 generan citotoxicidad en células MCF-7. El efecto de JS-92 es
mayor que JS-56. Ambos compuestos activan las caspasas 7'y 9, provocan la frag-
mentacion del ADN y potencian el efecto del 12-miristato-13-acetato de forbol en
la expresion génica dependiente de NF-xB. El analisis de acoplamiento molecular
sugiere que ambos compuestos tienen una alta interaccion con SERCA, similar
a la tapsigargina. Ambos derivados de tetrahidroquinolina indujeron la muerte
celular a través de una combinacion de eventos apoptéticos, aumento de [Ca**],
¢ inhibicién de la actividad SERCA por interaccion directa.
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INTRODUCTION

Breast cancer is the most frequently
diagnosed cancer and the leading cause of
cancer-related death in women worldwide,
with an estimated 2.3 million new cases per
year and approximately more than 685,000
deaths by 2020 . Among treatments against
this disease is the use of tamoxifen (Nolva-
dex®) for cancer cells expressing estrogen
receptors or trastuzumab (Herceptin®) for
HER-2* mammary tumors 2. Of particular in-
terest, numerous investigations evaluate the
potential of natural or synthetic compounds
that stimulate apoptosis in breast cancer
cells by disturbing intracellular Ca** homeo-
stasis 7.

Ca®* possesses an essential regulatory
role in differentiation, secretion, contrac-
tion, transcription, phosphorylation, and
apoptosis processes. A piece of large cell ma-
chinery composed of different proteins and
organelles contributes to the regulation of
intracellular Ca** concentration ([Ca**]) .
Among them is the sarco(endo)plasmic re-
ticulum Ca?*-ATPase (SERCA), which allows
active transport and a considerable accu-
mulation of this cation at the endoplasmic
reticulum (ER). Active transport maintains
[Ca**] in the ER. This concentration is ap-
proximately three orders of magnitude high-
er (millimolar range) than cytoplasm [Ca*]

(=100 nanomolar), and similar to the ex-
tracellular miliew . Apoptosis is directly
related to Ca’* transfer from ER to mito-
chondria. Ca** depletion in ER can generate
a phenomenon called “ER stress” in which
the reduction of protein folding capacity,
and consequent accumulation of these mis-
folded proteins, initiates different processes
promoting cell death 1. The electropho-
retic uniporter (MCU) induces Calcium ac-
cumulation in the mitochondria. This [Ca®*]
increase generates an important change in
electrochemical potential (Ay ) ' which
may enable membrane permeabilization
with consequent release of cytochrome c,
caspase-9 activation and cell death 3.

In this investigation, the effect of tetra-
hydroquinolines JS-56 and JS-92 (Fig. 1) was
evaluated on Ca?* homeostasis and apopto-
sis induction in breast cancer cells MCF-7.
The tested compounds were prepared from
inexpensive and commercially available isat-
in, 2-aminobenzonitrile (or 4-bromoaniline)
and trans-isoeugenol, a major constituent of
clove oil using a previously published two-
step procedure 7, These tetrahydroquino-
lines have been shown to exert antitumor
activity against various cancer cell lines, in-
cluding MCF-7, SKBR3, PC3 and Hela cells
1617 the aim of the study is to ascertain the
mechanism of apoptosis induction by the
compounds. Both compounds induced an in-

JS-56

JS-92

Fig. 1. Chemical structure of the tetrahydroquinolines JS-56 and JS-92.
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crease in [Ca**], caused in part through SER-
CA inhibition, combined with the dissipation
of mitochondrial Ay~ Molecular docking
analysis showed that these compounds have
similar ligand-protein interactions with SER-
CA when compared to thapsigargin (Tg).
Furthermore, these tetrahydroquinolines
generated apoptosis via caspase activation
and DNA fragmentation. Both compounds
enhanced the effect of phorbol 12-myristate-
13-acetate (PMA) on the NF-kB-dependent
gene expression.

MATERIALS AND METHODS

Chemicals

The preparation of 8’-ciano-4’-(4-hydroxy-
3-methoxyphenyl)-3’-methyl-3’,4’-dihydro-1’H-
spiro[indoline-3,2’-quinolin]-2-one (JS-56) and
6’-bromo-4’-(4-hydroxy-3-methoxyphenyl)-3’-
methyl-3’,4’-dihydro-1’H-spiro|indoline-3,2’-
quinolin]-2-one (JS-92) was performed by fol-
lowing our previous reports which include the
reaction of isatin and 2-aminobenzonitrile or
4-bromoaniline to give the respective ketimine-
isatin derivatives and the subsequent acid-
catalyzed cycloaddition reaction with trans-
isocugenol 117, Both compounds were purified
by silica gel column chromatography and ob-
tained as stable solids. Their structures were
confirmed by various spectroscopic techniques
such as EI-MS, "H NMR, *C NMR, and IR, test-
ing each sample as a pure chemical substance
in the following biological experiments.

Cell culture

The human breast cancer cell line MCF-
7 was grown in Dulbecco’s Modified Eagle
Medium (DMEM), supplemented with peni-
cillin (100 U/mL), streptomycin (10,000
ug/mL), 1% GlutaMAX™ and 10% fetal bo-
vine serum (FBS). These cells were kept in
a humidified incubator at 37°C and in an at-
mosphere of 5% CO,.

Cytotoxicity assays
To evaluate the cytotoxicity in MCF-
7 cells, the colorimetric reduction assay of

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) was performed 8.
Ten thousand cells were seeded in 96-well
plates for 48 h allowing confluence. Cells
were exposed to JS-56 and JS-92 for 24 h,
at concentrations ranging from 1 to 50 uM.
In all cases, both tetrahydroquinolines were
dissolved in dimethyl sulfoxide (DMSO). The
final concentration of this solvent was equal
to or less than 0.5%.

All appropriate controls were developed
with 0.5% DMSO. After treatment, cells were
incubated with 0.4 mg/mL of MTT for 2 h at
37°C. Then, the supernatant was removed, and
the formazan crystals were dissolved by adding
50 pL of DMSO. Absorbance was measured in a
multi-detection microplate reader (Sinergy HT,
BioTek) at 570 nm. The IC value was defined
as the tetrahydroquinoline concentration caus-
ing a 50% reduction in absorbance compared
to the control of untreated cells, using the
Graphpad Prism 5.0 software.

Measurement of intracellular Ca?*
concentration

Measurements of [Ca**], in MCF-7 cells
were made using the fluorescent indicator
Fura-2, essentially as previously described 7.
Briefly, a suspension of 1x10° cells/mL was
prepared in a medium containing 138 mM
NaCl, 5 mM KCI, 1 mM MgCL,, 1.5 mM CaCl,,
5 mM glucose, 10 mM HEPES and 0.1% al-
bumin (extracellular medium), loading cells
with 200 uM sulfinpyrazone, 0.025% plu-
ronic acid, 0.1% albumin, and 2 uM Fura 2
acetoxymethyl ester (Fura 2-AM) for 30 min
at 25°C, in darkness and constant agitation.
After loading, cells were incubated for 15
minutes in the extracellular medium and
washed again using the same solution. When
indicated, these experiments were also
performed using the same wash buffer but
without CaCl, (by addition of 2 mM EGTA).
Fura-2 fluorescence on loaded cells suspen-
sion was monitored through a Perkin Elmer
LS 55 spectrofluorimeter with a chopper
device. The excitation wavelengths were set
at 340 and 380 nm, while the emission was

Investigacion Clinica 63(3): 2022



Apoptotic effect of tetrahydroquinoline derivatives in breast cancer cells 247

measured at 510 nm. All experiments were
carried out at 30°C, with constant agitation
in a stirred cuvette.

Intracellular Ca’* was calculated ac-
cording to Grynkiewicz et al. *°, using the
following equation: [Ca**] = K, x (R-R__/
R B) X F o/ Fraaso Where Kd is the dis-
sociation constant of Fura-2 (224 nM). R is
the ratio of emission fluorescence intensities
to excitation lengths of 340/380 nm. R
and R are ratios at 0 Ca** (6 uM digitonin
plus 4 mM EGTA) and saturating Ca** (2 mM
CaCl,), respectively. F ins0y Faxso) A€ tfluo-
rescent values of cells exposed to digitonin
plus 4 mM EGTA and 2 mM CaCl,, represent-

ing minimal and maximal fluorescent values.

Purification of Ca?*-ATPase from the
sarcoplasmic reticulum

The sarcoplasmic reticulum was ob-
tained from the white skeletal muscle of
the hind legs of rabbits, according to the
method described by Eletr and Inesi ?!. The
vesicles derived from the sarcoplasmic retic-
ulum are highly enriched in Ca**-ATPase (ap-
proximately 90%). To avoid Ca®* retention
in the lumen of the vesicles, the ionophore
A-23187 (1 uM) was added.

Evaluation of SERCA activity

The purified enzyme (2 pg/mL) was in-
cubated for 45 min at 37°C and continuous
agitation in a final volume of 250 pL of a buf-
fer containing 100 mM KCI, 20 mM MOPS-
Tris (pH 7.0), 1 mM EGTA, 10 mM MgCL,,
4 mM ATP, 1 pM A23817 and 1 mM CaCl,,
obtaining 10 uM of Ca?* in the medium and
reaching an optimal activity of the enzyme.
Inorganic phosphate production was quanti-
fied using the Fiske and Subbarow % colo-
rimetric assay, modified by applying ferrous
sulfate as a reducing agent 2.

Determination of the mitochondrial
electrochemical potential (Aym)
Mitochondrial ~membrane potential
changes were measured using the fluores-
cent marker rhodamine 123, as previously

described ?!, with the modifications intro-
duced by Pimentel et al. °. Rhodamine 123
is a cationic fluorescent dye that allows the
evaluation of the electrochemical potential of
this organelle when distributed according to
the Ay_. Rhodamine has a maximum excita-
tion peak of 488 nm and a maximum emis-
sion peak of 530 nm. For these experiments
3 x 10° cells/mL were resuspended in a me-
dium containing 138 mM NaCl, 5 mM KCI,
1 mM MgCL,, 1.5 mM CaCl,, 5 mM glucose,
10 mM HEPES-KOH, pH 7.4 and then loaded
with rhodamine 123 (20 pug/mL) for 45 min
at 30°C. All measurements were made on a
HITACHI-L-7000 spectrofluorimeter at 30°C
with continuous stirring.

Determination of caspases 7 and 9 activity

We used Caspase-Glo 3/7 and Caspase-
Glo 9 kits (Promega, Madison, WI) and de-
veloped the respective tests following the
manufacturer’s instructions. Since MCF-7
cells do not possess caspase 3 », the results
shown correspond to the effect of the dif-
ferent compounds on caspase 7 activity. In
a 96-well plate, 10,000 cells/well were seed-
ed and incubated for 48 h at 37°C in a 5%
CO, atmosphere. Then, cells were exposed
to different treatments for 24 h. Then, the
cells were lysed, and the luminescence was
measured with a multidetector microplate
reader (Synergy HT, Bio-Tek). Staurosporine
(Stau, 1 uM) was applied as an apoptosis ac-
tivator (positive control), and 0.5% DMSO
was used as a negative control.

Determination of DNA fragmentation

DNA fragmentation was analyzed through
the “dead-end fluorimetric TUNEL (TdT-medi-
ated dUTP Nick-End labeling) system” (Prome-
ga) kit. Cells were double-labeled with Fluores-
cein-12-dUTP (a specific marker of fragmented
DNA) and propidium iodide (DNA marker). Ac-
cording to manufacturing instructions, chang-
es in fluorescence intensity were detected by
flow cytometry (Epics XL Beckman Coulter,
FL). Cells incubated with staurosporine (1 uM)
were used as a positive control.
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Analysis of NF-kB-dependent gene expression

In this assay, HeLa tumor cells trans-
fected with a luciferase reporter gene whose
expression is under control of a modified
IL-6 promoter, which only contains a critical
binding site for NF-kB, were used. The lucif-
erase activity was determined in a luminom-
eter. Five thousand cells/well were seeded in
96-well plates and incubated for 48 h. Sub-
sequently, the cells were exposed to all treat-
ments and corresponding controls for 24 h.
Then, the cells were lysed, the luciferase sub-
strate was added, and the product was quan-
tified by luminescence. Incubation with cul-
ture medium represents the negative control
while phorbol 12-myristate 13-acetate (100
nM) was used as a positive control.

Molecular docking procedure

A 3D crystal structure from SERCA in
complex with BHQ (2,5-ditert-butylbenzene-1,4-
diol) and Tg was downloaded from Protein
Data Bank under PDB code 2AGV. The pro-
tein corresponds to sarco(endo)plasmic re-
ticulum Ca?*-ATPase from Oryctolagus cu-
niculus species, and it was crystallized with a
resolution of 2.4 A 2. The protein presented
six co-crystallized chemical ligands: two mol-
ecules of BHQ, two molecules of Tg, and two
sodium atoms. Four active sites (two for BHQ
and the other two for Tg) were generated on
the protein: two on a-chain and the other two
on B-chain. The 3D structure was imported
into the Swiss-PdbViewer v4.0.1 software 27.
Hydrogen atoms were added to the protein
structure, and minimization calculations
were carried out on protein structure via AM-
BER force field, using the conjugate gradient
method with an RMA gradient of 0.01 kcal/
Amol on Swiss-PdbViewer v4.0.1 software.
The prepared protein was exported to an Ar-
gusLab v.4.0.1 program package and saved
as an Agl document. Four active sites were
constructed on the SERCA protein derived
from BHQ and Tg inhibitors. It is well docu-
mented that both compounds, BHQ and Tg,
act as SERCA inhibitors. Specifically, BHQ is
an L-type Ca** channel inhibitor, blocks Ca**

transport by inducing superoxide anion pro-
duction *%. On the contrary, Tg inhibits all
SERCA isozymes at similar concentrations®.
Both inhibitors are bound to the transmem-
brane domain of the enzyme close to the
membrane/cytosolic interface.

Once the protein was prepared, the two
tested tetrahydroquinolines JS56 and JS92
were built using ArgusLab v4.0 %, optimiz-
ing their respective geometries employing
B3LYP/6-31G(d,p) *'. Then, molecular dock-
ing of the two compounds and crystallized
inhibitors (BHQ and TG) over the four active
SERCA sites was performed employing the
ArgusLab (v4.0.1) package program under
Windows 7.0 environment, applying AMBER
force field. The docking was achieved through
their respective grid map dimensions and a
grid point spacing of 0.375 A. A flexible li-
gand model was used in the docking and
subsequent optimization scheme. Different
orientations of the ligands were scanned and
ranked from their energy scores. Reproduc-
ibility of the calculated affinity and the mini-
mum energy pose was evaluated through 10
replicates for each quinoline and crystallized
inhibitor (BHQ or TS) 32. The ChemScore
scoring function was selected for the evalu-
ation of ligand binding modes. Settings for
genetic algorithm runs were kept at their de-
fault values; that is, the population size was
100, the selection pressure 1.1, and the num-
ber of operations was 100,000. Affinity energy
is reported as the mean of the 10 replicates.
The lowest energy poses (strongest-docking)
for each ligand in each target protein are
summarized in Table 1.

RESULTS

Effect of tetrahydroquinolines JS-56 and
JS-92 on cytotoxicity in MCF-7 cells

First, the possible cytotoxicity generated
by JS-56 and JS-92 on MCF-7 breast cancer
cells was evaluated through an MTT assay af-
ter being treated for 24 h with different con-
centrations of these tetrahydroquinolines. It
can be observed (Fig. 2) that both compounds
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Table 1
Binding energies (kcal/mol), H-interactions, and hydrophobic interactions from molecular
docking on the four studied active sites.

Binding Molecule Binding energy H-interactions (R) Intermolecular interactions
site (keal/mol)

TG1 JS-56 -13.1366 Two hydrogen bonding a) H-m interaction with
(2.8596 and 2.1804 A) Phe-834 and Phe-256.
between the phenolic b) Hydrophobic interactions
hydrogen of the ligand  with Met-838, Tyr-837, Phe-834,

and Ile-829 residue. Ile-829, Leu-828, Pro-827,

Leu-828, Ile-765, GIn-259,
Leu-260 and Val-263.

JS-92 -12.5189 Hydrogen bonding a) H-7 interaction with
(2.8988 zo%) between the Phe-236 and Phe-834.
phenolic hydrogen of b) Hydrophobic interactions
the ligand and Phe-834 with Met838, 11e829, Pro827,
residue Leu828, and 765Ile.
Tg -14.1626 No hydrogen bonding a) No -7 interactions.

b) Hydrophobic interactions
with Met-838, Phe-834, Ile-829,
Leu-828, Pro-827, Phe-776,
Val-773, Val-772, Val-769, Asn-768,
Ile-765, Ile-761, Pro-308, Ile-267,
/al-263, Leu-260, GIn-259,
Phe-256, Leu-253,
Leu-249 residues.

100 100
80 80
2 )
= = 60 |
% 60 S 60
> >
20 - 20
10 20 30 40 50 10 20 30 40 50
JS-56 (M) JS-92 (uM)

Fig. 2. Effect of tetrahydroquinolines JS-56 and JS-92 on MCF-7 cell viability. MCF-7 cells were treated with
different concentrations of these compounds. Each point represents the mean = SD of three indepen-
dent experiments. IC50 values obtained for JS-56 and JS-92 were 9.74 uM and 5.03 puM, respectively.
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induced cytotoxicity in MCF-7 cells in a dose-
dependent manner, with an IC_, of 9.74 uM and
5.03 uM for JS-56 and JS-92, respectively. At a
concentration of 50 uM, JS-56 decreased cell
viability by approximately 88%. At the same
time, JS-92 exerted a more substantial effect
than JS-56 on this cell line, being able to re-
duce almost 100% of MCF-7 cell viability at the
same concentration.

Effect of tetrahydroquinolines JS-56 and
JS-92 on intracellular Ca?* mobilization
To study the effect of these tetrahydro-
quinolines on the [Ca**], cells were loaded
with the Ca?* fluorescent indicator Fura-2. The
addition of JS-56 induced a rapid increase in
[Ca**], reaching a peak followed by a continu-
ous decrease (Fig. 3A), as a consequence of
[Ca**]. regulation carried out by the cellular
homeostatic machinery until it reached a new
steady-state Ca’* level, which is greater than

the original basal level. This response is charac-
teristic of compounds capable of inducing the
release of Ca* from the ER, with the conse-
quent opening of plasma membrane Ca** chan-
nels (SOCE) activated by emptying this intra-
cellular reservoir 1?23, The effect observed upon
the addition of thapsigargin (Tg) (Fig. 3B), a
potent SERCA inhibitor, was similar to that ob-
served with JS-56. However, the maximum Ca>*
peak achieved with Tg was higher than JS-56.
Additionally, when comparing Figures 3A and
3B, the addition of Tg after JS-56 (Fig. 3A) still
induced a slight increase in [Ca**].. However,
the tetrahydroquinoline did not exert any dis-
cernible effect after Tg addition (Fig. 3B).

The same experiments were performed
in the absence of extracellular Ca** to deter-
mine the origin of the cation increase. Under
these experimental conditions, the maximum
Ca’* peaks obtained with JS-56 (Fig. 3C) or
Tg (Fig. 3D) were considerably lower than
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Fig. 3. Effect of tetrahydroquinoline JS-56 and thapsigargin (Tg) on [Ca**]i in MCF-7 cells. The arrows in-
dicate the moment in which JS-56 (20 uM) and Tg (2 uM) were added, in the presence (Fig. A and
B) or absence (EGTA, Fig. C and D) of 2 mM CaCl,. The curves are representative of at least three
independent experiments.
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those reached in the presence of extracellu-
lar Ca** (Figs. 3A and 3B). Furthermore, the
Ca** levels obtained, after the maximum peak
and the subsequent decrease, were equal to
the basal levels (Figs. 3C and 3D). Moreover,
when Tg was added after JS-56, a minimal rise
in [Ca*] was detected, indicating again that,
different from Tg, the tetrahydroquinoline
was not able to release all the Ca®* from the
ER (Fig. 3D). Likewise, the effect of the tet-
rahydroquinoline JS-92 was evaluated under
the same experimental conditions, obtaining
essentially the same overall results, as can be
observed in Fig. 4.

Effect of tetrahydroquinolines JS-56
and JS-92 on SERCA activity

To identify a possible mechanism of ac-
tion of these compounds, which could explain
their effect on the increase in [Ca**],, the
ability to inhibit SERCA activity was exam-
ined, considering that the results obtained
were very similar to those found by the use

of Tg. Fig. 5 shows the effect of increasing
concentrations of JS-56 and JS-92 on ATPase
activity. Both tetrahydroquinolines inhibited
SERCA activity in a dose-dependent man-
ner. The maximum inhibitory effect of JS-
56 and JS-92 on SERCA activity was 56 and
51%, respectively. Albeit none of the tetrahy-
droquinolines could completely inhibit the
SERCA activity, these results demonstrate
that part of the effect of these compounds
on [Ca**], elevation was undoubtedly due to
SERCA activity inhibition.

Effect of tetrahydroquinolines JS-56
and JS-92 on the mitochondrial
electrochemical potential

Mitochondria use their electrochemical
membrane potential (Ay ) to accumulate
Ca** through the electrophoretic Ca** uni-
porter (MCU). The effects of the tetrahydro-
quinolines and Tg on the mitochondrial Ay
were studied by using the tfluorescent mark-
er rhodamine 123. This fluorescent indica-
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Fig. 4. Effect of tetrahydroquinoline JS-92 and thapsigargin (Tg) on [Ca®*]i in MCF-7 cells. The arrows indi-
cate the addition of JS-92 (20 uM) and Tg (2 uM), in the presence (Fig. A and B) or absence (EGTA,
Fig. C and D) of 2 mM CaCl,. The curves are representative of at least three independent experiments.

