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EDITORIAL

Impacto de las infecciones virales

en la autoinmunidad.

Los trastornos autoinmunes tienen su
origen en una respuesta inmunitaria abe-
rrante, y dentro de los factores que contribu-
yen a esta respuesta anémala, se encuentran
la genética, la edad y el medio ambiente. Los
virus han sido implicados como los principa-
les patdgenos infecciosos ambientales, des-
encadenantes de la autoinmunidad .

Entre los principales virus implicados
como disparadores de fenémenos autoinmu-
nes, se encuentran: Epstein-Barr (VEB), ci-
tomegalovirus (CMV), herpes virus-6, parvo-
virus B19, virus linfotrépico humano tipo 1,
virus de hepatitis, rubéola, rotavirus, Coxsac-
kie B, y mas recientemente se han asociado
también los virus de dengue, chikungunya,
zika y SARS-CoV2 **. No hay duda de que de-
mostrar y explicar la etiopatogenia de esta
asociacion es extremadamente complejo; al
parecer, todo podria depender de la natura-
leza del virus, de la predisposicion genéticay
del estado inmunitario del hospedero.

Los virus pueden desencadenar enfer-
medades autoinmunes al confluir con otros
elementos como polimorfismos genéticos,
factores ambientales, infecciones, estado
hormonal, microbiota, sustancias quimicas,
drogas e incluso vacunas. De forma opuesta,
podrian tener un efecto protector en el hués-
ped, como sucede con el CMV, capaz de indu-
cir la activacion de células NK y linfocitos T
especificos, que destruyen células autorreac-
tivas especificas de Glial CAM, mediadoras
de la patogénesis de la esclerosis maltiple, y
que son inducidas por la infeccion del VEB °.

Entre los mecanismos inmunopatol6gi-
cos, el mimetismo molecular es el principal
mecanismo de autoinmunidad mediada por

los virus. Este es causado por la pérdida de
la tolerancia periférica y la reaccion cruza-
da entre péptidos extrafios y propios con la
activacion de células T y B autorreactivas;
aunque estas células también podrian pro-
vocar tolerancia °. En un ambiente proin-
flamatorio, que favorece segundas senales
co-estimuladoras, los linfocitos T y B auto-
rreactivos se pueden activar en ausencia del
antigeno, por medio de ligandos de co-seia-
lizacién ¢ interaccion con células vecinas.
La accion de estos linfocitos provoca mas
dano tisular, liberando antigenos patdogenos
y neoantigenos, que en las cercanias del foco
inflamatorio, son expuestos por las células
presentadoras de antigenos y activan linfo-
citos autorreactivos (activacion del espec-
tador), promoviendo la libera cién de mas
neoantigenos, que son reconocidos, exacer-
bandose el dafio (propagacion del epitope) .
Si los autoantigenos que se liberan estaban
“secuestrados” (proteinas intraoculares, es-
perma, entre otros), se puede generar un
reconocimiento antigénico pues no se habia
desarrollado tolerancia previamente. Tanto
las infecciones virales agudas, como las cro-
nicas y los superantigenos, estan asociados a
autoinmunidad. Hay que recordar que todos
estos mecanismos descritos, se presentan en
procesos infecciosos y que no pueden causar
autoinmunidad por si solos, debe existir una
predisposicion.

Bajo este enfoque, las infecciones vi-
rales, principalmente las crénicas, resaltan
también como factores predisponentes en
la inmunopatogenia de la autoinmunidad,
formando parte de un enorme conglome-
rado de agentes ambientales que pueden
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afectar en diferentes momentos y maneras,
la homeostasia del individuo 8, y aunque se
describan principalmente como desencade-
nantes de la enfermedad, los virus podrian
representar solo la parte mas visible de la
tautologia autoinmune y del mosaico de la
autoinmunidad.

Aunque los trastornos autoinmunes son
comparativamente raros, su incidenciay pre-
valencia en todo el mundo estd aumentando,
y tienen importantes implicaciones adversas
en la morbimortalidad de la poblacion. Su
expresion clinica es diversa, y son muchas
las enfermedades asociadas a autoinmuni-
dad, entre las que resaltan: la diabetes Tipo
1, la artritis reumatoidea y las artritis sero-
negativas, el lupus eritematoso sistémico, la
polimiositis, el sindrome de Sjogren, la uvei-
tis, la tiroiditis, la enfermedad de Crohn, la
colangitis biliar primaria, la hepatitis auto-
inmune, las miocardiopatias, la anemia he-
molitica autoinmune, las pirpuras de origen
inmunitario y la esclerosis multiple, entre
otras. Son muchos los reportes en la litera-
tura, posteriores a COVID-19, sobre casos de
enfermedades autoinmunes de nueva apari-
cion, en pacientes sin antecedentes de auto-
inmunidad °.

Este escenario complejo, se refleja tam-
bién en el diagndstico de laboratorio, pues
son necesarias varias pruebas para validar
esta asociacion; por una parte, los polimor-
fismos genéticos que determinan la mayor
susceptibilidad a una enfermedad, por otra
parte, la confirmacion del posible agen-
te disparador y finalmente, la certificacion
de la enfermedad autoinmune. Una prueba
diagnodstica puede carecer de especificidad
y sensibilidad, aunque ayude a estimar la
gravedad de la enfermedad y a evaluar su
prondstico y actividad. Tal es el caso de la
deteccion de autoanticuerpos en individuos
sin un diagnoéstico concluyente de enferme-
dad autoinmune. Por otro lado, se han hecho
esfuerzos en tratar de identificar factores de
riesgo clave y posibles biomarcadores, que

permitan hacer un diagnostico enfocado en
la susceptibilidad de los individuos, tomando
en cuenta la exposicion al medio ambiente y
basandose en estudios epidemioldgicos y cli-
nicos, que utilizan pruebas toxicologicas, mi-
crobiolégicas, bioquimicas ¢ inmunoldgicas.
Al respecto, existen evidencias significativas
que vinculan una enfermedad autoinmune
particular, con agentes ambientales especifi-
cos ¥ aunque se cree que este enfoque seria
mas tutil en enfermedades autoinmunes con
etapas subclinicas largas y estados frecuen-
tes de remision-recaida.

El periodo de tiempo entre una infec-
cion viral y el inicio de la autoinmunidad es
variable; la aparicion de un cuadro infeccio-
so, eventualmente critico, puede ser extre-
madamente dificil de detectar. Una vez que
se establece la enfermedad autoinmune, di-
ficilmente se regresa al estado de equilibrio
anterior, y es necesario en la mayoria de ca-
sos, algin tipo de tratamiento permanente.
Han sido muchos los tratamientos propues-
tos para controlar esta respuesta inapropia-
da del sistema inmunitario, la mayoria de
ellos con efectos adversos importantes; sin
embargo, la inmunoterapia ha abierto nue-
vos caminos. Es necesario promover mas in-
vestigacion basica sobre los mecanismos mo-
leculares de las enfermedades autoinmunes,
para que avances como la vacuna inversay las
nanoparticulas, sean plenamente efectivos.
De igual manera, es imperioso un abordaje
multidisciplinario, desde ¢l conocimiento de
la predisposicion genética, el mayor control
de disparadores ambientales (entre ellos los
virus), hasta la mayor equidad en cuanto al
acceso de las nuevas terapias biol6gicas para
el tratamiento, que contribuya a mejorar la
calidad de vida de estos pacientes.

Yraima Larreal
ORCID 0000-0003-0862-9842

Renata Vargas
ORCID 0009-0007-0598-6971
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Impact of viral infections on autoimmunity

Autoimmune disorders arise from an abnormal immune response influenced by genetic
factors, age, and the environment. Many viruses, such as the Epstein-Barr virus, cytome-
galovirus, herpes virus-6, and more recently, the SARS-CoV-2 virus, have been identified as
environmental triggers of autoimmunity. The complex association between viruses and au-
toimmunity depends on the nature of the virus, genetic predisposition, and the host’s immu-
ne status. Additionally, viruses can trigger autoimmune diseases by interacting with factors
such as genetic polymorphisms, infections, hormonal status, microbiota, chemicals, drugs,
and even vaccines. Molecular mimicry is the primary mechanism of virus-mediated autoim-
munity caused by the loss of peripheral tolerance and cross-reactivity between foreign and
self-peptides. Therefore, viral infections, especially chronic ones, stand out as a predisposing
factor in the immunopathogenesis of autoimmunity. The incidence and prevalence of au-
toimmune disorders are increasing globally, with significant implications for population mor-
bidity and mortality, including cases of autoimmune diseases following COVID-19 in patients
without a history of autoimmunity. Laboratory diagnosis of autoimmune discases requires
several tests to validate the association, including confirmation of the potential triggering
agent and certification of the autoimmune disease. The period between viral infection and
the onset of autoimmunity is variable, and once established, autoimmune discases generally
require some form of permanent treatment. The complex relationship between viruses and
autoimmunity underlines the need for further research to understand the molecular mecha-
nisms of autoimmune diseases and to develop more effective therapeutic approaches.

Vol. 65(2): 131 - 133, 2024
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Surgical complications in children with IgA
vasculitis: clinical analysis of 28 cases.

Jing Mu, Jing Hao, Xiaofang Zhen, Xin Mo, Yan Sheng

Department of Traditional Chinese Medicine, Beijing Children’s Hospital, Capital
Medical University, National Center for Children’s Health, Beijing,China.

Keywords: intussusception; intestinal perforation; Henoch-Schonlein purpura;
enterectomy; enterostomy; D-dimer; C-reactive protein.

Abstract. Intussusception and intestinal perforation are surgical severe
complications in children with IgA vasculitis (IgAV). Early diagnosis and timely
appropriate surgical intervention can reduce damage to the children. We an-
alyzed retrospectively the clinical characteristics, auxiliary examinations, di-
agnosis, treatment, and prognosis of 28 children with IgAV accompanied by
surgical complications (including intussusception in 21 patients and intesti-
nal perforation in seven patients) who were admitted to the Beijing Children’s
Hospital of the Capital Medical University from May 2016 to December 2020.
Within one year after the data was collected, the parents of the children were
interviewed by telephone about their treatment. Increased peripheral leuko-
cytes were observed in 60.7% of children. Serum C-reactive protein (CRP) and
D-dimer were elevated in 53.3% and 75% of children, respectively. Gastroin-
testinal bleeding was identified in 39% of children. Of the children with intus-
susception, the symptoms subsided spontaneously in four children and after air
enema in another four. Four children underwent laparotomy and manual reduc-
tion. Nine patients underwent enterectomy and anastomosis. Enterectomy and
anastomosis were performed in the seven patients with intestinal perforation,
two of whom underwent enterostomy concurrently. Increased inflammation in-
dexes, elevated D-dimer, and persistent abdominal pain without relief may be
risk factors for surgical complications in children with IgAV.

Corresponding author: Jing Hao, Department of Traditional Chinese Medicine, Beijing Children’s Hospital, Capi-
tal Medical University, National Center for Children’s Health, No. 56 Nanlishi Road, West District, Beijing, China.
Tel: 010-59616363. E-mail:bchhaojing@163.com
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Complicaciones quirargicas en nifios con vasculitis IgA:

analisis clinico de 28 casos.

Invest Clin 2024; 65 (2): 134 — 142

Palabras clave: intususcepcién; perforacion intestinal; parpura de Henoch-Schonlein;

enterectomia; enterostomia; dimero Dj; proteina C-reactiva.

Resumen. La intususcepcion y la perforaciéon intestinal son complicacio-
nes quirdrgicas graves en nifos con vasculitis por IgA (IgAV). El diagndstico
temprano y la intervencion quirirgica adecuada y oportuna pueden reducir el
dafio de esta enfermedad a los ninos. Analizamos retrospectivamente las carac-
teristicas clinicas, examenes auxiliares, diagndstico, tratamiento y prondstico
de 28 ninos con IgAV acompainiada de complicaciones quirtrgicas (incluida in-
tususcepcion en 21 pacientes y perforacion intestinal en siete pacientes) que
ingresaron en el Hospital Infantil de Beijing de la Universidad Médica de la Ca-
pital, de mayo de 2016 a diciembre de 2020. Un afio después de la recopilacién
de datos, los padres de los ninos fueron entrevistados telefénicamente sobre su
tratamiento. Se observé un aumento de leucocitos periféricos en el 60,7% de
los nifios. La proteina C reactiva (PCR) y el dimero D séricos estaban elevados
en el 53,3% y el 75% de los ninos, respectivamente. Se identific6 hemorragia
gastrointestinal en el 39% de los ninos. De los ninos con intususcepcion, los sin-
tomas desaparecieron espontaneamente en cuatro ninos y después de un enema
de aire en otros cuatro. Cuatro ninos fueron sometidos a laparotomia y reduc-
cién manual. Nueve pacientes fueron sometidos a enterectomia y anastomosis.
Se realiz6 enterectomia y anastomosis en los siete pacientes con perforacion
intestinal, dos de los cuales fueron sometidos a enterostomia al mismo tiempo.
El aumento del indice de inflamacién, el dimero D elevado y el dolor abdominal
persistente sin alivio pueden ser factores de riesgo de complicaciones quirtirgi-
cas en ninos con [gAV.

Received: 20-01-2023 Accepted: 18-03-2024

INTRODUCTION

[gA Vasculitis (IgAV), formerly known
as Henoch-Schonlein purpura (HSP), is a sys-
temic small vasculitis syndrome that usually
occurs in children. In 1802, Heberden first
described this syndrome. He reported a child
with joint pain and subcutancous edema, ab-
dominal pain, vomiting, blood in the stool
and blood in the urine, as well as “blood
spots” on the skin of the legs 1. Initially,

Schoénlein used the term “rheumatic purpu-
ra” to describe the association between joint
pain and purpuric skin lesions in children.
In 1874, Henoch described the syndrome of
purpura, severe abdominal cramps, and me-
lena. Later, Henoch referred to nephritis as
a complication of the syndrome 2.

The disease can cause purpuric skin le-
sions and is accompanied by various symp-
toms, including gastrointestinal symptoms,
arthritis, and nephritis. Approximately 50%

Vol. 65(2): 134 - 142, 2024
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to 75% of IgAV children present with gastro-
intestinal symptoms, such as abdominal pain
3 with various degrees, from mild abdominal
pain to severe intestinal colic. Some children
may have serious surgical complications, in-
cluding intussusception, intestinal perfora-
tion, intestinal necrosis, intestinal obstruc-
tion, significant gastrointestinal bleeding,
severe pancreatitis, and testicular torsion.
Delayed management and surgical interven-
tion are associated with serious consequenc-
es and even death. We should carefully watch
for surgical complications in children with
severe abdominal pain and gastrointestinal
bleeding. Complete examinations should be
performed promptly to identify early com-
plications, such as intussusception and in-
testinal perforation. Appropriate and timely
treatment should be given accordingly. There
are many reports on the use of corticoste-
roids and immunosuppressive drugs '. These
specific treatments are still controversial,
and their efficacy remains to be evaluated.
If the complications are severe, including se-
vere gastrointestinal complications or prolif-
erative glomerulonephritis, steroids or/and
immunosuppressive drugs may be needed,
including colchicine, dapsone, montelukast,
corticosteroids and azathioprine and other
drugs *°.

There have been relatively few clinical
and epidemiological studies on childhood
HSP in the past few years. To investigate this
syndrome further, we retrospectively ana-
lyzed the clinical data of 28 children with
intussusception or intestinal perforation
among 7374 children with IgAV.

METHODS

From May 2016 to May 2020, 7374
children with IgAV were treated in the De-
partment of Traditional Chinese Medicine,
Beijing Children’s Hospital, Capital Medi-
cal University. Surgical complications were
reported in 28 children, including intussus-
ception in 21 children and intestinal perfo-
ration in seven children. We retrospectively

analyzed the clinical characteristics, aux-
iliary examinations, diagnosis, treatment,
and prognosis of all 28 children with IgAV.
All data were collected from our Hospital’s
electronic medical record system.

Inclusion criteria

Patients with primary cutaneous vascu-
litis were classified as HSP or allergic vascu-
litis 2, according to the American College of
Rheumatology (ACR) standards and the stan-
dards proposed by Michel et al. If the patient
met the following three or more criteria, the
patients were classified as HSP: 1) palpable
purpura, 2) intestinal colic, 3) gastrointes-
tinal bleeding, 4) hematuria (macroscopic
or microscopic hematuria), 5) discase onset
age < 20 years, and 6) there was no history
of drug treatment before the onset of vascu-
litis. Patients who met less than three cri-
teria were classified as allergic vasculitis. In
addition, if children were diagnosed with pri-
mary skin vasculitis or other diseases, such
as connective tissue diseases and infections,
especially meningitis 7, they were excluded
from the study. Because electronic medical
records have only been used recently in our
Hospital, only no more than three years of
medical records were collected. The inci-
dence of IgA vasculitis with surgical com-
plications is not high, so only 28 cases were
collected. A pre-existing anatomical factor
as the starting point of the invagination, an
accidental finding, and where the intussus-
ception was spotted in such cases as to be
taken as criteria for inclusion or exclusion.

Treatment methods

Surgical treatment: Of the 21 children
with intussusception, the symptoms subsid-
ed spontaneously in four children and after
air enema in four. Four children underwent
laparotomy and manual reduction. Nine
patients underwent enterectomy and anas-
tomosis due to intestinal necrosis (one of
them underwent enterostomy). Enterecto-
my and anastomosis were performed in the
seven patients with intestinal perforation

Investigacion Clinica 65(2): 2024
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(two of them underwent enterostomy con-
currently).

Conservative treatment methods: Ac-
cording to the specific conditions of the
children, the children were treated with fast-
ing, gastrointestinal decompression, enteral
or parenteral nutrition support, glucocor-
ticoids, proton pump inhibitors, or gamma
globulin, as needed.

Follow up

During the follow-up of all 28 children,
three children had adhesive intestinal ob-
struction and underwent secondary surgery.
Four children had multiple hospitalizations
due to IgAV nephritis, and one child was re-
admitted due to abdominal pain.

Statistical analysis

The data are expressed as mean = stan-
dard deviation. The differences between the
groups were analyzed using the chi-square
test. P<0.05 was considered statistically sig-
nificant. All statistical analysis is performed
using SPSS software (SPSS 19, IBM, USA).

RESULTS

General data

Twenty-eight of the 7,374 children with
IgAV were accompanied by surgical compli-
cations, a rate of 0.38%. Twenty-one children
had intussusception, and seven children had
intestinal perforation. Of the 28 children, 10
were males and 18 were females. The age at
onset ranged from 3 to 13 years (mean age:
7.2 years). The time from onset of purpura to
occurrence of surgical complications ranged
from 1 to 37 days (mean: 11 days), and the
time from onset of abdominal pain to occur-
rence of surgical complications ranged from
1 to 40 days (mean: 9.8 days). Of these pa-
tients, 6 (6/28) children complained of ab-
dominal pain before purpura appeared.

Clinical manifestations
All 28 children had symptoms of skin
purpura. Seven children (7/28) had joint

swelling and pain, 11 (11/28) had gastroin-
testinal bleeding, and five (5/28) had IgAV
nephritis (two cases with nephrotic syndrome
and three cases with hematuria and protein-
uria). All patients presented with apparent
abdominal pain. Tenderness and rebound ten-
derness were noted on abdominal examina-
tion. An abdominal mass was palpated in four
patients. The severity of the complications
in patients was different, and four patients
developed shock (hemorrhagic shock in one
patient and septic shock in three patients).
Convulsions occurred in two children (due to
[gAV involving the cerebrovascular system).
Three patients were complicated with pneu-
monia. After surgery, venous thrombosis oc-
curred in three patients, renal dysfunction
in one patient, pancreatic damage in one pa-
tient, thrombocytopenia in one patient, and
coagulation disorders in one patient.

Auxiliary examination

A routine blood count showed increased
leukocyte count in 17 children (17/28), with
the highest value being 33.11 x 10°/L (nor-
mal range: 4-10x10?/L). Elevated CRP was
noted in 15 children (15/28), with the high-
est value being > 160 mg/L (average value
< 8 mg/L). Elevated D-dimer was noted in
21 children (21/28), with the highest value
being 7.565 mg/L (normal limits: 0-0.243
mg/L). Four children tested positive in the
3C-urea breath test. Serum influenza B virus
[gM was positive in six children. Serum in-
fluenza A virus IgM was positive in two chil-
dren. Serum mycoplasma pneumoniae IgM
was positive in two children. According to
abdominal B-mode ultrasonography or surgi-
cal exploration in some patients, 12 children
were diagnosed with ileo-ileal intussuscep-
tion, six children with ileo-colonic intussus-
ception, two children with jejunal-jejunal
intussusception, and one child with colon-
colonic intussusception. Of the seven chil-
dren with intestinal perforations, six were
diagnosed with ileal perforation (including
a child accompanied by colonic perforation)
and a child with jejunal perforation.
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DISCUSSION

[gAV is a common small-blood-vessel al-
lergic disease occurring during childhood; it
is most common in children aged three to
eight years ¥ with a predominance in males.
Skin purpura is most commonly accompanied
by digestive tract, joint, or kidney lesions. Ab-
dominal symptoms are reported in 50% to
75% of IgAV children, including gastrointesti-
nal bleeding, gastric ulcers, pancreatitis, cys-
tic effusion, and protein-losing enteropathy.
Some rare surgical complications include in-
tussusception, intestinal obstruction, intesti-
nal fistula, and intestinal perforation *.

Intussusception is the most common
condition for surgery in IgAV children, with
an incidence of 3% to 4% '°. Intestinal per-
foration is the second-leading condition for
surgery, with an incidence of approximately
0.38% . In the past three years, we have
treated 7,374 patients with IgAV; surgical
complications were reported in 28 patients.
The incidence of intussusception was 0.28%,
and the incidence of intestinal perforations
was 0.09%. Due to our Hospital’s late use of
electronic medical records, no more than
three years of case data have been counted.
If the statistical years were longer, the data
may be more meaningful. The pathogenesis
of intussusception may be due to the aseptic
inflammation of small blood vessels in the
intestinal wall, which increases the perme-
ability of the intestinal wall blood vessels
1012 to result in extravasation of blood com-
ponents and segmental bleeding under the
serosa and mucosa. These lead to uneven
peristaltic movement, local slow peristalsis,
spasms of the intestinal loop, or even intus-
susception 2. As the disease progresses, tis-
sue hypoxia and hypoperfusion may occur.
Intestinal wall edema, ischemia, and hypoxia
lead to intestinal necrosis and even intesti-
nal perforation '*. In the acute phase of IgAV,
increased blood viscosity results in slow lo-
cal blood flow and exacerbates intestinal
ischemia and hypoxia.The circulating D-di-
mer level in children with IgAV is significant-

ly increased '°. This reflects the presence of
hypercoagulable states and the formation of
thrombi. Another study '* found that IgAV
caused a significant increase in serum CRP
in children with abdominal surgical compli-
cations, suggesting that the occurrence of
this complication may be closely related to
infectious factors. Furthermore, serum CRP
level has been positively correlated with the
occurrence of these complications. This fur-
ther indicates that infectious factors play
an essential role in the occurrence of surgi-
cal complications.We summarized the clini-
cal data of all 28 children in this study and
found that the average time from the onset
of abdominal pain to the first surgical com-
plication was 9.8 days, and the longest time
was 40 days. Increased peripheral leukocyte
count was observed in 60.7% of children. Se-
rum CRP and D-dimer levels were elevated
in 53.3% and 75% of children, respectively.
Gastrointestinal bleeding was identified in
39%. Increased inflammation index, elevat-
ed D-dimer, and persistent abdominal pain
without relief may be risk factors for surgical
complications in children with IgAV. For this
child population, we should carefully watch
for surgical complications. Early and precise
diagnosis and timely, appropriate treatment
can reduce the harm to these children.
Intussusception in IgAV patients usu-
ally originates from the ileum (90%) or jeju-
num (7%) . The common sites of intussus-
ception are ileo-ileal (51.4%), ileo-colonic
(38.6%), and jejunal-jejunal (7.0%). In IgAV,
colo-colonic intussusception is extremely
rare, with only a few cases reported . The
most common site of intestinal perforation
is the small intestine, especially the ileum,
followed by the jejunum. This may be due
to the intestinal wall swelling in the small
intestine in IgAV patients. Children with
[gAV also often have infection, which can
enlarge the aggregated lymphoid nodules
in the ileum. Therefore, the local intestinal
wall thickens and even protrudes into the
intestinal lumen to form a starting point of
intussusception '®. Among the children with
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intussusception in this study, ileo-ileal intus-
susception, ileum-colonic intussusception,
and jejunal-jejunal intussusception made up
57%, 28%, and 9.5% of all intussusceptions,
respectively. Colo-colonic intussusception
was seen in one patient. Of the seven chil-
dren with intestinal perforation, six had ileal
perforation, and one had jejunal perforation.
The incidence ofintestinal perforation is ba-
sically consistent with that in the literature.

Some researchers have suggested '? that
air enema is the best reduction treatment for
[gAV-related early intussusception. Air enema
is minimally traumatic to children and can be
done more than once. It is difficult to differen-
tiate the abdominal pain caused by IgAV from
the abdominal pain caused by complicated in-
tussusception in IgAV because of certain simi-
larities in the symptoms. Intussusception that
occurs based on intestinal bleeding and edema
is associated with rapid progression and in-
testinal necrosis. On the other hand, ileo-ileal
intussusception is the most common kind, in
which the failure rate and recurrence rate of air
enema reduction is higher. This study relieved
intussusception only in four children after air
enema.

Children with IgAV-related surgical condi-
tions may develop serious and even life-threat-
ening complications. In this study, shock was
reported in four children (hemorrhagic shock
in one patient and septic shock in three pa-
tients), postoperative venous thrombosis in
three patients, renal insufficiency in one pa-
tient, coagulation disorders in one patient, and
adhesion intestinal obstruction in three pa-
tients, which required secondary surgery later.
Therefore, we should improve our understand-
ing of IgAV-related surgical complications to
make early diagnoses and provide the appropri-
ate surgical intervention.

The use of glucocorticoids for the treat-
ment of IgAV has been controversial. Some
researchers have suggested that early use of
glucocorticoids can significantly relieve ab-
dominal pain and reduce the risk of kidney
disease ?°. It can reduce the incidence *! or

prevent intussusception 2. Other research-

ers disagree '*%. The use of glucocorticoids
in patients with IgAV complicated with in-
tussusception may mask the symptoms of
intestinal perforation or aggravate the intus-
susception®!. Foreign studies have reported
that IgAV-related intestinal perforation usu-
ally occurs two weeks after the application
of glucocorticoids °. In this study, all 21 chil-
dren with intussusception were treated with
glucocorticoids, and some were treated with
gamma globulin. The children’s abdominal
pain and purpura were alleviated. Of the sev-
en children with intestinal perforation in this
study, four had been taking glucocorticoids
for more than 20 days, and three of them de-
veloped severe infections with septic shock.
Therefore, the dosage and timing of gluco-
corticoids need to be further explored. How-
ever, it draws attention that from May 2016
to 2020, there is a registry of patients in the
pediatric population that are diagnosed with
[gA vasculitis (7,374 children), and none
of the reports state that the diagnosis was
confirmed through biopsies of white organs.
There are a fair amount of cases (it is because
the Hospital is a reference area, or the data
collected is national or local); they may also
have other pathologies that could be present-
ed through a similar clinical picture, which
would explain the large population reported.
The risk-benefit of a steroid treatment prior
to the appearance of surgical complications
cannot be assessed in this work.

Due to the limited study funding and
time, the deficiency of this study is the fail-
ure to collect the characteristics of each
case (onset, relevant laboratory tests, treat-
ment time before symptoms and signs, lapa-
rotomy results, air enema treatment, etc.).
Moreover, a range of examinations evaluate
the inflammatory response (CB, PCR, Dimer
D), and the predictive value and prognostic
value cannot be established with this work.
Our team will conduct the study in the fu-
ture. Meanwhile, a better collection of clini-
cal, laboratory, and imaging data is needed
to establish prognostic value in patients with
said pathology.
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As a conclusion, intussusception and in-
testinal perforation are serious surgical com-
plications of IgAV. Clinicians should make an
effort to understand IgAV-related surgical
complications. Once specific symptoms are
present, including increased inflammation
index, elevated D-dimer, persistent abdomi-
nal pain without relief, and digestive tract
hemorrhage or previously existing intestinal
malformations, we should observe for sur-
gical complications and make a clear diag-
nosis as soon as possible. Appropriate and
timely surgical intervention can avoid de-
layed treatment and reduce mortality.
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Beneficial effects of gentiopicrin inhibiting
experimental epilepsy in young rats through
the P2X7R/NLRP3/Caspase-1 inflammatory
pathway.

Jia Lin Li', Lin Huang’, Xing Jun Wu’, Min Ye? and Chuan Yong Yu?

I Department of Medicine, Tongling Polytechnic. Tongling, China.

2Department of Neurology, Nanjing Brian Hospital affiliated to Nanjing Medical
University, Nanjing, China.

3 Department of Neurology, the Affiliated BenQ Hospital of Nanjing Medical University,
Nanjing, China.

Keywords: malondialdehyde; superoxide dismutase; apoptosis-associated speck-like
protein; Tunel positive cells; gentiopicroside; hippocampal CA3 region.

Abstract. This study mainly examined the protective effect of gentiopicrin
on on experimental epileptic young rats. Seventy-two Sprague Dawley (SD) rats
were used in this study. Twelve rats were randomly selected as the normal group,
and the remaining 60 rats were injected with lithium chloride-pilocarpine intra-
peritoneally to establish an epileptic model, and were randomly divided into five
groups of 12 rats each. The positive control group was given topiramate 5.9 mg/
kg in normal saline, and the low, middle, and high dose groups were given gen-
tiopicrin liquid, with the mass of gentiopicroside being 1.28 g/kg, 2.56 g/kg, and
5.12 g/kg respectively. The model and normal groups were given the same dose of
normal saline daily for four weeks. Compared with the model group, the damage
of neurons in the CA3 area of the hippocampus in the positive control group, low,
medium, and high dose groups of gentiopicrine was reduced. The number of Tunel
positive cells, malondialdehyde (MDA), P2X7R, NLRP3, ASC, Caspase-1 protein,
and mRNA in the model group were significantly higher than those in the control
group and superoxide dismutase (SOD) activity was significantly lower than that
in the control group (p<0.05). The number of Tunel positive cells, MDA content,
P2X7R, NLRP3, ASC, Caspase-1 protein, and mRNA in the positive control group,
low, medium, and high dosage groups of gentiopicroside were significantly lower
than those in the model group, and the SOD activity was significantly higher than
that in the model group (p<0.05). Gentiopicroside may improve the behavior of
young epileptic rats.
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Efectos inhibitorios de la gentiopicrina sobre la epilepsia
experimental en ratas jovenes mediante la via inflamatoria

P2X7R/NLRP3/Caspasa-1.

Invest Clin 2024; 65 (2): 143 — 154

Palabras clave: malondialdehido; superéxido dismutasa; proteina tipo punto asociada

a la apoptosis; células Tunel positivas; gentiopicrosido; region CA3 del
hipocampo.

Resumen. Este estudio examiné principalmente el efecto protector del gen-
tiopicrina en ratas jovenes epilépticas. En este estudio se utilizaron setenta y
dos ratas Sprague Dawley (SD). Se seleccionaron al azar doce ratas como grupo
normal y a las 60 ratas restantes se les inyect6 cloruro de litio-pilocarpina por
via intraperitoneal para establecer un modelo epiléptico y se dividieron aleato-
riamente en cinco grupos de 12 animales cada uno. El grupo de control positivo
recibi6 5,9 mg/kg de topiramato en solucion salina normal, y los grupos de dosis
baja, media y alta recibieron gentiopicrina liquida, siendo la masa de gentiopicro-
sido 1,28 g/kg, 2,56 g/kg y 5,12 g/kg. kg respectivamente. Los grupos modelo y
normal recibieron la misma dosis de solucion salina normal diariamente durante
cuatro semanas. En comparacion con el grupo modelo, se redujo el dano de las
neuronas en el area CA3 del hipocampo en el grupo de control positivo y en los
grupos de dosis baja, media y alta de gentiopicrésido. El ntiimero de células Tu-
nel positivas, malondialdehido (MDA), P2X7R, NLRP3, ASC, proteina caspasa-1y
ARNm en ¢l grupo modelo fue significativamente mayor que en el grupo de con-
trol y la actividad de superdxido dismutasa (SOD) fue significativamente menor
que esa. en el grupo control (p<0,05). El niimero de células Tunel positivas, el
contenido de MDA, P2X7R, NLRP3, ASC, proteina caspasa-1 y ARNm en el grupo
de control positivo, los grupos de dosis baja, media y alta de gentiopicrésido fue-
ron significativamente menores que los del grupo modelo, y la actividad de SOD
fue significativamente mayor que la del grupo modelo (p<0,05). El gentiopicré-
sido puede mejorar el comportamiento de ratas epilépticas jovenes.

Received: 13-05-2023 Accepted: 18-02-2024

INTRODUCTION

Epilepsy is a neurological disorder char-
acterized by sudden abnormal discharges of
neurons in the brain, causing transient dis-
ruptions in brain function. It can lead to neu-
ronal damage in regions such as the cerebral
cortex and hippocampus, and it is one of
the most common neurological disorders in
children !. Research shows that about 75% of

epilepsy patients develop the disease during
childhood 2. The primary treatment method
for epilepsy is oral antiepileptic drugs. How-
ever, despite advances in the diagnosis and
treatment of epilepsy, long-term use of an-
tiepileptic drugs can lead to numerous ad-
verse reactions. Furthermore, about 30% of
children with epilepsy do not respond well to
treatment, and severe cases can result into
intractable epilepsy, which significantly af-
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fects the physical and mental health of pa-
tients °. Therefore, exploring the pathogen-
esis of epilepsy and finding new therapeutic
drugs and targets are crucial for the effec-
tive treatment of this disorder.

Research * indicates that during epilep-
tic seizures, the NLRP3 (nodlike receptor
protein 3) inflammasome is involved in cel-
lular pyroptosis through the classical Cas-
pase-1-dependent pathway, regulating the
expression of IL-1B and IL-18. The P2X7R
(purinergic ligand-gated ion channel 7 re-
ceptor), an ATP-gated cation non-selective
channel receptor, is a crucial contributor to
the formation and release of IL-1p and has
been widely considered an essential target
in brain tissue inflammatory responses °.
P2X7R is upregulated at different stages of
seizure In various models of epilepsy, includ-
ing the hippocampus, amygdala, piriform
cortex, and neocortex, and its activation can
induce and worsen inflammatory reactions °.
Multiple studies ”® have demonstrated that
in innate myeloid cells such as monocytes,
macrophages, and dendritic cells, the P2X7R
is the most effective activator of the NLRP3
inflammasome during the inflammatory pro-
cess. Current research ? confirms that dur-
ing epileptic secizures, the P2X7R/NLRP3/
Caspase-1 pathway is significantly upregu-
lated, and downstream-specific inflamma-
tory factors such as IL-1p and IL-18 signifi-
cantly increase. These findings suggest that
the P2X7R/NLRP3/Caspase-1 pathway plays
a vital role in the development of epileptic
seizures.

Gentiopicrin, the primary active in-
gredient of Gentiana macrophylla, a plant
belonging to the Gentianaceae family, has
demonstrated pharmacological properties
such as anti-inflammatory, anti-oxidative
stress, and anti-apoptotic effects, making it
an effective natural medicine. Additionally,
it has been found to have low toxicity, high
safety, and multi-target synergistic effects '°.
The study aims to induce status epilepticus
(SE) in juvenile rats through intraperitoneal
injection of lithium chloride-pilocarpine and

examine whether gentiopicrin can impact
the occurrence of epilepsy by regulating
the P2X7R/NLRP3/Caspase-1 inflamma-
tory pathway. The results of this study will
provide a foundation for gentiopicrin to be
considered as a potential candidate for the
effective treatment of childhood epilepsy.

MATERIALS AND METHODS

Experimental Animals

Seventy-two specified pathogen-free
male Sprague Dawley (SD) rats, aged 21
days and weighing 50-80g, were procured
from Beijing Vital River Laboratory Animal
Technology Co., Ltd. The production license
number is SCXK (JING) 2021-0011. The rats
were kept at the Central Animal Laboratory
of our institute under optimal conditions,
with a relative humidity of 70%, a tempera-
ture of 25°C, and a 12-hour light/dark cycle.
We strictly follow the 3R principle in the ex-
periment. The Animal Experiment Center of
Tongling Vocational and Technical College
Ethics Committee approved this study.

Reagents and Instruments

Main reagents: Tropisetron was pur-
chased from Xi’an Yangsen Pharmaceutical
Co., Ltd. Lithium chloride and pyrrolidine
carboxamide were purchased from Fluka,
USA. Gentiopicrin was purchased from Jing-
zhu Biotechnology Co., Ltd., and the Re-
verse transcription kit from Jiangsu Kang-
wei Century Biotechnology Co., Ltd. SYBR
Premix Ex Taq II was purchased from Takara,
Japan. BCA protein quantification kit and
protein marker were purchased from Bei-
jing Solarbio Science & Technology Co., Ltd.
P2X7R, NLRP3, ASC, and Caspase-1 primary
antibodies from Affinity, USA. Tunel staining
solution was purchased from Shanghai Biyun
Tian Biotechnology Co., Ltd.

Main instruments: A Micro 17R low-
temperature high-speed centrifuge was pur-
chased from Thermo, USA. CFX Connect
real-time fluorescence quantitative PCR in-
strument was purchased from BIORAD, USA.
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EPS300 electrophoresis apparatus, EPS300
electrophoresis tank, and VE186 transfer
apparatus were purchased from Zhejiang
Tianneng Corporation. 610020-9Q chemi-
luminescence analyzer was purchased from
Shanghai Qinxiong Scientific Instrument
Co., Ltd. RM2016 pathological slicer was
purchased from Shanghai Leica Instrument
Co., Ltd. Nikon Eclipse C1 upright fluores-
cence microscope and Nikon DS-U3 imaging
system were purchased from Nikon, Japan.

Animal grouping and model establishment

A total of 72 SD rats were used in the
study. Twelve rats were randomly assigned to
the normal group, while the remaining 60
rats were used to establish an epilepsy model.
The rats were first weighed and then injected
with 127 mg/kg of lithium chloride into the
abdominal cavity to induce epilepsy. After 20
hours, 1mg/kg of atropine sulfate was also
injected to reduce the peripheral cholinergic
reaction of pilocarpine. Thirty minutes later,
the rats were injected with 50mg/kg of pilo-
carpine. The success of the epilepsy model
was determined by using the Racine scoring
standard, which required a seizure frequency
of =4 and a duration of =30 minutes''. The
model construction is shown in Fig. 1.

The rats that were successfully mod-
eled were divided into groups randomly. The
positive control group received 5.9 mg/kg of
topiramate dissolved in 2 mL of normal sa-
line via gavage. The low-dose, medium-dose,
and high-dose groups were administered

Construction of epilepsy model

gentiopicrin solution via gavage, dissolved in
2 mL of normal saline, at doses of 1.28g/kg,
2.56g/kg, and 5.12g/kg, respectively. The
model and normal groups were given the
same volume of saline via gavage once a day
for four weeks.

Behavioral assessment

Within two hours of administering pi-
locarpine, the rats were observed for any be-
havioral changes, and the onset latency and
duration of the first seizure were recorded.
The severity of SE in each group was graded
according to the Racine scoring system, as
follows: Stage 0, no seizures; Stage I, facial
twitching and mouth movements; Stage II,
frequent nodding or wet dog shakes; Stage
I11, localized clonic seizures in the forelimbs;
Stage IV, generalized tonic-clonic seizures
with forelimb clonus and rigid posture in the
hindlimbs; and Stage V, generalized tonic-
clonic seizures with falling and rolling.

Tissue processing

After one, two, and seven days of mod-
eling, rats from each group were intraperi-
toneally injected with a 5% chloral hydrate
solution for anesthesia. Four rats from each
group were then quickly decapitated to ob-
tain brain tissue, rats were fixed on the op-
erating table, and their chests were opened
to expose the heart. The right auricle was
incised, and 150 mL of saline was perfused
to flush out the blood, followed by perfu-
sion with 150 mL of 4% paraformaldehyde

127mg/kg lithium chloride was
injected intraperitoneally

20h

1Mg/kg atropine sulfate was

Intraperitoneal injection of

0. 5h
50mg/kg pilocarpine

injected intraperitoneally

Fig. 1. Schematic diagram of epilepsy model construction.
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for fixation. The brain was quickly removed
after fixation and placed in a 4% paraformal-
dechyde solution for an additional 48 hours
of fixation before being subjected to Tunel
staining. The rest of the brain tissue was
stored at -80°C for subsequent analysis using
ELISA kits, Western blotting, and qRT-PCR.

Tunel staining to observe pathological
changes in hippocampal tissue

Brain tissue was fixed in 4% paraformal-
dehyde, and coronal brain sections contain-
ing the hippocampus, from 3 mm anterior
to 3 mm posterior to the optic chiasm, were
obtained. The sections were routinely dehy-
drated, transparentized, and embedded in
paraffin before being pre-cooled for section-
ing (thickness of 4 um). The sections were
then deparaffinized with xylene, rehydrated
with gradient ethanol, and stained with Tu-
nel staining solution for 1-10 minutes. Af-
ter rinsing with distilled water twice for 15
seconds each, the sections were dehydrated
with 95% ethanol for 5 minutes, transparen-
tized with xylene for 5 minutes, and mount-
ed with neutral gum. Under a microscope,
the number of Tunel-positive stained cells in
each high-power field was counted, and the
average value was obtained.