Vol. 63(3): 243 - 261, 2022



252 Maksoud et al.
100 1 100 1
>c 90 > 90
£5 £
) 2=
580 G580
© Z ® Z
g £ 701 < € 70 ;
SE
'S g | & S 60
0 X S
50 ~ 50
40 - - - - 40 - - r r
50 100 150 200 50 100 150 200
JS-56 (uM) JS-92 (uM)

Fig. 5. Effect of tetrahydroquinolines JS-56 and JS-92 on SERCA activity. Each point represents the mean +

SD of three independent experiments.

tor accumulates in the mitochondrial matrix
according to the electrochemical gradient.
Thus, an increase in fluorescence can be ob-
served due to the mitochondrial H* gradient
dissipation, concomitantly with the release
of rhodamine 123 from the mitochondria to
the cytoplasm and then to the extracellular
milieu. Results from Fig. 6 demonstrate that
both JS-56 and JS-92 (20 uM) and Tg (2 uM)
produced a rapid and pronounced elevation
in fluorescence due to rhodamine 123 release
from mitochondria. However, the increment
in rhodamine 123 fluorescence caused by Tg
was more significant than those produced by
the tetrahydroquinolines (Figs. 6B and 6D).
It can also be noticed that JS-92 (Fig. 6C)
generated an elevation of rhodamine 123
fluorescence higher than JS-56 (Fig. 6A).
The effect of Tg after the addition
of the tetrahydroquinolines was less pro-
nounced (Figs. 6A and 6C). It is worthwhile
to mention that this fluorescence elevation
with both Tg and tetrahydroquinolines was
expected since it was due to the partial dis-
sipation of mitochondrial Ay, generated by
the entry of Ca** released from the ER®. On
the other hand, after Tg application, the
addition of JS-56 and JS-92 led to an addi-
tional boost in fluorescence (Figs. 6B and
6D), indicating a superior Ay dissipation,
which cannot be merely explained by the en-

trance of Ca’' released from the ER. Thus,
these results suggest that both tetrahydro-
quinolines can directly affect the mitochon-
dria by Ca’*-independent mechanisms. As
expected, the positive control, carbonyl cy-
anide-4-(trifluoromethoxy)phenylhydrazone
(FCCP), generated a complete collapse of
the electrochemical gradient.

Effect of tetrahydroquinolines JS-56 and
JS-92 on the activity of caspases 7 and 9

We then evaluated the possible effect
of these tetrahydroquinolines on the induc-
tion of apoptosis in MCF-7 cells. Accordingly,
the activation of caspase 9, a known caspase
that initiates apoptosis, was assessed. The
1/2 1C,, IC,, and 2 IC_, obtained in the
MTT assay were used for both compounds.
As shown in Fig. 7 (upper panel), both JS-
56 and JS-92 significantly enhanced the ac-
tivity of caspase-9 compared to the control
in a dose-dependent manner. Sphingosine
(Sph), which promotes an increase in [Ca?"]
. in MCF-7 cells *, and 2,5-di-t-butyl-1,4-
benzohydroquinone (BHQ), a known SERCA
reversible-inhibitor **, also elevated the ac-
tivity of this initiating caspase. The positive
control Stau, which activates apoptosis in
MCF-7 cells ¥, effectively activated caspase
9 at a level similar to the IC_, of the tetrahy-
droquinolines.
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Fig. 6. Effect of tetrahydroquinolines JS-56 and JS-92 on the mitochondrial electrochemical potential in
MCF-7 cells. The fluorescent marker rhodamine 123 was used for these experiments, expressing re-
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Likewise, treatment of MCF-7 cells with
both tetrahydroquinolines raised the activity
of caspase 7 (Fig. 7, lower panel). Similar re-
sults were detected with the positive control
Stau and the SERCA inhibitor BHQ. The ac-
tivation-induced by JS-92 was slightly higher
compared to the rest of the compounds. This
effector caspase will be responsible for cleav-
ing specific cell targets to promote apopto-
sis in these cells.

Effect of tetrahydroquinolines JS-56 and
JS-92 on DNA fragmentation

An apoptotic cell is typically character-
ized by: changes in cell morphology, phos-
phatidylserine externalization, cytoplasm

contraction, shrinkage of the nucleus, and
DNA fragmentation '°. As a complement to
the results obtained in caspases 7 and 9 ac-
tivity assays, DNA fragmentation was ana-
lyzed through a TUNEL assay using Stau as a
positive control. In Fig. 8, cells were divided
into four populations displaying the percent-
age of cells in necrosis (propidium iodide,
IP*), apoptosis (fluorescein isothiocyanate,
FITC"), and alive (negative for both mark-
ers); apoptotic cells can either be IP or IP*.
Apoptotic cells exhibit DNA fragmentation,
which allows FITC incorporation. However,
a subset of these apoptotic cells is also IP™,
denoting that these also have a loss of plas-
ma membrane integrity, corresponding to a
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later stage of apoptosis in which cells can
no longer control the passage of elements
across the membrane, with eventual cell ly-
sis in the final stage. The quantitative data is
represented in Table 2.
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Fig. 7. Effect of tetrahydroquinolines JS-56 and JS-
92 on the activity of caspases 9 (initiator)
and 7 (effector). Stau (staurosporine), BHQ
(2,5-di-t-butyl-1,4-benzohydroquinone) and
Sph (sphingosine). The bars represent the
mean * SD derived from three independent
experiments. * and ** p < 0.05 compared
to the control of untreated cells or treated

with JS-56, respectively.

JS-56 treatment (10 uM) for 24 h in-
duced apoptosis, with 65.9% of FITG™ IP
cells in this stage and only 4.3% of FITC* IP*
cells. Treatment with Stau (1 uM) and JS-92
(5 uM) produced a significant percentage of
FITC* IP (31.5 and 46.5% for Stau and JS-
92, respectively) and FITC* IP* cells (60.6
and 35.5% for Stau and JS-92, respectively).
Hence, JS-92 has a more potent effect than
JS-56, which measurements of caspase ac-
tivity have also evidenced. These results are
statistically significant compared to the neg-
ative control (DMSO-treated MCF-7 cells).

Effect of tetrahydroquinolines JS-56
and JS-92 on NF-kB-dependent gene
expression

The nuclear transcription factor NF-xB
regulates numerous genes involved in multi-
ple cellular processes such as apoptosis, cell
proliferation, and differentiation. To evalu-
ate NF-kB-dependent gene expression, HeLa
tumor cells transfected with a luciferase re-
porter gene under the control of IL-6 pro-
moter, which contains critical binding sites
for NF-kB, were used.

Tetrahydroquinolines JS-56 and JS-92,
when added alone, were not able to increase
the NF-kB-dependent gene expression, with
values similar to those observed in the nega-
tive control (Fig. 9). The luminescence mea-
sured in the negative control corresponds
to the basal NF-kB-dependent gene expres-
sion on MCF-7 cells. The NF-kB-dependent
gene expression is elevated when cells were
treated with 100 nM of PMA; it has been

Table 2
Percentage of living, apoptotic, and necrotic cells after treatment with JS-56 and JS-92.
Percentage
Treatment group Living cells Apoptosis Apoptosis Necrosis
(IP-) (IP+)

Control DMSO 93.5 £ 4.6 0.9 = 0.6 0.1 £0.1 41 *=1.2
Staurosporine 39=+13 31.5+x75 60.6 = 6.8 1.2 +0.5
JS-56 25.5+93 65.9 £ 4.7 43 +28 1.9x1.06
JS-92 14.6 = 6.3 46.5 £ 5.5 35548 3418
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Fig. 8. Effect of tetrahydroquinolines JS-56 and JS-92 on DNA fragmentation in MCF-7 cells. The MCF-7 cells
were incubated with Fluorescein-12-dUTP (fragmented DNA marker) and Propidium Iodide (IP, core
marker). Cells were treated with staurosporine (1 uM), JS-56 (10 uM), and JS-92 (5 uM). The bars

represent the mean = SD derived from three independent experiments.

control of cells treated with DMSO.

NF-kB dependent gene
expression (A.U.)

Control PMA JS-56 JS-92 JS-56 + PMA JS-92 + PMA

Fig. 9. Effect of tetrahydroquinolines JS-56 and JS-
92 on NF-kB-dependent gene expression.
HeLa tumor cells were transfected with a
luciferase reporter gene under the control
of the IL-6 promoter, which contains criti-
cal binding sites for NF-kB. Control, untrea-
ted MCF-7 cells; PMA, phorbol 12-myristate
13-acetate. * and ** p<0.05 compared to
the control of untreated cells or treated
with PMA, respectively.

reported that PKC can activate IkBs kinase
complexes (IKKs), which eventually leads
to NF-xB activation *. Interestingly, the re-
sults demonstrate that the NF-xB-dependent
gene expression increased significantly when
cells were treated with PMA plus JS-56 or
JS-92, indicating an apparent effect of both
compounds on the PKC-stimulated NF-kB-
dependent gene expression.

*p < 0.0001 compared to the

Molecular docking

The experimental results on SERCA
activity obtained for the tetrahydroquino-
lines JS-56 and JS-92 were confirmed using
molecular docking for SERCA protein (PDB
code 2AGV). Interestingly, both Tg and BHQ
SERCA inhibitors showed practically the
same disposition as crystallized inhibitors
at the respective protein binding sites, re-
flecting the computational package’s poten-
tial for this molecular docking. In general,
the tetrahydroquinolines showed a higher
preference for Tg binding sites than for the
BHQ active site. This effect generates a li-
gand-protein complex with binding energies
between -12 and -13 kecal/mol at the active
sites of Tg; this is in contrast to weak dock-
ing energies found at the BHQ active site for
both tetrahydroquinolines. Particularly, ex-
perimental results have demonstrated that
Tg exerted a more potent inhibitory activity
(IC,, of 0.2 nM) than BHQ (IC, of 20 nM)
26, The preference of these large tetrahydro-
quinolines for Tg binding sites may be as-
sociated with the larger box size than BHQ
active sites, which may facilitate the stabi-
lization of the inhibitor-protein complex for
these bulky and inflexible molecules. It is
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essential to mention that our analysis was
focused on data obtained for the Tg active
site from chain-a, which exhibited the lower
binding energy complex.

DISCUSSION

Tetrahydroquinolines derivatives are an
essential group of natural or synthetic com-
pounds showing a wide range of biological
activities. Numerous compounds capable of
inducing a Ca®* signal followed by a cellular
response have been reported. Ca®* is one of
the essential ionic constituents in the body.
It has a central regulatory role in differentia-
tion, secretion, contraction, transcription,
phosphorylation, and apoptosis processes
0. Ca?* is the component required by milk
to calcify newborn bones and teeth and
modulates the proliferation, differentiation,
and apoptosis of mammary gland epithelial
cells 7. The modulation of Ca** homeosta-
sis and its signaling could represent a viable
therapeutic approach in the treatment and/
or prevention of breast cancer. Therefore,
regulators of Ca®* homeostasis or its signal-
ing in mammary gland tumors are possible
targets for drugs. In this investigation, we
used the tetrahydroquinolines JS-56 and JS-
92, modified derivatives from clove and cin-
namon plants, to study the effect of these
drugs on Ca?* homeostasis and its possible
relationship with apoptosis in breast cancer
cells MCF-7.

In the interest of evaluating the cyto-
toxicity of tetrahydroquinolines JS-56 and
JS-92 on MCF-7 breast cancer cells, the MTT
assay was developed, allowing the determi-
nation of mitochondrial viability on treated
cells. Both compounds are cytotoxic to MCF-
7 cells in a dose-dependent manner, with an
IC,, of 9.74 uM and 5.031 uM for JS-56 and
JS-92, respectively. This difference may be
related to the bromine atom that JS-92, in-
stead of the cyanide atom present in JS-56.
IC,, values for these compounds in MCF-7
cells are significantly lower than those re-
ported previously in human dermis fibro-

blast, 92.87 uM and 42.48 uM for JS-56 and
JS-92, respectively 7.

Through fluorimetric techniques, we
were able to perform measurements of intra-
cellular Ca?* in MCF-7 cells, aiming to find
possible mechanisms of action for these com-
pounds. The results revealed that JS-56 and
JS-92 promote an increase in [Ca**].. Like-
wise, the Tg effect on [Ca**], is diminished
when added after the impact generated by
the tetrahydroquinolines, compared to when
it is initially added, allowing us to conclude
that these compounds promote the release
of Ca’* from a compartment sensitive to Tg,
namely the ER. Similar experiments were
done but using a solution without CaCl,. Un-
der these experimental conditions, the maxi-
mum Ca>* peaks detected with JS-56, JS-92
or Tg are considerably reduced compared to
those achieved in the presence of extracellu-
lar Ca**, and instead, returning to the basal
level. These results show an influx of Ca*
from the outside. This effect may be caused
by a store-operated Ca** Entry (SOCE) or a
capacitive Ca®* entry induced by emptying
Ca’* from the ER '3,

The lack of an additive effect of Tg with
tetrahydroquinolines on the [Ca®*] suggests
a possible similar mechanism of action. The
possible inhibitory potential of these com-
pounds on SERCA activity was examined ac-
cordingly. Both tetrahydroquinolines inhibit
the enzyme activity with similar maximum
inhibitory effects of 56 and 51% for JS-56
and JS-92, respectively. This effect also in-
dicates that different from Tg, these com-
pounds could not completely inhibit the
ATPase activity. However, part of the overall
effect on the onset of apoptosis is the partial
inhibition of SERCA activity. As it has been
shown that Tg can induce ER stress via SER-
CA inhibition, JS-56 and JS-92 are likely po-
tential candidates for generating ER stress
through this identical mechanism. In this
context, it is worth mentioning that SERCA
targeting could represent an effective thera-
peutic strategy in treating pathogens and
cancer cells .
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The effect of both compounds on the
mitochondrial membrane Ay was deter-
mined since the accumulation of mitochon-
drial Ca®* is a necessary event in the initia-
tion of apoptosis via the intrinsic pathway.
The primary source of the cation derives
from its transfer from the ER %°. The results
revealed that both tetrahydroquinolines
generate an increase in rhodamine 123 fluo-
rescence. Although the increment in rhoda-
mine fluorescence caused by Tg was higher
than the compounds, its effect after the ad-
dition of the tetrahydroquinolines was less
pronounced, suggesting that they share part
of the mechanism of action on mitochondria.
The fluorescence increase after treating the
cells with both Tg and tetrahydroquinolines
was expected due to the partial dissipation
of mitochondrial Ay _. This change is gen-
erated by the entry of Ca®* released from
the ER °. When both tetrahydroquinolines
were added after Tg, an additional increase
in fluorescence was triggered, indicating a
superior dissipation of the Ay. These unex-
pected results suggested that JS-56 and JS-
92 induced a cell response independent of
[Ca**].. The effects are also independent of
the Ca®* clectrophoretic uniporter. These
effects have been reported previously with
concentrations higher than 1 uM *°. Accord-
ingly, both tetrahydroquinolines, similar to
the SERCA inhibitor, could interact with the
mitochondria, generating a widespread ef-
fect.

Given that the Ay _ loss of the mito-
chondrial membrane is a hallmark event of
apoptosis, the presumed activation of char-
acteristic processes associated with pro-
grammed cell death after applying the tet-
rahydroquinolines was investigated. In this
study, it was demonstrated that tetrahydro-
quinolines JS-56 and JS-92 are capable of
activating caspases 7 and 9 and promoting
DNA fragmentation. Activation of caspases
and the percentage of cells with DNA frag-
mentation was higher for JS-92, which coin-
cides with its superior cytotoxic effect. DNA
fragmentation in conjunction with caspase

activation and the results demonstrating
that these tetrahydroquinolines cause the
dissipation of mitochondria Ay_ to support
the conclusion that these compounds acti-
vate apoptosis in MCF-7 cells. Additionally,
after the inhibition of SERCA and the conse-
quent reduction of the [Ca’*] at the ER, mis-
folded proteins could accumulate. The un-
folded protein response could be triggered,
leading the cells to death >3, By suppress-
ing this enzyme’s activity and promoting the
cation’s entry into the mitochondria, the
release of pro-apoptotic factors from this or-
ganelle would be facilitated . Thus, part of
the potential anticancer effect of these com-
pounds would be mediated through SERCA
inhibition. Based on the accumulated evi-
dence, we suggest that disturbances of the
Ca** signal induced by these tetrahydroquin-
olines would trigger apoptosis by promoting
ER stress and the release of proapoptotic
factors from the mitochondria after the en-
try of Ca®* into this organelle.

According to our results, JS-56 and JS-
92 failed to eclevate the NF-kB-dependent
gene expression. However, NF-kB-dependent
gene expression was augmented when cells
were treated with PMA, an activator of PKC
which upregulates NF-kB *. Interestingly, the
NF-xB-dependent gene expression is further
elevated when cells were exposed to the com-
bination of PMA and tetrahydroquinolines,
possibly because these compounds enhance
the affinity of PKC for PMA or modulate the
PMA activity making it more potent and/or
stable. Since NF-kB is a regulator of the ex-
pression of multiple genes, additional experi-
ments are needed to determine its putative
participation in pro-apoptotic events. We do
not rule out non-specific binding of other
transcription factors to this NF-«xB binding
site on the IL-6 promoter. Future research
will confirm the participation of this tran-
scription factor by determination of cytoplas-
mic/nuclear levels of p65 as well as confirma-
tion of these results in breast cancer cells.

Based on the results that both tetrahy-
droquinolines may interact with the Tg bind-
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ing site of SERCA, we used a docking mod-
el to test the possibility of interaction. It
should be noted that both tetrahydroquino-
lines exhibited docking energies higher than
Tg, indicating that the Tg-Ca**-ATPase com-
plex is more stable than the quinoline-Ca?*-
ATPase complex (Table 1). These theoretical
findings are in good agreement with experi-
mental data, where Tg exhibited the higher
experimental inhibitory activity (IC, of 0.2
nM) compared to the tested tetrahydroquin-
olines (IC, of 60 and 100 uM for JS-56 and
JS-92, respectively). The high stabilization
of the Tg-Ca’*-ATPase complex can be asso-

ciated with diverse intermolecular interac-
tions with residues located in the Tg1 active
site, including (i) a large number of hydro-
phobic interactions with at least 20 residues
in chain A and 13 residues in chain B; (ii)
from one to two strong H-interactions with
Ile-829 and Phe-834 for JS-56 and JS-92, re-
spectively; and (iii) H- interactions between
phenolic, quinolinic, or indolic rings with
specific phenyl rings in Phe-834, Phe-256
or Tyr-837 (Table 1 and Fig. 10). However,
it is essential to mention that these diverse
interactions found for these tetrahydroquin-
olines are located in turn to a specific re-

Fig. 10. Molecular docking of the tetrahydroquinolines JS-56 and JS-92 on the TG1 active site. (A) TG1 (gray
ribbons) and TG2 (blue ribbons) active sites into SERCA protein; (B) Location of JS-56 (cyan color)
and JS-92 (orange color) into the TG1 active site pocket of SERCA protein; (C) Superimposition
between JS-56 (cyan) and JS-92 (orange) with TG1 substrate (yellow color); (D) Disposition and in-
teractions of JS-56 (cyan) (D) and JS-92 (orange) (E) into TG1 active site. Tentative H-7 interactions
between phenolic, indolic, or quinolinic rings of JS-56 and JS-92 with Phe-236 (gray color), Phe-834
(blue color), and Phe-256 (green color) residues.
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gion of the active site. At the same time, Tg,
bearing a highly flexible octanoic acid resi-
due at C2, makes hydrophobic contacts with
non-polar patches on the outer surface of
SERCA’s trans-membrane domain and pos-
sibly with surrounding lipids, facilitating the
stabilization of the ligand-protein complex.
The molecular docking analysis shows that
hydrophobic ligands containing long and
flexible side chains are needed to design ef-
fective inhibitors of the Ca?*-ATPase enzyme
due to the high hydrophobic and extended
nature of the Ca?*-ATPase active site. Future
studies will continue to evaluate these types
of compounds and their effect on Ca®** and
apoptosis, developing new analogs with dif-
ferent types of chemical modifications on a
more diverse panel of breast cancer cells and
other types of malignancies.

Both tetrahydroquinolines derivatives,
JS-56 and JS-92, induced cell death in MCF-
7 cells through a combination of events.
These events include the elevation of the
[Ca**],, inhibiting SERCA via direct interac-
tion, partially damaging the mitochondria,
which induced activation of apoptotic path-
ways and consequently MCF-7 cell death.
Therefore, these results show the potential
that these types of compounds would have
in anti-neoplastic treatment in humans. It
is hoped that more powerful analogs can be
developed in the future.
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Abstract. By the end of 2021, the Omicron variant of SARS-CoV-2, the
coronavirus responsible for COVID-19, emerges, causing immediate concern,
due to the explosive increase in cases in South Africa and a large number of
mutations. This study describes the characteristic mutations of the Omicron
variant in the Spike protein, and the behavior of the successive epidemic waves
associated to the sub-lineages throughout the world. The mutations in the
Spike protein described are related to the virus ability to evade the protec-
tion elicited by current vaccines, as well as with possible reduced susceptibil-
ity to host proteases for priming of the fusion process, and how this might be
related to changes in tropism, a replication enhanced in nasal epithelial cells,
and reduced in pulmonary tissue; traits probably associated with the apparent
reduced severity of Omicron compared to other variants.
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Sub-linajes de la variante Omicron del SARS-CoV-2: mutaciones
caracteristicas y su relacion con el comportamiento

epidemiolégico.
Invest Clin 2022; 63 (3): 262 — 274

Palabras clave: COVID-19; SARS-CoV-2; variante de preocupacién Omicron;

mutaciones; tropismo.

Resumen. A finales de 2021 surge la variante Omicron del SARS-CoV-2, el
coronavirus responsable de la COVID-19, causando preocupacion inmediata,
debido al aumento explosivo de casos en Surafrica, y a su gran cantidad de
mutaciones. Este estudio describe las mutaciones caracteristicas de la variante
Omicron en la proteina de la Espiga (S) y el comportamiento de las sucesivas
olas epidémicas asociadas a la circulacién de sus sub-linajes en todo el mundo.
Las mutaciones en la proteina S descritas estdan relacionadas con su capacidad
para evadir la proteccién provocada por las vacunas actuales, asi como su posi-
ble susceptibilidad reducida a las proteasas del hospedero para la preparacion
del proceso de fusién. Se infiere cémo esto podria estar relacionado con su
cambio en el tropismo, con una replicacion mayor en las células epiteliales
nasales y menor en el tejido pulmonar, rasgos probablemente asociados a su

aparente menor gravedad en comparacion con otras variantes.

Received: 10-07-2022

INTRODUCTION

SARS-CoV-2 infection, responsible for
the COVID-19 pandemic, has caused more
than 550 million cases and more than 6
million deaths worldwide until June 2022.
This virus belongs to the family Coronaviri-
dae. This family comprises enveloped virus-
es, with a positive sense genome of around
30,000 nt. In the case of SARS-CoV-2, the
genome codes for four structural proteins
(nucleocapsid or N, spike or S, membrane
or M and envelope or E), 15 non-structural
proteins and cight accessory proteins. The S
protein contains two regions: S1, which in-
cludes the receptor-binding domain (RBD),
and S2, with the furin-cleavage site and the
fusion peptide. RBD, specifically the receptor
binding motif (RBM), is the region respon-
sible for the attachment to the angiotensin-
converting enzyme 2 (ACE2) cellular recep-

Accepted: 22-07-2022

tor (Fig. 1)!2. Two other putative receptors
(Asialoglycoprotein Receptor 1 - ASGR1- and
KREMENT1) have been described recently for
SARS-CoV-2, which are not used by the previ-
ous SARS-CoV. The virus appears to interact
with these two additional receptors through
the RBD and also with N-terminal domain of
the S1 region®*. These new candidates add
to the list of other potential ligands that
may interact with SARS-CoV-259,

During these two years of a high rate
of replication, this virus has accumulated
several mutations, allowing for its clas-
sification in more than 2000 lineages by
June 20227°. Some of these lineages were
denominated as variants by WHO. These
variants (lineages of viruses sharing partic-
ular types of mutations) emerged since the
end of 2020, and were defined as Variants
Under Monitoring (VUM), Variants of Inter-
est (VOI), and Variants of Concern (VOC),
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Fig. 1. Mutations of the SARS-CoV-2 Omicron VOC sub-lineages. Venn diagram showing common mutations
between the SARS-CoV-2 Omicron VOC sub-lineages.

when any different phenotypic trait, such as
increased transmissibility or immune eva-
sion, among others, was suspected for the
two firsts and confirmed for the last’. Until
June 2022, five VOCs were described: Al-
pha variant, which emerged in the UK (lin-
eage B.1.1.7), Beta variant in South Africa
(B.1.351), Gamma variant in Brazil (P1),
Delta variant in India (B.1.617.2), and Omi-
cron variant, first identified in South Africa
(B.1.1529). The last one was included in
the list of VOCs very soon after its identi-
fication. By the end of June, only the Omi-
cron VOC and its sub-lineages were present
as a VOC'.

This variant caused immediate concern,
due to the explosive increase in cases in
South Africa'', and the large number of mu-
tations exhibited by this new lineage. In this
study, we describe the characteristic muta-
tions of the Omicron variant of SARS-CoV-2,
and the behavior of the epidemic waves as-
sociated with the dissemination of the differ-
ent sub-lineages throughout the world.

MATERIALS AND METHODS

Description of the mutations charac-
teristic of each sub-lineage of Omicron.
The identification of characteristic muta-

Investigacion Clinica 63(3): 2022
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tions of the five sub-lineages of Omicron
was performed using the following data-
bases: SARS-CoV-2 lineages (Cov-lincages.
org), Outbreak.info and; GISAID EpiFlu™
(https://www.gisaid.org/). The Venn dia-
gram was made in Bioinformatics & Systems
Biology UGent/VIB (bioinformatics.psb.
ugent.be), and edited in Illustrator CC (ver.
23.0.1).

Analysis of the frequency of Omicron
VOC in the world from November 2021 to
May 2022. The number of sequences of Omi-
cron VOC available at the GISAID database
(https://www.gisaid.org/) on June 26, 2022
was compared to the total number of se-
quences foe each month, between November
2021 and May 2022.

Frequency of Omicron VOC sub-lineag-
es in the world. The number of sequences
reported for each Omicron VOC sub-lineage,
together with the date of the first and peak
detection, were analyzed from “SARS Cov2-
Lineages.” https://cov-lineages.org/lincage
list.html®, and accessed on June 26, 2022.

Analysis of the epidemic waves caused
by the Omicron VOC in different coun-
tries. The peak number of cases caused by
the circulating Omicron VOC was analyzed
in selected countries, and compared with
the previous highest peak of cases occurring
in the same country, using the Worldometer
database (https://www.worldometers.info/
coronavirus/, accessed on July 1, 2022).

RESULTS

Key mutations of the Omicron variant

The Omicron variant exhibits a large
number of mutations in its genome, par-
ticularly in the S protein (Fig. 1). Five sub-
lineages of the Omicron variant have already
been identified, which exhibit some differ-
ences with the original B.1.1.529 lineage
and between them (Figs. 1 and 2). Addition-
ally, a recombinant BA.1/BA.2 sub-lineage
has also been described (Table 1).

The number of mutations exhibited by
the different sub-lineages of Omicron VOC
ranges from 22 for BA.3 to 57 in BA.4. Key
mutations of the S protein and present in al-
most all the sub-lineages are shown in Fig.
2. The S371L, K417N, and N440K muta-
tions, although not present in all the BA.1
isolates, are however also frequently found,
according to a search in GISAID database
(data not shown) In the case of BA.3, many
key mutations present in the other linecages
of Omicron, such as D405N, K417N, N440K,
T478K, E484A and N501Y, were found in
most sequences of lineage BA.3 available in
the GISAID database (data not shown).

Of particular relevance is the absence
of the deletion of the amino acids 69 and
70 in the S protein in the BA.2 sub-lincage,
which instead possesses a deletion of the
amino acids 25 to 27° (Fig. 1). Another im-
portant mutation acquired by the BA.4 and

G334D S371L S373P S375F K417N N440K L452R T478K E484A Q493R Q498R N501Y H655Y N679K N969K

BAA1 H B | HA H H 6 0 ©
BA.2 HA B B | HA H H 6 0 ©
BA.3 ® 0 ©
BA4 HA B B HA B H H 6 6 o
BA5 HA H N HA B HE B 6 & ¢

Increase in the affinity of the RBD to the ACE2 receptor .
Syncytia formation @
Neutralizing antibodies evasion

Fig. 2. Key mutations in the different Omicron VOC sub-lincages.
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Table 1
Description of Omicron VOC sub-lineages.
Omicron main Sub-lineages' Date of first Date of peak Number of
lineage detection detection? sequences’
BA.1 50 (54) 2/9/21 4/1/22 2166293
BA.2 53 (108) 11/10/21¢ 28/3/22 1625851
BA.3 2 23/11/21 3/2/22 745
BA.4 1(4) 10/1/22 25/5/22 13334
BA.5 2 (15) 5/1/22 30/5/22 27560
XES 1 19/1/22 28/3/22 2438

Information from (9), accessed on June 26, 2022.

! The effective number of sub lineages is shown, with the number of proposed ones indicated under parentheses.

’Date when the highest number of sequences were available was June 26, 2022. This date may change,
particularly for lincages BA.4 and BA.5, which are more actively disseminating in June 2022.

3The number of total sequences tentatively assigned to this lineage is shown.

*An earlier date of detection is reported for sub-lineage BA.2.3 (29/9/21).

SRecombinant BA.1/BA.2.

BA.5 sub-linecages is the L452R mutation
(Fig. 2), a key mutation in the Delta VOC,
which was previously identified, particularly
in some Californian variants. The sub-lin-
eage BA.2.12.1 carries the mutation L.452Q),
previously described in the C.37 VOI°.

Omicron dissemination and sub-lineages

Soon after its emergence, the Omicron
VOC displaced very rapidly the other lineag-
es circulating in the world, mainly the Delta
VOC (Fig. 3). At the end of June 2022, the
Omicron VOC was the only VOC recognized
by the WHO, although some Delta VOC iso-
lates were still described in the GISAID da-
tabase.

At the end of June 2022, the most fre-
quent lineages found in several parts of the
world were the sub-lineages BA.2.12.1, BA.4
and BA.5. These 3 linecages are expected to
circulate abundantly in the next months of
2022. Very few sequences of sub-lincage BA.3
were available at GISAID database (Table 1).

Table 2 shows some representative pat-
terns of the epidemic waves caused by the
Omicron VOC and its successive sub-linea-
ges. Generally, the Omicron VOC dissemi-
nation caused an epidemic wave of unprece-
dented magnitude, when compared to the

previous waves. Exceptions to this are India
and Iran, for which the ratio of Peak number
of cases with Omicron VOC/Peak number
of cases before Omicron VOC (PNO/PNBO)
was below 1 (Table 2). Additionally, this ratio
is highly variable between countries, being
generally lower in American countries, com-
pared to European ones, for example. The
second epidemic wave of Omicron VOGC, due
to the dissemination of sub-lineages such as
BA.2, BA.4 and BA.5, was observed earlier in
many countries of Europe, while in America,
for example, some countries were suffering
an ongoing peak at the end of June 2022
(Table 2).

Several factors may have affected the
analysis. The testing capacity of each cou-
ntry, which ranged in July 1, 2022, from
five tests/million inhabitants in Algeria,
to 21,890,462 tests/million inhabitants in
Denmark (https://www.worldometers.info/
coronavirus/), may have limited more accu-
rate estimation of cases during the epidemic
waves, particularly during the Omicron VOC
one. With the highest testing capacity, Den-
mark exhibited a high PNO/PNBO of 11.54
(Table 2). The intensity of the Delta VOC
epidemic wave, which was particularly high
in some Asian countries, like India and Iran,
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Fig. 3. Frequency of Omicron VOC around the world
from November 2021 to May 2022. Green:
Omicron VOC. Red: other lineages, mainly
Delta VOC. From GISAID (https://www.gisaid.
org/accessed on June 26, 2022). In November
2021, only 3217 sequences of Omicron were
available out of 810820 total sequences.

led to a reduction of this ratio in these cou-
ntries, probably combined with saturated
testing capacities. PNO/PNBO is of parti-
cular interest in countries like South Korea
(83.58), Australia (59.61) and New Zealand
(unassigned since no peak in the number of
cases was observed before the Omicron wave
(Table 2). In Colombia and Venezuela, for
example, the PNO/PNBO was close to 1 (Ta-
ble 2). In addition to possible testing satura-
tion during the Omicron VOC wave in these
countries, the lower severity associated with
this variant, particularly in young persons,
may have reduced the demand for testing in
some groups.

DISCUSSION

Soon after its identification, the Omi-
cron variant was declared as a VOC, especia-
lly due to the huge number of mutations it
harbors!!. Of the more than 30 mutations
present in the Omicron variant in the S pro-
tein, around half of them are located in the
RBD!2. Some of these mutations can be used
detecting of this VOC by rapid methods!?. Se-
ven produce a modest increase in the affinity

of the RBD for the ACE2 receptor: Q493R,
N501Y, S371L, S373P, S375F, Q498R, and
T478K!>™, It has been shown that Omicron
VOC can infect murine cell lines15. At least
two of the substitutions responsible for the
increase in affinity for the human ACE2 re-
ceptor are also responsible for the increa-
se in binding to mouse ACE2: Q493R and
Q498R15,16. Furthermore, the molecular
spectrum of Omicron-acquired mutations
was significantly different from the spectrum
for viruses that evolved in human patients.
However, it resembles the spectra associa-
ted with virus evolution in a mouse cellular
environment. These observations lead to the
suggestion that the progenitor of Omicron
might have jumped from humans to mice,
accumulating mutations conductive to in-
fecting that host, then jumping back into
humans, indicating an interspecies evolutio-
nary trajectory for the Omicron outbreak's.
Thus, this increased propensity for reverse
zoonosis makes this variant more likely than
previous variants to establish an animal re-
servoir of SARS-CoV-2.

Recent studies show that Omicron VOC
exhibit a replication enhanced in human
primary nasal epithelial cells, and reduced
in pulmonary cells'”°. This trait appears
to be related to the fact that, unlike other
SARSCoV-2 variants, Omicron is capable of
efficiently entering cells in a TMPRSS2-in-
dependent manner, via the endosomal rou-
te. This enables Omicron to infect a greater
number of cells in the respiratory epithe-
lium, allowing it to be more infectious at
lower exposure doses and resulting in en-
hanced transmissibility'”. Syncytia forma-
tion depends on the fusogenic activity of the
S2 region of the S protein after cleavage by
the TMPRSS2. The Omicron also forms fewer
synceytia than other lineages®*?!. The authors
suggest that this phenotypic trait may be
due to the presence of the mutation N969K.
The role of syncytia formation in the patho-
genic effect of SARS-CoV-2 remains a mat-
ter of debate??. Other substitutions, such as
N679K and H655Y, may be contributing to
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Table 2
Omicron VOC epidemic waves in selected countries.
Country Pop Cases! PNBO? PNO? PNO Sop*
(M hab) M) /PNBO
America
USA 3349 89.4 (1) 310,438 (8/1/21) 908,909 (14/1/22) 2.93 140,047 (23/6/22)
Brazil 215.6 32.4 (3) 115,041 (23/6/21) 282,050 (3/2/22) 2.45 75,106 (30/6/22)
Argentina 45 9.4 (13) 41,080 (27/5/21) 139,853 (14/1/22) 3.40 8,314 (26/5/22)
Colombia 52 6.2 (18) 33,594 (26/6/21) 35,575 (15/1/22) 1.06 3,403 (28/6(22)
Mexico 131.6 6 (20) 28,953 (19/8/21) 60,552 (20/1/22) 2.09 32,216 (30/6/22)
Chile 19.4 4 (31) 9151 (9/4/22) 39,840 (10/2/22) 435 13,104 (17/5/22)
Venezuela 283 0.5(86) 1,786 (4/4/21) 2,646 (30/1/22)  1.48 199 (24/6/22)
Africa
South Africa  60.8 4 (30) 26,645 (3/7/21) 37,875 (12/12/22) 1.42 10,017 (11/5/22)
Asia
India 1,407 43.5(2) 414,433 (6/5/21) 347,254 (20/1/22) 0.88 19118 (30/6/22)
South Korea 51.3  18.4(9) 7434 (17/12/21) 621,328 (17/3/22) 83.58 10,437 (29/6/22)
Iran 86.1 7.2(7) 50,228 (17/8/21) 39,819 (7/2/22)  0.79 4,615 (5/4/22)
Hong Kong 7.6 1.2 (55) absent 79,876 (3/3/21) +++ 2,352 (30/6/22)
Europe
France 65.6 31.1(4) 83,321 (7/11/20) 501,635 (25/1/22) 6.02 217,480 (29/3/22)
UK 68.6  22.7 (6) 83,088 (30/12/20) 275,618 (5/1/22) 3.32 109,320 (22/5/22)
Italy 60.3  18.6 (7) 41,386 (13/11/20) 228,740 (18/1/22) 5.53 100,823 (20/4/22)
Denmark 5.8 339 4,508 (18/2/20) 52,009 (10/2/22) 11.54 2,407 (28/6/22)
Oceania
Australia 26.1 8.2 (16) 2,528 (9/10/21) 150,702 (13/1/22) 59.61 67,379 (30/3/22)
New Zealand 5 1.3 (53) absent 24,106 (2/3/22) +++ 8,331 (28/6/22)

!Cases: Total number of cases in millions (M) until July 1, 2022 (position in the ranking of cases).
2PNBO: Peak number of cases before Omicron VOC (date). *PNO: Peak number with Omicron VOC (date).

1SOP: Secondary Omicron VOC peak (date).

this particular phenotype in Omicron VOC.
The N679K substitution is located in the
QTQTN motif upstream of the furin cleavage
site (QTQTK in the Omicron VOC). The clea-
vage site is known to play an important role
in viral pathogenesis. Its deletion attenuates
viral replication in respiratory cells in vitro
and attenuates disease in vivo??. The subs-
titution N679K in the QTQTN motif of the
Omicron VOC has been shown to reduce the
affinity of the protein for furin, resulting in

a reduced susceptibility to serine proteases
on the cell surface for entry*?* The substi-
tution I1655Y, in contrast, has been shown to
enhance viral replication and spike protein
cleavage®.

One of the most striking characteris-
tics of the Omicron VOC is its ability to eva-
de protective immunity induced by previous
infection or vaccination®®?’. In fact, it is be-
lieved that the increase in transmissibility of
this variant is primarily due to its ability to
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evade previous protective immunity rather
than to of a higher affinity of its S protein
for the ACE2 receptor®®. Several mutations
of Omicron VOC could impair neutralizing
antibodies (Nabs) with different specifici-
ties. Specifically, mutations K417N, G4468S,
E484A, and Q493R induce escape of NAbs
in Group A-D, whose epitope overlaps with
the ACE2-binding motif. Group E (S309
site) and F (CR3022 site) NAbs, which of-
ten exhibit broad Sarbecovirus neutralizing
activity, are still somehow effective against
the Omicron VOC, but mutations G339D,
N440K, and S371L may induce resistance to
a subset of Nabs?’.

The Omicron VOC also exhibits an inser-
tion of 3 amino acids (EPE) in the N-terminal
region of the S protein, at residue 214. This
insertion of EPE has not been observed in
other major variants of SARS-CoV-2 and may
induce a structural change, which might be
associated with a decrease in neutralizing
antibody binding ability to this region. This
genomic insertion has also been suggested to
be incorporated into SARS-CoV-2 by recombi-
nation with another coronavirus or even oth-
er respiratory pathogens®*°. The mutation
L452R present in sub-lincages BA.4 and BA.5,
may confer to these Omicron VOC sub-lineag-
es an increased immune evasion®3?, and may
also contribute to the dissemination of these
lineages. The sub-lineages more frequent in
June 2022, BA.2.12.1, BA.4 and BA.5, exhibit
an increased potential of breakthrough in-
fection after vaccination and infection, even
with a previous infection with another Omi-
cron VOG>,

In contrast, the sub-lincage BA.3 of the
Omicron VOC did not exhibit wide dissemi-
nation, compared to the other ones. This
may be related to the absence of many key
mutations exhibited by the other sub-lineag-
es, related to increased transmissibility and
immune evasion (Figs. 1 and 2). However,
the number of mutations found in this sub-
lineage is also variable among different iso-
lates, and some of those key mutations are
also frequently found.

Several lines of evidence suggest that
the Omicron VOC is highly more transmis-
sible than all previous variants, in addition
to the reduced sensitivity to the immune
protection conferred by vaccines and previ-
ous infections. The effective and basic re-
production numbers of the Omicron variant
have been estimated to be 3.8 and 2.5 times
higher than that of the Delta variant, respec-
tively, which was the previous VOC display-
ing the highest reproduction numbers®.

From this significant increase in trans-
missibility and resistance to previous immu-
nity, it could be inferred at a first glance,
that the clinical course of the Omicron VOC
might be more severe. However, the changed
tropism of this variant, to a virus infecting
more the upper respiratory airway, com-
pared to the lungs, suggests that is the con-
trary. Indeed, several studies point to a less
severe clinical course of infection with the
Omicron VOC, compared to the infection
caused by the Delta VOC.

The first evidence comes from in witro
and animal model infections, where the Omi-
cron VOC exhibited an attenuated pheno-
type®”. The early studies of the Omicron VOC
in South Africa also suggested a reduced odd
of severity for the patients infected with this
VOC?. This trend was confirmed in a retro-
spective observational study”. The same ob-
servation was found among US Veterans®.
Children in Israel were less prone to develop
multisystem inflammatory syndrome (MISC),
a common sequel of COVID-19 in children,
during the Omicron VOC wave, than during
the Delta and Alpha VOC waves?*!.

The emergence of Omicron VOC and
its sub-lineages led to an abrupt epidemic
peak worldwide*>. However, differences in
the intensity of the epidemic peak caused
by the Omicron VOC were however observed
between countries. For example, countries
such as South Korea, Australia, and New Zea-
land were characterized by a successful con-
trol of COVID-19 during the pandemic®,
until the Omicron VOC wave. The increased
transmission ability of the Omicron VOC al-
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lowed it to spread widely even in countries
with previous highly successful control mea-
sures. Finally, the great disparities in vac-
cination coverage between countries®, also
had a profound influence on the intensity of
the Delta and Omicron VOC waves.

In conclusion, the Omicron VOC displays
a great number of mutations, some of them
already present in previous lineages. Although
associated with a high attack rate and im-
mune evasion, this variant seems to be associ-
ated with lower severity, compared to previous
ones. A probable explanation for this somehow
attenuated phenotype could be related to its
resistance to the cleavage of TMPRSS2 and
probably furin, and its reduced ability to form
syneytia, leading to increased tropism for epi-
thelia over the lungs. The reduced effectivity
observed for various vaccines to protect against
infection with this variant has not hampered
its effectiveness in reducing the morbidity
and mortality of COVID-19, particularly with a
booster dose, which still induces neutralizing
antibodies*’. The well-known non-pharmaco-
logical preventive interventions (mask, social
distancing, ventilation and frequent hand hy-
giene), together with vaccination, are still the
most effective measures to reduce the burden
of this highly contagious variant.
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Calcinosis escrotal idiopatica:
Reporte de un caso.
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Resumen. El calcio participa en muchos procesos fisiol6gicos. La calcino-
sis cutis es una enfermedad de depdsito de calcio en la dermis. La calcicosis
escrotal idiopatica (CEI) es una forma comin de calcinosis cutis idiopatica. Se
presenta el caso de un paciente masculino de 28 afos de edad, con clinica de
masas mualtiples en escroto, de color blanco, tamafios variados, no dolorosas.
Los niveles de calcio y fosforo se mostraron dentro de los rangos normales, ca-
racteristico de calcinosis de tipo idiopatica, mientras que la vitamina D y la PTH
se mostraron fuera de los limites normales. Se realiza una cirugia menor de las
lesiones nodulares circunscritas, de diversos tamanos y de bordes regulares. El
examen histologico post-biopsia confirmé el diagndstico de calcinosis cutis.
Se prescribi6é una dieta baja en calcio como método preventivo a largo plazo. A
pesar de lo infrecuente de esta condicién debe tenerse en cuenta al realizar un
diagnostico diferencial. Su etiologia es atin desconocida y puede presentarse de
manera asintomatica. Lo importante es brindar al paciente una mejor calidad
de vida, evitar incomodidades y baja autoestima debido al aspecto estético.
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Idiopathic scrotal calcinosis. A case report.

Invest Clin 2022; 63 (3): 275 - 282

Key words: idiopathic calcinosis; calcinosis cutis.

Abstract. Calcium participates in many physiological processes. Calcinosis
cutis is a disease caused by calcium deposition in the dermis. Idiopathic scrotal
calcinosis (ICS) is a common form of idiopathic calcinosis cutis. A 28-year-old
male patient was evaluated, with symptoms of multiple white masses in the
scrotum, of various sizes, not painful. Calcium and phosphorus levels were with-
in normal ranges, characteristic of idiopathic calcinosis, while vitamin D and
PTH were outside the normal limits. Minor surgery was performed on circum-
scribed nodular lesions of various sizes with regular borders. Post-biopsy histo-
logical examination confirmed the diagnosis of calcinosis cutis. A low-calcium
diet was prescribed as a long-term preventive method. Despite the infrequency
of this condition, it should be taken into account when making a differential
diagnosis. Its etiology is still unknown and it can present asymptomatically.
The important thing is to provide the patient with a better quality of life, avoid

discomfort and low self-esteem due to the aesthetic aspect.