ELISA detection of superoxide dismutase
(SOD) activity and malondialdehyde
(MDA) content in hippocampal tissue
Hippocampal tissue from rats obtained
on the 7th day after modeling was added to
pre-cooled PBS buffer, ground into a homo-
geneous slurry on ice, and centrifuged at
10,000 rpm for 10 minutes. The supernatant
was collected and divided into Eppendorf
(EP) tubes, then stored at -80°C. (1) SOD ac-
tivity detection: 20uL of the test sample was
taken and sequentially added to the SOD de-
tection buffer, WST-8 working solution, and
reaction start working solution. The mixture
was incubated at 37°C for 30 minutes, and
the absorbance (A) value was measured at
450 nm wavelength. Using the formula inhi-
bition percentage = (AA blank - AA test) /

AA blank X 100%, the inhibition percentage
was calculated. The SOD enzyme activity (U/
mg) of the test sample was determined from
the standard curve. (2) MDA content detec-
tion: 100uL of the test sample was taken and
sequentially added to the working solution,
distilled water, and test sample. The mixture
was incubated at 100°C in a water bath for
60 minutes, cooled in an ice bath, and cen-
trifuged at room temperature at 10,0008 for
10 minutes. Next, 200 pL of the supernatant
was transferred to a glass cuvette, and the ab-
sorbance (A) values at 450 nm, 532 nm, and
600 nm were measured. The AA450 = A450
test - A450 blank, AA532 = A532 test - A532
blank, and AA600 = A600 test - A60O blank
were calculated. The MDA content (nmol/g)
was calculated as MDA content = 5 X [12.9
X (AA532 - AA60O) - 2.58 X AA450].

Western blot analysis of P2X7R, NLRP3,
ASC, and Caspase-1 Protein expression
in hippocampal tissue

Hippocampal tissue was collected and
homogenized on ice on the seventh day after
modeling. The supernatant was obtained af-
ter centrifugation, and protein concentration
was measured using a BCA protein assay Kkit.
Protein lysates were separated on a 15% SDS-
PAGE gel with a 5% stacking gel, run at 8OV
for two hours, and transferred to a membrane
at 60V for two hours. After blocking with
5% skim milk for two hours, the membrane
was incubated overnight at 4°C with rabbit
primary antibodies against P2X7R, NLRP3,
ASC, and Caspase-1 (diluted 1:1000). The fol-
lowing day, the membrane was washed with
TBST and incubated with a goat anti-rabbit
secondary antibody (diluted 1:2000) for two
hours at 37°C. After washing, the membrane
was incubated with a chemiluminescence re-
agent, and the protein expression levels were
quantified using ImageJ software with GAP-
DH as an internal reference protein. The rela-
tive protein expression levels were calculated
as the protein gray value of the target protein
divided by the protein gray value of the inter-
nal reference protein.
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qRT-PCR detection of hippocampal
P2X7R, NLRP3, ASC, and Caspase-1
mRNA expression

On the 7th day after modeling, hip-
pocampal tissue was obtained and ground
on ice. Total RNA was extracted using 1
mL of Trizol lysis buffer. The RevertAidTM
First Strand c¢DNA Synthesis Kit synthe-
sized ¢cDNA as the fluorescent quantification
template. Takara designed and synthesized
Primers in Japan, and GAPDH was used as
the internal reference for all samples. The
reaction system included 0.5%ul. dNTPs,
Suls 5xBuffer, 0.3 pL Taq enzyme, 21.5 pL
MgCl, 2 uL ¢DNA template, and 1 pL of up-
stream and downstream primers. Deionized
water was added to a total volume of 25uL.
The reaction conditions were as follows: pre-
denaturation at 95°C for 5 minutes, dena-
turation at 95°C for 30 seconds, annealing
at 62°C for 30 seconds, extension at 72°C
for 30 seconds, repeated for 40 cycles, and
final extension at 72°C for 10 minutes. The
reaction was terminated at 4°C for 5 min-
utes, and the experiment was repeated three
times. The relative expression level of the
target gene mRNA was calculated using the
222" method. Primer sequences are shown
in Table 1.

Table 1

Primer Sequences.

Gene Sequence
P2X7R  Forward GGACGAGCTACCCTTCGGT
Reverse CTGTCTCACCCCCAGCATAG
NLRP3  Forward CACATCATGAAGGAGGAGG
Reverse GCTATCACACAGCCTGGGTC
ASC Forward ACCCTAATGCCTTGTTCCCA

Reverse TGGGGAAGTCTTCAGCAAC
Caspase-1 Forward GGCAGACCTATTTTGCACGA
Reverse TAGCTGTCGATGGATGCCTC

U6 Forward CTGATGAAATACGCCCAGGT
Reverse CTGTGGTTCTGGTTCGCTTT

Statistical Analysis

The experimental data were analyzed
using SPSS 26.0 software, and GraphPad 8.0
was utilized for plotting. Data that followed
a normal distribution, such as pathological
changes and protein expression level in each
sample group, were presented as mean +
standard deviation (X+SD). One-way analysis
of variance (ANOVA) was employed for com-
parisons among multiple groups, and t-tests
were used for pairwise comparisons. A p of
less than 0.05 was considered statistically
significant.

RESULTS

Effects of Gentiopicrin on behavioral
performance in juvenile rats with epilepsy
In the blank control group, the behav-
ior of the rats was normal, and no epileptic
seizures were observed, indicating a grade
0 level of epileptic seizures. In the positive
control group and gentiopicrin low, medium,
and high dose groups, the latency period
was significantly increased compared to the
model group. Moreover, the duration and se-
verity of epileptic seizures were significantly
reduced in the groups mentioned above com-
pared to the model group (p<0.05) (Fig. 2).

Effects of Gentiopicrin on Tunel staining
positive cell numbers in hippocampal
tissue

Tunel staining revealed that in the nor-
mal group, neurons in the CA3 region of rat
hippocampus were evenly distributed across
multiple layers, with pyramidal and granular
cells showing normal morphology, uniform
staining, tight arrangement, and round or
oval cell bodies with distinct nucleoli. The
cytoplasm of these cells had abundant Tunel
bodies, and occasional nuclear condensation
was observed. In contrast, compared to the
normal group, the model group showed a
reduction in the number and shape of neu-
rons in the CA3 region, with decreased cell
bodies, ruptures, nuclear condensation, and
a significant decrease in Tunel bodies in the
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Fig. 2. Effect of gentiopicroside on epileptic behavior in young rats (*compared with Normal group, p<0.05,

# compared with Model group, p<0.05).

cytoplasm. Compared to the model group,
the positive control group and gentiopicrin
low, medium, and high dose groups showed a
reduction in the degree of neuronal damage
in the CA3 region of the rat hippocampus.
The number of Tunel-stained positive cells
in the model group was significantly higher
than in the control group (p<0.05). Howev-
er, the number of Tunel-stained positive cells
in the positive control group and gentiopic-
rin low, medium, and high dose groups was
significantly lower than that in the model
group, and the differences were statistically
significant (p<0.05)(Fig. 3).
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Fig. 3. Comparison of Tunel staining results in each
group (*compared with Normal group p<0.05,
# compared with Model group p<0.053).

Effects of Gentiopicrin on superoxide
dismutase (SOD) activity and
malonilaldehyde (MDA) content
in hippocampal tissue

In the model group, the SOD activity
was significantly lower, and the MDA con-
tent was significantly higher than that in the
control group, with statistical significance
(p<0.05). However, in the positive control
group and gentiopicrin low, medium, and
high dose groups, the SOD activity was sig-
nificantly higher, while the MDA content
was significantly lower than that in the
model group, with statistical significance
(p<0.05), (Fig. 4).

Effects of Gentiopicrin on the expression
of P2X7R, NLRP3, ASC, Caspase-1
proteins, and mRNA in hippocampal
tissue

The expression levels of P2X7R, NLRP3,
ASC, Caspase-1 proteins, and mRNA in the
model group were significantly higher than
those in the control group, with statistical
significance (p<0.05). However, in the posi-
tive control group and gentiopicrin low, me-
dium, and high dose groups, the expression
levels of P2X7R, NLRP3, ASC, Caspase-1
proteins, and mRNA were significantly low-
er than those in the model group, with sta-
tistical significance (p<0.05), (Fig. 5).
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Fig. 5. Effects of gentiopicroside on P2X7R, NLRP3,
ASC, Caspase-1 protein and mRNA in hip-
pocampus (¥*compared with Normal group,
p<0.05, #compared with Model group, p
<0.05).

Gentiopicrin improves behavioral
performance in juvenile rats with
epilepsy by regulating the P2X7R/
NLRP3/Caspase-1 pathway to inhibit
inflammatory factor expression.
Gentiopicrin = significantly prolonged
the latency period of epileptic rats, reduced
the duration and severity of seizures, impro-
ved hippocampal tissue pathology, increased
hippocampal tissue SOD activity, and de-
creased MDA levels. Furthermore, it down-
regulated critical proteins in the P2X7R/
NLRP3/Caspase-1 pathway. Therefore, we
speculate that gentiopicrin may improve
behavioral performance in epileptic rats by
regulating the P2X7R/NLRP3/Caspase-1
pathway to inhibit inflammatory factor ex-
pression. A schematic diagram of the mecha-
nism is shown in Fig. 6.

DISCUSSION

Epilepsy is a common and severe neu-
rological disorder that can cause recurrent,
transient, and paroxysmal seizures, resulting
in high mortality and disability rates, parti-
cularly among children. This condition signi-
ficantly affects the quality of life of patients
12/ At present, the primary clinical approach
for treating epilepsy is through the use of
antiepileptic drugs (AEDs). However, AEDs
only provide partial and incomplete control
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Fig. 6. Mcchanism diagram of gentiopicroside improving the behavior of epileptic young rats by regulating
P2X7R/NLRP3/Caspase-1 to inhibit the expression of inflammatory factors.

of seizures in approximately 30% of epilepsy
patients 3. Moreover, long-term use of AEDs
can lead to significant adverse reactions,
such as cognitive impairment, psychiatric
side effects, teratogenic effects, and toxic
effects on the liver. Therefore, it is of utmost
importance to identify new drug targets and
develop new antiepileptic drugs for children.
Gentiopicrin is a natural bicyclic diterpe-
noid lactone compound with various biologi-
cal activities, mainly extracted from Gentia-
na macrophylla, a characteristic medicinal
plant in Ningxia, China '*. Previous studies '®
have shown that gentiopicrin can help alle-
viate anxiety and depression symptoms, me-
mory impairment, and nerve damage.

The P2X7 receptor can affect the relea-
se of downstream inflammatory factors and
the activation of immune cells by influen-
cing various signaling pathways, such as the
P-38MAPK, NF-KB, and NLRP3/Caspase-1
pathways 1°. Recent studies have confirmed
that the P2X7R/NLRP3/Caspase-1 pathway
is significantly upregulated during seizures,
leading to increased expression of specific
inflammatory factors like IL-1p and IL-18"".
This suggests that the P2X7R/NLRP3/Cas-
pase-1 pathway is a critical mediator in sei-
zure activity '®. In this study, we focused on
the protective effect of gentiopicrin on neu-
rons in a rat model of epilepsy by targeting

the P2X7R/NLRP3/Caspase-1 pathway. We
induced SE in rats using lithium chloride-
pilocarpine and used topiramate as the po-
sitive control drug. The results showed that
the gentiopicrin intervention significantly
prolonged the SE latent period, shortened
seizure duration, and reduced SE in a dose-
dependent manner, indicating its antiepilep-
tic effects in SE rats. Seizures can lead to
decreased brain nerve cells, neuronal dama-
ge, and cell apoptosis, directly affecting the
patient’s prognosis and condition develop-
ment '°, In this study, the protective effect
of gentiopicrin on hippocampal damage in
epileptic rats was observed through Tunel
staining. Pathological section staining re-
vealed that hippocampal neurons in the
model group exhibited significant damage,
with disordered arrangement, small or rup-
tured cell bodies, condensed nuclei, redu-
ced Tunel bodies in the cytoplasm, and an
increased number of damaged cells over
time. Compared with the model group, the
number of damaged neurons in the CA3
region of the hippocampus in the positive
control and gentiopicrin low, medium, and
high dose groups decreased, the degree of
damage was reduced, and the number of da-
maged cells did not increase over time. The-
se results suggest that gentiopicrin has an
inhibitory effect on hippocampal neuronal
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damage caused by epilepsy. Oxidative stress-
induced brain cell damage and weakened an-
tioxidant capacity are essential mechanisms
underlying the occurrence and persistence
of epilepsy and other neurological discases
20, SOD, an important antioxidant enzyme,
reflects the body’s ability to remove free ra-
dicals, while MDA is related to the degree
of tissue cell damage and is a lipid peroxide
produced after tissue cells are damaged by
oxygen free radicals 2'. The findings of this
study showed that epilepsy can increase the
MDA content in hippocampal tissue and re-
duce SOD activity, whereas gentiopicrin can
inhibit oxidative stress-induced damage cau-
sed by epilepsy, increase SOD activity, and
reduce MDA production.

The NLRP3 inflammasome is a com-
plex composed of three essential proteins:
the NOD-like receptor NLRP3, the adapter
protein ASC, and the effector protein Cas-
pase-1 22, Once activated, NLRP3 recleases
Caspase-1, which in turn cleaves precursor
forms of IL-1p and IL-18, generating mature
and activated forms of these cytokines that
promote the development of inflammation
23 The P2X7R receptor is a crucial factor in
activating the NLRP3 inflammasome. When
neural tissue is damaged, a large amount of
ATP is released, which binds to the P2X7 re-
ceptor on microglia and promotes the for-
mation of the NLRP3 inflammasome. This
results in the acceleration of maturation and
release of inflammatory factors such as IL-
1P and IL-18; initiating a cascade effect 2*2°.
The study results show that both the protein
and mRNA levels of P2X7R, NLRP3, ASC,
and Caspase-1 were significantly higher in
the model group than in the control group.
However, in the positive control group and
the low, medium, and high dose groups of
gentiopicrin, the protein and mRNA levels
of P2X7R, NLRP3, ASC, and Caspase-1 were
significantly lower than those in the model
group. Yang Wenwei and other scholars have
also found that gentiopicroside inactivates
NLRP3 inflammatory corpuscles by inhibi-
ting P2X7R expression, thus reducing the

occurrence of epilepsy in young rats?’, which
is similar to the results of this study.

In conclusion, the results of this stu-
dy suggest that gentiopicrin may improve
behavioral deficits in epileptic rats by regu-
lating the expression of inflammatory fac-
tors through the P2X7R/NLRP3/Caspase-1
pathway:.
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Benefits of a modified local precision liver

resection using intraoperative laparoscopic
ultrasound in the treatment and prognosis

of patients with liver cancer.
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Keywords: precision hepatectomy; liver function; hepatic venous injury; immune
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Abstract. The incidence and mortality rate of liver cancer has increased
significantly. Recently, intraoperative laparoscopic ultrasound (LUS) has been
used in hepatectomy, in addition to open liver resection, as the most common
treatment method. The current research aims to address this issue. Seventy-six
patients with liver cancer who were admitted to the Hospital of Beihua Univer-
sity from February 2018 to September 2021 were randomly divided into two
groups of 38 patients, one group undergoing conventional laparoscopic sur-
gery (control group) and the other group undergoing a precise laparoscopic
liver resection after placing an intraoperative LUS instrument (study group).
Blood loss and hepatic vein damage during surgery were less in the study group
(p<0.05). Seven days after surgery, liver function indices (albumin, total bil-
irubin, and alanine and aspartate aminotransferases) and indices related to
immune function interleukin 6, tumor necrosis factor a, CD3+ and CD4+ T
lymphocytes and NK cells level in the study group improved compared to the
control group. The postoperative complications were less in the study group,
and the nine-month follow-up showed that the recurrence rate was lower and
the survival rate was higher in this group. This study shows that precise laparo-
scopic hepatectomy modified with the use of intraoperative laparoscopic ultra-
sound results in better intraoperative and postoperative outcomes for the prog-
nosis and survival rate of patients with liver cancer, which makes this surgical
technique worth generalizing in clinical practice.
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Beneficios de la reseccion hepatica de precision local
modificada, utilizando ecografia intraoperatoria
laparoscopica en el tratamiento y pronéstico de pacientes

con cancer de higado.

Invest Clin 2024; 65 (2): 155 - 168

Palabras clave: hepatectomia de precision; funcion hepatica; lesion venosa hepatica;

factores inmunoldgicos; respuesta inmune; citocinas; escala de
desempeno de Karnofsky.

Resumen. La tasa de incidencia y mortalidad del cancer de higado ha au-
mentado drasticamente. Ademas de la reseccién hepatica abierta como método
de tratamiento mas comin, la ecografia laparoscopica intraoperatoria (LUS) se
ha utilizado recientemente en la hepatectomia. El objetivo de la investigacion
actual es responder a esta pregunta. 76 pacientes con cancer de higado ingresa-
dos en el Hospital de la Universidad de Beihua entre febrero de 2018 y septiem-
bre de 2021 fueron asignados aleatoriamente a dos grupos de 38 pacientes, un
grupo sometido a cirugia laparoscopica convencional (grupo control) y el otro
grupo sometido a reseccion hepatica laparoscépica precisa, después de colocar
un instrumento LUS intraoperatorio (grupo de estudio). La pérdida de sangre
y el dano a las venas hepaticas durante la cirugia fueron menores en el grupo
de estudio (p < 0,05). Siete dias después de la cirugia, los indices de funcién
hepatica (albtimina, bilirrubina total y alanina y aspartato aminotransferasas) e
indices relacionados con la funcién inmune, interleucina 6, factor de necrosis
tumoral a, linfocitos T CD3+ y CD4+ y nivel de células NK en el grupo de estu-
dio mejoraron en comparacion con el grupo control. Las complicaciones posto-
peratorias fueron menores en el grupo de estudio, y el seguimiento a los 9 me-
ses mostro que la tasa de recurrencia fue menor y la tasa de supervivencia fue
mayor en este grupo. Este estudio demuestra que la hepatectomia laparoscépi-
ca precisa modificada con el uso de la ecografia laparoscépica intraoperatoria
da como resultado mejores resultados intraoperatorios y postoperatorios para
el pronéstico y la tasa de supervivencia de los pacientes con cancer de higado, y
hace que valga la pena generalizar esta téenica quirtirgica en la practica clinica.

Received: 20-07-2023 Accepted: 11-11-2023

INTRODUCTION

Liver cancer is a malignant tumor that
seriously affects Chinese residents’ health,
and its incidence is relatively high'2. The
early stage of hepatocellular carcinoma
courses with insidious characteristics and
rapid growth, but it is often diagnosed in

the middle and late stages. At the same
time, liver cancer has high recurrence and
mortality rates **. At present, liver cancer
is mainly treated through surgery. In clini-
cal practice, different treatment measures
arc adopted according to the different liver
function reserve abilities, the physical condi-
tions of people with liver cancer, and the dif-
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ferent stages of cancer the patients present.
Liver resection is preferred for patients with
localized liver cancer without accompanying
cirrhosis 5. Hepatectomy is the most com-
mon surgical method for radical liver cancer
treatment, which can notoriously reduce the
recurrence and spread of liver tumors and ef-
fectively prolong the survival time of suffer-
ers ®7. Conventional open liver resection is a
standard clinical method. However, the pa-
tient’s postoperative recovery and prognosis
are unsatisfactory due to the extensive surgi-
cal trauma and the risk of acquiring a post-
operative infection 8. With the development
of science and technology and the enhance-
ment of medical standards, the application
value of laparoscopy in various surgical oper-
ations has become increasingly apparent. In
the 1990s, Reich performed the world’s first
laparoscopic liver resection. Since then, the
door has been opened to minimally invasive
surgery through laparoscopy °.

In contrast with conventional open liver
resection, laparoscopic liver resection has the
advantages of less trauma and quick postop-
erative recovery, which surgeons and patients
favor. However, laparoscopic surgery also has
limitations since the laparoscopic surgeon
operates only through a few holes and cannot
directly contact and manipulate the related
visceral structure, and because of the reduced
abdomen’s display, the surgeon may not fully
understand the abdominal situation, leading
to a limited surgical field. At the same time,
the lack of palpation increases the risk in lapa-
roscopic surgery . In addition, because the
field is not comprehensive, it is easy to ignore
some small lesions, and it can easily result in
the presence of tumor residues, leading to a
high recurrence rate in patients. Enhanced lo-
cal precision resection was developed based on
a conventional laparoscopic resection. Using
laparoscopic ultrasound (laparoscopic ultraso-
nography, LUS) can help the operator detect
complex lesions. It can synchronously guide the
surgeon to operate, reduce damage to related
organs and tissues, and make up for the defi-
ciencies of conventional laparoscopic surgery.