Recibido: 29-01-2022

INTRODUCCION

El calcio constituye del 1 al 2% del peso
corporal total de un individuo'. Regula las prin-
cipales funciones de los queratinocitos epidér-
micos, incluida la proliferacion, diferenciacion
y adhesion célula-célula. Al menos tres hormo-
nas reguladoras controlan la concentracion de
calcio i6nico en el suero: la hormona paratiroi-
dea (PTH), la calcitonina y la 1,25-dihidroxivi-
tamina D, (1,25 (OH) 2D,)>.

El depésito de calcio y fosfatos a nivel
extraesquelético se presenta frecuentemen-
te por la precipitacion de sales amorfas, sin
embargo, no hay evidencia clara acerca de
los fendmenos metabdlicos que rigen estos
depositos®.

La calcinosis cutis es una enfermedad
de deposito de calcio en la dermis; existen
5 formas en las cuales puede presentarse:
metastdtica, distrofica, iatrogénica, calcifi-
laxis ¢ idiopatica. En la forma metastatica,

Aceptado: 06-05-2022

el paciente tiene niveles séricos anormales
de calcio, fésforo o ambos; en la forma dis-
tréfica, el paciente tiene niveles normales de
calcio y fésforo, pero las condiciones locales
como la inflamacién favorecen la formacion
de depésitos de calcio; la forma iatrogénica
depende del uso terapéutico o diagnéstico,
de sustancias que contienen calcio o fosfato.
La calcifilaxis o arteriopatia urémica calci-
ficante, es una entidad que se define como
la calcificacion de la capa media de vasos de
pequeiio y mediano tamano de la dermis y
tejido celular subcutaneo, que conduce se-
cundariamente a la isquemia y a la necrosis
del tejido afecto. Si no se cumplen los crite-
rios para ninguna de las anteriores, se consi-
dera calcinosis cutis idiopatica*.

Aspectos éticos legales

El estudio del caso fue aprobado por el
Comité de Bioética del Hospital Francisco
Antonio Risquez (Caracas — Venezuela). El
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paciente acepté la presentacién del caso,
mediante consentimiento informado. Fue
informado sobre la confidencialidad de sus
datos personales y de sus derechos irrenun-
ciables como paciente.

Presentacion del caso clinico

Paciente masculino de 28 afios de edad,
quien hizo referencia a inicio de la enferme-
dad actual hace 10 anos aproximadamente,
caracterizada por la presencia de masas
multiples en escroto, de color blanco, ta-
manos variados, no dolorosas (Fig. 1); ade-
mas refirié infeccion del area en diversas
ocasiones, la cual mejoraba con antibioti-
coterapia, mas no desaparecian. No se ha-
llaron antecedentes patolégicos, médicos,
alérgicos o quirtrgicos; tampoco refirio la
patologia en ningtin familiar. Padre falleci-
do con antecedentes de hipertensién arte-
rial, madre viva aparentemente sana, y tres
hermanos vivos sin patologias adyacentes.
Respecto a los habitos dietéticos, se reali-
z6 un recordatorio de 24 horas de un dia
tipico para conocer habitos y cuantificar in-
gesta diaria de calcio en la dieta. En cuanto
a los aspectos psicosociobiologicos; refirio
hébito tabaquico (3 cigarrillos cada 2 dias),
héabitos alcohodlicos ocasionales, ingesta
diaria de café, y en cuanto a su ocupacion
informé ser médico general.

Al examen fisico se observo: piel y mu-
cosas hidratadas, cuello cilindrico simétrico,
tiroides no palpable, sin dificultad para de-
glutir, torax simétrico y normo expansible,
con ruidos cardiacos ritmicos sin soplo, ni
galope. A nivel abdominal present6 un abdo-
men blando, depresible, globoso a expensas
de paniculo adiposo, no doloroso. En su re-
gion genital, se evidenciaron lesiones bila-
terales en escroto de didmetros variables; la
mayor de 2em de diametro aproximadamen-
te y la menor de 0,2 em; de color blanco, no
dolorosas, de consistencia sélida a la palpa-
cion y adheridas a plano subcutaneo.

A fin de determinar el tipo de calcino-
sis presentada por el paciente, se ordenaron
pruebas de laboratorio de rutina, ademas de

la determinacion de niveles de calcio y fos-
fato sérico, niveles de PTH, de vitamina D y
un perfil 20. Para observar la extension de la
calcificacion se practicé ecograma testicular
y biopsia de las lesiones.

RESULTADOS

Los resultados de las pruebas de labora-
torio pueden observarse en la Tabla 1, donde
los niveles de calcio y fésforo se muestran
dentro de los rangos normales, caracteristi-
co de calcinosis de tipo idiopatica, mientras
que la vitamina D y la PTH se mostraron alte-
rados en comparacion con los limites norma-
les; haciendo énfasis en que estos dos para-
metros pueden jugar un papel fundamental
en la formacion de calcinosis.

Por otro lado, el ecograma de piel y
partes blandas mostré calcinosis en ambos
escrotos, la mayor de 1,5¢m, con bordes re-
gulares, lisos y simétricos.

Fig. 1. Masas multiples en escroto caracteristicas
de calcinosis.
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Tabla 1
Pruebas de laboratorio.

Indicadores Resultados Rangos aceptables
Hemoglobina
(8/dL) 12,9 12,0 - 15,18/dL
Hematocrito (%) 37,4 35 -46%
Velocidad de
sedimentacion
medular (fL) 89 79,0 - 97,0fL.
Monocitos (%) 8,9 0,2 -10%
Eosinéfilos (%) 0,9 1,0 - 3,0%
Sodio (mEq/L) 139 134,0 -

146,0mEq/L

Potasio (mEq/L) 3,7
Cloro (mEq/L) 102

3,50 — 5,00mEq/L
91,0 - 110,0mEq/L

Calcio (mg/dL) 8,5
Fosforo (mg/dL) 3,5
Vitamina D25-

8,0 — 10,5mg/dL
2,5-5,1mg/dL

hidroxi Total 93,5 15,01 -30,01ng/dL
Parathormona

(pg/mL) 400 7,5 - 65pg/mL
pH 7,39 7,31 -7,42
PCO, (mmllg) 39 39,0 a 55,0mmHg
PO, (mmHg) 35 35,0 - 60,0mmHg
](Srilf;r(i’l‘/"g;‘to 233 550~ 28,0mmol/L
SatO, (%) 64 38,0 — 80,0%
CO,T (mmol/L) 24,5 23,0 a29,0mmoL/L
Calciuria 80 42,0 - 390,0
(mg/24horas) mg/24horas
Fosfaturia 800 657,3 —
(mg/24horas) 934,5mg/24horas

Desde el punto de vista dietético el re-
cordatorio de 24 horas arroj6 que el pacien-
te mantenia una ingesta de calcio de 800mg
al dia, encontrandose dentro de los requeri-
mientos diarios (1000mg/dia) establecidos
para adulto®.

En vista de los hallazgos obtenidos a tra-
vés del ecograma que mostré imagenes hipe-
recogénicas compatibles con calcinosis y los

resultados de laboratorio especificos solici-
tados, se decidi6 realizar una cirugia menor,
en la cual se observaron lesiones nodulares
circunscritas, de diversos tamanos y bordes
regulares, sobre los cuales, previa asepsia y
antisepsia, se infiltré un anestésico local y se
realiz6 una incisién eliptica, haciendo exé-
resis de cada una (Fig. 2). El resultado del
procedimiento fue satistactorio y posterior-
mente se procedié a hacer diseccion de un
nédulo, cuyo contenido estaba formado por
una pasta semisélida, blanquecina, carente
de olor (Fig. 3).

Para la confirmacion del diagndstico,
el fragmento de piel resecada fue enviado
al Departamento de Anatomia Patoldgica,
donde fue descrita macroscopicamente de
la siguiente forma: se reciben 3 fragmen-
tos de piel, el mayor mide de 3,8 x 2 a 1
x 0,9 em y el menor mide 2 x 1,5 em, con
una superficie cutanea de color pardo claro,
observandose mdltiples lesiones nodulares
entre 0,6 y 1,4 ¢cm, redondeadas y de consis-
tencia dura, la superficie de corte es sélida
y blanquecina (Fig. 4).

Se incluyé una muestra representativa
para estudio histolégico (2B CC/rm), con
un hallazgo diagndstico histolégico compa-
tible con calcinosis cutis. En el comentario
del estudio se observo: “Se aprecian nédulos
de material calcificado, con inflamacion mix-
ta y reaccion giganto-celular de tipo cuerpo
extrafo y sin criterios de malignidad”.

Dado lo anterior se decidi6 mantener
una dieta baja en calcio (800 mg/dia) de for-
ma preventiva a largo plazo con buena acep-
tacion por parte del paciente!®.

DISCUSION

La calcinosis escrotal es un desorden
idiopatico benigno, que se presenta como
una lesion de consistencia dura, como roca,
o como papulas blandas y lisas 0 nédulos en
el escroto. Pueden infectarse o presentar in-
flamacion posterior al trauma y muy rara vez
afecta el pene’.
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Fig. 2. Incision eliptica, posterior a exceresis de
cada lesion.

Los nodulos generalmente crecen len-
tamente en afos o décadas, pero en milti-
ples reportes de casos, se han desarrollado
rapidamente en meses’. El tamaio de los n6-
dulos varia desde varios milimetros hasta el
mas grande reportado de 7 em. La recurren-
cia es poco comun, aunque se han reportado
4 pacientes que han presentado recurrencia
luego de la extirpacion®.

Aln se ignora su etiopatogénesis, va-
rios autores postulan ¢l lento adelgazamien-
to y eventual desaparicion del recubrimiento
epitelial de la pared del aparato folicular y la
formacién de pequerios quistes de inclusion
epidérmica, al fragmentarse por estimulos
irritativos externos en personas susceptibles,
que permiten la salida de la queratina hacia
la dermis circunvecina con su consecuente
calcificacion y respuesta inflamatoria resul-
tante®. Por el contrario, otros autores plan-
tean la hipétesis de que la calcinosis escrotal
podria ser originada por la degeneracion del
musculo dartos’.

La edad promedio de los pacientes con
diagnostico de calcinosis escrotal varia entre
20 y 49 afos con una edad media de 31,4
anos'’, lo cual coincide con la edad del suje-
to de estudio en este caso (28 anos).

En cuanto al diagnéstico ante un pacien-
te con calcinosis cutis o que se sospecha de
la misma, se recomienda realizar una serie de

Fig. 4. Escala de las lesiones descritas por el Departamento de Anatomia Patolégica. MacroscOpicamente se
reciben 3 fragmentos de piel, el mayor mide de 3.8x2 a 1x0.9cm y el menor mide 2x1.5¢m, con una
superficie cutdnea de color pardo claro, observiandose multiples lesiones nodulares entre 0.6 y 1.4cm,
redondeadas y de consistencia dura, la superficie de corte es solida y blanquecina.
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estudios analiticos y pruebas de imagen que
permitan orientar el tipo de calcificacion y
acercarnos a su etiologia. Cuando se altera
el metabolismo fosfo-calcico, los niveles de
calcio y f6sforo son frecuentemente normales
porque existe una elevacién de los niveles de
PTH. De manera ideal, debe usarse el calcio
ionico, pero tiene problemas de procesado y
alto coste para su uso sistematico. Emplean-
do el calcio total es recomendable ajustar
para los niveles de albimina (o proteinas
plasmaticas), dado que el calcio se une de for-
ma importante a las proteinas''. Para realizar
un diagnostico diferencial se debe tener en
cuenta el esteatocistoma y otros tumores de
localizacién escrotal como xantomas, hidro-
cele o hematocele calcificados'.

Tal como se mencion6 en la publicacion
de Jimenez-Gallo y col. ' se realizaron, para
el momento del diagnédstico, pruebas com-
plementarias para la orientacion etiol6gica
del paciente con calcinosis cutis: hemogra-
ma, pruebas de funcionamiento renal, valo-
res de electrolitos, calcio y fosforo, de PTH
(para evaluar hiperparatiroidismo), y de vi-
tamina D (para descartar hiperavitaminosis
D). En este caso los resultados obtenidos
estuvieron en relacién con las caracteristi-
cas que han sido descritas, en cuanto a las
pruebas clinicas alteradas de PTH y vitamina
D, en esta patologia .

Por otro lado, dentro de las caracteris-
ticas de la calcificacion metastasica se en-
cuentran la hipervitaminosis D, el hiperpa-
ratiroidismo, la sarcoidosis (produccion de
vitamina D por los granulomas sarcoideos),
el sindrome de leche y alcalinos (excesivo
consumo de antiacidos o comidas que tienen
calcio) y neoplasias malignas (mecanismo
destructivo metastasico o paraneoplasico),
lo que coincide con los resultados del estu-
dio de hiperavitaminosis D y PTH elevados''.

Asi mismo, Soto-Miranda y col. en su
reporte de caso y revision bibliografica Yob-
servaron que el sujeto de estudio present6
niveles elevados de PTH (382 Ul), y reco-
mendaron que con valores por encima de
600 pg/mL, debe realizarse paratiroidecto-

mia de emergencia. En este caso no fue ne-
cesaria la paratiroidectomia, ya que se indi-
caron tratamiento y dieta.

En cuanto al tratamiento de la calci-
nosis cutis, se han llevado a cabo diversas
terapias con escasos resultados, estos de-
pendientes de la enfermedad o causa sub-
yacente. Pueden usarse medicamentos para
tratar las lesiones, pero su éxito ha sido
irregular; para lesiones pequeiias entre los
medicamentos que pueden ayudar se inclu-
yen: warfarina, ceftriaxona e inmunoglobu-
lina intravenosa (IVIG). El gel de hidroxido
de aluminio acttia como quelante del fésforo
a nivel intestinal, impidiendo su absorcién.
El probenecid actiia disminuyendo niveles
de foésforo sérico. El EDTA disédico admi-
nistrado por via intravenosa, disminuye los
niveles de calcemia. El etridonato disédico
disminuye la formacion de cristales de hi-
droxiapatita in vitro. La warfarina, a dosis
de 1mg/dia disminuye los niveles tisulares
de 4dcido gamma-carboxi-glutdmico, que esta
probablemente implicado en el desarrollo de
la calcificacion. En los episodios agudos de
inflamacion de un nédulo calcificado, es ttil
el tratamiento con colchicina. Para lesiones
mas grandes, los medicamentos que pueden
ayudar incluyen: diltiazem, bisfosfonatos,
probenecid ¢ hidréxido de aluminio. La exé-
resis quirdrgica generalmente va seguida de
recidivas, por ello sélo esta indicada cuan-
do los nédulos son dolorosos, existen infec-
ciones recurrentes, trastornos funcionales,
severos problemas estéticos, compresion
nerviosa o en tlceras secretantes. Es impor-
tante mencionar que existe un elevado por-
centaje de regresiones espontaneas'®.

En cuanto a las nuevas opciones de tra-
tamiento, se encuentra el trasplante de célu-
las madre hematopoyéticas (TCMH). Esto se
ha utilizado para tratar algunas enfermeda-
des autoinmunes'’. La terapia con laser y la
litotricia por ondas de choque (una terapia
de ultrasonido que se usa para romper los
calculos renales), han mostrado resultados
satisfactorios ya que reducen el tamaiio y el
dolor en los pacientes con calcinosis'.
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La cirugia sigue siendo actualmente el
tnico tratamiento recomendado que propor-
ciona excelentes resultados estéticos y permi-
te la confirmacion patologica del diagnoéstico.
Como la enfermedad se limita a la dermis es-
crotal, la escision se circunscribe a la piel .

A pesar de lo infrecuente de esta con-
dicién médica, la calcinosis cutis escrotal
puede ser una de las patologias que deben
tenerse en cuenta al realizar un diagnéstico
diferencial; su etiologia es atin desconocida,
aunque tiene diversas vertientes ideoldgicas.
Asi mismo, se puede presentar de manera
asintomatica, reflejo de ello son los pocos
casos que vemos en la practica médica profe-
sional diaria. Sin embargo, es importante en-
focarse en su tratamiento oportuno, lo cual
le brindara al paciente una mejor calidad de
vida, y evitard incomodidades y baja autoes-
tima debido al aspecto estético.
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The benefits of peritoneal dialysis (PD)
solution with low-glucose degradation
product in residual renal function

and dialysis adequacy in PD patients:
A meta-analysis.
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Abstract. The peritoneal effects of low-glucose degradation product (GDP)-
containing peritoneal dialysis (PD) solutions have been extensively described. To
systematically evaluate the efficacy and safety of low GDP solution for PD patients,
specifically the effect on residual renal function (RRF) and dialysis adequacy, we
conducted a meta-analysis of the published randomized controlled trials (RCTs).
Different databases were searched for RCTs that compared low GDP-PD solutions
with conventional PD solutions in the treatment of PD patients with continuous
ambulatory peritoneal dialysis (CAPD) and automated peritoneal dialysis (APD).
The outcomes of RCTs should include RRF and may include small solute clear-
ance, peritoneal transport status, nutritional status, and all-cause mortality.
Seven studies (632 patients) were included. Compared with the conventional
solution, low-GDP solution preserved RRF in PD patients over time (MD 0.66
mL/min, 95% CI 0.34 to 0.99; p<0.0001), particularly in one year of treatment
(p<0.01), and improved weekly Kt/V (MD 0.11, 95% CI 0.05 to 0.17; p=0.0007)
without an increased 4-hour D/Per (MD 0.00, 95% CI -0.02 to 0.02; p=1.00).
Notably, the MD of RRF and urine volume between the two groups tended to
decrease as time on PD progressed up to 24 months. Patients using low GDP PD
solutions did not have an increased risk of all-cause mortality (MD 0.97, 95% CI
0.50 to 1.88; p=0.93). Our meta-analysis confirms that the low GDP PD solution
preserves RRFE, improves the dialysis adequacy without increasing the peritoneal
solute transport rate and all-cause mortality. Further trials are needed to deter-
mine whether this beneficial effect can affect long-term clinical outcomes.
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Beneficios de la solucion de dialisis peritoneal (DP),

con producto de degradaciéon bajo en glucosa, en la funcién
renal residual y la adecuacion de la dialisis en pacientes en
un metanalisis.

Invest Clin 2022; 63 (3): 283 — 303

DP:

Palabras clave: productos de degradacion de glucosa; solucién de didlisis peritoneal;

funcioén renal residual; adecuacion de didlisis; metandlisis.

Resumen. Los efectos peritoneales de las soluciones de dialisis peritoneal
(DP) que contienen productos de degradacion bajos en glucosa (PIB) se han
descrito ampliamente. Para evaluar sistemdaticamente la eficacia y la seguridad
de la solucion de PIB bajo para pacientes en DP, especificamente el efecto sobre
la funcién renal residual (RRF) y la adecuacion de la dialisis, realizamos un me-
tanalisis de los ensayos controlados aleatorios (ECA) publicados. Se realizaron
basquedas en diferentes bases de datos de ECA que compararan la solucién
de DP de bajo PIB con la soluciéon de DP convencional en el tratamiento de
pacientes con EP con CAPD y APD. Los resultados de los ECA deben incluir
la RRF y pueden incluir la depuraciéon de solutos pequerios, el estado nutricio-
nal, el estado del transporte peritoneal y la mortalidad por todas las causas.
Se incluyeron siete estudios (632 pacientes). En comparacion con la solucién
convencional, la solucién de bajo PIB preservé la FRR en pacientes con EP a lo
largo del tiempo (DM 0,66 mL/min, IC del 95%: 0,34 a 0,99; p<0,0001), parti-
cularmente en un afo de tratamiento (p<0,01), y mejoré el Kt/V semanal (DM
0,11, IC del 95%: 0,05 a 0,17; p = 0,0007), sin un aumento de D/Pcr a las 4
horas (DM 0,00, IC del 95%: -0,02 a 0,02; p = 1,00). Los pacientes que usaron
una solucién para DP con bajo contenido de GDP no tuvieron un mayor ries-
g0 de mortalidad por todas las causas (DM 0,97; IC del 95%: 0,50 a 1,88; p =
0,93). Nuestro metanalisis confirma que la soluciéon de DP de bajo PIB preserva
la FRR, mejora la adecuacion de la didlisis sin aumentar la tasa de transporte
peritoneal de solutos y la mortalidad por todas las causas. Se necesitan mas
ensayos para determinar si este efecto beneficioso puede afectar los resultados
clinicos a largo plazo.

Received: 06-01-2022 Accepted: 22-04-2022
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INTRODUCTION dialysis population

creasing by at least 6% per annum °.

and the number is in-

Peritoneal dialysis (PD) has become an
established form of renal replacement ther-
apy for patients with end-stage renal disease
(ESRD) in the past thirty years '. In 2008,
there were approximately 196,000 PD pa-
tients worldwide, representing 11% of the

Conventional peritoneal dialysis solu-
tions (CS) are acidic and contain high levels
of glucose degradation products (GDPs) as
a result of the heat sterilization process °.
GDPs as a major factor in the bioincompat-
ibility of peritoneal solutions', exert poten-
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tially negative effects on both the structural
and functional deterioration of peritoneum
and systemic metabolic disturbance, leading
to treatment failure and an increase in car-
diovascular morbidity and mortality . Re-
sidual renal function (RRF) plays a vital
role in the prognosis of patients on dialy-
sis4, which evaluates the excretion of small
solute and middle-molecular uremic tox-
ins °, salt and water homeostasis, acid-base
balance, nutritional status and associated
survival®®. Accumulating evidence from epi-
demiological and experimental researches
101214 reveals that low-GDP peritoneal dialy-
sis solutions (LS) may play a role in retard-
ing RRF loss in PD patients '*. However, not
all clinical trials show encouraging results
of the perceived advantages that LSs have
on RRF 316 The impact of the low GDP in
RRF protection and other beneficial effects
remain insufficiently described, even though
there has been interest in evaluating the sys-
temic biocompatibility of these solutions '".
Therefore, we conducted a meta-analysis to
examine the effect of LS on RRF and other
related factors known to affect PD in PD pa-
tients compared with CS.

SUBJECTS AND METHODS

Study Inclusion and Exclusion Criteria

Studies that met all the following basic
criteria were included in our meta-analysis:
(1) a randomized controlled trial (RCT) for
patients on continuous ambulatory perito-
neal dialysis (CAPD) or automated peritone-
al dialysis (APD) as the treatment of ESRD;
(2) LS was compared with CS. The crossover
randomized trials or RCTs that did not as-
sess RRF were excluded.