Relevant studies have shown that laparoscopic
surgery with LUS is more effective 12, In re-
cent years, ultrasound examination has been
gradually applied to laparoscopic surgery. The
period of clinical use has not been very long,
and since the related studies are few, the thera-
peutic effect of laparoscopic surgery on liver
cancer still needs further analysis . Therefore,
this study aimed to evaluate the clinical ben-
efits of modified precision hepatectomy using
intraoperative LUS in patients with liver cancer
so that this new treatment technique can be
tested to find a better way to treat liver cancer.

PATIENTS AND METHODS

General Information

In this study, all eighty-seven patients
with liver cancer admitted to the Hospital
of Beihua University, China, from February
2018 to September 2021 were selected for
this study. The inclusion criteria were as fol-
lows: met the diagnosis and implications of
liver cancer, according to the Guidelines
on the diagnosis and treatment of prima-
ry liver cancer (2011 edition) . Relevant
criteria in TNM stages I, II, and III; Child-
Pugh grades A or B; no associated surgery
or radiofrequency ablation for six months;
and nine months of telephone follow-up af-
ter laparoscopic surgery. Exclusion criteria
were tumor involvement of adjacent organs
or metastases; severe abdominal adhesion;
patients with cardiac or renal failure; abnor-
mal mental status; diabetes; women during
pregnancy or lactation; and patients with an
allergic condition. All patients signed the in-
formed consent form, and the medical eth-
ics committee of our hospital approved this
study. Of the eighty-seven patients who were
accepted at the beginning of the study, af-
ter checking the study conditions and the
inclusion and exclusion criteria, seventy-six
patients were finally included. Seventy-six
patients were randomly selected as control
variables according to the random number
table method and randomly divided into two
groups of 38 patients.
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METHODS

Surgical method: Our institution’s
chief surgeon has been the same physician
for over eight years. We used a conventional
laparoscopic liver resection for the control
group: a preoperative-related imaging (MRI
or CT) examination in the supine position
was performed to determine the lesion site,
size, and number. This examination was fol-
lowed by the conventional implementation
of an artificial pneumoperitoneum (pres-
sure 12-14 mmHg), the construction of the
conventional “five-port technique” accord-
ing to the location and size of the tumor,
abdominal exploration, to free the perihe-
patic ligament and to fully reveal the tumor
focus, the first portal vascular implication,
the left hepatic artery and portal branch,
according to the liver ischemia line or the
anatomy Cantilie-line mark as a resection
line ‘),11,15-17‘

For the Study group, we used a modi-
fied laparoscopic precision liver resection.
After a preoperative imaging (MRI or CT) ex-
amination to determine the lesion location,
size, and number in the supine position, we
established an arc incision approximately
10 mm below the umbilicus. This incision
was followed by the conventional implemen-
tation of an artificial pneumoperitoneum
(pressure 12-14 mmHg) and placed the LUS
(HITACHI ALOKA Noblus; with an L44LA
soft probe, probe frequency of 7.5 MHz). Dif-
ferent liver parts were scanned successively,
and the tumor location, size, number, and
the relationship between the tumor body
and the peripheral vasculature and tissues
were determined again. The proper liver
blood flow blocking method and liver paren-
chyma disconnection method were selected.
For severe liver parenchyma lesions, it was
not appropriate to block the blood flow into
the liver and use an ultrasonic knife to stop
the liver parenchyma and the bipolar elec-
trocoagulation wound. Selective blood flow
into the liver was blocked for patients with
mild liver parenchymal lesions, and the liver

parenchyma was severed along the ischemic
line with an ultrasound knife. The vascular
structure was fully exposed for the liver re-
section, then treated accordingly to the vas-
cular diameter 72!,

Blood tests: In the early morning, 5 mL
of cubital venous blood was extracted and
centrifuged at 3500 rpm for 10 min, with a
centrifugation radius of 10 cm, and the se-
rum was collected for indicator determina-
tions.

Observation Indicators and Evaluation
Criteria

(1) Perioperative-related indicators:
data and blood samples were collected by the
same nurse working in our hospital for over
three years. The operation time, intraopera-
tive blood loss, hepatic vein injury rate, le-
sion resection edge distance, drainage tube
extubation time, and anal exhaust time were
recorded.

(2) Fasting venous blood was collected
before and seven days after the intervention,
and an analysis was performed using a fully
automatic biochemical analyzer (Beckman
Coulter AUS5800). Liver function-related
indicators were measured in both groups
of patients: albumin (ALB), alanine amino-
transferase (ALT), aspartate aminotrans-
ferase, AST), and total bilirubin (TBIL), as
well as the immune factor-related indicators
interleukin 6 (IL-6), tumor necrosis factor
o (TNF-a). T lymphocyte subsets were ana-
lyzed by flow cytometry (Beckman Coulter
EPICS XL) to detect T lymphocytes (CD3%),
inducible T cells (CD4"), and human natural
killer (NK) cells (NK cell standard). The same
physician performed the specific operations
according to the instructions.

(3) The incidence of related complica-
tions (infection, abdominal hemorrhage,
bile leakage, pleural effusion, etc.) in the
two groups of patients was reported by the
same nurses working for over three years.

(4) We used the Karnofsky scoring
method  (KarnofskyPerformance  Status,
KPS) 22 to assess the recovery of quality of
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life in the two groups of patients. If the score
increased by more than ten points after the
procedure, the activities of daily living (ADL)
were better; if it lessened by more than ten,
it was worse; if it increased or lessened by
ten, it was stable.

(5) The survival and recurrence rates
of both groups were recorded by telephone
follow-ups at three months (T1), six months
(T2), and nine months (T3) after surgery by
the same nurse.

Statistical analysis

The required data of this study were
sorted and entered into a Microsoft® Excel®
table. We used the SPSS26.0 software to ana-
lyze the data. If the data (X=SD) were nor-
mally distributed, we compared the groups
with the independent sample t-test for the
group’s data and paired sample t-test; count
data was analyzed by percentages and Chi-
square test (y° test). The Kaplan-Meier sur-
vival curves were employed to determine
sufferers’ survival and recurrence rates in
the two groups. When p< 0.05, the data’s
differences were considered statistically sig-
nificant.

RESULTS

This study was conducted to investigate
the benefits of modified precise hepatecto-
my using intraoperative LUS in patients with
liver cancer.

The clinical and demographic charac-
teristics of the two groups of patients under
investigation are presented in Table 1. The
sex distribution among the study group pa-
tients showed that 21 (55.3%) were male and
17 (44.7%) were female; whereas, in the con-
trol group, there were 20 (52.6%) male and
18 (47.4%) female patients. The mean age
of the study group was 51.52+6.95 years,
while the mean age of the control group was
52.36%+8.32 years. The mean body mass in-
dex (BMI) in the study group patients was
22.36x2.68 kg/m?; whereas, in the control

group, it was 22.63%3.01 kg/m?. The two
groups had no significant differences regard-
ing sex distribution, mean age, and mean
BMI.

The staging of patients based on TNM
revealed that in the study group, 14 (36.8%)
patients were in stage [, 13 (34.2%) patients
were in stage II, and 11 (29%) patients were
in stage III. Similarly, in the control group,
there were 14 (36.8%) patients in stage I, 15
(39.5%) patients in stage II, and 9 (23.7%)
patients in stage III. There were no signifi-
cant differences between the two groups re-
garding cancer staging based on TNM. The
tumor diameter in the study group patients
was 5.16%+1.49 cm, while in the control
group, it was 5.09%£1.53 cm, and there was
no significant difference in tumor diameter
between the two groups. The results of the
Child Grade in the two groups of examined
patients showed that 29 (76.3%) patients in
the study group and 27 (71%) patients in the
control group were classified as Group A. Ad-
ditionally, 9 (23.7%) patients in the study
group and 11 (29%) patients in the control
group were classified as Group B, with no
significant difference observed between the
two groups.

Comparison of perioperative indicators
between the two groups of patients

The mean duration of surgery in
the study group was 103.59+19.12 min-
utes, while in the control group, it was
98.59+20.16 minutes. There was no signifi-
cant difference in the duration of surgery
between the two groups. Hepatic venous
injury was observed in two (5.26%) patients
in the study group and ten (14.28%) pa-
tients in the control group, showing there
was a significant difference (p=0.013). The
blood loss volume in the study group was
183.38%+29.71 ml; whereas in the control
group, it was 233.56=24.28 ml, and the two
groups did not differ significantly in blood
loss volume. Other preoperative indicators
are presented in Table 2.
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Indexes of liver function

The examination of liver function indi-
cators before and after surgery in the two
groups of liver cancer patients revealed that
the mean blood albumin level in the study
group before surgery was 39.38+2.19 g/L,
while in the control group was 39.44+2.17
g/L, showing no significant difference. How-
ever, the mean blood albumin level in the
study group after surgery was 64.41+2.91
g/L, compared to 52.91%2.69 g/L in the
control group, indicating a significant dif-
ference in albumin levels between the two
groups after surgery (p=0.032). The mean
alanine transaminase level in the study
group before surgery was 39.61=5.42 U/L,
and in the control group, it was 39.64+5.49
U/L, with no significant difference observed.
However, the mean alanine transaminase
level in the study group after surgery was
10.85+2.36 U/L, while in the control group,
it was 15.16%=2.42 U/L, demonstrating a
significant difference in the mean alanine
transaminase levels after surgery between
the two groups (p=0.037).

The mean preoperative aspartate ami-
notransferase (AST) levels in the study group
of patients were 42.95+3.51 U/L, while in
the control group, it was 43.13+3.57 U/L,
showing there was no statistically signifi-
cant difference observed in the preopera-
tive AST levels between the two groups. On
the other hand, the postoperative mean AST
levels in the study group were 28.47+2.92
U/L, whereas, in the control group, it was
34.94x2.35 U/L. These results indicated a
significant difference in the postoperative
AST levels between the study and control
groups (p=0.041). No significant differ-
ence was observed in the preoperative total
bilirubin levels between the control group
(20.44£2.66 umol/L) and the study group
(20.43£2.64 umol/L). However, the mean
total bilirubin level in the study group after
surgery was 4.38%=1.43 umol/L, while in the
control group, it was 7.34%2.17 umol/L.
These findings demonstrated a significant
difference in the postoperative total bilirubin

levels between the two groups (p=0.031).
The relevant data are presented in Table 3.

Comparison of immune factor indicators

The investigation of immune factor
indices before and after surgery in the two
groups of patients with liver cancer revealed
that the mean concentration of interleukin-6
(IL-6) in the study group prior to surgery was
92.83%12.59 pg/mL, while in the control
group, it was 92.89+12.68 pg/mlL, showing
no statistically significant difference. How-
ever, the mean IL-6 concentration in the
study group after surgery was 101.28+15.28
pg/mL, whereas, in the control group, it was
124.49+14.68 pg/mL, demonstrating a sig-
nificant difference in IL-6 levels between the
two groups after surgery (p=0.023).

Regarding tumor necrosis factor-alpha
(TNFa), the mean concentration in the
study group before surgery was 12.06+1.29
ng/mL, while in the control group was
15.68%+2.41 ng/mlL, with no significant dif-
ference observed. However, the mean TNFa
concentration in the study group after sur-
gery was 12.09%£1.32 ng/mlL, whereas, in
the control group, it was 19.82+2.39 ng/
mlL, indicating a significant difference in the
mean TNFa levels between the two groups af-
ter surgery (p=0.037).

The preoperative levels of CD3* (clus-
ter of differentiation 3), CD4" (cluster of di-
fferentiation 4), and NK (Natural killer cells)
did not show a significant difference between
the study group and the control group. Howe-
ver, the postoperative percentage of CD3* in
the study group was 56.28+7.79%, whereas,
in the control group, it was 50.22+4.63%.
The postoperative percentage of CD4* in the
study group was 27.13+5.38%, while in the
control group was 20.51+4.29%. Additiona-
Ily, the postoperative level of NK in the study
group was 10.33%1.19 pg/mL, and in the
control group was 8.29+1.12 pg/mL. These
differences in CD3*, CD4", and NK levels af-
ter surgery were statistically significant bet-
ween the two groups (p<0.05). The relevant
data are presented in Table 4.
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Postoperative complications in both sets

The analysis of surgical complications
among the two groups of patients revealed
notable findings (Table 5). Only one patient
(2.63%) experienced infection in the study
group, while another patient (2.63%) devel-
oped pleural effusion following the opera-
tion. Conversely, within the control group,
complications were comparatively higher.
Specifically, three patients (7.89%) encoun-
tered postoperative infection, two patients
(5.26%) suffered from postoperative hemor-
rhage, three patients (7.89%) experienced
bile leak, and one patient (2.63%) developed
pleural effusion. These contrasting com-
plication rates indicate a statistically sig-
nificant difference between the two groups
(p=0.022).

Quality of life score

There were no significant differences
when comparing the postoperative KPS
standard scores between the two groups, p>
0.05 (Table 6).

Postoperative survival and recurrence
rates

The comparison of survival and recur-
rence rates in the two groups of patients is
shown in Table 7. The analysis of survival
rates among the two patient groups yielded
significant statistical differences (p=0.033).
In the study group, the survival rate was re-
markably high, with 37 patients (97.4%) sur-
viving during the first and second follow-up
periods. Only one patient died in the period.
As the study progressed to the third follow-
up, 35 patients (92.1%) remained alive,
while three patients succumbed to their con-
dition. In comparison, the control group ex-
hibited slightly lower survival rates, with 36
patients (94.7%) surviving the initial follow-
up and 35 patients (92.1%) in the second
follow-up. However, by the third follow-up,
the number of surviving patients decreased
to 28 (73.68%).

The study group showcased favorable
outcomes regarding disease recurrence, as
no recurrences were observed during the

Table 5
Contrast of the incidence of postoperative complications in the two groups.
Group Smmglls Infections Postoperative Bile leak  Pleural effusion
number hemorrhage
Study Group 38 1 (2.63%) 0 0 1 (2.63%)
Control Group 38 3 (7.89%) 2 (5.26%) 3(7.89%) 1(2.63%)
x? 5.208
p* 0.022
*p-value Chi-square (y2 tests).
Table 6
Comparison of the quality of life in the two groups.
KPS grade
Group Sample number " -
Preoperative** Postoperative®*
Study Group 38 60.52 + 12.88 69.03 + 14.02
Control Group 38 60.46 = 12.78 68.92 = 12.43
t 2.366 1.563
p* 0.652 0.312

#p-value t-test, ** Mean=SD.

Vol. 65(2): 155 - 168, 2024



164 Xu and Shen
Table 7
Comparison of survival and recurrence rates in the two groups of patients.
Sample Survival rate n (%) Recurrence rate n (%)
Group b
Humber T1 T3 T1 T2 T3
Study Group 38 37 (974) 37(97.4) 35(92.1) 0(0.0) 1 (2.6) 2 (5.3)
Control Group 38 36 (94.7%) 35 (92.1) 28 (73.68) 1 (2.6) 2 (5.3) 7 (8.16)
x? 4.57 5.029
p* 0.033 0.025

*p-value Chi-square () tests).

first follow-up. However, during the sec-
ond follow-up, a marginal recurrence rate
of one patient (2.6%) was identified, which
increased slightly to two patients (5.3%)
during the third follow-up. In contrast, the
control group exhibited higher recurrence
rates, with one patient (2.6%) experienc-
ing a recurrence during the first follow-up,
followed by two patients (5.3%) during the
second follow-up, and a more significant
number of seven patients (8.16%) during the
third follow-up. These contrasting patterns
in recurrence rates between the study and
control groups were statistically significant
(p=0.025). Over time, the control group ex-
hibited lower survival rates than the study
group. Conversely, the disease recurrence
rate in the control group was higher than
in the study group. These disparities in sur-
vival rates and disease recurrence between
the two groups were statistically significant
(p<0.05).

DISCUSSION

Liver cancer is one of the most common
malignant tumors in China. One of the main
options for liver cancer treatment is sur-
gery'®. With the development of technology,
laparoscopic hepatectomy has become wide-
ly used in clinical practice, and many stud-
ies have proved that this surgical technique
proceeds with less significant trauma, short-
er recovery time, and a better prognosis 1.
However, the limited field of laparoscopy and

the complex vascular and bile duct systems
in the liver have brought many difficulties to
laparoscopic liver resection, such as how to
reduce liver vascular damage, avoid tumor
residues, and reduce the postoperative re-
currence rate and mortality, which have al-
ways been significant in liver surgery'. In or-
der to preserve more normal liver tissue, the
pursuit of the concept of an accurate liver
resection has gradually become an objective
to accomplish . In surgery, the LUS probe
can reach deeper lesions, allowing more
comprehensive liver information to be pre-
sented to the operator. Because of the physi-
cal characteristics of ultrasound, it can ef-
fectively avoid the interference of irrelevant
factors. Furthermore, it can show the tumor
size and depth in the liver, reduce the num-
ber of tumor contacts and extrusion, allow
for complete tumor removal, avoid residual
tumors, and reduce the postoperative recur-
rence rate 42324,

Fu et al. *' found that under the guid-
ance of LUS, the hepatic vein can be located
accurately, which could avoid damage and
reduce the risk of postoperative bleeding.
Following the results of that study, it was found
that intraoperative blood loss and hepatic vein in-
jury rates during peri-surgery were lower than
those in the conventional surgery group.
However, other perioperative indicators (op-
erative time, drainage tube extubation time,
anal exhaust time, etc.) were not significa-
tively different, indicating that the addition
of ultrasound assistance during the opera-
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tion would not prolong the operation time,
which was in contrast with Lubner et al. **.

The Allaire et al. ** study found that the
resection of liver tumors retained sufficient
residual liver volume to ensure the suffi-
cient compensatory capacity of postopera-
tive liver function, which is also the key to
enhancing the clinical prognosis. However,
in this study, the liver function standard in
the study group was notoriously higher than
in the control group. The reasons may be at-
tributable to the guidance of ultrasound. The
tumor and tumor liver vein branches were
cut down, achieving the purpose of accurate
resection, effective partition lesions of blood
flow, and reducing the remaining liver affect-
ed by blood flow reperfusion, thus reducing
the damage to liver function and retaining
more liver tissue with normal function.

In evaluating immune function indica-
tors in this study, the immune indicators of
the study group were higher than that of the
control group after seven days, indicating
that the precise resection resulted in less
loss of immune function for sufferers, and
the postoperative recovery was faster. Joliat
et al. *° and Tayar et al. " confirmed in their
study that laparoscopic hepatectomy under
LUS caused less tissue damage than conven-
tional laparoscopic hepatectomy, produc-
ing less intraoperative bleeding, less post-
operative stress response and a relatively
mild degree of immunosuppression in post-
operative patients. The mechanism may be
that after the damage to the body, immune
cells will synthesize and secrete IL-6 and
TNF-a factors to regulate the related stress
conditions. Increasing IL-6 and TNF- o lev-
els will aggravate the body’s inflammatory
response and reduce the human body’s im-
mune capacity. CD3+ and CD4+ are indica-
tors of the reactive T cell levels; the lower
the levels, the more severely compromised
immune capacity. NK cells are also essential
cells involved in the immune response, to-
gether with CD3* and CD4* T-lymphocytes,
and similarly, the lower the levels, the worse

the decline in the immune function. By com-
paring the study and the control groups, the
study group’s IL-6 and TNF o concentrations
were lower than in the control. CD3*, CD4"
and NK cells were higher than those in the
control group, indicating that laparoscopic
precision liver resection results in less im-
mune damage 2%,

Some studies have shown that the im-
mune function has a particular relation-
ship with postoperative complications, and
the less the postoperative immune function
damage, the lower the incidence of postop-
erative complications **3!, In this study, the
rate of postoperative complications in the
study group was lower than that in the con-
trol, and this result also reflects this rela-
tionship, which is consistent with the results
of Shazly’s et al. 3 studies. Comparing the
postoperative morbidity and survival rate of
both groups, they were higher in the control
group, possibly because the precise liver re-
section accomplished a complete resection
of liver tumors and avoided the occurrence
of tumor residues®. The higher indicators
of postoperative liver function show that the
study group can retain more normal liver tis-
sue, which is more beneficial for the patient’s
postoperative rehabilitation ) consistent
with the above scholars’ research results.

In conclusion, the modified laparo-
scopic precision liver resection can effec-
tively reduce the amount of intraoperative
bleeding, reduce the impairment of liver and
immune functions, reduce the incidence of
complications, and reduce the postopera-
tive recurrence rate of liver cancer, which
shows that it is worth generalizing the use of
this technique in clinical practice. Although
this study has obtained relatively important
results, it still needs to be improved to use
these research conclusions as the gold stan-
dard. For example, only 76 patients with
liver cancer were included in this study, and
the research results will inevitably be biased,
so the sample size should be expanded for
further demonstration.
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Abstract. COVID-19 exhibits a wide range of phenotypic manifestations,
from asymptomatic to severe phenotypes with fatal complications. The exis-
tence of risk factors cannot entirely explain the variance in the phenotypic vari-
ability of COVID-19. Genome-wide association analyses have identified target
human genes related to virus transmission and the clinical phenotype observed
in COVID-19 patients. Genetic variants on the OASI gene have been associ-
ated with innate immune processes (entry phase and viral replication in host
cells). The A or G alleles of rs10774671 in OAS1 encode isoforms with different
antiviral activities. One hundred COVID-19 patients were genotyped for the
rs10774671 using RFLP-PCR (severe form, n = 43; asymptomatic-mild, n =
57). The susceptibility of the two groups to the severe phenotype of COVID-19
was compared. The allele frequency for A was 0.8. The genotypic frequencies
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equilibrium deviation was found in both groups. No statistically significant as-
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del gen 0AS1 con la severidad de COVID-19 en una poblacion
ecuatoriana.