Search Strategy

We identified eligible RCTs by searching
the PubMed, Embase, Wiley, Scopus, Ovid
databases and abstracts presented at the
annual meetings of the American Society
of Nephrology (ASN), the National Kidney

Foundation (NKF), and the European Renal
Association (ERA), from inception to July
2014, using appropriate Medical Subject
Headings (MeSH) and text words: peritoneal
dialysis, glucose degradation products, bio-
compatible solution, low-GDP, APD, CAPD in
combination with “residual renal function”.
Further, the reference lists of retrieved ar-
ticles were then searched for additional rel-
evant studies. No language restrictions were
imposed.

Study Selection

We included RCTs examining the effect
of LSs on RRF in PD patients >18 years old
compared with CSs. PD modality was restrict-
ed as either CAPD or APD. The outcomes of
RCTs should include the RRF value, which is
measured as the arithmetic means of residual
renal clearances of urea and creatinine by
collecting 24-hour urine volume. Other end-
points for the evaluation may include small
solute clearance, peritoneal solute transport
rate (PSTR), nutritional status, and all-cause
mortality of PD patients. The study had at
least 12 months of duration of follow-up with-
out restriction on sample size. Two investiga-
tors (NZ and JW), independently, screened
titles and abstracts of all electronic citations
to select studies that met the inclusion crite-
ria for further analysis. All articles identified
by the investigators were retained.

Study Validity Assessment

We used the Cochrane Collaboration’s
bias tool and Jadad score for assessing the
risk of bias for the included studies. The
first approach incorporates assessment of
randomization (sequence generation and al-
location sequence concealment), blinding
(participants, personnel, and outcome asses-
sors), completeness of outcome data, selec-
tion of outcomes reported, and other sourc-
es of bias. The items were scored with “yes,”
“no,” and “unclear” '8. The Jadad scale score
ranged from O to 5 points about the random-
ization, double-blinding, and withdrawals
and dropouts .
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Data Extraction

Two investigators extracted the useful
data independently and reached a consen-
sus on all eligible data. Relevant information
was obtained by contacting the correspond-
ing authors of the respective studies.

Study characteristics were extracted
from all included trials with respect to year
of publication, the study sample, bascline
characteristics of the trials, follow-up, and
the following reported outcomes of dif-
ferent follow-up months (baseline, 6, 12,
and 24 months): (1) RRF (mL/min) (2)
total weekly urea clearance (total Kt/V)
and peritoneal urea clearance (peritoneal
Kt/V), (3) total creatinine clearance (to-
tal CrCl) (L/week/1.73m?), and peritoneal
creatinine clearance (peritoneal CrCl) (L/
week/1.73m?), (4) daily urine volume (UV)
(mL), daily peritoneal ultrafiltration (UF)
(mL) and daily glucose exposure (g), (5)
dialysate-to-plasma ratio of creatinine at 4
hours of peritoneal equilibration test (PET)
(D/Per) and D/DO glucose at 4 hours (D/
DO glucose), (6) blood pressure (mmHg) in-
cluding systolic blood pressure (SBP) and di-
astolic blood pressure (DBP), (7) nutritional
data, including serum albumin (g/dL), sub-
jective global assessment (SGA) and normal-
ized protein nitrogen appearance (nPNA)
(¢/kg/day), (8) all-cause mortality.

Data Synthesis and Analysis

Continuous outcomes results were pre-
sented as the mean difference (MD) and its
95% confidence intervals (Cls). Dichoto-
mous outcomes were reported as the risk ra-
tio (RR) and 95% ClIs. Statistical pooling was
performed with a random-effect model, via
generic inverse variance weighting. All the
statistical analyses in this meta-analysis were
performed using Review Manager 5 software
(RevMan 2012) for the meta-analysis.

Hypothesis testing was set at the two-
tailed and results were considered statisti-
cally significant at 0.05 level. The I* statistic
was calculated as a measure of statistical
heterogeneity, and I>values of 25%, 50%, and

75% corresponded to low, medium, and high
levels of heterogeneity. When heterogeneity
was found (I°>25%), sensitivity analysis was
performed in an attempt to explain the find-
ings. When doing a pool for some outcome
assessment, we excluded the study which has
the significant difference at baseline to keep
two groups in all studies have the consistent
outcome at the baseline. For each parameter
estimate, an integrated analysis was given,
finally.

The meta-analysis was performed in
accordance with the recommendations by
Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) work-
group 2°.

RESULTS

Study Characteristics

A total of 223 potentially relevant cita-
tions were identified and screened, of which
197 were selectively excluded from the study
because they were not clinical RCTs or did not
expose the outcome of interest. Twenty-six ar-
ticles were retrieved for detailed evaluation.
Overall, seven RCTs were included with a com-
bined total of 632 patients >1517:2124 (Fig. 1).

The details of the characteristics and
the demographic data of the RCTs includ-
ed in our analysis were summarized in Ta-
ble 1. These studies varied in sample size,
and follow-up duration differed from 12 to
24 months, spanning nearly 10 years. The
mean age of the populations ranged from
51~62 years and the mean of body mass
index (BMI) ranged from 23~28.4 kg/m?.
The prevalence of diabetes in the patients
was from 11%~56%. More than half of the
patients in both groups used angiotensin
converting-enzyme inhibitors (ACEI) or an-
giotensin II receptor blockers (ARB) and
half of the patients in both groups used di-
uretics in two studies »?°. All trials evaluated
the LS (Balance: Fresenius Medical Care)
compared with a CS (Stay*Safe: Fresenius
Medical Care). Almost all studies included
incident CAPD patients except the Choi et

Investigacion Clinica 63(3): 2022
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Search Results (n= 223)

Potentially eligible citations Other: 7

Excluded on the basis of title and abstract review

Pubmed: 13 Wilev: 9
Embase: 8 Scence direct: 39 (n=197)
Scopus: 137 Owid- 17

Non-randomi zed controlled studies: 57
Randomized trials of other interventions: 46
Search overlap: 38

Animal and basic research studies: 20
Review articles: 17

Cross-over RCTs: 12

requiring full-text analysis

(n=26)

(n=19)

Excluded on the basis of full-text review of article

No outcomes of interest: 10
Insufficient data: 7
Other PD modality except APD and CAPD: 2

Randomized controlled trials
included in the meta-analysis
(n=7; 632 participants)

Fig 1. Flow chart showing the number of citations retrieved by individual searches and the number of trials

included in the review.

al.?' study, and patients with CAPD modality
except the balANZ Trial °.

Baseline of outcomes in these includ-
ed studies were shown in Table 2. Kim et al.?
demonstrated that there were no significant
differences of all outcomes between the two
groups except CrCl (LS group, 95.5+5.0 vs. CS
group, 78.6x11.8 L/week/1.73m?, p<0.05)
and nPNA (LS group, 0.85+0.07 vs. CS group,
1.06x0.11 g/kg/day, p<0.05). The D/Per at
the baseline was higher in the LS group than
in the CS group in the two trials studied by
Kim et al. # and Park et al.'’. Moreover in the
study by Park et al. ' peritoneal CrCl and was
higher in the LS group, peritoneal UF volume
was lower in the LS group at baseline in keep-
ing with higher peritoneal transport character-
istics in this group. Szeto et al.’® showed that at
bascline, the CS group had a better nutrition-
al status than the LS group (serum albumin,
p=0.004 and SGA, p=0.023), but the differ-
ence disappeared in 12 months.

Quality Assessment

Two investigators assessed the quality of
the included studies independently. All RCTs
were considered fair to good quality (Fig. 2).
Allocation methods and concealment were
generally, incompletely reported and there-
fore difficult to assess. Allocation conceal-
ment was adequate in four studies (43%).
Six studies (86%) were classified as low risk
of performance bias and only one study was
unclearly reported. However, no information
about the blinding of outcome assessment
(detection bias) of the studies was provided.
Completeness of outcome reporting and
intention-to-treat analysis methodology was
applied in 29% of included studies. Selective
reporting was observed in six studies (86%).
No other significant biases were identified
in these seven studies, except an unclear de-
scription of participant details in four stud-
ies. The Jadad score was 3 or higher (Table
1), even though the method of random se-
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Adequate sequence generation?
Allocation concealment?

Blinding?

Incomplete outcome data addressed?
Free of selective reporting?

Free of other bias?

0%

245% 5% 7A%  100%

.Yes (lowe ik of bias)

|:|Unclear

B o chigh risk of bias)

Fig 2. Risk of bias graph: each risk of bias item is presented as percentages across all included studies.

quence generation, blinding of participants
and allocation concealment were not men-
tioned in most studies.

Outcome Measurement

PD patients in these different studies
were followed up for different periods, which
may have influenced the effectiveness of the
outcomes of this analysis. Therefore, sub-
group analysis was used to decrease clinical
heterogeneity according to the follow-up pe-
riods.

Residual Renal Function

Two studies 17 of seven RCTs were
undertaken to calculate the RRF of 226 pa-
tients after 6 months of follow-up, and in-
dicated that LS group was beneficial for
preserving RRF compared with the control
group (MD 1.28 mL/min, 95% CI 0.52 to
2.03, p=0.0009; 12=0%). Similar results
were obtained after 12 months of follow-up
in all studies including 520 patients (MD
0.60 mL/min, 95% CI 0.18 to 1.02, p=0.005;
[2=11%). The balANZ Trial * followed up 24
months and RRF was measured at baseline,
12 and 24 months, as well as the study by Bajo
et al.**, and the pooled data indicated no dif-
ference between the two groups (p=0.76).
As the studies duration continued from 6 to
24 months, the difference of RRF between

the two groups was reduced gradually. This
should be commented in the abstract and/or
conclusions. Considering the heterogeneity,
exclusion of the study ** with a small sample
size did not materially change the results of
the meta-analysis or the subgroup analyses
Overall, the use of LS induced a reduction
in RRF decline compared with the control
group (MD 0.66 mL/min, 95% CI 0.34 to
0.99; p<0.0001; I’=4%; Fig. 3).

Daily Urine Volume

Three studies ' with a total of 377
patients and five studies *>!721:3 with a to-
tal of 462 patients showed the 24h urine
volume separately at 6 and 12 months. The
24h urine volume in the LS group was high-
er than that in the CS group (MD 155.42
mL/d, 95% CI 37.84 to 273.00; p=0.01) at
6 months. A total of 238 patients were fol-
lowed up in the LS groups and 224 patients
were followed up in the CS groups after 1
year’s study. Patients with the LS had more
daily urine volume than the CS group (MD
158.93 mL/d, 95% CI 83.22 to 234.64;
p<0.0001). Only the balANZ Trial ? reported
the urine volume at 24 months follow-up,
and there was no significant difference be-
tween the two groups. As the study duration
continued from 12 to 24 months, the MD of
the residual urine volume decreased from

Investigacion Clinica 63(3): 2022
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Mean Difference Mean Difference

LS [
Study or Subgroup  Mean SD Total Mean SD Total
1.1.1 6 months
Kirn et al. 2008 402 4.44 41 282 228 34
Park etal. 2012 34 24 T8 21 28 B7
Subtotal (95% Cl) 120 106

Heterogeneity: Tau®= 0.00; Chi*= 001, df =1 {F=0891);, F=0%
Test for overall effect; Z=3.31 (P = 0.0009)

1.1.2 12 months

Bajo etal. 2011 548 37 13 41 31 20
halAMNZ Trial 49 239 62 3.9 282 65
Chaoi et al. 2008 4.7 107 51 1.86 644 53
Kimetal. 2003 23 0.3 16 1.8 07 10
Kim et al. 2002 392 498 36 222 185 33
Farketal. 2012 29 23 fid 28 31 47
Szeto etal 2007 272 2.08 25 28 287 25
Subtotal {95% CI) 267 253

Heterogeneity: Tau®=0.04; Chi*= 674, df =B {P=035), F=11%

Testfor overall effect 2= 278 (P =0.009)

1.1.3 24 months

Bajo etal. 2011 42 26 13 4.2 4 20
halAMNZ Trial 34 279 42 3.2 282 48
Subtotal (95% CI) 55 68

Heterogeneity, Tau® = 0.00; Chi*=0.02, di=1 {FP= 088}, F=0%
Testfor overall effect: 7= 030 (P = 0.76)

Total {95% CI) 442

Test far overall effect: Z=3.95 (P = 0.0001)

Fig 3. Effect of low-GDP PD solution on RRF (mL/min).

158.93 mL/d to 115.00 mL/d. The pooled
urine volume in patients using LS was great-
er than using CS (MD 153.15 mL/d, 95% CI
96.62 to 209.68; p<0.00001; I’=0%; Table
2). Overall, our meta-analysis indicated that
the LS had a significant effect on RRF with
an increase in daily urine output compared
with the CS group.

Small solute clearance

At 6 months, Kim et al. ® and Park et
al.'” published the data of total Kt/V and
peritoneal Kt/V showing that there was no
statistical difference between the two groups
(p=0.99; p=0.18). After one year follow up,
five studies involving 360 patients reported
the effect of LS on total Kt/V in PD patients
15172123 - Compared to the CS group, the LS
group showed significantly increased Kt/V
(MD 0.13, 95% CI 0.06 to 0.20; p=0.0002).

13.2%

12.1%

40.0%

72.8%

427 100.0%
Heterageneity: Tau?=0.01; Chi*=1046, df=10{F=040); F= 4%

Weight IV, Random, 95% C1 IV, Random, 95% Cl
44%  1.20[-0.34, 2.74] T
1.30[0.43, 2.17] -
17.6% 1.28 [0.52, 2.03] &
1.8%  1.40[1.03, 3.83] -
1.00[0.09, 1.91] —
0.9%  2.84[0.57, 6.25] T
0.50[0.04, 0.98)] i
34%  1.71[-0.03, 3.45]
9.2%  0.00[1.05, 1.08] -1
5.4%  -0.09[1.48, 1.30] -
0.60 [0.18, 1.02] L]
21%  0.00[2.25, 2.25] B
7E%  0.20[-0.98, 1.36] -
0.7%  0.16 [-0.87, 1.19] <P
0.66 [0.34, 0.99] L
4 -2 0 2 4

Favour G5 Favour LS

Overall, we found that patients with LS had
higher total Kt/V than with CS (MD 0.11,
95% CI10.05 t0 0.17; p=0.0007; I’=0%) (Fig.
4) and the CS group had a higher peritoneal
Kt/V than the LS group (MD -0.10, 95% CI
-0.20 to -0.01; p=0.03; I’=0%) (Table 2).

Our subgroup analyses showed no sta-
tistical differences of total CrCl and perito-
neal CrCl between the LS and CS groups at
6 and 12 months (Table 2). We excluded the
total CrCl data of the follow-up period from
the study performed by Kim et al.>*> who re-
ported the significant difference between
the two groups at baseline but no statisti-
cal difference observed at 12 months. The
study by Park et al.'” was excluded because
this study published that peritoneal CrCl
was higher in the LS group at baseline and
there was no significant difference after 6
months.

Vol. 63(3): 283 - 303, 2022
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LS Cs Mean Difference Mean Difference
Studhy or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 6 months
Kim et al. 2008 229 086 41 213 058 3 349% 016 [-0.16, 0.48] T
Park et al. 2012 22 045 T8 23 07 BY  9.8%  -010[-0.30,0.10] T
Subttotal (95% CI) 120 106 13.7%  -0.00[-0.25,0.25] -
Heterogeneity, Tau®=0.02; Chi*=1.82, df=1 (P=018), F=45%
Test for overall effect: Z=0.01 (P = 0.949)
4.1.2 12 months
Choi etal. 2008 19 04 51 1.8 03 83 21.3% 0101[-0.04, 0.24] ™
Kimetal. 2003 219 01 16 203 012 10 49.9% 016 [0.07, 0.25] =
Kim et al. 2008 216 1.08 I 208 081 33 26% 0.08[-0.31, 0.47] -1
Park et al 2012 22 0B G4 21 07 47 BA4A% 0100145, 0.349] T
Szeto etal. 2007 216 0.56 25 212 032 25 B.2% 0.04 [0.21, 0.29] .
Subttotal (95% CI) 192 168 8§6.3% 0.13 [0.06, 0.20] L
Heterogeneity, Tau®=0.00; Chi*=1.23, df=4 (P=087), F=0%
Test for overall effect £=3.76 (P = 0.0002)
4.1.3 24 months
Subtotal (95% CI) 1] 1] Mot estimable
Heterogeneity: Mot applicahle
Test for overall effect Mot applicable
Total {95% CIj 2 274 100.0% 0.11 [0.05, 0.17] 4
Heterogeneity: Tau®= 0.00; Chi*=5.85, df=6 (P = 0.44): F= 0% 1 -D=.5 7 0?5 1

Test for overall effect, £= 3.38 (P = 0.0007)

Fig. 4. Effect of low-GDP PD solution on total Kt/V.

Peritoneal Ultrafiltration and Glucose
Load

Five studies *1517:21.23 published the
daily peritoneal UF volume in the follow-
up period. Park et al.'” indicated that
the CS group had higher UF than the
LS group at baseline and 6 months. Af-
ter exclusion of this study, we pooled the
data at 6 months, showing the higher
UF in the CS group (MD -261.97 mL/d,
95% CI -427.73 to -96.21; p=0.002). In
the subgroup analyses of 12 months, Choi
et al.®! who included all prevalent PD pa-
tients with more than half number of an-
uric, revealed the outcome that UF was
significantly higher in the LS group than
in the CS group at all follow-up visits.
The exclusion of this study did materially
change the results of the meta-analysis
or the subgroup analyses. Table 3 showed
that patients with the LS had less daily
peritoneal UF volume than the CS (MD
-193.45 mL/d, 95% CI -315.36 to -71.54;

Favours G5 Favours LS

p=0.002; [’=36%). The subgroup analy-
ses of glucose load suggested that there
was no statistically significant difference
between patients using the LS and CS at
6 and 12 months.

Blood Pressure

The balANZ Trial ? and the study by Park
et al. ' followed up the blood pressure of the
two groups. There was no significant differ-
ence between the two -groups in controlling
blood pressure during 1 year of follow-up
(SBP, p=0.91; DBP, p=0.59) (Table 3).

Peritoneal Solute Transport Rate

Five studies 17212 published the D/
Per. In the study by Kim et al. %, the D/
Pcr was higher in the LS group than in the
CS group, and this difference persisted
throughout the treatment period. Similar
results were obtained from Park et al. 7, but
after 6 months, the D/Pcr showed no differ-
ence between the two groups. The patients
of two groups in these three included stud-

Investigacion Clinica 63(3): 2022
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Table 3. Continuacién

Outcome or subgroup  No. of No. of patients

title

Heterogencity

Effect size

Statistical method

(LS/CS)

studies

12=45%

0.36 [-0.02, 0.73] 0.06

Random, 95% CI)
Random, 95% CI)
Random, 95% CI)

Y
/
bl

Mean Difference (IV

115/100

2

12 months
24 months

Total

Y
/
bl

Mean Difference (IV

21%

12

0.009

0.33 [0.08, 0.57]

Y
/
bl

Mean Difference (IV

194/167
Total events

(LS/CS)

all-cause mortality

0%
0%

12
12

6 months

0.64

0.73
0.93

0.80 [0.32, 2.03]
1.18 [0.46, 3.03]
0.97 [0.50, 1.88]

Odds Ratio (M-H, Fixed, 95% CI)
Odds Ratio (M-H, Fixed, 95% CI)
Odds Ratio (M-H, Fixed, 95% CI)

9/10

12 months
24 months

Total

10/9
19/19

2

0%

2=

3,21,22

ies had high average transport status.
Overall, there was no statistically signifi-
cant difference in the D/Per between the
two groups (MD 0.00, 95% CI -0.02 to 0.02;
p=1.00; I’=0%) (Table 3).

However, two studies 2% with a differ-
ence on D/DO glucose were small sample
trials. The pooled analysis suggested that
the CS had a higher D/DO than the LS
(MD -0.03, 95% CI -0.05 to -0.01; p=0.01;
2=17%) (Table 3).

Overall, the D/Pcr and D/DO glucose of
all patients included in this subgroup analy-
sis indicated that both the LS group and the
CS group had high-average transport charac-
teristics of peritoneal membrane °.

Nutritional Status

Our meta-analysis indicated that pa-
tients using the LS had lower serum albumin
than the CS (MD -0.14 g/dL, 95% CI -0.23 to
-0.05; p=0.002; °’=45%) (Table 3).

In the meta-analysis of five studies
J517.2123 D we found there was no significant
difference in nPNA between the two groups
(MD -0.02 g/kg/d, 95% CI -0.05 to 0.00;
p=0.10;1>=0%) (Table 3).

Only two studies '"?!, publishing the
data of SGA were small sample trials. We
found that the LS group had a better SGA
score than the CS group (MD 0.33, 95% CI
0.08 to 0.57; p=0.009; I’=21%) (Table 3).

All-cause Mortality

All seven studies *1>17:2124 pyblished the
effect of LS on patients’ survival. No patient
died in the two groups at 6-month follow-up.
At 12 months five studies 317212 involving
417 patients and at 24 months two studies
involving 215 patients were included in the
subgroup analysis, suggesting that there was
no significant difference between the two
groups, respectively (Table 3).

DISCUSSION

Our study suggests that low GDP solu-
tion preserves RRF in PD patients over time,
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particularly in one year of treatment, and
improves the dialysis adequacy especially
the urea clearance without increasing the
peritoneal solute transport rate. In addition,
low-GDP solution was found to have no bene-
fits on blood pressure, nutritional status and
all-cause mortality.

The low GDP solution preserves more
RRF as they may cause less intraperitoneal
inflammation, thereby reducing peritoneal
ultrafiltration and fluid losses. It is sup-
ported by a crossover designed RCT by EU-
RO-BALANCE ', which showed more urine
volume and better clearance of both urinary
urea and creatinine with the neutral pH low
GDP glucose containing dialysates alongside
lower serum concentrations of AGE mark-
ers. In addition, these findings were also con-
firmed by several clinical trials, suggesting
better preservation of RRF compared with
the conventional PD solutions *?°. The im-
proved preservation of RRF with low GDP so-
lution was observed at all study time points
10 Kim et al. % firstly declared the benefi-
cial effect of low GDP solution on RRF with
more urine volume in a prospective RCT. The
balANZ trial 3, as the largest RCT, observed
that the rate of decline of renal function did
not reach statistical significance in the first
and the second year, but there was a signifi-
cant delay in time to anuria. However, these
beneficial effects on RRF were not substan-
tiated by other studies 317212224 Szeto et
al. ¥ failed to show any difference in RRF
and urine output between the two groups
because the small sample size was not ad-
equately powered to elucidate the effect on
RREFE. Similarly, Fan et al. 1° reported negative
results from a larger number of patients,
which was due to the lack of homogeneity
for the patients in each study group. There-
fore, meta-analysis, differing from included
single study, can exert statistical power and
result in a highly reliability outcome. The
benefits of low-GDP solution are biologically
plausible, as GDPs have been demonstrated
to exert nephrotoxic effects directly on renal

tubular cells ''. One potential and underpin-
ning mechanism is that low-GDP solution
better preserves RRF in PD patients via re-
duction of GDP and the AGE in the systemic
circulation 2. The other possible reason for
the beneficial effect of low GDP solution on
RRF could be that decreased peritoneal UF
results in more urine output and higher re-
sidual renal clearance 2%,

Weekly Kt/V is an important param-
eter for evaluating PD treatment adequacy.
Our data indicate that although the use of
the low GDP dialysates was not associated
with increasing creatinine clearance (either
total CrCl or peritoneal CrCl) or decreas-
ing blood pressure (either SBP or DBP), it
exhibited significant benefit in weekly Kt/V
in 12 months of treatment. While patients
using conventional PD solutions had a small
advantage in the peritoneal Kt/V (p=0.03)
which was consistent with the analysis of
peritoneal UF (p=0.002) despite similar
glucose load (p=0.73) (Supplementary Fig-
ure S3 and S6). Our study analyzed the nu-
tritional status including serum albumin,
nPNA and SGA score, which is important to
evaluate the adequacy of peritoneal dialysis
and CAPD patients survival *°. However, se-
rum albumin suffered from a moderate level
of statistical heterogeneity, which could not
be satisfactorily explained *’. Improved nu-
tritional status with low GDP PD solution
was confirmed by the increase of SGA in the
LS group. Inconsistency of these parameters
for evaluating nutritional status may be due
to heterogeneity among studies 7.

Most of the clinical studies find that
low GDP solution reduces peritoneal UF ac-
companied by high average PSTR, whereas
our review revealed that low GDP solution
improved the dialysis adequacy with no ex-
pense of PSTR represented by D/Per and D/
DO glucose at 4 hours. Two studies by Choi et
al.?'and Tranaeus et al.* showed similar find-
ings but with a high level of clinical hetero-
geneity. McDonald et al.’! thought that the
reduction of peritoneal UF was an important
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cause of technique failure. However, exces-
sive peritoneal UF may also play a causal
role in the decline of RRF by provoking in-
travascular volume depletion 3223, Thus, it is
difficult to delimit UF volume as a clinical
outcome, which is affected by many other
variables such as fluid status, UV, PSTR and
glucose load **.

PSTR has been recognized as an im-
portant factor for the assessment of clinical
outcomes, including technical failure and pa-
tient survival *. Although the study by Kim
et al. > was excluded for analyzing the effect
of low GDP PD solution on PSTR because of
a difference at baseline, the significant dif-
ference still existed at 6 and 12 months. It
also supported our outcome that low GDP so-
lution contributed to the lower UF without
the difference of PSTR. Taken together, our
results highlighted that the assessment for
PSTR should be focused on process carefully
rather than just an absolute value at the end
of the study **.

Concerning the survival advantage with
low GDP PD solution, retrospective studies
from Korea *%3? suggested that the biocom-
patible solution improved the survival in pa-
tients with PD and reduced mortality risk
by 39%. However, our data showed that low
GDPs in PD solution have no statistical im-
pact on the survival of PD patients at 1 year
or even longer follow-up period.

Several limitations of this study should
be considered. First, most of the studies
included patients who were receiving RAS
(renin-angiotensin system) blockers that
might be effective in slowing the decrease in
RRF in PD patients. In addition, the prima-
ry endpoints of the studies and the dose of
peritoneal dialysis in patients were different.
Furthermore, RCTs investigating the effects
of neutral pH, low GDP PD solution on RRF
and adequacy were limited in number and
publication bias. The Balance® (Fresenius
Medical Care, Bad Homburg, Germany), the
only one particular solution analyzed in our
meta-analysis, may not enough to represent
the neutral pH, low GDP PD solutions. At

last, PD treatment adequacy should be inter-
preted clinically rather than be evaluated by
solute and fluid removal 5.

CONCLUSIONS

This meta-analysis suggests that low
GDP PD solution significantly preserved
residual renal function and improved dialy-
sis adequacy without increasing the perito-
neal solute transport rate (Table 4). Future
randomized trials with adequate statistical
power are needed to determine whether low
GDP PD solution affects long-term clinical
outcomes.
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Evaluacion de actividad fisica como
coadyuvante terapéutico para pacientes
con enfermedad inflamatoria intestinal:
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Resumen. La enfermedad inflamatoria intestinal (EII) incluye la enferme-
dad de Crohn (EC) y la colitis ulcerosa (CU). El tratamiento farmacol6gico en la
EIl presenta pérdida de eficacia y efectos secundarios, por esta razon es necesario
el planteamiento de estrategias alternativas, como la practica de actividad fisica
(AF), como coadyuvante terapéutico. El proposito de este estudio fue evaluar
la efectividad de las intervenciones de AF como herramienta para aumentar la
condicion fisica, la calidad de vida relacionada con la salud (CVRS) y mejorar la
sintomatologia en pacientes con EC y CU, identificando el componente de AF
optimo. Se realizé una revision mediante una biisqueda en las bases electrénicas
de datos Medline (PubMed), SciELO y Cochrane Library Plus, que incluy6 ensa-
yos controlados aleatorios de los tltimos 10 anos que relacionaran la EIl y la AR,
hasta el 31 de enero de 2022. Se incluyeron 4 estudios con un total de 133 pa-
cientes. La realizacion de AF de pacientes con EIl (CU y EC) aument6 (p>0.05)
la capacidad fisica, la masa muscular esquelética, la densidad mineral 6sea y la
CVRS, incrementando significativamente (p<0,05) el estado de animo. Ademas,
disminuy6 significativamente (p<0,05) la inflamacion intestinal y las manifesta-
ciones extraintestinales. Se observo una tendencia de reduccion (p>0,05) de la
fatiga, la tension arterial y la restauracion de la microbiota. La AF moderada y
realizada regularmente durante un minimo de 8 semanas, favorece la mejoria del
paciente con EII a nivel fisico, psicol6gico, la CVRS y la sintomatologia.
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Evaluation of physical activity as a therapeutic adjuvant for
patients with inflammatory bowel disease: A systematic review.

Invest Clin 2022; 63 (3): 304 — 322

Key words: physical activity; inflammatory bowel disease; therapeutic adjuvant;

fatigue; biomarkers. quality of life.

Abstract. Inflammatory bowel disease (IBD) includes Crohn’s disease (CD)
and ulcerative colitis (UC). Pharmacological treatment in IBD presents a loss
of efficacy and side effects, inviting to consider alternative strategies, such as
the practice of physical activity (PA), as a therapeutic adjuvant. The purpose of
this review was to evaluate the effectiveness of PA interventions as a tool to in-
crease physical fitness, and health-related quality of life (HRQoL) and improve
the symptomatology in patients with CD and UC, identifying the optimal PA
component. The review was performed, by searching the electronic databases
Medline (PubMed), SciELO, and Cochrane Library Plus, including randomized
controlled trials from the last 10 years that related to IBD and PA, until January
31, 2022. We found four studies with a total of 133 patients. The performance
of PA in patients with IBD (UC and CD) increases (p>0.05) physical capacity,
skeletal muscle mass, bone mineral density, and HRQoL, significantly (p<0.05)
increasing mood. In addition, it significantly (p<0.05) decreases intestinal in-
flammation and extraintestinal manifestations. A trend of reduction (p>0.05)
of fatigue, blood pressure, and microbiota restoration was observed. Moderate
PA and performed regularly for a minimum of eight weeks, favors the improve-
ment of the IBD patient at the physical, psychological, HRQoL, and symptom-
atology levels.

Recibido: 13-04-2022 Aceptado: 24-06-2022

INTRODUCCION

La enfermedad inflamatoria intestinal
(EIT) engloba un conjunto de enfermedades
crénicas, idiopaticas y autoinflamatorias. La
EIl incluye, principalmente, dos trastornos
de etiologia desconocida que son: la enfer-
medad de Crohn (EC) y la colitis ulcerosa
(CU) 2, La EC y la CU estdan asociadas a
factores genéticos, estimulos ambientales
y alteraciones del sistema inmunolégico, lo
que condiciona una exacerbacion desequili-
brada de la respuesta inmune e inflamatoria
en la mucosa intestinal en sujetos genética-
mente predispuestos, jugando un papel re-

levante en ellos los factores ambientales®.
Ambas enfermedades pueden aparecer en
adolescentes y adultos y afectan por igual
a hombres y mujeres. La prevalencia es de
318,5/100.000 habitantes — ano en EC y
286,3/100.000 habitantes — afio en CU, y la
incidencia es de 23,82/100.000 habitantes —
ano en EC y 57,7/100.000 habitantes — ano
en CU para los paises desarrollados. A nivel
mundial aproximadamente cinco millones
de personas entre los 15 y los 35 anos es-
tan afectadas de EC y CU®S. En Esparia se ha
observado un aumento de su incidencia en
los ultimos afios con un 42,2% de casos de
EC y 87,8% de CU (7). Estas elevadas cifras

Vol. 63(3): 304 - 322, 2022



306

Fernandez-Lazaro y col.

posicionan a la EII como un problema impor-
tante de salud publica y, ademas, supone una
elevada carga a los sistemas de salud °.

La EIl es una enfermedad crénica y
hasta la fecha no se ha descubierto ningtin
tratamiento que sea curativo. No obstante,
se dispone de una amplia bateria de farma-
cos que permiten tener un adecuado control
de los sintomas; entre ellos, los 5-ASA o los
antiinflamatorios esteroideos (AIEs), inmu-
nosupresores como la azatioprina, antibio-
ticos (ciprofloxacin, metronidazol, claritro-
micina, rifaximina y cotrimoxazol), terapias
bioldgicas como anti-TNF-a (infliximab, ada-
limumab y golimumab); sin embargo, si es-
tos tratamientos farmacol6gicos se utilizan
durante largos periodos, ademas de perder
eficacia no estan exentos de riesgos, reaccio-
nes adversas y efectos secundarios sistémi-
cos que complican la salud del paciente con
EIT'°. En virtud de ello, se hace necesario el
planteamiento de alternativas terapéuticas
que sean eficaces para el control de la EIl y
eviten los riesgos asociados a los tratamien-
tos farmacolégicos'!. En este sentido, se ha
descrito la efectividad de la actividad fisica
(AF) como terapia coadyuvante no farmaco-
l6gica en otras enfermedades cronicas, tales
como el ciancer de mama, la enfermedad re-
nal crénica, enfermedades cardiovasculares
y diabetes mellitus tipo II. En estos casos,
se ha observado que no solo mejora el ren-
dimiento fisico de los pacientes, sino que se
reducen los signos clinicos e induce cambios
psicolégicos asociados tanto a la enferme-
dad como al tratamiento, consiguiéndose
una mejor calidad de vida relacionada con la
salud (CVRS) 115,

De forma general, los niveles habituales
de AF en pacientes con EIl son muy bajos, lo
que repercute en un inadecuado control de
la enfermedad e incrementa la recurrencia.
Por esta razén, se ha recomendado el entre-
namiento regular con ejercicios aerdbicos
(AE) y de fuerza (Fz), como terapia comple-
mentaria para las personas con EII por sus
posibles efectos beneficiosos sobre la con-
dicion fisica, la salud mental y porque ayu-

da a contrarrestar algunas complicaciones
especificas de la EIl al mejorar la densidad
mineral Osea, la respuesta inmunoldgica, la
pérdida de peso, la fatiga, y la inflamacion.
1921 Por todo lo anterior, en ¢l presente tra-
bajo se revisaron diferentes estudios que eva-
luaron el efecto de las intervenciones de AF
sobre la condicion fisica, la sintomatologia,
y la CVRS en pacientes con EIl (EC o CU) v,
ademas, se trat6 de identificar el componen-
te de la actividad fisica mas adecuado.

MATERIAL Y METODOS

Estrategia de bisqueda

El presente estudio es una revision
narrativa, llevada a cabo entre octubre del
2021 y enero del 2022, cuyo objetivo fue
analizar la literatura actualizada sobre las
intervenciones de actividad fisica sobre
adultos con EII (EC o CU). La btsqueda bi-
bliografica se realizé en las bases de datos
electronicas: Medline (PubMed), SciELO y
Cochrane Library Plus. Los términos utiliza-
dos en la buisqueda primaria estaban relacio-
nados con la AF y la EIl en diferentes com-
binaciones usando los operadores boleanos
“OR” / “AND” como nexo de busqueda: “In-
flammatory bowel disease”, “Crohn’s disea-
se”, “Physical exercise”, “Physical activity”,
“Exercise therapy”, “Physical treatment”,
“Adaptations”, “Markers”, “Effects”, “Analy-
sis”, “Biomarkers”, “Indicators”, “Activity”,
“Pathways”, “Health-related quality of life”,
“Quality of life”, “Inflammation”, “Fatigue”
and “Microbiota”.

Una vez ubicados los articulos en las
bases de datos, se cotejaron los titulos de la
bisqueda para identificar duplicados y po-
sibles publicaciones que anadir. Posterior a
la lectura de cada resumen, se procedi6 a la
revision a texto completo de los articulos se-
leccionados.

Criterios de inclusion

La seleccion de los registros se basé en
los siguientes criterios a) Adultos diagnosti-
cados de EII (CU o EC) (excluyendo estudios
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en animales y/o in witro), b) Estudios que
evaluaron los efectos de una intervencion de
AF, ¢) Ensayos clinicos aleatorios (excluyen-
do registros editoriales, revisiones, notas y
cualquier otro estudio no original), d) Es-
tudios que evaltien como resultados (prima-
rios, secundarios o de seguridad) modifica-
ciones fisicas, bioldgicas, psicologicas y de
calidad de vida, €) Estudios con informacion
clara sobre la intervencion y la duracion de
la AF, f) Estudios publicados en los dltimos
10 anos. Los registros que no cumplian los
criterios fueron excluidos de esta revision
narrativa.

RESULTADOS

En la Tabla 1 se analiza la informacion
respecto a los datos obtenidos en las fuentes
de estudio, situacién del paciente con EII,
disefo de estudio, caracteristicas de los par-
ticipantes y protocolo de intervencion de AF
como medida no farmacoldgica en pacientes
con EII. El disefio de los 4 estudios 2> in-
cluidos en la revisién son ensayos controla-
dos aleatorios (ECAs). Fueron incluidos un
total de 133 adultos diagnosticados de EII
(CU o EQ); 55 hombres y 78 mujeres= 18
anos. Todos los estudios excluian a personas
que presentasen alto nivel previo de AF y co-
morbilidades que impidiesen la practica de
AF propuesta en la intervenciéon de los estu-
dios**?°. Con respecto a la EII, distinguiendo
entre ECy CU, se contaba con que todos los
pacientes tuviesen en comdn un bajo nivel
de actividad de la enfermedad; es decir, se
encontrasen en fase de remision de la enfer-
medad. Para ello se tomaron como referen-
cia los biomarcadores clinicos calprotectina
fecal (CF) < 150 ug/g y un indice de activi-
dad de la enfermedad de Crohn Crohn’s Di-
sease Activity Index (CDAI) < 150 puntos.
Esto permitié6 una adecuada comparacion
entre los cuatro estudios >2° al encontrarse
los pacientes en el mismo estadio de la en-
fermedad. Ademas, Klare y col. 2*, emplearon
como indicador del estado de la enfermedad

el indice de Rachmilewitz (IR) < 11 puntos
y Jones y col. # incluyeron una adherencia
farmacoldgica estable de duracion > 4 se-
manas. La intervencion de ejercicio para
Cronin y col. | fue de un total de 24 sesio-
nes en 8 semanas, en el que se sometia a los
pacientes a AF AE y de Fz, incluyendo todos
los grupos musculares (superior, central e
inferior). Tew y col. %, realizaron un estudio
de 36 sesiones en 12 semanas en ¢l que se
centraban dnicamente en la AF aerdbica, di-
vidiendo el grupo intervencién en dos sub-
grupos, uno de intensidad moderada y otro
de alta intensidad. La intervencion de Klare
y col. 2%, tuvo una duracion de 30 sesiones en
10 semanas en las cuales se realizaba trote
o carrera supervisada y controlada como ele-
mento de AF aerébica. Por otro lado, Jones
y col. #°, realizaron un estudio de mayor du-
racion con 78 sesiones durante 12 semanas,
en el que se realizaba ejercicio de impacto
junto con egjercicios de resistencia en cada
sesion.

La adherencia a su intervencion de AF fue
elevada de 68% 22, 87.5% 23 y 62% 25, el es-
tudio restante no especificé la adherencia de
participacion 2. Tres de los estudios realizaron
sus intervenciones con supervision completa 2>
24 ¢l estudio de Jones y col.®; en cambio, rea-
liz6 supervision gradual que fue disminuyendo
conforme avanzaba la intervencion.

Los principales resultados y conclusio-
nes de cada uno de los estudios incluidos en
esta revision 222° se reportan en la Tabla 2.
También se observo mejoria en la tension ar-
terial (TA) y la frecuencia cardiaca (FC) en
reposo en tres de los estudios 2> 22 Klare
y col.?*] fueron los tnicos en no indicar sus
variaciones. Tew y col. 2 y Jones y col. ?°, eva-
luaron la escala de fatiga con Escala de Fati-
ga para EIl (IBD-F), ya que es un problema
que afecta a estos pacientes, observando una
reduccion de esta. El microbioma intestinal
tnicamente se valoro en el estudio de Cronin
y col. 2, en el que se observé un aumento de
la Archaea o-diversidad, aunque manteniendo
los mismos niveles de Archaea B-diversidad.
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DISCUSION

El objetivo de este estudio fue evaluar
el impacto de las intervenciones de AF en
pacientes con Ell. Los resultados mas rele-
vantes de esta revision son que la realizacion
de AF por pacientes con CU y EC mejora de
la capacidad fisica, el cambio de los parame-
tros antropométricos (aumento de la masa
muscular esquelética y diminucion de gra-
sa corporal), incrementa la CVRS; ademas,
tiene efectos positivos sobre la funcién mus-
cular, la fatiga y la densidad mineral 6sea
(DMO)?>2, Por otro lado, no indujo inflama-
cion intestinal y las manifestaciones extra-
intestinales; asimismo, no se infirieron cam-
bios sustanciales en la microbiota intestinal.
Para proporcionar un analisis mas claro, en
esta revision se agruparon los resultados
mas relevantes.

Metodologia en la realizacion de actividad
fisica

La prescripcion de AF se realiz6 en
fase de remision 224 estado quiescente *°, y
media * o baja ** actividad con unos niveles
CDAI < 150 223y de CF < 250 ug/g >, que
indica remisién clinica con algin grado de
inflamacion residual en la mucosa intestinal
y con bajo riesgo de enfermedad recidiva®®.
Actualmente, las directrices de AF en EII
se sustentan en datos de ¢jercicio en indi-
viduos con baja actividad de la enfermedad,
pero no sobre pacientes con exacerbacion de
la EII’". De esta manera, es posible que la
eleccion del estadio (remisién o baja activi-
dad de la EIl) de enfermedad del paciente
para la practica de AF esté determinado por
la falta de estudios en este grupo de pacien-
tes de alto riesgo *°. La AF no esta exenta
de riesgos en este tipo de pacientes; un alto
namero de ellos la abandonan por las posi-
bles complicaciones que surgen durante su
realizacion tales como es ¢l dolor articular
por la disminucion de la masa 6sea, la fatiga
y debilidad 28,

La planificacion de la AF en EII se basa
en el uso de diferentes tipos de ejercicio que

incluyen trabajo aerdbico (AE) 2%, anaer6-

bico (ANE) 2 y de Fz 2. Tew et al. 3, propo-
ne un entrenamiento de las capacidades ae-
robicas (frecuencia cardiaca maxima al 68%)
y anaerébicas (frecuencia cardiaca maxima
al 92%) en cicloergometro a intensidades
exigentes. El ejercicio combinado (AE + Fz)
es empleado utilizando intensidades medias
/altas de AE (5-7 Escala de Borg 10 puntos) y
altas de Fz (70% repeticion maxima)*. Estas
intensidades medias/altas también son utili-
zadas por Jones y col. #* con trabajo exclusi-
vo de Fz, mediante los ejercicios con bandas
elasticas de resistencia y ¢jercicios de alto
impacto, que obligan a despegar los pies
del suelo, lo que requiere un nivel de fuerza
muscular considerable para realizarse.

En tres estudios > 2% incluidos en esta
revision, el trabajo fisico se ha implementa-
do a intensidades elevadas en pacientes con
EIl. Esto supone una novedad para pacientes
con EII, donde tradicionalmente la AF a una
intensidad de baja a moderada se ha conside-
rado la adecuada 2!, para evitar una posible
exacerbacion de la enfermedad 2'. El trabajo
de Fz en intensidades exigentes **2° desarro-
llaria hipertrofia muscular tras un proceso
de inflamacion local, derivada del dano so-
bre el masculo esquelético 2%, que podria in-
crementar el riesgo de recurrencia y recru-
decer la inflamacion. Por otra parte, la AE
/ANE de alta intensidad 2% puede inducir
una inflamacion sistémica leve y un aumento
de citocinas inflamatorias en pacientes con
EIl activa o en remisiéon *°. Ademads, se ha
observado que el gjercicio extenuante en de-
portistas sanos provoca una colitis isquémi-
ca con diarrea sanguinolenta, fiebre y altos
niveles de fatiga 3'. Asumiendo estas consi-
deraciones ¢ interpretando el adagio hipo-
cratico “primun non nocere”, Klare y col.?*
realizaron la intervencién mas conservadora
de AE a intensidades que permitian a los par-
ticipantes seguir hablando mientras corrian
y bajo supervision médica.

La contribucién de la AF para modular
el estado de salud y controlar algunos de los
factores de riesgo en personas que padecen
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enfermedades cronicas, debe realizarse de
manera regular y continuada . Se ejecuta-
ron entre 24 y 78 sesiones de AF con una
frecuencia de 3 sesiones/semana con una
duracién de entre 2-3 horas/semana >33,
Este conjunto ordenado y sistematico de
prescripeion de AF es similar en cuanto a los
componentes (tipo de ¢jercicio, intensidad,
duracion, frecuencia) aplicados en otras en-
fermedades crénicas y que han conseguido
optimos resultados en el estado de salud de
los pacientes '> ¥, De esta forma, podrian
quedar desterradas aquellas directrices de
prescripeion intensidad baja y duracion cor-
ta en la AF de pacientes con EII.