Invest Clin 2024; 65 (2): 169 — 178
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Resumen. La COVID-19 presenta una amplia gama de manifestaciones cli-
nicas, desde asintomaticas hasta formas graves con complicaciones mortales.
La variabilidad fenotipica de la COVID-19 no puede explicarse totalmente por
la existencia de factores de riesgo. Se han identificado genes humanos diana
relacionados con la transmision del virus y el fenotipo clinico observado en
pacientes con COVID-19 mediante andlisis de asociaciéon de genoma completo.
Las variantes genéticas del gen OASI se han asociado con procesos inmunita-
rios innatos (fase de entrada y replicacion viral en las células hospedadoras).
Los alelos A o G de rs10774671 en OAS1 codifican isoformas con diferentes
actividades antivirales. Cien pacientes con COVID-19 fueron genotipados para
el rs10774671 mediante RFLP-PCR (forma grave, n = 43; asintomatica-leve, n
= 57). Se comparé la susceptibilidad de los dos grupos al fenotipo severo de
COVID-19. La frecuencia alélica para A fue de 0,8. Las frecuencias genotipicas
para los homocigotos AA y GG fueron 0,62 y 0,02, respectivamente. Se observd
una desviacion del equilibrio de Hardy-Weinberg en ambos grupos. No se encon-
traron asociaciones estadisticamente significativas en los modelos genéticos
ajustados por sexo (para el modelo aditivo OR = 1,18, IC 95% = (0,53-2,61),
p = 0,69). La mezcla relativamente reciente de diferentes grupos étnicos y el
tamarnio de la muestra pueden influir en estos resultados.

Received: 24-06-2023 Accepted: 13-02-2024

INTRODUCTION

COVID-19 is a human-to-human trans-
missible viral infectious disease '. Until the
beginning of 2023, it had been responsible
for about 7 million deaths worldwide 2. Sub-
jects infected with SARS-CoV-2, the etiologi-
cal agent of COVID-19, have a wide range of
phenotypic variability, from asymptomatic
to severe forms of the disease °. This broad
clinical variability is partially explained by
risk factors that include age (> 65 years),
male sex, and the presence of comorbidi-
ties such as obesity, cardiovascular discases,

diabetes mellitus, and respiratory disorders,
among others *. Therefore, the variance in
the clinical phenotype of COVID-19 may be
caused by additional host-specific factors °.
Genome-wide association studies have
reported associations between the severe
form of COVID-19 and chromosomal re-
gions, including 12q24.13, which harbors
a gene cluster encoding antiviral restric-
tion enzyme activators (OASI, OAS2, and
OAS3). These activators are involved in vi-
ral RNA degradation and viral replication
inhibition ®7. The OAS1 gene encodes the
enzyme 2'-5' oligoadenylate synthetase 1
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(2-5A), an activator of the ribonuclease L
(RNaseL), which degrades viral RNA within
the host cell, blocks viral replication and
inhibits viral protein synthesis. The genetic
variant rs10774671 is a G—A transition in
the last nucleotide of intron 5 of the OASI
gene, which affects the nonsense-mediated
decay and the splicing site and controls
the differential expression of isoforms with
lesser enzymatic activity ”®. Different allele
and genotype frequencies have been report-
ed in studies, including those of European,
African, and Latin American Afro-Caribbe-
an populations, likely due to the influence
of the ancestral factor *1°. Despite being a
multiethnic society composed of different
communities with South American, West
Eurasian, and Sub-Saharan ancestries, the
Ecuadorian population has a strong Native
South American ancestral influence, which
is considered the second highest for this re-
gion’s population .

The percentage of severe cases and
deaths among individuals of Hispanic an-
cestry was higher than that reported for the
general population. For instance, in New York
City, one of the communities hardest hit by
the SARS-CoV-2 virus globally, more Hispan-
ics per capita have died from COVID-19 than
any other ethnic group. Infection rates on
the Navajo Nation Indian Reservation have
also been reported to be particularly high'2.
Native Americans represent more than a
third of the COVID-19 cases in the state of
New Mexico, despite making up only 9% of
the population '?. These ethnic differences
do not appear to be caused by socioeconomic
conditions or access to health services since
Latin American non-Sub-Saharan ancestry
was reported as a factor associated with
morbidity and mortality from COVID-19 in a
study that included health professionals with
similar economic and educational status .

Latin America is one of the regions
where the impact of COVID-19 has been
most severe. Poor sanitary conditions of in-
frastructure, health personnel, and an im-
munologically vulnerable population are two

factors that influenced this impact. Ecua-
dor was one of the countries that was dra-
matically impacted at the beginning of the
pandemic. However, sustained vaccination
campaigns were able to mitigate this impact
partially. Fifteen million people, or 86% of
the population, have received at least one
dose 5, with 14 million (or 79%) receiving
two or more doses '°. Few genetic associa-
tion studies between COVID-19 and suscep-
tibility genes have been reported for the
Latin American populations. For this reason,
we examined the association between the
rs10774671 variant of the OAS1 gene and
the severe form of COVID-19 among Ecua-
dorian individuals.

METHODS

Design and Study Subjects

In this observational, analytical, and
case-control study, a total of 100 Ecuadorian
individuals with COVID-19 were analyzed.
The individuals were divided into two groups:
43 patients with the severe clinical picture
(group A) enrolled from October 2021 to
March 2022 and 57 subjects with the asymp-
tomatic-mild form (group B) enrolled in Jan-
uary 2021 at the Quito Sur Hospital of the
Ecuadorian Institute of Social Security, Qui-
to, Ecuador. Group A consisted of individuals
without regard to sex who had a diagnosis of
COVID-19 severe form confirmed by a posi-
tive RT-PCR test specific for SARS-CoV-2; a
chest computed tomography image showing
a pattern of viral pneumonia due to diffuse
infiltration of both lungs greater than 50%
(CORADS 6); and the presence of respirato-
ry failure and the need for mechanical venti-
lation (PaO2/FiO2 < 100mmHg (with PEEP
> S5cm H20) and SpO2/FiO2 ratio <315).
This group had received at least two doses of
SARS-CoV-2 vaccines. Group B subjects pre-
sented the disease’s asymptomatic or mild
clinical form, validated by a positive RT-PCR
test for SARS-CoV-2. Group B was made up of
health workers from the same hospital who
provided care for patients with the severe
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form of COVID-19 admitted to the intensive
care unit. When the subjects from Group B
were diagnosed with COVID-19, they had not
received any vaccination against COVID-19.
This method of subject selection was carried
out to identify COVID-19 protective alleles.
The exclusion criteria for both groups in-
cluded consanguineous individuals, minors,
pregnant or nursing women, and refugees or
displaced with little or no knowledge of the
Spanish language.

Molecular Analysis

Ten milliliters of peripheral blood were
drawn from each subject in an EDTA tube. In
order to reduce bias in the laboratory phase,
each tube was assigned a unique code with-
out discriminating to which clinical group
it belonged. The Column-Pure Blood Ge-
nomic DNA (ABM, Vancouver, Canada) kit
was used to extract DNA according to the
manufacturer’s instructions. The Qubit ds-
DNA BR ASSAY Kit (21000 ng 100RX (Invi-
trogen, Massachusetts, USA) was then used
to quantify the DNA using the Qubit fluo-
rometer (Invitrogen, Massachusetts, USA).
The DNA quality was determined by elec-
trophoresis in 1.5% agarose gels at 8OV for
an hour, with the bands visualized using the
Microtek Bio-1000F program scanner (Mi-
crotek International Inc., Hsinchu City, Tai-
wan). The forward primer 5’ TCC-AGATGG-
CAT-GTC-ACA-GT-3’ and the reverse primer
5" TAG-AAG-GCC-AGG-AGT-CAG-GA-3 " were
used to carry out the PCR, based on earlier
research 7. The master mix and thermocy-
cler settings (Applied Biosystems MiniAmp,
Thermo Fisher Scientific Inc., Massachu-
setts, USA) for PCR were performed based
on a previously published ' method with
modifications. PCR products were examined
by electrophoresis on 1.5% agarose gels in
the blueGelTM system (48V, 45 minutes)
(MiniPCR Bio, Massachusetts, USA). Subse-
quently, these products were digested with
10 U of Alul at 37°C for 16 hours, in a total
volume of 20 ul, following the manufactur-
er’s instructions. They were electrophoresed

in 3% agarose gels in the Thermo Scienti-
ficTM equipment (120V, 2 hours) (Thermo
Fisher Scientific Inc., Massachusetts, USA).
Ten percent of all samples were randomly se-
quenced to control the reproducibility and
quality of genotyping of PCR-RFLP, which
showed complete matching of results.

Statistical Analysis

Used software included InfoStat, Micro-
soft Excel 2019, SNPStats ' (https://www.
snpstats.net/), and the Hardy-Weinberg sta-
tistical package for R Studio 2°. Allelic and
genotypic frequencies were calculated by
direct counting and expressed in propor-
tions and percentages. The exact test ex-
amined genotypic and allelic frequencies
to determine whether the groups were in
Hardy-Weinberg equilibrium (HWE) 2!. The
Fisher’s exact test was then used to compare
allele frequencies between group A (severe
COVID-19 phenotype) and group B (mild
and moderate COVID-19 phenotype). The
association between the rs10774671 alleles
and the severe phenotype of COVID-19 was
estimated considering different inheritance
models (codominant, dominant, recessive,
overdominant, and additive) %2, expressed in
frequencies and percentages. For each analy-
sis, the odds ratios (OR), 95% confidence in-
tervals (95% CI), and corresponding p values
were calculated. An association was consid-
ered significant when the p-value was < 0.05
in all two-tailed statistical tests.

Ethical Considerations

Participants gave their written consent
to sample extraction, the use of clinical
histories, and the processing of biological
samples. Hospital statff members collected
the samples and data; they had no interac-
tion with the researchers who conducted the
molecular tests. The data were collected ac-
cording to the WHO “COVID-19 Case Reg-
istration Form”, and the information was
handled confidentially. This study had the
ethical, legal, and methodological endorse-
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ment of the Ethics Committee for the Ex-
pedited Review of COVID-19 Investigations
of the Ministry of Public Health of Ecuador
(MSP-CGDES-2020-0244-01).

RESULTS

Table 1 shows the allelic and genotypic
frequencies discriminated by groups (whole
group, groups A and B). Alleles and geno-
types were not found in HWE in the ana-
lyzed groups. Likewise, no allele or genotype
was significantly associated with the severe
phenotype of COVID-19 enough to be con-
sidered an associated factor (risk or protec-
tive) (OR (95% CI) = 1.17 (0.43-1.72), 1.04
(0.46-2.35), respectively). Although it was
not statistically significant, this estimation
revealed that the additive model had the
best fit (OR (95% CI) = 1.18 (0.53-2.61); p
= 0.69; Table 2).

DISCUSSION

In the current study, a higher frequency
of the A allele was found in the three groups
analyzed, with a value around 0.8 for the
rs10774671 variant of the OASI gene in a
mestizo population with a high Native South
American influence. The contrast between

these values and those observed in other re-
search conducted in various ethnic settings
is striking. In a sample of 301,842 individu-
als from all continents, a higher frequency
of the A allele of 0.6346 was reported '°. In
this same database, for Latin American in-
dividuals of Afro-Caribbean ancestry (n =
1,394) and subjects with primarily European
and Native American ancestry (n = 6,656),
the frequencies of the A allele were reported
at 0.5703 and 0.7763, respectively °. A fre-
quency similar to that of the present study
for the A allele (0.796) was reported by a
Mexican study with similar methodological
features®. The allele A determines the differ-
ential expression of isoforms depending on
the virus type. This allele has been the sub-
ject of study for other viral diseases, finding
significant associations as a risk factor for
initial infection with West Nile virus (WNV)2*
as well as hepatitis C virus (HCV) 3.
Conversely, the worldwide genotype fre-
quencies for AA and GG homozygotes and
heterozygotes were 41%, 18.1%, and 40.9%,
respectively 2°. These genotype frequencies
are very different from those found in the
present study and in the data from the Mexi-
can population, whose respective genotype
frequencies were 61.2%, 2%, and 36.7% .
Both studies analyzed populations (Mexican

Table 1
Allele and genotypic frequencies for the rs10774671 genetic variant
in the OAST gene in the groups analyzed.

. General sample Group A Group B OR
VaFke n=100 ) =57 p (C1 95%)
Alelle§

A 0.8 0.81 0.79 -

G 02 0.19 021 0.723 1.17 (0.43-1.72)

Genotype§§
A/A 62 (62) 27 (62.8) 35 (61.4) 1 .
A/G 36 (36) 16 (37.2) 20 (35.1) 0.347 1.04 (0.46-2.35)
G/G 2 (2) 0 (0) 2 (3.5) 0.312 0

Group A: individuals with a diagnosis of COVID-19 severe form. Group B: individuals with a diagnosis of COVID-19

asymptomatic or mild clinical severe form. Allelic frequencies are expressed in proportions.

cies are expressed in number of cases and percentages.
88 p-value of the Exact test (R Studio).

Genotypic frequen-

§ p-value of Fisher’s exact test (2x2 contingency table).
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Table 2
Genetic Models for the Estimation of the Association of the rs10774671 genetic variant
of the OAS1 gene and the severe phenotype of COVID-19.
Genetic ModelsT Group A (n=43) Group B (n=57) S OR (CI 95%)
Co A/A 27 (62.8) 35 (61.4)
G/G 0 (0) 2 (3.5) 0.34 NCi
A/G 16 (37.2) 20 (35.1)
Do A/A+A/ 43 (100) 55 (96.5)
G G/G 0 (0) 2 (3.5) 0.14 NG
Re A/A+G/ 27 (62.8) 37 (64.9)
GA/G 16 (37.2) 20 (35.1) 0.94 1.04 (0.44-2.42)
Overdo A/GH+G/ 16 (37.2) 22 (38.6)
G A/A 27 (62.5) 35 (61.4) 0.79 1.12 (0.48-2.60)
Ad 0.69 1.18 (0.53-2.61)

Group A refers to individuals with a diagnosis of COVID-19 severe form and Group B refers to subjects who presen-
ted the asymptomatic or mild clinical form of the discase, § p-value of Fisher’s exact test (2x2 contingency table).
t Genetic Models: codominant (Co), dominant (Do), recessive (Re), overdominant (Over-do) and additive (Ad). i

NC: Not calculated.

and Ecuadorian) composed of several ethnic
groups that underwent a complex process
of biological mixing but with a solid Native
South American component in their popu-
lation structure 7%, However, despite their
close geographic and evolutionary proxim-
ity, the genotype frequencies reported for a
Peruvian population (78.8%, 1.2%, and 20%,
respectively) were very different from those
of the present study. This difference could be
explained by the fact that the data collected
for the Peruvian population belongs to the
results published by the 1000 Genomes Proj-
ect (1 KGP) with a study design different
from the one used in our study °. Similarly,
the effect of the study’s sample size cannot
be ignored. Despite this, the results for the
Mexican and Peruvian populations and the
current study show a similar frequency of
homozygotes for the minor allele (GG). The
high Native South American component of
these mixed populations could explain this
observation.

No statistically significant differences
were found for allele and genotypic frequen-
cies between groups A and B. Genetic models
developed from the sex-adjusted frequencies
did not support a possible association with

the severe form of COVID-19 in Ecuador-
ian patients. Significant associations were
reported between the rs10774671 allele of
the OAST gene and the severe phenotype of
COVID-19 for European populations (OR =
1.33 (1.13-1.56), p= 6.45x107%) °. By con-
trast, for individuals with Sub-Saharan an-
cestry, no significant association was found
(OR = 1.23 (0.98-1.55), p = 0.079) for the
allele A. These findings suggest the possibil-
ity that ethnic differences in genotype and
allele frequencies may account for the in-
consistent results when examining the asso-
ciation between genotype and phenotype for
this locus and COVID-19.

The evolutionary history of South
American ethnic groups may help clarify the
epidemiological findings that suggest these
populations are more susceptible to develop-
ing the severe form of COVID-19. In this con-
text, the G allele of rs10774671 of the OAS1
gene has been associated with a protective
effect against the severe form of COVID-19
for this haplotype in patients of European
ancestry ’. The G allele probably has a Nean-
derthal origin, whereas the A allele (which
confers risk in the European population)
is predominantly of Denisovan ancestry’.
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It is proposed that Sapiens, Neanderthals,
and Denisovans cohabited 100,000 years
ago based on evolutionary history and gene
flow?’. Data from genetic analyses of human
fossils indicate that hybridization events oc-
curred between modern humans and Nean-
derthals between 37,000 and 86,000 years
ago’’. This hybridization led to the recom-
bination of adaptive alleles that provided
resistance against viruses. However, these
genomic segments of Neanderthal origin
were rapidly eliminated by selective environ-
mental pressure among modern humans®.
These haplotypes of Neanderthal ancestry
in the Homo sapiens genomes of European
and Asian populations dropped consider-
ably from 10% to 4% and 2%, respectively®.
Hence, the decline in the frequency of the
GG homozygotes with a protective effect for
the severe form of COVID-19 reported in
Latin American populations could be attrib-
utable to the selective environmental pres-
sure when modern humans migrated to the
Americas from Asia. However, the fixation of
alleles in populations with recent admixture,
such as the Ecuadorian population, may be
influenced by other factors, such as genetic
drift, including bottle-neck and founder ef-
fects. Our investigation’s design study and
statistical power were inadequate to assess
this hypothesis.

The present study has several limita-
tions. None of the analyzed groups presented
HWE for the alleles and genotypes evaluated.
Precautions were taken to avoid genotyping
errors, as different researchers tested molec-
ular analyses to confirm the results separate-
ly. In addition, we have randomly sequenced
10% of the samples to verify the results of
the PCR-RFLP analysis, which showed com-
plete matching of results. Sample size and
stratification might be two more potential
sources of this HWE deviation. We wanted to
take advantage of the outbreak produced by
the Omicron variant of SARS-CoV-2, which
increased the number of patients hospital-
ized in our intensive care unit, selecting
those who had received at least two doses of

the COVID-19 vaccine and contrasting them
with subjects who presented COVID-19 in
the asymptomatic and mild forms. This
would make it possible to find protective al-
leles. However, this selection method intro-
duces a selection bias that may distort the
genetic composition of the groups studied.
Such selection bias could explain the lack of
homozygous genotypes for the minor allele
(GG). The sample size was small, resulting
in even smaller sample sizes when broken
down into two groups for analysis. Thus, the
main limitations of our study were the small
sample size and the lack of a replication-in-
dependent cohort to verify our findings. The
statistical interpretation of the associations
is limited by the reduced sample size in our
study. We know our results may have a type II
error (false negative). Thus, although we did
not find a significant association between
the rs10774671 variant of the OAST and the
severe phenotype of COVID-19 in the Ecua-
dorian population, we cannot rule out such
an association. Therefore, we suggest these
associations be further investigated and rep-
licated in other Latin American cohorts with
a more significant number of individuals.

To the best of our knowledge, this study
is the first effort to identify an association
between the rs10774671 of the OAST gene
and COVID-19 in mestizo Latin American
groups, as previous studies that involved the
genotyping of this genetic variant did not
assess this relationship. Due to the existing
ethnic heterogeneity, new strategies will be
needed to assess the genectic components
implicated in emerging viral infections in
the Latin American population.
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Insulin-like growth factor-1 promotes the
proliferation and odontogenic differentiation
of human dental pulp cells in vitro

and in vivo.

Yan Wang, Nan Du, Cong-na Liu and Wen-jing Li

Department of Oral Medicine, The Second Hospital of Hebei Medical University,
Shijiazhuang, China.
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Abstract. Human dental pulp cells (hDPCs) have emerged as a potential
alternative for the regeneration of dental tissues. Insulin-like growth factor-1
(IGF-1) is involved in the proliferation and osteogenic differentiation of hDPCs
in vitro. However, the effect of IGF-1 on the proliferation and odontogenic dif-
ferentiation of hDPCs in vivo remains unknown. This study collected hDPCs
from healthy premolars and third molars by collagenase type I and dispase.
Immunocytochemical staining showed positive vimentin staining and negative
cytokeratin staining in hDPCs. Treatment with IGF-1 (50, 75, and 100 ng/mL)
significantly increased the proliferation ability of hDPCs in a concentration-de-
pendent manner. In vivo experiments, hDPCs were seeded into an acellular der-
mal matrix and transplanted subcutaneously into nude mice. After two and four
weeks of transplantation, the hematoxylin and eosin staining revealed more
cells and extracellular matrix in implants from the IGF-1 treatment group, and
Alizarin Red staining revealed more mineralized tissue compared to the control
group. Transmission electron microscopy (TEM) analysis of hDPCs showed an
abundance of mitochondria, rough endoplasmic reticulum, and Golgi complex-
es. In conclusion, IGF-1 promotes the proliferation of hDPCs in vitro and odon-
togenic differentiation of hDPCs in vivo, indicating that modifying IGF-1 signal-
ing may provide potential strategies for the regeneration of dental tissues.
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El factor de crecimiento similar a la insulina-1 promueve
la proliferacion y diferenciacion odontogénica de células
de pulpa dental humana in vitro e in vivo.

Invest Clin 2024; 65 (2): 179 — 191

Palabras clave: regeneracion del tejido dental; odontoblastos; diferenciacion

osteogénica.

Resumen. Las células de la pulpa dental humana (hDPCs) han emergido
como una alternativa prometedora para la regeneracion de tejidos dentales. El
factor de crecimiento insulinico tipo 1 (IGF-1) juega un rol crucial en la pro-
liferacion y diferenciacion osteogénica de las hDPCs en condiciones in vitro.
No obstante, el impacto del IGF-1 sobre la proliferacion y diferenciacion odon-
togénica de las hDPCs en un contexto in vivo atin no ha sido completamente
elucidado. En el presente estudio, se extrajeron hDPCs de premolares y terceros
molares sanos mediante el uso de colagenasa tipo Iy dispasa. La tincién inmu-
nocitoquimica de las hDPCs revel6 una reactividad positiva para vimentina y ne-
gativa para citoqueratina. El tratamiento con IGF-1 en concentraciones de 50,
75y 100 ng/mL incrementé de manera significativa y dependiente de la dosis la
capacidad proliferativa de las hDPCs. En experimentos in vivo, las hDPCs fueron
implantadas en una matriz dérmica acelular y posteriormente trasplantadas de
manera subcutdnea en ratones desnudos. Tras 2 y 4 semanas de trasplante, la
coloracién con hematoxilina y eosina evidencié un aumento en la cantidad de
células y matriz extracelular en los implantes tratados con IGF-1, mientras que
la coloracioén con Rojo de Alizarina indic6é una mayor formacion de tejido mine-
ralizado en comparacién con el grupo control. El analisis mediante microscopia
electronica de transmision (TEM) de las hDPCs mostr6é una abundante presen-
cia de mitocondrias, reticulo endoplasmico rugoso y complejos de Golgi. En
conclusion, nuestros hallazgos sugieren que el IGF-1 favorece la proliferacion
de las hDPCs in wvitro asi como su diferenciacion odontogénica in vivo, lo cual
sefiala que la modificacion de la senalizacion del IGF-1 podria ofrecer estrate-
gias potenciales para la regeneracion de tejidos dentales.

Received: 24-10-2023 Accepted: 02-03-2024

INTRODUCTION

Dental pulp, situated at the innermost
tissue within teeth, primarily comprises
loose connective tissue and plays an essen-
tial role in the repair and regeneration of
dental tissues. Traumatic incidents or the
impact of infectious agents and other patho-
genic stimuli can readily give rise to pulpi-
tis '. Human dental pulp cells (hDPCs) are

present within dental pulp tissue, constitut-
ing a mixture of fibroblasts, inflammatory,
immune cells, odontoblasts, and undifferen-
tiated mesenchymal cells ?°. Among these
components, the undifferentiated mesen-
chymal cells possess a multipotent cellular
phenotype with the potential to differenti-
ate into various cell lineages, such as osteo-
blasts, adipocytes, neural progenitors, and
chondrocytes *°. When dental pulp tissue is
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exposed to external stimuli, dental pulp cells
can differentiate into odontoblasts under
the regulation of various factors, which is
a significant factor in the regeneration and
repair capacity of dental tissue damage™®.
Therefore, exploring the mechanisms of hD-
PCs proliferation and odontoblastic differen-
tiation is essential.

Cell-based tissue engineering has be-
come an irreplaceable method for regen-
erating dental tissues °. Its fundamental
mechanism involves inducing stem cells
to differentiate into odontoblast-like or
osteoblast-like cells, ultimately achieving
the regeneration of the dental pulp-dentin
complex """, Furthermore, hDPCs exhibit
some advantages, characterized by no ethi-
cal controversy, low immunogenicity, and
easy obtainment from impacted or orth-
odontic extraction '>!3. Therefore, hDPCs
have emerged as a potential alternative for
future use in regeneration therapy. In addi-
tion to stem cells and biomimetic materials,
suitable growth factors are imperative in tis-
sue regeneration by promoting cell prolifera-
tion, differentiation, and locomotion '*1°,

Insulin-like growth factor-1 (IGF-1),
a member of the insulin-like peptide fam-
ily, exerts essential roles in the bone forma-
tion and periodontal regeneration of teeth
141617 T ocal controlled delivery of IGF-I from
dextran-co-gelatin  hydrogel microspheres
enhances new bone formation and alveolar
bone reconstruction in the periodontal de-
fects 7. Moreover, IGF-1 is also involved in
the odontoblastic differentiation of hDPCs or
human dental pulp stem cells (hDPSCs). In
vitro experiments showed 100 ng/mL IGF-1
promotes proliferation and increases the os-
teogenic differentiation-related expression
of DPSCs via mammalian target of rapamy-
cin (mTOR) signaling pathway ', as well as
the enhancement of proliferation and osteo/
odontogenic differentiation was found in the
human periodontal ligament stem cells via
activating MAPK pathways '°. Similarly, oth-
er in vitro research indicates that combined
use of 100 ng/ml VEGF and 100 ng/mL IGF-

1 also improve the proliferation, migration,
osteogenesis, and angiogenesis of hDPSCs
via activation of the phosphoinositide 3-ki-
nase (PI3K)/Akt signaling pathway 2°.

This study aimed to investigate the ef-
fect of IGF-1 on the proliferation and odon-
togenic differentiation of hDPCs in vitro and
in vivo. These findings may offer valuable in-
sights into the potential utility of hDPCs in
treating dental pulp discases.

MATERIALS AND METHODS

Isolation of human DPCs

Healthy premolars for orthodontic
needs or third molars were collected from
patients without dental caries or periodon-
tal tissue diseases at the dental clinic of The
Second Hospital of Hebei Medical University.
All study protocols were approved by the Eth-
ics Committee of The Second Hospital of He-
bei Medical University, and written informed
consent was obtained from all patients. The
hDPCs were obtained as described previous-
ly. To completely collect the dental pulp, the
tooth surface attachments were scraped off,
and the teeth were split in a sterile environ-
ment. After washing three times with phos-
phate buffer solution (PBS), dental pulp tis-
sues were cut into pieces of 1 mmX1 mm
in size, then digested in a solution of 3mg/
ml collagenase type I (Sigma-Aldrich) and
4mg/mL dispase (Sigma-Aldrich) at 37°C on
a shaker for one hour. Following filtration
and centrifuging, cell suspensions of dental
pulp were cultured in Dulbecco’s modified
Eagle’s medium (DMEM, Gibco, Grand Is-
land, NY, USA) supplemented with 20% fetal
bovine serum and 1% penicillin-streptomycin
(Gibco, Grand Island, NY, USA) at 37°C in a
5% CO, incubator. Observe whether dental
pulp cells crawl out of the tissue blocks and
cell morphology and growth. Once cells ad-
here to the culture surface, the medium was
refreshed every three days. When cell fusion
reached over 80%, the adherent cells were
digested with 0.25% trypsin (Sigma-Aldrich),
and passage culture was performed at a 1:3
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ratio. The hDPCs from the mixed population
at passages 3 to 6 were used for subsequent
experiments.

Immunohistochemical staining

Passage 4 hDPCs were digested with
0.25% trypsin and prepared as cell suspen-
sion, then seeded into 6-well cell culture
plates at a concentration of 1xX10* cells per
well. Immunohistochemical staining for vi-
mentin and cytokeratin was carried out on
the day following cell adherence. Briefly, cell
slides were fixed with 4% formaldehyde for
10 minutes, then treated with 0.5% Triton
X-100 (diluted in PBS) for 10 minutes at
room temperature. Following PBS washing,
cells were blocked with 10% FBS for 20 min-
utes and subsequently incubated overnight
at 4°C with primary antibodies anti-vimentin
and anti-cytokeratin (1:200, Abcam). After
washing three times with PBS, cells were in-
cubated with biotin-conjugated secondary
antibodies (1:1000, Abcam) at room tem-
perature for 20 minutes. DAB staining was
performed, and counterstaining with hema-
toxylin was carried out to visualize the cell
nuclei. After mounting coverslips with neu-
tral balsam, photography was conducted un-
der an optical microscope (Olympus, Tokyo,
Japan).

Flow cytometry analysis

The purity of isolated hDPCs was as-
sessed using flow cytometry analysis with
specific antibodies for CD44 and CD45 2!,
The cells were trypsinized and fixed in 4%
paraformaldehyde in PBS. Subsequently,
hDPCs were permeabilized with 0.1% Triton
X-100 (Sigma-Aldrich) in PBS and then in-
cubated with conjugated antibodies against
CD44 (1:100, Biotech, Minneapolis, USA)
and anti-CD45 (1:100, Biotech, Minneapo-
lis, USA). After washing three times with
PBS, tflow cytometric analysis was conducted
using a FACS (Becton, Dickinson, San Jose,
CA) with Quest CELL software (Becton,
Dickinson).

Cell proliferation assay

The proliferation ability of hDPCs was
assessed using the MTT (3-(4, 5-dimethylthi-
azol-2-yl)-2, 5-diphenyl nyltetrazolium bro-
mide, Sigma) assays. Passage 4 hDPCs were
prepared as a cell suspension with 0.25%
trypsin and seeded into 96-well cell culture
plates at a concentration of 2xX10° cells per
well. After 24 hours of cultivation, cells were
randomly divided into four groups. In the ex-
perimental groups, DMEM culture medium
containing different concentrations of IGF-
1 (50 ng/mL, 75 ng/mL, 100 ng/mL, Pep-
rotech, USA) was added, while in the con-
trol group, DMEM without IGF-1 was added.
Each group had five replicates. The cells
were then cultured at 37°C for 1, 3, 5, and 7
days, respectively. Subsequently, 20ul of MTT
(2 mg/mL in PBS) was added to each well.
After 4 hours of incubation, the supernatant
was removed, and 150ul. DMSO were added.
The absorbance values at A450 for each well
were determined using a microplate reader
(Bio-Rad).

Odontoblastic differentiation in vivo

The acellular dermal matrix (ADM, Bei-
jing Qingyuan Weiye Company, China) un-
derwent aseptic cutting into pieces measur-
ing SmmX5mmX1mm. These pieces were
subjected to three washings with PBS and a
2-hour soak in 10% FBS within a sterile en-
vironment. The 2x10° hDPCs were prepared
as a cell suspension. After removing the FBS,
cells were gently seeded onto the scaffold
using a pipette, ensuring even distribution
within the scaffold interstices through gen-
tle shaking. The composite was co-cultured
at 37°C for 24 hours. The culture medium
was replaced with 100 ng/mL IGF-1 culture
medium supplemented with mineralization
induction solution, consisting of 10% FBS,
DMEM, 10 mmol/L B-glycerophosphate, 100
mg/mL vitamin C, and 10 nmol/L dexa-
methasone. The culture medium in the con-
trol group was replaced with a mineraliza-
tion induction solution without IGF-1. The
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induction culture was maintained for three
days. For the in vivo phase, eight 4-week-old
immunodeficient mice were selected. Un-
der sterile conditions, incisions were made
in the skin along their dorsal midlines. The
hDPCs-scatfold complexes were transplanted
subcutaneously into the left dorsal region,
while control scaffolds were transplanted as
controls into the right dorsal region. The
odontoblastic differentiation in the hDPCs-
scaffold complexes within the mice was ob-
served at two and four weeks post-transplan-
tation.

Histological staining

Hematoxylin and Eosin (HE) staining
was used for the histological observation,
and Alizarin red staining was performed to
identify calcium-containing osteocytes or
odontoblasts. The mice were euthanized at
two and four weeks post-transplantation.
The scaffold and surrounding tissues were
immediately harvested and fixed in 4% para-
formaldehyde. Subsequently, 4-um-thick
sections were prepared using a freezing
microtome. The sections were stained with
hematoxylin for 3 minutes for HE staining,
followed by differentiation and a 20-second
rinse in alkaline water. Next, sections were
stained with eosin for 20 seconds. For the
alizarin red staining, sections were fixed in
95% anhydrous ethanol for 10 minutes. Af-
ter rinsing in double-distilled water thrice,
sections were stained in 0.1% alizarin red-
Tris-HCI at 37°C for 30 minutes. All sections
were observed and counted under a light mi-
croscope (Olympus, Tokyo, Japan).

Transmission electron microscopy (TEM)
TEM was used to assess the morpholo-
gies of hDPCs-scaffold complexes. After
two and four weeks post-transplantation,
the scaffold was immediately harvested and
washed three times with PBS, then fixed in
4% (v/v) glutaraldehyde for 2 hours at room
temperature. The complexes were dehy-
drated with varying ethanol concentrations
and embedded with epoxy resin. Subse-

quently, 4-um-thick sections were prepared
and stained with the toluidine blue staining.
Ultimately, all the samples were air-dried
overnight and viewed with a Hitachi Model
H-7500 TEM (Hitachi, Japan).

Statistical analysis

Data were shown as mean = SD, and
statistical analysis was performed using
SPSS 17.0 software (IBM SPSS, Armonk, NY,
USA). Group comparisons were performed
using one-way ANOVA followed by a least sig-
nificant difference (LSD) post-hoc compari-
sons. P<0.05 was considered to indicate a
statistically significant difference.

RESULTS

Identification of human dental pulp cells
(hDPCs)

The inverted microscopy showed that
hDPCs displayed clustered growth after sev-
en days of adherent culture, primarily with a
spindle-shaped morphology, while a smaller
fraction of polygonal shapes (Fig. 1A). After
passaging, the hDPCs adopted a vortex-like
growth pattern, characterized by a more
uniform, short spindle-shaped morphology
with extending cytoplasmic processes (Fig.
1B). Immunocytochemical analysis was per-
formed using passage 4 hDPCs, and showed
positive staining for vimentin (Fig. 1C) and
negative staining for cytokeratin (Fig. 1D),
indicating their mesenchymal origin. Addi-
tionally, the flow cytometry analysis showed
that the purity of hDPCs reached more than
95% (Fig. 1E). These morphological features
were aligned with the typical biological char-
acteristics of hDPCs.

IGF-1 promoted proliferation of hDPCs
in vitro

MMT assay was performed to assess
the effect of different IGF-1 concentrations
(50, 75, and 100ng/mL) on the prolifera-
tion ability of hDPCs. As shown in Fig. 2,
there was no significant difference among
groups (p>0.05), and 100ng/mL IGF-1 sig-
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nificantly increased the proliferation of hD-
PCs three days after treatment compared
to the control group (p<0.01). At day five
and day seven, treatment with IGF-1 signifi-
cantly increased the proliferation of hDPCs
compared with the control group (p<0.05

and p<0.01), 100 ng/mL IGF-1 displayed
a more substantial enhancement compared
to 50 ng/mL and 75 ng/mL (p<0.05 and p
<0.01). These results indicated that IGF-1
promoted the proliferation of hDPCs in a
concentration-dependent manner.
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Fig. 1. Identification of hDPCs. A: Morphology after seven days of primary culture. B: Morphology of hDPCs
in passage 3. C: Immunocytochemical staining for vimentin. D: Immunocytochemical staining for
cytokeratin. E: Flow cytometric analysis for CD44 and CD45.
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m 75 ng/ml IGF-1
m 100 ng/ml IGF-1

Fig. 2. IGF-1 promoted the proliferation of hDPCs in vitro. MMT assay showed treatment with 100 ng/mL
IGF-1 significantly increased the proliferation of hDPCs from day 3, as well as 50 ng/mL and 75 ng/
mL IGF-1 in day 5 and day 7 cultures. *p<0.01 and **p<0.01 vs control (DMEM without IGF-1).
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IGF-1 promoted odontogenic
differentiation of hDPCs in vive

In order to investigate the effect of
IGF-1 on osteogenic differentiation in vivo,
hDPCs were seeded into an ADM scaffold
for the induction of odontogenic differen-
tiation, and the hDPCs-scaffold complexes
were transplanted subcutaneously into im-
munodeficient mice for two or four weeks.
HE staining conducted at 2 and 4 weeks
post-transplantation revealed more cells and
extracellular matrix in implants from IGF-1
treatment group compared to the control
group (Fig. 3). Alizarin red staining dem-
onstrated that mineralized nodules in the
IGF-1 group exhibited time-dependent en-
hancement, including the differentiation of
odontoblast-like cells (Fig. 4). TEM analysis
of hDPCs at 2 and 4 weeks post-transplanta-
tion showed an abundance of mitochondria,
rough endoplasmic reticulum and Golgi
complexes (Fig. 5). These findings indicated
that IGF-1 progressively promoted the odon-
togenic differentiation of hDPCs in vivo.

Control

DISCUSSION

Cell-based tissue engineering has be-
come an irreplaceable method for regen-
erating dental tissues ?; and the potential
value of hDPCs has been widely accepted in
bone tissue engineering due to their high
self-renewal capacity and stemness 2223, The
process of dentinal regeneration involves
the proliferation and differentiation of hD-
PCs into odontoblasts, dental pulp healing,
and reparative dentin formation 2*. Increas-
ing studies have implicated IGF-1 in the
maintenance of proliferation and differen-
tiation of various stem cells, such as embry-
onic stem cells, bone marrow mesenchymal
stem cells (BMSC), periodontal ligament
stem cells, and hDPSCs *°. However, the ef-
tect of IGF-1 on the proliferation and differ-
entiation of hDPCs in vitro and in vivo war-
rants further investigation. In this study, we
found that exogenous IGF-1 promoted the
proliferation of hDPCs in a concentration-
dependent manner.

IGF-1
N DT
w "3' P

Fig. 3. HE staining revealed more cells and extracellular matrix in implants from the IGF-1 group compared
to the control group (without IGF-1) at 2 and 4 weeks post-transplantation.
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2 weeks ™

4 weeks

Fig. 4. IGF-1 promoted odontogenic differentiation of hDPCs in vivo. Alizarin red staining was performed to
identify calcium-containing odontoblast, showing more mineralized tissues (arrows) in IGF-1 group
compared to the control group (without IGF-1) at 2 and 4 weeks post-transplantation.

Fig 5. TEM analysis. A-B: The subcellular structure of hDPCs in scaffold 2 weeks (A) and 4 weeks (B) post-
transplantation in IGF-1 group (magnification X 6K). C-D: The subcellular structure of hDPCs in
scaffold 2 weeks (C) and 4 weeks (D) post-transplantation in IGF-1 group (magnification X 15K).
Mitochondria and rough endoplasmic reticulum were highlighted using arrows.
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Additionally, IGF-1 progressively pro-
moted odontogenic differentiation of hD-
PCs in vivo by subcutaneous transplanta-
tion into nude mice.

As a unique type of dental stem cell,
hDPCs are derived from the pulp in deep
carious teeth and display stronger prolifera-
tion and osteogenic differentiation capabil-
ity due to distinctive environmental stimulus
2627 This distinctive trait provides valuable
insights into the cellular mechanisms under-
lying tooth development and regenerative
repair, offering the potential for dental pulp
regeneration. The proliferation ability of col-
ony-forming cultures of hDPCs and BMSCs
was assessed by bromodeoxyuridine, show-
ing that the number of proliferating cells in
hDPC cultures was significantly higher than
that in BMSC cultures. This result proves
the more substantial proliferation capability
of hDPCs compared to BMSCs *%. Moreover,
under specific induction conditions, hDPCs
can be induced to differentiate into various
cell types, including odontoblast-like and
osteoblast-like cells. Almushayt et al. *° ex-
perimentally verified the capacity of hDPCs
to differentiate into odontoblast-like cells in
vitro. This study also found the odontoblast
differentiation potential of hDPCs in vivo
by subcutaneous transplantation into nude
mice. Zhang et al. *° isolated dental pulp
cells from healthy third molars through en-
zymatic digestion, confirming their identity
as hDPSCs. Subsequent induction assays re-
vealed their multilineage differentiation po-
tential, including differentiation potential
toward adipogenic, osteogenic, fibrogenic,
chondrogenic, and neurogenic lineages.
Yang et al.?' demonstrated the capacity of
dental pulp stem cells to differentiate into
chondrocytes and myocytes under specific
induction conditions.