La supervision médica completa 0
gradual * es necesaria en pacientes con Ell
que practican AF. En tres estudios ?*2° un to-
tal de diez pacientes han padecido efectos
adversos relacionados con la AF como son:
dolor leve abdominal (n=1) 2%, nauseas y
mareos (n=3) #, anemia leve (n=1), estrés
(n=1), deshidratacién y nutricion inadecua-
da (n=4) 2. Es probable que estos cuadros
leves sean derivados de no cumplir los reque-
rimientos extra de nutriciéon ¢ hidratacion
que requiere la practica de AF 32, Deberia
ajustarse el incremento calérico y de liqui-
dos en funcion del tipo y tiempo dedicado
a la AF y a las caracteristicas del paciente.
De este modo se permite conservar el volu-
men sanguineo, el sistema cardiovascular y
termorregulador, la reposicion de glucogeno
hepatico y muscular * que son esenciales en
los pacientes con EII.

22-24

Impacto de la actividad fisica sobre los
factores fisicos/fisiol6gicos modificables
de los pacientes que padecen enfermedad
inflamatoria intestinal.

La EII, como enfermedad crénica au-
toinmune, impacta negativamente ¢l estado
fisico del paciente quien se ve limitado para
realizar sus actividades diarias mas comu-
nes’. La frecuencia cardiaca (FC) es uno de
los marcadores para valorar la severidad de
la EII** y ofrece datos cuantificables sobre
la condicioén fisica 2* 2527, La realizacion de

AF programada (AE, ANE, Fz) produjo una
disminucion de la FC mejorando la condi-
cion fisica 2*2% 25, La disminucion de la FC
contribuye a la tolerancia de la AF, permi-
tiendo la elevacion gradual de las cargas en
el entrenamiento (volumen e intensidad) y
a la progresion en los resultados fisicos® .
La mejora de niveles basales de FC, por la
AF, permite disminuir el riesgo de episodios
isquémicos, muerte stubita, y mortalidad por
fallo cardiovascular 7. Por lo tanto, en la EII
el control de la FC constituye un objetivo te-
rapéutico razonable mediado por la AF.

En tres de los estudios **%°, se indic6
que a través de la realizacién de AF (AE,
ANE, Fz) se mejoré el volumen maximo de
oxigeno (VO,mdx) y se increment6 en el es-
tado fisico general de los pacientes con EII.
Estos pacientes con EII tienen disminuida
de forma considerable la tolerancia al ¢jer-
cicio y la capacidad fisica ?*; con la practica
de AF se revierte esta situacién en EII, de la
misma forma que ocurre con otras enferme-
dades cronicas . Estas mejoras en la condi-
cion fisica influirian en los descensos de la
fatiga que fue evaluada con Escala de Fatiga
en Enfermedad Inflamatoria Intestinal (IBD-
F Scale) *%. La fatiga es un sintoma comuin
e incapacitante, de caracter transitorio y/o
cronica (mayor de 6 meses), en pacientes
con EII activa o en remision clinica . La
reduccion de la fatiga implicaria una menor
sensacion de cansancio, aumento de los ni-
veles de energia y una mayor Fz muscular .
Por lo tanto, les permitiria realizar sus acti-
vidades cotidianas, estimularia la concentra-
cion y la memoria, incrementaria las activi-
dades de ocio, mejoraria el rendimiento en
el ambito laboral y en el estudio *°.

La hipertension arterial (HTA) es un
posible efecto adverso de algunos tratamien-
tos médicos como la ciclosporina, el tacroli-
mus o los corticoesteroides sistémicos *!. El
control de la HTA por la AF se observé en dos
estudios de esta revision ** 23, que incluian
el gjercicio concurrente (AE + Fz)* ¢ inten-
sidades medias-altas de AF en cicloergome-
tro*. Es conocido que los efectos hemodina-
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micos de la practica regular de AF mejoran
la funcién cardiovascular, estabilizando/
modulando la tension arterial (TA) *2. Otro
mecanismo de control de la TA sea proba-
blemente por la restauracion de la disbiosis
de los pacientes con EII > por la accion de
la AF %3,

La AF se ha asociado con beneficios
para la salud sobre el indice de masa cor-
poral (IMC), la DMO, y la masa muscular .
De este modo, los programas de AF son de
especial interés para los pacientes con EII,
quienes sufren problemas de baja DMO, re-
ducida masa muscular y con unos porcenta-
jes de comorbilidad entre obesidad y EII del
15-40% **. Todas las intervenciones de AF**
* consiguieron disminuir la grasa corporal,
siendo significativa la realizada con trabajo
fisico concurrente #*. El control de la masa
grasa reduce el grado de obesidad que, en
pacientes de EII, es considerado como un
factor riesgo de enfermedad recidiva, de pér-
dida de respuesta a la terapia farmacol6gica
y de complicaciones postquirirgicas *°.

Mediante la absorciometria de energia
dual de rayos X, se observé que en la AF 2224
2 tanto el entrenamiento AE como el entre-
namiento de Fz, muestra efectos positivos so-
bre el metabolismo 6seo, los cuales parecen
generarse mas por un efecto de disminucion
de la tasa de pérdida de hueso, que por un
aumento de la DMO. La desmineralizacion
6sea y la osteoporosis son complicaciones
comunes asociadas a la EII; la prevalencia de
baja masa 6sea en el 30% de los pacientes y
la DMO media seria un 10% menor que en la
poblacion general *". El mantenimiento de
DMO, haria reducir el riesgo de sufrir frac-
turas y la posibilidad de mantener el trata-
miento con glucocorticoides para el control
de la EII #°. El entrenamiento de Fz estimula
mas intensamente la DMO que AF aerébica
por efecto directo sobre la formaciéon osteo-
blastica, e indirecto por la masa muscular
que actuara sobre el tejido 6seo por medio

de una serie de fuerzas localizadas produci-
das por la contraccién muscular .

La hipertrofia muscular generada por
la realizacion de AF produce aumento de la
tensién mecdnica, provoca estrés metabo-
lico y dafios musculares que activan la res-
puesta de inflamacién, lo que posibilita la
exacerbacion de la enfermedad °'. Sin em-
bargo, con todos los programas de AF 2> se
obtuvieron incrementos en la masa muscu-
lar sin exacerbaciones de la EIl y/o lesiones
musculares y sin generar inflamacion sisté-
mica con niveles circulantes de la proteina C
reactiva (PCR) estables # o incluso menores
2225 La ganancia de masa muscular reporta-
da después de programas de entrenamiento
quiza sea una de las adaptaciones mas im-
portantes en el paciente con Ell, y que po-
dria ratificar la idoneidad de protocolo de
ejercicio derivada de AF 25, Los programas
de entrenamiento que superan la tolerancia
de los pacientes de EII hacen también dismi-
nuir la concentracion de glucogeno a niveles
incapacitantes °, ya que la inflamaciéon del
intestino induce una mala absorciéon de los
alimentos. Las mejoras en la masa muscular
en pacientes con EIl que practican AF pro-
gramada, podria deberse a la reduccion de
la expresion de proteinas anti-apoptoticas,
Bel-2 y Bel-XL, (mantenimiento de la mus-
culatura) '°, la secrecién en el miasculo es-
quelético humano de IL-15 (factor anaboli-
co muscular) *°) y la sobrerregulacion factor
coactivador 1-a del receptor de proliferacion
de peroxisomas (PGC-1a) 3!, preservando la
masa muscular por bloqueo de mammalian
target of rapamycin complex 1 (mTORC1).

Todos estos resultados convierten a la AF
como una intervencion activa y multidiscipli-
naria, para optimizar el estado de salud en el
paciente por la mitigacion de factores fisicos/
fisiologicos, responsables las complicaciones
en EIl. Ademas, superar las limitaciones fisi-
cas y clinicas podria acrecentar ¢l interés y la
adherencia a programas de AF dirigida a EII.
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Accion biologica de los beneficios
del ejercicio en los pacientes de EII

El efecto protector de la AF en la EII
puede atribuirse a su efecto antiinflamato-
rio*>?°, El mecanismo antiinflamatorio di-
recto responsable se produce a través de la
liberacion de interleucinas (IL) IL-6 e IL-15,
disminucion de las citocinas pro-inflamato-
rias (IL-8, factor de necrosis tumoral alfa
(TNF-a)) y estimulacion de la accion antiin-
flamatoria de IL-10 2224 por su papel regu-
lador de la respuesta inmune sobre algunas
citoquinas, macréfagos y linfocitos T, Adi-
cionalmente, la accién de IL-6 como mio-
quina antiinflamatoria- estd mediada por sus
efectos inhibidores sobre TNF-a e IL-1 y su
activacion de IL-1ra e IL-10, aunque se debe
considerar su efecto dual como antiinfla-
matorio y proinflamatorio®! *2°. También la
adrenalina es otro posible factor que inhibe
la produccion de TNF-a > y de este modo, el
control del proceso de inflamatorio que haria
disminuir la actividad de la EII >**° y las ma-
nifestaciones extraintestinales %5, Con ello
se logra disminuir a 1 6 2 deposiciones dia-
rias (lo que aminora la deshidratacion, ayu-
dando a la recuperacion de la concentracion
osmoética fisiologica entre 50 y 125 mOsm/
kg) y reducir los espasmos intestinales™ 2>,

Los péptidos similares al glucagon, la
irisina y la proteina secretada, acida y rica
en cisteina (SPARC), también aumentan con
la AF. Todos ellos, contribuyen a la remodela-
cion y la reparacion de la mucosa intestinal
danada en los procesos de EII 21:273° La im-
portancia de mantener el epitelio intestinal
es porque la reduccion de la integridad de
la barrera intestinal ocasionaria un aumento
de la permeabilidad intestinal; ello posibilita
el paso a la circulacion sanguinea de lipopo-
lisacaridos y otros componentes del peptido-
glicano de la pared celular bacteriana, que
desencadenan la inflamacion de bajo grado
asociada a la HTA y la obesidad en pacientes
con EII ¢,

Los niveles mas altos de AF y una 6pti-
ma capacidad cardiorrespiratoria se asocian
con una mayor diversidad bacteriana fecal,

lo que genera y mantiene la heterogeneidad
en la microbiota **. El 6ptimo equilibrio mi-
crobiano contribuye al adecuado ecosistema
intestinal que es esencial en la promocion
de salud y la prevencion de enfermedades
cronicas no transmisibles como las enferme-
dades inflamatorias 7. La AF concurrente
y prolongada (8 semanas) de media / alta
intensidad (AE: 5-7 escala Borg; Fz 70% re-
peticion maxima (RM)) induce una mayor
diversidad microbiota Archaea-a. ** (cuya
funcién principal es evitar la colonizacion de
especies como el Clostridium difficile). Estos
resultados son similares a estudios en volun-
tarios sanos, con un programa de ejercicio
moderado ** y en atletas profesionales > .
La AF realizada durante un periodo de tiem-
po prolongado y con intensidad progresiva,
disminuye el recuento leucocitario causante
de la destruccion del microbioma intestinal
y regula la actividad del intestino 2.

Efectos de la realizacion de actividad
fisica en la calidad de vida de los pacientes

Es comun la afectacion de las enferme-
dades cronicas en el ambito psicologico. Los
pacientes con EII relacionan su afectacion
psicolégica con el deterioro fisico, los pro-
pios sintomas de la enfermedad y las comor-
bilidades que se asocian a clla, causandoles
un aminoramiento del estado de animo y de
su CVRS * ¢ Aunque Cronin y col. ** no re-
portan cambios en el estado de animo de los
pacientes en su estudio, Tew y col. 2, Klare
y col. ** y Jones y col. #* concluyeron que la
AF puede establecer mejorias de forma sig-
nificativa en el bienestar general y el estado
de 4nimo de los pacientes, lo que mejora su
CVRS y aumenta su satisfaccion y percep-
cion psicoldgica con su estado de salud.

Las mejoras reportadas en la CVRS ven-
drian derivadas de la optimizacion fisica, fi-
siol6gicaybioldgica, logradas por la AF como
terapia adyuvante 225, En su conjunto, estos
efectos positivos derivados de la AF propor-
cionarian una estrategia de afrontamiento
ante el anhelo constante de ser personas sa-
nas ante los demas y poder superar el hecho
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de vivir constantemente con la amenaza ¢
incertidumbre de sentirse constantemente
personas enfermas. Ademads, ayudaria a su-
perar el posible aislamiento laboral, familiar
y social debido a la imposibilidad de predecir
cuando y por qué se va a desencadenar una
fase de actividad de la enfermedad.

Por lo reportado anteriormente, se po-
dria establecer que el AF combinada de AE
y Fz -aplicada con intensidad moderada- es
lo mas adecuado para obtener mejoras sobre
el estado fisico y los resultados de salud en
pacientes con EIl. En este sentido, propone-
mos un protocolo sencillo y de facil imple-
mentacion de AF para pacientes con EIl (CU
o EC) (Fig. 1). La AF podria consistir, ini-
cialmente, en un calentamiento breve de 5
minutos de duracién, que permita activar los
grupos musculares que se van a ejercitar. La
parte principal de la sesién de AF comenza-
ria con 20 minutos de ejercicios de Fz sobre
los grupos musculares del tren superior e in-
ferior y del tronco del cuerpo; es decir sobre
los musculos principales que componen el
core (abdominales, lumbares, musculos de
la pelvis, glateos y musculatura de la colum-
na). Se continuaria con 30 minutos de AE,
que podria realizarse sobre una bicicleta es-
tatica, o con carrera continua moderada en
cinta o al aire libre en un terreno sin dificul-

tades orograficas. Finalmente, proponemos
una fase de “cool down” o vuelta a la calma
de 5 minutos de duraciéon mediante estira-
mientos suaves. El objetivo de la vuelta a la
calma serviria de ayuda a los pacientes con
EIl a regenerarse tras la AF, lo que podria
proporcionar beneficios a nivel fisico (preve-
nir lesiones, mareos y dolores) y mental.

Esta revision tuvo, como principal limi-
tacion, la escasa cantidad de estudios y el
bajo namero de pacientes (n=133) inclui-
dos. Sin embargo, los estudios seleccionados
son ECAs, que se consideran los “gold stan-
dards” para examinar si existe una relacion
de causa-efecto entre la realizacion de AF y
los posibles benéficos en pacientes™. Ade-
mas, todos los estudios incluidos analizan
grupos poblacion con las mismas caracteris-
ticas (edad, capacidad fisica previa y estado
de la enfermedad).

En conclusidn, la realizacion de AF con-
currente a intensidad moderada durante un
periodo de tiempo minimo de 8 semanas,
con tres sesiones a la semana, alcanza resul-
tados notables en los pacientes con EC y CU,
tanto a nivel fisico como a nivel psicoldgico,
o sobre el control de sintomas de la enferme-
dad y sus exacerbaciones, siendo bien tolera-
da por los adultos con EII. Se ha observado
un aumento en la masa muscular, la DMO y

Calentamiento %

E]ercmlos de fuerza
\ i Mlnums I'-ll

e X SH @

Vuelta a la calma ;?

*

Fig. 1. Protocolo de actividad fisica de ejercicio combinado de actividad aerébica y fuerza para pacientes con

enfermedad inflamatoria intestinal.
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el VO,max, a su vez que disminuyen la grasa
corporal, y la actividad y la inflamaci6n in-
testinales al controlarse la produccion de ci-
toquinas inflamatorias. También se observa
una mejora en la CVRS y el estado de animo
de los pacientes. Estos resultados podrian
posicionar a la AF como una intervencion
coadyuvante, activa y multidisciplinaria para
optimizar el estado de salud en la EII.

AGRADECIMIENTO

Los autores quieren agradecer su cola-
boracion al Grupo de Investigacion en Neu-
robiologia del Departamento de Biologia Ce-
lular, Genética, Histologia y Farmacologia de
la Facultad de Medicina de la Universidad de
Valladolid.

Financiamiento

Esta investigacion no ha recibido finan-
ciacion externa.

Conflictos de interés

Los autores declaran no tener ningln
conflicto de intereses.

Contribuciones de los autores

D.F.-L. y N.H.-B.: concibieron y dise-
faron la investigacion, analizaron e inter-
pretaron los datos, redactaron el articulo y
aprobaron la version final presentada para su
publicacion; R.C.M. y S.G.-L.: analizaron e
interpretaron los datos, revisaron criticamen-
te el articulo. Todos los autores han leido y
aceptado la version publicada del manuscrito.

Numero ORCID de los autores

* Diego Fernandez-Lazaro:

0000-0002-6522-8896

* Nuria Hernandez-Burgos:
0000-0001-7996-4571

* Raul Cobreros Mielgo:
0000-0002-4281-9044

e Sandra Garcia-Lazaro:
0000-0001-9439-7413

REFERENCIAS

Oviedo C, Yanez M, Pennacchiotti V.
Frequency of oral manifestation in pa-
tients with inflammatory bowel diseca-
se in Chile. Int J Odontostomatol 2017;
11: 267-271. Disponible en: https://
www.scielo.cl/scielo.php?script=sci_
abstract&pid=S0718-381X2017000300
267&Ing=en&nrm=iso#:~:text=0{%20
these% 20patients%2C%2037%2 0%25%20
presented,recurrent%20oral%20ulcer%20
(ROU).

Meligrana N, Quera R, Figueroa C, Iba-
iiez P, Lubascher J, Kronberg U. Facto-
res ambientales en el desarrollo y evo-
lucién de la enfermedad inflamatoria
intestinal. Rev Med Chile 2019; 147:
212-220. Disponible en: https://www.
scielo.cl/scielo.php?pid=S0034-9887
2019000200212&script=sci_artt
ext&tlng=en

World Gastroenterology Organization
(WGO). Practice Guideline Inflammatory
bowel disease (IBD). World Gastroentero-
logy Organisation [Internet] 2022 [citado,
2022 febrero 10] Disponible en: https://
www.worldgastroenterology.org/guideli-
nes/global-guidelines/inflammatory-bowel-
disease-ibd.

Yamamoto-Furusho JK, Bosques-Padilla
FJ, Charta-Guindic L, Cortés-Espinosa T,
Miranda-Cordero RM, Saez A, Ledesma I.
Inflammatory bowel disease in Mexico: epi-
demiology, burden of disease, and treatment
trends. Rev Gastroenterol México 2020; 85:
246-256. Disponible en: https://pubmed.
ncbi.nlm.nih.gov/32143974/.

The European Federation of Crohn’s &
ulcerative colitis associations (EFCCA).
What is inflammatory bowel disease? Euro-
pean Federation of Crohn’s & ulcerative co-
litis associations 2022 [Internet] [citado,
2022 febrero 10] Disponible en: https://
www.efeca.org/en/what-ibd.

Investigacion Clinica 63(3): 2022



Actividad fisica en pacientes con enfermedad inflamatoria intestinal

319

6.

10.

11.

12.

13.

Ng S, Shi H, Hamidi N, Underwood F, Tang
W, Benchimol E. Worldwide incidence and
prevalence of inflammatory bowel discase
in the 21st century: a systematic review
of population-based studies. Lancet 2017;
390: 2769-2778. Disponible en: https://
pubmed.ncbi.nlm.nih.gov/29050646/.
Puig L, Ruiz De Morales J, Dauden E, An-
dreu J, Cervera R. La prevalencia de diez
enfermedades inflamatorias inmunomedia-
das (IMID) en Espana. Rev Esp Salud Pabli-
ca 2019; 93: 1-14. Disponible en: https://
scielo.isciii.es/scielo.php®script=sci_abstr
act&pid=S1135-57272019000100069.
Veliasquez JR. Enfermedad de Crohn. Enfo-
que diagnéstico y terapéutico de las prime-
ras visitas. Rev Colomb Gastroenterol 2014;
29: 404-416. Disponible en: https://revis-
tagastrocol.com/index.php/reg/article/
view/438.

Biisch K, Sonnenberg A, Bansback N. Im-
pact of inflammatory bowel discase on di-
sability. Curr Gastroenterol Rep 2014; 16:
414. Disponible en: https://pubmed.ncbi.
nlm.nih.gov/25231757/.

Seyedian SS, Nokhostin F, Malamir MD.
A review of the diagnosis, prevention, and
treatment methods of inflammatory bowel
disease. J Med Life 2019; 12: 113-122. Dis-
ponible en: https://pubmed.ncbi.nlm.nih.
gov/31406511/.

Ponferrada A. Efectos adversos de farmacos
en EII Efectos adversos de farmacos. 2015.
Grupo Espanol de Trabajo en Enfermeria de
Crohn y Colitis Ulcerosa [Internet] 2015
Disponible en: https://geteccu.org/pacien-
tes/efectos-adversos-de-farmacos-en-eii.
Fernandez-Lazaro D, Mielgo-Ayuso J,
Caballero-Garcia A, Cordova-Martinez
A, Lazaro MP, Ferniandez-Lazaro CI. Phy-
sical activity in oncological breast can-
cer patients: non-pharmacological sports
medical therapy? Systematic review. Arch
med Deport 2020; 198: 266-274. Disponi-
ble en: https://dialnet.unirioja.cs/servlet/
articulo?codigo=7660871.
Fernandez-Lazaro D, Mielgo-Ayuso J,
Lazaro-Asensio MP, Martinez AC, Caba-
llero-Garcia A, Fernindez-Liazaro CI. In-
tradialytic physical exercise in chronic kid-
ney disease: A systematic review of health
outcomes. Arch Med Deport 2020; 37: 419-

14.

15.

16.

17.

18.

19.

20.

21.

429. Disponible en: https://dialnet.unirio-
ja.es/servlet/articulo?codigo=7772527
Ramirez-Véleza R. Physical activity and
health-related quality of life: a systematic
review of current evidence. Rev Andal Med
Deport 2010. 3: 110-120 Disponible en:
https://www.clsevier.es/es-revista-revista-
andaluza- medicina-del-deporte-284-articu-
lo-actividad-fisica-calidad-vida- relacionada-
X1888754610543999.

Llopis PQ, Garcia-Galbis M. Control glu-
cémico a través del ejercicio fisico en
pacientes con diabetes mellitus tipo 2;
revision sistematica. Nutr Hosp 2015;
31: 1465-1472. Disponible en: https://
www.mendeley.com/catalogue/0Ob1fc2f8-
388£-3490-9119-9be525e2b952/Putm_
source=desktop&utm_medium=1.19.8&
utm_campaign=open_catalog&user
Documentld=%7Be86582ab-flcec-
325¢-9458- ¢c6941414b32%7D.

Defilippis E, Tabani S, Warren R, Chris-
tos P, Bosworth B, Scherl E. Exercise and
self-reported limitations in patients with
inflammatory bowel disease. Dig Dis Sci
2016; 61: 215-220. Disponible en: https://
pubmed.ncbi.nlm.nih.gov/26254773/
Cordero A, Masia MD, Galve E. Ejerci-
cio fisico y salud. Rev Esp Cardiol 2014;
67: 748-753. Disponible en: http://www.
revespeardiol.org/es-cjercicio-fisico-salud-
articulo-S0300893214002656.
Candén-Lifdan A, Sanchez-Olliver AJ,
Galancho-Reina I, Sudrez-Carmona W,
Gonzilez JA. Ejercicio fisico, obesidad e
inflamacién. EmaskF, revista digital de edu-
cacion fisica 2016; 41: 65-82. Disponible
en: https://dialnet.unirioja.cs/servlet/
articulo?codigo=5558014.

Narula N, Fedorak R. Exercise and inflam-
matory bowel disease. Can J Gastroenterol
2008; 22: 497-504. Disponible en: https://
pubmed.ncbi.nlm.nih.gov/18478136/.
Reboredo M, Pinheiro B, Chebli J. Physi-
cal exercise programmes in patients with
inflammatory bowel disease. J Crohns coli-
tits 2017; 11: 1286. Disponible en: https://
pubmed.ncbi.nlm.nih.gov/28369347/.
Bilski J, Brzozowski B, Mazur A, Sliwows-
ki Z, Brzozowski T. The role of physical
exercise in inflammatory bowel disease.
Biomed Res Int 2014; 2014: 429031. Dis-

Vol. 63(3): 304 - 322, 2022



320

Fernandez-Lazaro y col.

22.

23.

24.

25.

26.

27.

ponible en: https://pubmed.ncbi.nlm.nih.
gov/24877092/.

Cronin O, Barton W, Moran C, Sheehan D,
Whiston R, Nugent H, Mccarthy Y, Molloy
C, O’sullivan O, Cotter PD, Molloy MG,
Shanahan F. Moderate-intensity aerobic
and resistance exercise is safe and favora-
bly influences body composition in patients
with quiescent inflammatory bowel disease:
a randomized controlled cross-over trial.
BMC Gastroenterol 2019; 19: 29. Disponi-
ble en: https://pubmed.ncbi.nlm.nih.gov/
30755154/.

Tew GA, Leighton D, Carpenter R, Ander-
son S, Langmead L, Ramage J, Faulkner J,
Coleman E, Fairhurst C, Seed M, Bottoms
L. High-intensity interval training and
moderate-intensity continuous training in
adults with Crohn’s disease: a pilot rando-
mised controlled trial. BMC Gastroenterol
2019; 19: 1-11. Disponible en: https://pub-
med.ncbi.nlm.nih.gov/30696423/.

Klare P, Nigg J, Nold J, Haller B, Krug A,
Mair S, Thoeringer CK, Christle JW, Sch-
mid RM, Halle M, Hubber W. The impact
of a ten-week physical exercise program on
health-related quality of life in patients with
inflammatory bowel disecase: a prospecti-
ve randomized controlled trial. Digestion
2015; 91: 239-247. Disponible en: https://
pubmed.ncbi.nlm.nih.gov/25823689/.
Jones K, Baker K, Speight R, Thompson
N, Tew G. Randomised clinical trial: com-
bined impact and resistance training in
adults with stable Crohn’s discase. Aliment
Pharmacol Ther 2020; 52: 964-975. Dis-
ponible en: https://pubmed.ncbi.nlm.nih.
8ov/33119156/.

D’haens G, Ferrante M, Vermeire S, Baert
F, Noman M, Moortgat L, Geens P, Iwens
D, Aerdenl, Van Assche G, Olmen GV, Rut-
geerts P. Fecal calprotectin is a surrogate
marker for endoscopic lesions in inflamma-
tory bowel disease. Inflamm Bowel Dis. 2012;
18: 2218-2224. Disponible en: https://pub-
med.ncbi.nlm.nih.gov/22344983/.

Engels M, Cross R, Long M. Exercise
in patients with inflammatory bowel di-
seases: current perspectives. Clin Exp
Gastroenterol 2017; 11: 1-11. Disponi-
ble en: https://pubmed.ncbi.nlm.nih.
60v/29317842/.

28.

29.

30.

31.

32.

33.

34.

35.

Eckert KG, Abbasi-Neureither I, Koppel
M, Huber G. Structured physical activity
interventions as a complementary therapy
for patients with inflammatory bowel disca-
se — a scoping review and practical impli-
cations. BMC Gastroenterol 2019; 19: 115.
Disponible en: https://pubmed.ncbi.nlm.
nih.gov/31266461/.

Fernandez-Lazaro D, Diaz J, Caballero A,
Coérdova A. The training of strength-resis-
tance in hypoxia: effect on muscle hypertro-
phy. Rev Biomed 2019; 39: 212-220. Dis-
ponible en: https://pubmed.ncbi.nlm.nih.
gov/31021559/.

Papadimitriou K. Effect of resistance exer-
cise training on Crohn’s disease patients.
Intest Res 2020; 19: 275-281. Disponible
en: http://www.irjournal.org/journal/view.
php*number=892.

Holik D, Véev A, Milosti¢-Srb A, Salinger
Z, IvaniSevié Z, Véev I, MiSkulin M. The
effect of daily physical activity on the activi-
ty of inflammatory bowel discases in thera-
py-free patients. Acta Clin Croat 2019; 38:
202-212. Disponible en: https://pubmed.
ncbi.nlm.nih.gov/31819315/.

Manonelles P, De Teresa C, Alacid F, Alva-
rez J, Del Valle M, Gaztaiiaga T, Gondra
J, Luengo E, Martinez P, Gil N. Deporte
recreacional saludable. Documento de
consenso de la sociedad espaniola de medi-
cina del deporte (SEMED-FEMEDE). Arch
Med del Deport 2016; 33: 8-41. Disponi-
ble en: https://dialnet.unirioja.cs/servlet/
articulo?codigo=6273644.
Gonzilez-Gross M, Gutiérrez A, Mesa JL,
Ruiz-Ruiz J, Castillo MJ. La nutricién en
la practica deportiva: Adaptaciéon de la pi-
ramide nutricional a las caracteristicas de
la dieta del deportista. Arch Latinoam Nutr
2001; 51: 321-331. Disponible en: http://
ve.scielo.org/scielo.php?script=sci_arttext
&pid=S0004-06222001000400001.

De la Morena F, Gisbert JP. Anemia
y enfermedad inflamatoria intestinal.
Rev Esp Enferm Dig. 2008; 100: 285-
293. Disponible en: https://scielo.isciii.
es/scielo.php?script=sci_arttext&pid
=S1130-01082008000500007.

Marins JCB, Marins NM, Fernandez M. Apli-
caciones de la frecuencia cardiaca maxima
en la evaluacion y prescripeion de ejercicio.

Investigacion Clinica 63(3): 2022



Actividad fisica en pacientes con enfermedad inflamatoria intestinal

321

36.

37.

38.

39.

40.

41.

42.

Apunt Med I'Esport. 2010; 45: 251-258.
Disponible en: https://dialnet.unirioja.es/
servlet/articulo?codigo=3664676.
Bernal-Reyes F, Peralta-Mendivil A, Ga-
votto-Nogales HH, Placencia-Camacho
L. Principios de entrenamiento deportivo
para la mejora de las capacidades fisicas.
Biotecnia 2014; 16: 42-49. Disponible
en: https://dialnet.unirioja.cs/servlet/
articulo?codigo=7930481.

Lopez-Sendon J, Lopez E. Reduccion de
la frecuencia cardiaca. Otras oportunida-
des terapéuticas. Rev Espafiola Cardiol
2007; 7: 53-57. Disponible en: http://www.
revespeardiol.org/es-reduccion-frecuen-
cia-cardiaca-otras-oportunidades-articulo-
S113135870775776X.

Vogelaar L, Spijker A, Van der Woude C.
The impact of biologics on health-related
quality of life in patients with inflamma-
tory bowel disease. Clin Exp Gastroenterol
2009; 2: 101-109. Disponible en: https://
pubmed.ncbi.nlm.nih.gov/21694833/.
Chavarria-Herbozo CM. Prevalencia y fac-
tores asociados a la fatiga en pacientes con
enfermedad inflamatoria intestinal. [Tesis
doctoral] Madrid: Univ. Auténoma de Ma-
drid; 2018. Disponible en: https://dialnet.
unirioja.es/servlet /tesis?codigo=150883.
D’Silva A, Fox DE, Nasser Y, Vallance JK,
Quinn RR, Ronksley PE. Prevalence and
risk factors for fatigue in adults with in-
flammatory bowel disecase: a systematic
review with meta-analysis. Clin Gastroen-
terol Hepatol. 2021; 20: 995-1009.¢7. Dis-
ponible en: https://pubmed.ncbi.nlm.nih.
sov/34216824/.

Benitez EM. Protocolos diagnéstico-tera-
péuticos de gastroenterologia, hepatologia
y nutricién pediatrica SEGHNP-AEP. Ergon.
2010; 1: 157-269. Disponible en: https://
www.seghnp.org/documentos/protocolos-
diagnostico-terapeuticos-de-gastroentero-
logia-hepatologia-y-nutricion.
Quiroz-Mora CA, Serrato-Ramirez DM,
Bergonzoli-Peldez G. Factores asociados
con la adherencia a la actividad fisica en
pacientes con enfermedades crénicas no
transmisibles. Rev Salud Puablica 2018;
20: 460-464. Disponible en: https://doi.
org/10.15446/rsap.V20n4.629597.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Ortiz-Alvarez L, Xu H, Martinez-Tellez B.
Influence of exercise on the human gut
microbiota of healthy adults: a systematic
review. Clin Transl Gastroenterol 2020; 11:
€¢00126. Disponible en: https://pubmed.
ncbi.nlm.nih.gov/32463624/.

Rozich J, Dulai P, Fumery M, Sandborn W,
Singh S. Progression of elderly onset inflam-
matory bowel diseases: a systematic review
and meta-analysis of population-based cohort
studies. Clin Gastroenterol Hepatol 2020; 18:
2437-2447. Disponible en: https://pubmed.
ncbi.nlm.nih.gov/32142940/.

Taylor K, Scruggs P, Balemba O, Wiest M,
Vella C. Associations between physical acti-
vity, resilience, and quality of life in people
with inflammatory bowel discase. Eur J
Appl Physiol 2018; 118: 829-836. Dispo-
nible en: https://pubmed.ncbi.nlm.nih.
gov/29411129/.

Estay C, Simian D, Escaffi MJ, Figueroa C,
Ibaiiez P, Lubascher J, Kronberg U, Flores
L, Quera R. Obesidad y enfermedad infla-
matoria intestinal. Gastroenterol. latinoam
2017; 28: 177-184. Disponible en: http://
gastrolat.org/DOI/PDF/10.0716/gastro-
1at2017n3000.04.pdf

Vavricka S, Schoepfer A, Scharl M, Laka-
tos P, Navarini A, Rogler G. Extraintestinal
manifestations of inflammatory bowel di-
sease. Inflamm Bowel Dis 2015; 21: 1982—
1992. Disponible en: https://pubmed.ncbi.
nlm.nih.gov/26154136/.

Cano S, Rubio C, Fernandez R, Centeno
O, Daniel C. Metabolismo mineral 6seo en
la enfermedad inflamatoria intestinal. Rev
Osteoporos Metab Min. 2009; 1: 21-28.
Disponible en: https://www.redalyc.org/pdf
/3609/360933648004.pdf.

Bird SP, Tarpenning KM, Marino FE. De-
signing resistance training programmes to
enhance muscular fitness: a review of the
acute programme variables. Sports Med
2005; 35: 841-851. Disponible en: https://
pubmed.ncbi.nlm.nih.gov/16180944/.
Pedersen B, Febbraio M. Muscles, exercise
and obesity: skeletal muscle as a secretory
organ. Nat Rev Endocrinol 2012; 8: 457-
465. Disponible en: https://pubmed.ncbi.
nlm.nih.gov/22473333/.

Sandri M. Signaling in muscle atrophy and
hypertrophy. Physiology. Bethesda 2008;

Vol. 63(3): 304 - 322, 2022



322

Fernandez-Lazaro y col.

52.

53.

54.

55.

56.

23: 160-170. Disponible en: https://pub-
med.ncbi.nlm.nih.gov/18556469/.
Mounier R, Lantier L, Leclerc J, Sotiro-
poulos A, Foretz M, Viollet B. Antagonis-
tic control of muscle cell size by AMPK and
mTORCI1. Cell Cycle 2011; 10: 2640-2646.
Disponible en: https://pubmed.ncbi.nlm.
nih.gov/21799304/.

Pérez R, Carlos J. Interleukin-10 and Co-
ronary Disease. Rev Espaiiola Cardiol 2012;
55: 738-750. Disponible en: https://www.
sciencedirect.com/science/article/abs/
pii/S0300893202766931.

Beery RM, Li E, Fishman LN. Impact of
pediatric inflammatory bowel discase diag-
nosis on exercise and sports participation:
Patient and parent perspectives. World J
Gastroenterol 2019; 25; 4493-4501. Dis-
ponible en: https://pubmed.ncbi.nlm.nih.
gov/31496627/.

Escribano LI, Rodriguez AS, Centeno G.
Etiopathogenic diagnosis protocol of chro-
nic diarrhea. Medicine 2020; 13: 38-44.
Disponible en: https://www.medicineonli-
ne.es/es-protocolo- diagnostico-etiopatoge-
nico-diarrea-cronica-articulo-S0304541220
3000567referer=seccion.

Salvo-Romero E, Alonso-Cotoner C, Par-
do-Camacho C, Casado-Bedmar M, Vica-
rio M. Funcién barrera intestinal y su im-
plicacién en enfermedades digestivas. Rev
Esp Enferm Dig 2015; 107: 686-696. Dispo-
nible en: https://scielo.isciii.es/pdf/diges/
v107n11/es_revision.pdf.

57.

58.

59.

60.

61.

Alvarez J, Fernandez-Real JM, Guarner
F, Gueimonde M, Rodriguez JM, Saenz
M. Gut microbes and health 2021; 44:
519-535. Disponible en: https://www.
sciencedirect.com/science/article/pii/
S0210570521000583.

Cronin O, Barton W, Skuse P, Penney N,
Garcia-Pérez I, Murphy E. A Prospective
metagenomic and metabolomic analysis of
the impact of exercise and/or whey protein
supplementation on the gut microbiome of
sedentary adults. MSystems 2018; 3: 18-44.
Disponible en: https://pubmed.ncbi.nlm.
nih.gov/29719871/.

Barton W, Penney N, Cronin O, Garcia-
Pérez 1, Molloy M, Holmes E. The micro-
biome of professional athletes differs from
that of more sedentary subjects in compo-
sition and particularly at the functional me-
tabolic level. Gut 2018; 67: 625-633. Dis-
ponible en: https://pubmed.ncbi.nlm.nih.
80v/28360096/.

Petersen LM, Bautista EJ, Nguyen H,
Hanson BM, Chen L, Lek SH. Communi-
ty characteristics of the gut microbiomes
of competitive cyclists. Microbiome 2017;
51: 1-13. Disponible en: https://micro-
biomejournal.biomedcentral.com/arti-
cles/10.1186/s40168-017-0320-47.
Colmenarez G, Armania E. Calidad de vida
en pacientes con enfermedad inflamatoria
intestinal. Bol Med Postgrado 2018; 34: 17-
23. Disponible en: https://revistas.uclave.
org/ index.php/bmp/article/view/2526.

Investigacion Clinica 63(3): 2022



Investigacion Clinica
Vol. 63 N° 3 / September 2022
Bilingual - Abstracts in Spanish and English

Contents

EDITORIAL
Monkeypox, the reflection of forgotten infections.
Larreal Y (E-mail: yraimalarreal @gmail.com) .. ............. ... . ...

https://doi.org/10.54817/1C.v63n3a00

ORIGINAL PAPERS
Role and mechanism of miR-548-3p/DAGT1 in the occurrence and malignant
transformation of laryngeal carcinoma (English).
Chen J, Zhou YL, Wen K, Huang S, Hou N, Wang L, Wang Y
(E-mail: y 0ang5566@126.COM) . . . .ot e
https://doi.org/10.54817/1C.v63n3201

Alterations in the production of cytokines in response to Toxoplasma gondii

appear from early stages in patients co-infected with HIV-1 (Spanish).
Escobar-Guevara EE (E-mail: edscobar@gmail.com), de Quesada-Martinez ME,
Roldan-Davila YB, Alarcén de Noya B, Alfonzo-Diaz MA . ... ................ ...
https://doi.org/10.54817/1C.v63n3a02

Analysis of high risk factors for complications in the trial of vaginal delivery

due to uterine scarring in a subsequent pregnancy to a cesarean section (English).
Ye R, Wang W, Li J (E-mail: taomu36311039913@163.com). . ......coovvevenn...
https://doi.org/10.54817/1C.v63n3203

Effect of tetrahydroquinoline derivatives on the intracellular Ca?* homeostasis

in breast cancer cells (MCF-7) and its relationship with apoptosis (English).
Maksoud S, Mayora A, Colman L, Sojo F, Pimentel AA, Kouznetsov VV, Merchan-Arenas
DR, Romero AH, Arvelo F, De Sanctis JB, Benaim G (E-mail: gbenaim@gmail.com) . . . .
https://doi.org/10.54817/1C.v63n3a04

Sub-lineages of the Omicron variant of SARS-CoV-2: characteristic mutations

and their relation to epidemiological behavior (English).
Zambrano JL, Jaspe RC, Hidalgo M, Loureiro CL, Sulbaran Y, Moros ZC, Garzaro DJ,
Vizzi E, Rangel HR, Liprandi F, Pujol FH (E-mail: fhpujol@gmail.com) . ..........
https://doi.org/10.54817/1C.v63n3a05

CASE REPORT

Idiopathic scrotal calcinosis. A case report (Spanish).
Bouquett V, Sanchez L (E-mail: lemasq212@gmail.com) . ... ..................
https://doi.org/10.54817/1C.v63n3206

REVIEWS
The benefits of peritoneal dialysis (PD) solution with low-glucose degradation
product in residual renal function and dialysis adequacy in PD patients:
A meta-analysis (English).
Chen S, Jia J, Guo H (E-mail: guohuiminmail@126.com), ZhuN. . ..............
https://doi.org/10.54817/1C.v63n3a07

Evaluation of physical activity as a therapeutic adjuvant for patients with inflammatory
bowel disease (Spanish).
Fernindez-Lazaro D (E-mail: diego.fernandes.lasaro@uva.es), Herniandez-Burgos N,
Cobreros Mielgo R, Garcia-Lazaro S. .. ....... ... .. . . . . . . . . ...
https://doi.org/10.54817/1C.v63n3208

243



Investigacion Clinica
Vol. 63 N° 3 / Septiembre 2022
Bilingiie - Restimenes en Espanol e Inglés

Contenido

EDITORIAL

Viruela del Mono, el reflejo de las infecciones olvidadas.
Larreal Y (Correo electrénico: yraimalarreal@gmail.com). . .. ................. 203
https://doi.org/10.54817/1C.v63n3200

TRABAJOS ORIGINALES
Papel y mecanismo de miR-548-3p/DAG1 en la aparicion y transformacién maligna
del carcinoma de laringe (Inglés).
Chen J, Zhou YL, Wen K, Huang S, Hou N, Wang L, WangY
(Correo electronico: y_wangS5566(@I126.COM) . .. ..ot 206

https://doi.org/10.54817/1C.v63n3a01

Alteraciones en la produccion de citosinas en respuesta a Toxoplasma gondii aparecen

desde las etapas tempranas en pacientes coinfectados con VIH-1 (Espanol).
Escobar-Guevara EE (Correo electrénico: edscobar@gmail.com), de Quesada-Martinez
ME, Roldan-Davila YB, Alarcén de Noya B, Alfonzo-DiazMA .. ..................... 218
https://doi.org/10.54817/1C.v63n3a02

Anilisis de factores de alto riesgo para complicaciones en el trabajo de parto vaginal

debidas a cicatrizacion uterina en un embarazo posterior a una operacion cesarea

(Inglés).
Ye R, Wang W, Li J (Correo electronico: taomu36311039913@163.com)........... 235
https://doi.org/10.54817/1C.v63n3203

Efecto de derivados de tetrahidroquinolinas sobre la homeostasis del Ca?*
intracelular en células de cancer de mama (MCF-7) y su relacion con la apoptosis
(Inglés).
Maksoud S, Mayora A, Colman L, Sojo F, Pimentel AA, Kouznetsov VV,
Merchan-Arenas DR, Romero AH, Arvelo F, De Sanctis JB, Benaim G
(Correo electronico:8benaim@gmail.com) . . .. .. ... i 243
https://doi.org/10.54817/1C.v63n3204

Sub-linajes de la variante Omicron del SARS-CoV-2: mutaciones caracteristicas

y su relacion con el comportamiento epidemiolégico (Inglés).
Zambrano JL, Jaspe RC, Hidalgo M, Loureiro CL, Sulbaran Y, Moros ZC, Garzaro DJ,
Vizzi E, Rangel HR, Liprandi F, Pujol FH (Correo electréonico: fhpujol@gmail.com) . . 262
https://doi.org/10.54817/1C.v63n3205

REPORTE DE CASO

Calcinosis escrotal idiopatica:Reporte de un caso (Espaiiol).
Bouquett V, Sanchez L (Correo electrénico: lemasq212@gmail.com) . ........... 275
https://doi.org/10.54817/1C.v63n3206

REVISIONES

Beneficios de la solucion de diilisis peritoneal (DP), con producto de degradacion

bajo en glucosa, en la funcién renal residual y la adecuacion de la dialisis

en pacientes en DP: un metanalisis (Inglés).
Chen S, Jia J, Guo H (Correo electrénico: guohuiminmail@126.com), Zhu N . . . ... 283
https://doi.org/10.54817/1C.v63n3a07

Evaluacion de actividad fisica como coadyuvante terapéutico para pacientes

con enfermedad inflamatoria intestinal (Espaiiol).
Fernandez-Lazaro D (Correo electrénico: diego.fernandes.lasaro@uva.es),
Hernandez-Burgos N, Cobreros Mielgo R, Garcia-LazaroS .................... 304
https://doi.org/10.54817/1C.v63n3208