Growth factors are critical in tooth tis-
sue regeneration, as they have essential roles
in regulating cell functions, such as platelet-
derived growth factor, fibroblast growth fac-
tor, and epidermal growth factor 3>%. IGF-1,
one of the ubiquitous peptide hormones, has

been identified to facilitate various cellular
processes, including cell proliferation, differ-
entiation, migration, apoptosis, and survival
35, Previous studies have reported that IGF-
1 can affect hDPCs proliferation, promote
osteogenesis, and help reconstruct tooth-
supporting tissues **3¢. A report by Onishi
et al.’" reveals multiple biological effects of
IGF-1 on hDPCs. IGF-1 can stimulate hDPCs
proliferation, increase mucin and extracel-
lular matrix protein synthesis, enhance DNA
synthesis, and increase alkaline phosphatase
(ALPase) activity when hDPCs were cultured
in a serum-free medium supplemented with
IGF-1. Increasing investigations have illus-
trated the capacity of IGF-1 to induce the
differentiation of ameloblasts and odonto-
blasts, facilitating dentin regeneration and
the development of structures resembling
enamel-dentin complexes **3°, IGF-1 also in-
fluences the proliferation and differentiation
of other odontogenic cell types, specifically
periodontal ligament stem cells and stem
cells from apical papilla 8. In this study, we
also found that exogenous IGF-1 promoted
the proliferation of hDPCs in vivo in a con-
centration-dependent manner and progres-
sively promoted odontogenic differentiation
of hDPCs in vivo.

IGF-1 receptor (IGF-1R) is a cell-surface
receptor tyrosine kinase with its specific li-
gands IGF-1 %. It activates downstream sig-
naling pathways, namely the phosphoinosit-
ide 3-kinase (PI3K)/AKT and the RAS/
mitogen-activated protein kinase (MAPK)
pathways. These pathways are widely in-
volved in stem cell growth, proliferation, and
differentiation ***1. Previous studies have re-
ported that the activation of IGF-1R signal-
ing contributes to maintaining the self-re-
newal and differentiation of hDPCs %°. It has
been demonstrated that treatment with IGF-
1 can up-regulate the expression of phospho-
ERK and phospho-p38 of hDPCs, suggesting
MAPK signaling pathway during differentia-
tion of hDPSCs and human periodontal liga-
ment stem cells . The interactions between
IGF-1R and the p38 MAPK signaling pathway
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control the quiescence and activation of
hDPSCs. In addition, the downstream effec-
tors between the MAPK signaling pathway
and the PI3K/Akt signaling pathway partly
overlap, resulting in the interaction effect of
two signaling pathways. Some studies show
that IGF-1 can promote the differentiation
of adipose-derived stem cells and endothe-
lial cells by the PI3K/AKT signaling pathway
42 Meanwhile, the IGF-1-induced activation
of the AKT signaling pathway also involved
the proliferation, migration, osteogenesis,
and angiogenesis of hDPSCs2!. However, the
underlying molecular mechanism of prolif-
eration and odontogenic differentiation for
hDPCs needs further research.

In conclusion, we found that exogenous
IGF-1 promoted the proliferation of hDPCs in
a concentration-dependent manner in vitro
and progressively promoted odontogenic dif-
ferentiation of hDPCs in vivo. This suggests
that modifying IGF-1 signaling may offer po-
tential strategies for hDPCs-based tissue en-
gineering to regenerate dental tissues.
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injury risk during cutting maneuvers in
non-professional athletes: a kinetic and
kinematic perspective.
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Abstract. This study aimed to compare the risk of knee injury between
men and women by integrating kinetic and kinematic parameters in a non-
professional athlete population. Two hundred non-professional athletes were re-
cruited for the present study. Three change of direction tests were conducted,
consisting of two open cuts at 30 (SC, ) and 45 degrees (SC,,) and one closed
cut at 45 degrees (SC,, ). Kinetic variables, including three-dimensional force
and accelerations in the three axes of movement and ground contact time, were
assessed using force platform and accelerometers. The initial and maximum an-
gles of the ankle, knee, hip, and trunk were analyzed by photogrammetry. The
data was compared between males and females to examine gender differenc-
es. Gender analysis demonstrated significant differences in force values, with
women displaying higher medial-lateral (ML) force in SC,, and men exhibiting
higher vertical ground reaction force (VGRF) and anterior-posterior (AP) force
in SC,,. Gender-specific analysis indicated higher partial knee accelerations in
women during SC,; and SC,, with significant differences observed in accelera-
tion in the vertical axe. Gender differences were observed in certain kinematic
variables, with women displaying higher ankle flexion at initial contact in SC,,
and higher ankle flexion at maximum flexion and ankle dorsiflexion range in
SC,;. Men showed lower knee flexion angles in both SC,, , and SC,.. These find-
ings provide valuable insights into the kinetics and kinematics of change of
direction movements and highlight gender-specific differences that may have
implications for training and injury prevention strategies. Further research is
needed to understand the underlying factors contributing to these differences
and their impact on performance and injury risk.
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Analisis comparativo, basado en el género, del riesgo
de lesion de rodilla durante cambios de direccion en atletas
no profesionales: una perspectiva cinética y cinematica.

Invest Clin 2024; 65 (2): 192 - 205

Palabras clave: ligamento cruzado anterior; angulo Q; aceler6metro; plataforma de

fuerza.

Resumen. El objetivo de este estudio fue comparar el riesgo de lesion de
rodilla entre hombres y mujeres mediante la integracion de parametros cinéticos
y cinematicos en una poblacion de atletas no profesionales. Doscientos atletas no
profesionales fueron reclutados para el presente estudio. Se realizaron tres prue-
bas de cambio de direccion, consistentes en dos cortes abiertos a 30 (SC, ) y 45
grados (SC,;), y un corte cerrado a 45 grados (SC,, ). Se evaluaron las variables
cinéticas, incluida la fuerza tridimensional, asi como las aceleraciones en los tres
ejes de movimiento y el tiempo de contacto con el suelo mediante platatforma de
fuerza y acelerometria. Se analizaron los angulos iniciales y maximos del tobillo,
la rodilla, la cadera y el tronco a través de fotogrametria. Se realizé6 una compa-
racion de los datos entre hombres y mujeres para examinar las diferencias de
género. El analisis de género demostro diferencias significativas en los valores de
fuerza, mostrando las mujeres una mayor fuerza medial-lateral (ML) en SC,, v
los hombres una mayor fuerza de reaccion vertical al suelo (VGRF) y fuerza an-
teroposterior (AP) en SC .. Los andlisis especificos de género indicaron mayores
aceleraciones parciales de rodilla en las mujeres durante SC, | y SC,, observando-
se diferencias significativas en la aceleracion en el eje vertical. Se observaron dife-
rencias de género en determinadas variables cinematicas, mostrando las mujeres
mayor flexién del tobillo en el contacto inicial en SC, | y mayor flexién del tobillo
en flexién maxima y rango de dorsiflexion del tobillo en SC,. Los hombres mos-
traron dngulos de flexion de rodilla mds bajos tanto en SC, | como en SC,. Estos
resultados proporcionan informacion valiosa sobre la cinética y la cinematica de
los movimientos de cambio de direccion y ponen de relieve las diferencias especi-
ficas de género que pueden tener implicaciones para las estrategias de entrena-
miento y prevencion de lesiones. Se necesita mas investigacion para comprender
mejor los factores subyacentes que contribuyen a estas diferencias y su impacto
en el rendimiento y el riesgo de lesiones.

Received: 12-10-2023 Accepted: 08-02-2024

INTRODUCTION

Gender is a significant factor to consid-
er in the incidence and prevention of knee
injuries during changes of direction . One
of the structures with a higher incidence
of injury is the anterior cruciate ligament

(ACL), and research has demonstrated that
women have an increased risk compared to
men in sports involving frequent changes of
direction and deceleration °.

From a Kkinetic standpoint, the mecha-
nism of injury during knee changes of direc-
tions involves a combination of torsional and

Vol. 65(2): 192 - 205, 2024



194

Feria-Maduefio et al.

axial loading forces applied to the ACL °. The
knee is vulnerable during direction changes
due to the combination of rotational and axi-
al loading movements on the ligament *. The
assessment of the ACL using force platforms
is well-established >7. However, there is lim-
ited evidence on its analysis using other pa-
rameters such as accelerometry in each axis
and ground contact time during changes of
directions.

In women, hip anatomy and knee bio-
mechanics during changes of directions may
contribute to a higher incidence of ACL in-
juries 8. Women have wider hips and a larger
Q angle, which can increase internal knee
rotation during direction changes and thus
increase the risk of ACL injuries *. Conse-
quently, women exhibit a smaller flexion an-
gle and greater dynamic valgus during knee
changes, associated with lower knee stability
and an increased risk of injury °.

These kinetic and kinematic factors re-
lated to the risk of knee injuries include not
only the direction and magnitude of forces
applied to the knee during changes of direc-
tion ?, but also depend on the knee angle
maintained and ground contact time dur-
ing changes of direction '°. However, there
is limited research integrating both factors.
Despite knowledge of the risk factors most
associated with an increased risk of knee in-
juries, there is a lack of evidence in evaluat-
ing these risk factors in a non-professional

athlete population, necessitating studies
that assess kinetic and kinematic parame-
ters, integrating them into a comprehensive
analysis with innovative parameters such as
acceleration or contact time.

Therefore, this study aimed to compare
the risk of knee injury between men and
women by integrating kinetic and kinemat-
ic parameters in a non-professional athlete
population.

MATERIALS AND METHODS

Subjects

Two hundred non-professional athletes
were recruited for the present study. After
the initial meeting, the inclusion criteria
were explained. These criteria consisted of
engaging in physical activity for at least 30
minutes per day, three days per week, and
having no history of knee or ankle injury in
the past 12 months. Following this meeting,
38 athletes withdrew from the study, result-
ing in one hundred sixty-two participants
(75% males, 25% females). All participants
completed surveys to assess their weekly
and daily levels of physical activity, as well
as their height and body mass (Table 1).
The potential risks of the tests were verbally
communicated to the participants, and they
provided signed informed consent. The Eth-
ics Committee of the University of Seville ap-
proved the study.

Table 1
Characteristics of the participants.
Variables Mean Men (n=122) Women (n=40) p
Age (vears) 24+ 3 25+ 2 22 1 0.110
Body mass (Kg) 72.84 £ 12.76 76.92 = 8.12 65.36 = 4.52 0.103
Height (m) 1.74 = 0.07 1.80 = 0.09 1.63 = 0.06 0.071
BMI (kg/m?) 23.78 = 2.86 24.75 £ 1.12 21.34 £ 2.12 0.096
PA (hours/week) 8.38 = 4.01 8.79 = 3.96 7.91 =234 0.101
PA, (hours/day) 1.97 = 1.66 2.03 = .098 1.86 = 1.10 0.510

*p < 0.05 Men vs Women. Statistical analysis was done using a repeated-measures two-way ANOVA. Results expres-
sed as mean=standard error of the mean. BMI: body mass index. PA: physical activity.
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Procedures

The participants completed a Maxi-
mum Voluntary Contraction (MVC) test us-
ing the Biodex Multi-joint System (Shirley,
New York). The exercise was knee flexion at
45° to assess the strength of the posterior
thigh musculature and knee extension at
45° to assess the anterior thigh muscula-
ture. Following this, they underwent a direc-
tional change test with the dominant foot,
which included two open cuts at 45° (SC,,)
and 30° (SC, ), as well as a closed cut (SC-
.s) on a force platform (Kistler 9260 AAG6,
Winterthur, Switzerland). Prior to the test,
all participants underwent a standardized
warm-up, which involved a 5-minute cycling
session on a cycloergometer (Ergoline 900,
Ergometrics, Bitz, Germany) at an intensity
of 60 W (60 rpm). Additionally, they famil-
iarized themselves with sports-specific side-
cutting maneuvers through five to eight
practice attempts. The velocity of the move-
ments was regulated using a metronome set
at 4-5.5 m/s, and the designated direction
for the movements was indicated on the
floor using tape.

Kinetics

A force plate (Kistler 9260 AA6, Win-
terthur, Switzerland) assessed the Ground
Reaction Forces (GRF) in the vertical,
mediolateral, and anteroposterior axes.
Additionally, triaxial accelerometers (xyz-
PLUX, PLUX-Wireless Biosignals, S.A.,
Lisbon, Portugal) were employed to mea-
sure accelerations at the knee and ankle
joints. The knee accelerometer was posi-
tioned on the lateral condyle. In contrast,
the ankle accelerometer was placed on the
malleolus (Fig. 1). Antero-posterior (AP),
Medial-Lateral (ML), and Longitudinal (Z)
axes were calculated, and all signals were
recorded at a sampling rate of 1000 Hz.
Contact Time was determined during side-
cutting by measuring the duration from
the initial ground contact until the foot
entered the flight phase.

A T
accelerometer |
— X

Y, A
.

Fig. 1. Location of accelerometers.

Kinematics

An analysis of knee, ankle, hip, and
trunk angles was conducted. Reflective
markers were positioned on the lateral mal-
leolus, lateral condyle, greater trochanter,
and acromion to capture the movements
precisely. The angles were calculated at two
specific time points: first, during the initial
contact between the foot and the ground,
and second, when the Vertical Ground Reac-
tion Force (VGRF) was recorded. Three video
cameras (240 Fps) were positioned perpen-
dicularly, one for each type of change of di-
rection, at a distance of two meters from the
central point of the force platform. Subse-
quently, the Kinovea software was employed
for digitization and angle extraction by 2D
analysis.

Statistical analysis

Statistical analysis was performed using
the SPSS 22.0 software package (SPSS Inc.,
Chicago, 1L, USA). The Kolmogorov-Smirnov
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test assessed the data distribution, and para-
metric variables were identified. Baseline data
were compared using an independent-sample
t-test. Potential statistical differences were
evaluated using a repeated-measures two-way
ANOVA (time x group). Mean values are re-
ported with standard deviation (SD), and sta-
tistical significance was set at p < 0.05.

The effect size (Cohen’s d) was calcu-
lated by dividing the difference between the
means of the groups by the combined stan-
dard deviation of both groups, considering
the sample size. Effect sizes of 0.2 were con-
sidered small, 0.5 moderate, and 0.8 large.

RESULTS

Kinetic

During the SC,, subjects exhibited a
higher value of VGRF of 2135.49 = 633.14
N, which corresponds to approximately three
times their body weight, while ML Force
(625.44 = 170.99 N) and AP Force (945.62
+ 421.53 N) were lower. For the SC,,, VGRF
was lower compared to SC,, with a value
of 2015.83 (= 687.27 N), while ML Force
was 566.87 (%= 189.22 N) and AP Force was
765.75 (£ 417.06 N). In SC,. ., VGRF was

45cl’

1790.60 (= 517.55 N), and ML Force ex-
hibited the smallest force value among all
measured changes of directions (515.41 =
181.53 N), as well as in AP Force (670.37
+ 368.42 N). For more specific results, the
force was normalized to each subject’s body
weight for each directional change, as shown
in Table 2.

Regarding the SC,, the results showed
the highest applied force in all axes, includ-
ing VGRF, AP Force, and ML Force. The gen-
der analysis in Table 2 revealed that during
the SC,  directional change, women exhibit-
ed significantly higher force values than men
in ML Force (p = 0.045). On the other hand,
in the SC,_, men demonstrated higher val-
ues than women in both VGRF (p = 0.025)
and AP Force (p = 0.020). Finally, in SC ,
significant differences were only observed in
the force exerted in AP Force, where women
displayed a higher force value than males (p
= 0.020).

The analysis of partial knee and ankle
accelerations during changes of directions is
presented in Table 3. The SC,  exhibited the
lowest ACC, ., AP (1.72 * 1.48 g). Similarly,
ACC Z had the lowest values compared

ANKLE
to the other changes of directions (4.11 =

Table 2
Descriptive analysis of force during direction change.
Variables Mean Men Women p d-Cohen
5G;, VGRF (N/Kg) 29.49+7.75 29.54+7.42  2933+881  0.465 0.02
ForceAP (N/Kg) 12.99+£5.32  13.54*5.45 11.26+4.53 0.159 0.43
ForceML (N/Kg) 8.64+2.08 8.60+1.83 8.75+x2.76  0.045* -0.07
SCq VGRF (N/Kg) 27.70+x7.81  28.20%8.32 26.14+5.76  0.025*% 0.26
ForceAP (N/Kg) 10.54+5.39  11.14%+5.68 8.68+3.90  0.020* 0.46
ForceML (N/Kg) 7.78+2.09 7.96+2.15 7.23+1.77 0.568 0.35
5Csa VGRF (N/Kg) 25.13+7.59  24.02+6.92 28.60+8.61 0.159 -0.62
ForceAP (N/Kg) 9.35+5.09 9.02+4.54 10.39+6.48  0.020* -0.26
ForceML (N/Kg) 7.17%+2.40 7.13+2.40 7.32+2.45 0.612 -0.07

*p < 0.05 Men vs Women. Statistical analysis was done using a repeated-measures two-way ANOVA. Results expres-
sed as mean=standard error of the mean. d-Cohen = the effect size. VGRF (N) = Ground reaction force. ForceML
(N) = Force in medio-lateral axe. ForceAP (N)= Force in antero-posterior axe.
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Table 3

Descriptive analysis of the acceleration in the three axes during direction changes.

SCSO SC45 SC45ml
ACC s i 2.46x1.50 2.39+1.58 2.49x1.49
ACCyp 1.72+1.48 2.03+1.55 2.08+1.55
ACCp,, , 1.63+1.37 1.53+1.30 1.69+1.40
ACC g5 4.19+0.78 4.23+0.75 4.14=0.88
ACC i ap 4.04=0.98 4.05+0.92 3.98+0.99
ACC, s 4 4.11+0.81 4.13+0.68 4.20=0.79

Results expressed as mean=+standard error of the mean. ACC
ACC AP (g) = Acceleration in antero-posterior axe in knee. ACC

ANKLE'

ACG, ML (g) = Acceleration in medio-lateral axe in ankle. ACC

ML (g) = Acceleration in medio-lateral axe in knee.
s (8) = Acceleration in vertical axe in knee.

AP (8) = Acceleration in antero-posterior axe

KNEE

in ankle. ACC, .7 (&) = Acceleration in vertical axe in ankle.
ANKLE'

0.81). For the SC,, both ACC ML (2.39
+ 1.58 g) and ACCKN“Z (1. 53 + 1.30 g)
showed the lowest values. However, both AC-
C ML and ACC AP were higher than
in the other changes of directions (4.23 =
0.75 g and 4.05 = 0.92 g, respectively). Dur-
ing the SC,, |, the highest ACCKMLML (2.49
+ 1.49 g), ACC,,,Z (1.69 = 1.40 g), and
ACC, ;2 (4.20 = 0.79 g) were found. Con-
versely, ACC, ML and ACC AP were
lower during this directional change (4.14
+ 0.88 g and 3.98 £ 0.99 g, respectively).

On the other hand, gender-specific
acceleration was also evaluated (Table 4).
During the SC,, although no significant
differences were observed, partial knee ac-
celerations were higher in women than men.
In the ankle, only ACC ,Z showed higher
values in women than men (4.20 = 0.76 g).
In the case of SC , there was a trend towards
higher acceleration in women compared to
men, both in the knee and ankle. Regard-
ing ACC,,.Z, the difference between women
and men was significant (p=0.002), with
women displaying an acceleration of 1.82 *
1.54 ¢ compared to 1.44 = 1.21 g exhibited
by men.

During the SC,, , no significant gen-
der differences were found, except for ACC
ML where men exhibited higher values
(2.49 £ 1.48 g). In the remaining partial
knee accelerations, women showed higher

values for this parameter, although they
were not statistically significant. Regarding
the ankle, only a trend towards higher values
in men than women was observed for ACC
wpZ (4.22 £ 0.81 g), although statistical mg,
nificance was not reached.

Kinematics

Kinematic factors were also studied
during changes of direction. Knee flexion
angles at initial contact (KneeFlexInit) and
maximum knee flexion angle (KneeFlexMax)
were analyzed. The range of ankle dorsiflex-
ion (AnkleDorsiRange), initial hip flexion
angle (HipFlexInit), maximum hip flexion
angle (HipFlexMax), initial trunk flexion
angle (TrunkFlexInit), and maximum trunk
flexion angle (TrunkFlexMax) were also ana-
lyzed.

Regarding the changes of directions
(Table 5), the highest value of KneeFlexInit
was observed in SC,, (144.6° = 7.6°), while
the lowest value of KneeFlexMax was found
during SC _ (125.2° = 8.9°). For the hip, the
maximum value of HipFlexMax was 60.6°
during SC, , while the trunk flexed 92.9°. Fi-
nally, a range of ankle dorsiflexion of 39.4°
was found between the initial contact of the
directional change and the maximum plan-
tar flexion during the change.

In SC,., KneeFlexMax was 125.2° (ex-

45’
tension), similar to the value of 123.3° in
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Table 4
Differences between men and women in acceleration during direction changes.

Variables Men Women P d-Cohen

SC,, ACCyy v, 2.33+1.47 2.86%1.56 0.558 10.35

ACC,,, 1.66+1.50 1.91=1.44 0.573 0.16

ACC,,, , 1.57%1.30 1.84%1.55 0.080 10.19

ACC, oy o1 4.20%0.73 4.1420.94 0.215 0.07

ACC s o 4.04+0.96 4.02+1.06 0.433 0.02

ACC, s, 4.08=0.83 4.20£0.76 0.413 0.14

SC,. ACC o, 2.25+1.54 2.81+1.66 0.516 0.35

ACC,, o 1.92+1.57 2.35+1.49 0.563 0.27

ACC,,, , 1.44+1.21 1.82+1.54 0.002* 0.29

ACC, iy o1 4.20+0.71 4.32£0.86 0.890 0.16

ACC 0, o 4.04+0.92 4.09+0.95 0.483 0.05

ACC,, , 4.09%0.70 4.27%0.60 0.344 0.26

SC,... ACC,y v 2.49+1.48 2.48+1.55 0.866 0.01

ACC, o 1.96%1.53 2.46%1.58 0.795 0.32

ACC,, 1.64%1.37 1.85+1.51 0.200 0.14

ACC s 4.11+0.87 4.22+0.90 0.937 0.12

ACC, oy 3.97+1.01 4.01+0.96 0.965 10.04

ACC,., , 4.22+0.81 415+0.71 0.900 0.08

*p < 0.05 Men vs Women. Statistical analysis was done using a repeated-measures two-way ANOVA. Results expres-
sed as mean+standard error of the mean. d-Cohen = the effect size. ACC, ML (g) = Acceleration in medio-lateral
axe in knee. ACC /AP (g) = Acceleration in antero-posterior axe in knee. ACC 7% (8) = Acceleration in vertical
axe in knee. ACC ML (g) = Acceleration in medio-lateral axe in ankle. ACC, AP (g) = Acceleration in antero-
posterior axe in ankle. ACC, . Z (8) = Acceleration in vertical axe in ankle.

Table 5
Description of the kinematics in the experimental phase in direction change.
SC30 SC45 SC4501
Variable Mean Mean Mean
Angle, Knee (degrees ©) 144.63+7.65 143.45+17.86 141.43+9.87
Angle  Knee (degrees ©) 123.33+10.00 125.16%£8.91 119.97+14.18
Angle, Hip (degrees ©) 42.50+2.94 41.54+5.63 40.92+4.56
Angle,  Hip (degrees ) 60.57+5.50 51.21+6.36 54.37+5.37
Angle, Trunk (degrees ©) 104.54+6.35 105.15+5.15 98.98+4.76
Angle,  Trunk (degrees ©) 92.99+5.36 95.02+5.73 77.77+6.54
Angle, Ankle (degrees ©) 99.12+6.87 98.92+5.30 98.82+5.25
Angle, Ankle (degrees ©) 59.70%7.45 57.19+5.40 56.97+4.28
Ankle Dorsi_Angle (degrees ©) 39.42+3.32 41.72+5.38 41.84+4.92

Results expressed as mean=*standard error of the mean. Angle, Knee = Angle of knee in the first contact. Angle-
Knee = Angle of knee in the maximum flexion. Angle, Hip = Angle of hip in the first contact. Angle Hip =
Angle of hip in the maximum flexion. Angle, Trunk = Angle of trunk in the first contact. Angle Trunk = Angle of
trunk in the maximum flexion. Angle, Ankle = Angle of ankle in the first contact. Angle  Ankle = Angle of ankle
in the maximum flexion. Ankle Dorsi_Angle = Range of ankle dorsiflexion.

max
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SC,,- At that moment, HipFlexMax was
51.21°, while TrunkFlexMax showed a flexion
of 95.1°. Additionally, the AnkleDorsiRange
was 41.7°, defined as the amount of flexion
from the first contact until maximum flexion
occurred.

In SC,, ,, KneeFlexMax was 119.9°, rep-
resenting the most significant flexion of the
three change types. From initiating contact
to maximum knee flexion, the hip flexed by
13.5°. As for the trunk, it exhibited a flex-
ion of 77.8° at that moment. Finally, the An-
kleDorsiRange was 41.8°.

Finally, a gender analysis of kinemat-
ics during direction changes was performed
(Table 6). It was observed that during SC,,
women exhibited a significantly higher An-
kleFlexInit than men (p=0.040). However,
gender differences during SC,_were found in
AnkleFlexMax (p=0.004) and AnkleDorsiR-
ange (p=0.007). Lastly, during SC,_ , gen-
der differences were found in KneeFlexInit
(p<0.001) and KneeFlexMax (p=0.006),
where men displayed a lower angle com-
pared to women.

DISCUSSION

The main objective of this study was to
compare the risk of knee injury between men
and women through the analysis of kinetic
and kinematic parameters in a population of
non-professional athletes. Both Kkinetic as-
pects, such as GRF and accelerations, as well
as kinematic elements, such as angles at the
moment of directional change, have proven
to be crucial, with women likely presenting a
higher risk of injury.

Kinetics

During changes of directions, the VGRF
relative to body weight was significantly
higher in SC,; (29.49 N/kg *= 7.75) com-
pared to SC, (27.70 N/kg = 7.81; p=0.004)
and SC,, (25.13 N/kg = 7.59; p<0.001).
One possible explanation for these differenc-
es is that greater force needs to be exerted
in the medial-lateral (ML) axis to perform

more forceful or larger amplitude chang-
es (remember that 30° is measured above
the horizontal plane). According to Nigg’s
paradigm ', which compiled studies span-
ning over 25 years, it became evident that
VGREF plays a particularly important role in
injuries among individuals engaged in physi-
cal activities such as running, especially in
situations where pronation is accentuated,
such as during changes of directions. This
possibility is also supported by the values of
ML force found in our study, as the analyzed
subjects displayed significantly higher values
during SC,  (8.64 N/kg * 2.08) compared
to SC,. (7.78 N/kg + 2.08, p<0.001) and
SC,., (7.17 N/kg + 2.40, p<0.001). There-
fore, higher levels of force, especially in the
ML axis, which need to be attenuated by the
lower extremities, suggest the need for in-
creased preventive strategies in these types
of actions common in various sports. It is es-
sential to highlight that these 30°-changes
of directions do not only increase the ML
force but also the AP force (12.9 N/kg =
5.32) when compared to SC,; (10.54 N/kg *
5.39, p<0.001) or SC,_,, (9.35 N/kg * 5.09,
p<0.001), suggesting that biomechanical
modifications in the different involved joints
occur in response to these increments, as
will be discussed later.

Despite numerous studies regarding
the biomechanical and kinetic factors mani-
fested during direction changes, the results
are contradictory ', The aspect that seems
most relevant in explaining this disparity of
results may be the variety of procedures car-
ried out in different studies. Brughelli et al.
13 differentiate between anticipated and un-
anticipated changes of directions, changes
towards the dominant or non-dominant foot,
as elements that influence the final results.
Regardless of the methodological variety, it
is evident that both VGRF, ML-force, and AP-
force are variables closely related to the on-
set of injury processes ? and should be con-
trolled and attenuated as much as possible.

While it is evident that higher forces in
both axes are associated with a greater risk

Vol. 65(2): 192 - 205, 2024



Feria-Maduefio et al.

200

“UOIXO[ISIOP PUE JO oFury
= o[fuy 1S1I0 OP[UY "UOIXO[ WAIIXEW Oy Ul O[YUL JO J[FUy = op[uy’ o[§uy "JOBIU0D ISIY OUI UL OFUE JO o[fuy = opjuy’ O[fuy "UOIXO[ WAWIXEW JY) Ul
yuna jo ofguy = yunay, " o[guy 3orIu0o 3811y oy ul unaj jo o[guy = yunay, ‘o[fuy -uomxopy wnwixew oyl ur diy jo d[uy = dif[" o[fuy I0LIU0O Isiy oY) Ul
dry jo o[guy = diff"o[uy UOIXO[} WINWIXLW Oy} UT 00Uy JO O[Fuy = dowy[ O[FUy *IOLIU0D ISIY I UL 00Uy JO d[Fuy = 00wy o[Fuy "OZIS J00§0 O} = UdYO))-p
“UBOW dY3 JO JOLIO PIEPUBISTFUBOW SE PassaIdxo s3Msay "'VAONY Aem-0M3 soanseow-pojeodol B §UIsn ouop sea SISA[EUE [EO1ISIIBIG "UDWOA SA USIY SO0 S d,

Xeu

(o s00150p) o[uy

¥€0-  cL00 SI'SFCI'EY I8PF9V Iy €20 L00°0 ISSFES8EY OL'SFOL'LY 800~ 8S9°0 9S€F¥9°6¢ 9C¢+9¢6¢ “Is10q ApuY

o S991g0
8L'0  IS€0 ¥PCT+LEIS TE€PFEILS €S0 V000 STSFLO6FS 6CSFI6'LS <c20- 1600 SOS8+8V'T19 <cc'L+0I'6S @EMH%_E_BMMM

. . T e . . o e . . e NP (o $92159p)
LT°0 LEEO  CL9FIS66 S6F+658 950 LESO 9SF+I886 ISE+I1066 60" 0700 SSL*CI'TIOL S8S9+*L¥'86 o_v_:zwso_m:z‘
. o o . et e . e e (o $90159p)
0c’0 66C’'0 SI'9%CL9L T199+00'8L OO0 ¥CS0 OL'SFIS'S6 C6'S+C8T6 600 ¥C9'0 9L¥+65C6 95 E+60°¢6 Mﬂ:Err:.:.2%:<
(o S92139D)

¥0'0-  SS8°0 FFP+80°66 LSFFI686 L0~ 66L°0 6€F7+CESOL 6€°S+L0'SOT 700~ 6180 LS S+CLTVOL €S9+ST 01 yunap o Fuy

€00~ 1680 <cCS*ErvrS < s+ocvS  €S00- Lcv 0O 6CSFLO'IS L99=FT0°LS 6¢’0  SCI'0 CI'9F.LE6S 8T SFL609

o S92130
c0'0- 8¢6'0 T0¥P+00'I¥ VLP+E6'0F SI0- €C90 89°S+V6'IVy 99°S+cv IV LT°0O 99¢°0 LLc+El'ch 00¢+¢9¢Cch AQEEQ_%%M

(, $00150p)
€S°0- +900°0 OV CL+9S°SCL PCFIF0C'SIL 60°0- 6£Cc0 CC'6+SL9CL 08'S+¥LFCl €20~ 6¢C’0 LOTI+CI'SCL 8C6+98°¢Ccl ooy orsuy

(o S92139D)
L9°0- <0000 TOOLF+CECIPL 6€°6+88°6CL ¢€C0- 1680 €V I9+CL'STL €S LFCCSFL €€°0- 0800 90'8+F9S9VL S8¥V LF+F0FFL oy osuy
uayon-p d UDWIOA\ U uoyoD-p d UQWOA\ U uoyoD-p d UQWIOA\ U\ S9[qBLIBA

3me@ mwom omom

USUWIOM PUB USUI U92M]D( SOOUDIDJIP PUB SOFULID UONOAIIP FULIND SONBWAUTY]
9 SIqEL

Investigacion Clinica 65(2): 2024



Gender differences in knee injury risk

201

of injury in this population group, it is es-
sential to mention the differences observed
in the different variables according to gen-
der. Sigward and Powers ' suggested that
an increased risk of knee injury through
increased valgus can occur due to greater
forces in either axis in both men and women.
In fact, their work reflected values that were
very similar to those found in the present
study regarding VGRF during changes of di-
rections. Our results show that during SC,,
where women sustained higher relative loads
than men (p=0.045), there were significant
differences in the force exerted in the ML
axis. This finding has been widely observed
in studies with athletes, where women have
shown significantly greater valgus than men
15, Differences in the ML axis between men
and women could be related to an increased
risk of injury in females due to the biome-
chanical position of the knee in abduction or
adduction during ground contact 1°,

On the other hand, during SC , the
differences were found in VGRF (p=0.025)
and AP force (p=0.020), where men signifi-
cantly exceeded women. Our results are con-
sistent with those of Liu et al. '7, who related
a reduction of VGRF and Force,, with a re-
duction of the load supported by the knee
during open direction changes. However,
authors such as James et al. '® found the op-
posite during maximum speed changes of di-
rections. One possible explanation for these
differences could be the openness of the di-
rectional change at a non-maximal speed.
SC,; may involve less demand than SC,, so
being a more vertical change and closer to
straight-line running, it is possible that AP
force is increased, as well as VGRF in men.

Another important finding was that
women exhibited a significantly higher AP
force during SC,,, (p=0.020) than men.
Our results align with those presented by
McLean et al. ?, who found higher AP force
in women compared to men during a direc-
tional change with an angle of exit between
35° and 55° (women = 1.80BW [+ 0.54];
men 1.54BW [+ 0.76]). Moreover, although

not statistically significant, women in our
study also showed higher VGRF during SC-
,sq- Recently, de Hoyo et al. ' reported very
similar data in male athletes who performed
a closed change with a 60° opening (24.1
N/kg =+ 8.4). Unfortunately, these authors
only conducted their intervention with male
subjects, making a comparison impossible.
Nevertheless, there is limited research on
the role of gender in VGRF during closed
changes of directions. This is the first study
to assess vertical force in men and women
during closed changes.

What seems evident is the increased
risk of knee injury through ML force val-
ues during changes of directions based on
gender !. Authors like Sigward and Powers '*
indicated that women who exerted greater
ML force also exhibited a greater valgus mo-
ment, which increased the risk of a knee
injury. Although our results do not provide
data on impulse outcomes, a possible contri-
bution can be inferred from the partial knee
and ankle acceleration. As described previ-
ously, women reported significantly higher
ML force during SC, than men and a slightly
higher trend was observed in this variable
during SC,_ . In this regard, it can also be
observed that women experience 18.53%
more ML knee acceleration than men dur-
ing SC,, and 19.93% during SC,, with al-
most no difference (0.4%) during SC_ . This
ML knee acceleration could represent valgus
moments, although this fact should be cor-
roborated in future studies through a kine-
matic analysis in the frontal plane.

There were significant differences be-
tween the different changes of direction.
ACC,, AP was significantly higher in SC,_
compared to SC,; (p=0.006). This finding
suggests an increased risk in closed changes
compared to open changes, as the load is
mobilized more rapidly in the sagittal axis,
potentially leading to an increase in tibial
translation. However, ForceAP was signifi-
cantly lower in SC,,, than SC,, (p<0.001).
These differences also existed between open
changes, as ACC AP was significantly

KNE!
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higher in SC,_ than SC, (p=0.023). One pos-
sible explanation for these differences could
be the biomechanical demand, with SC , be-
ing less demanding than SC,, resulting in
a faster strategy during less open changes.
Analyzing ACC, . ML between changes of di-
rections, SC, showed a significantly higher
acceleration than SC,; (p<0.001) and SC;
(p<0.001). Sigward and Powers ' suggest
that frontal plane control is necessary to
reduce the relative risk of knee injury. Our
data indicate that SC, poses an increased
risk compared to the other changes of direc-
tions, characterized by higher ForceML and
ACC, . ML, which are associated with an in-
crease in knee valgus.

Regarding gender differences during
changes of directions, significant differenc-
es were found only in SC _ (p=<0.05), with
women exhibiting higher ACC, 7 than
men. One possible explanation could be that
Chapell et al. *° suggested that women expe-
rience greater shear force in the tibia dur-
ing ground contact. This negative strategy
indicates that energy absorption by women
is less efficient than in men, or at least fast-
er, which may be related to an increased risk
of knee injury. Surprisingly, this trend is not
observed in SC,, which would be expected
to be more demanding at this level. However,
the trend still favored women, who present-
ed 14.67% more ACC,,Z during SC, and

KNEE

11.35% more during SC__ .

Kinematics

It is evident that a knee angle close to
the extension increases the risk of injury 2*
22, Our results indicate a higher KneeAnglein
during SC, compared to the other changes
of directions (144.63° =7.65). However, the
maximum KneeAngle reached is highest
during SC,, (125.16° =8.91). Concerning
the 180° representing full knee extension,
the KneeAngle during SC, averaged 35.37°.
Markolf et al. * mentioned that knee flex-
ion of 40° or less increases tibial translation
supported by the ACL and, consequently, the

tension sustained by the joint complex, lead-
ing to an increased risk of injury. A preven-
tive strategy should involve increasing knee
flexion to absorb impact. Cochrane et al. *
went further by identifying angles below 30°
of tflexion during initial contact as a critical
factor in ACL injuries during changes of di-
rections. Consistent with Markolf et al. 23, our
results showed that for all changes of direc-
tions, the KneeAnglein exceeded 30° (SC,
= 35.37% 8C,;= 36.55% SC,_, = 38.57°) but
remained below 40°, suggesting that partici-
pants subjected the joint to excessive stress,
which could partially explain the previously
reported increases in force.

Despite the relationship between knee
flexion angle and the relative risk of joint
injury, it is evident that the biomechanical
strategy during direction changes is not ex-
clusive to the knee. Several studies have at-
tributed a determining role to other joints
reflecting greater or lesser knee flexion.
Imwalle et al. * confirmed a direct influ-
ence of the hip on the knee during direc-
tion changes. Potter et al. * stated that open
and closed changes of directions influence
the biomechanical strategies manifested by
subjects, with significantly greater hip flex-
ion in open changes than in closed changes.
However, our results do not align with those
reported by these authors, as hip flexion was
practically the same regardless of the type
of directional change. One possible explana-
tion could be that kinematic aspects were
evaluated in an agility circuit with open and
closed changes of direction, where athletes
performed different direction changes de-
pending on their own technique.

Moreover, gender-based differentiation
in knee kinematics has been observed, show-
ing different biomechanical strategies relat-
ed to an increased risk of knee injury between
men and women*’. In our study, during SC,,
women exhibited a KneeAnglemax (in exten-
sion) of 33.4°, although without significant
differences compared to men (p = .080),
who exhibited an angle close to 36°. Signifi-

cant differences were found during SC,_,
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where women had a KneeAnglein close to
146° and men to 140°. Additionally, signifi-
cant gender differences were found in Knee-
Anglemax (p = 0.000), with women exhib-
iting more significant knee extension than
men, indicating a higher injury risk. These
results are consistent with those reported by
James et al. '®, who conducted a compara-
tive study by gender during closed direction
changes to 60° and found a KneeAnglein in
women 5.8° lower than in men. In our study,
during SC,,,, women flexed 6.4° less than
men, with significant differences compared
to men. This indicates that the directional
change technique employed by women may
be associated with an increased risk of knee
injury during closed direction changes. Fur-
thermore, in the study mentioned above, the
researchers found that women significantly
exceeded men in KneeAnglemax, with great-
er extension (64.1° and 61.4°, respectively).
Our results are very similar, with men exhib-
iting an average of 61.8° and women 54.4°.

Regarding open changes of directions,
a slightly higher, but not significant, trend
in extension can be observed in women com-
pared to men during SC, . Additionally, dur-
ing SC,, the KneeAnglein values are practi-
cally the same in men and women, with an
increase in knee extension in women at the
moment of VGRE. Dai et al. ** evaluated knee
kinematics in men and women during SC g
and also found greater extension in women
compared to men at the moment of VGRFE.
A greater range of knee flexion during the
first contact could serve as a biomechani-
cal strategy to absorb impact and reduce
the load. In this sense, women have a higher
relative risk of knee injury than men, as they
exhibit more significant knee extension dur-
ing changes of direction .

In conclusion, the study highlights the
importance of controlling GRF and biome-
chanical strategies during changes in di-
rection to reduce the risk of knee injuries.
Significant gender differences in forces and
accelerations during changes of directions
were observed, underscoring the need to

consider specific gender factors in injury
prevention. Variables such as VGREF, Force, |
and ForceAP, as well as acceleration in the
vertical axis, appear to be deterministic Ki-
netic variables that explain these gender dif-
ferences and knee flexion angles. The results
can be helpful in informing the design of
preventive strategies in the sports field and
improving the understanding of the under-
lying mechanisms of knee injuries during
changes of direction.
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Abstract. We aimed to study the impact of personalized medication based
on drug-related genes for schizophrenia patients with resistance to traditional
drugs. One hundred and ten schizophrenia patients who sought treatment at
our medical facility between June 2021 and February 2023 were chosen and
divided at random into two groups: one group (n=55) received conventional
medication, while the other group (n=55) received personalized medication
based on their genetic profile. The study compared the levels of inflammatory
cytokines and neurotrophic factors, as well as the scores on the Positive and
Negative Symptoms Scale (PANSS), Brief Psychiatry Rating Scale (BPRS), So-
cial Skills Psychometric Instruments (SSPI), and Ability of Daily Living Scale
(ADL) between the two groups. Following the treatment, both groups exhibited
reduced levels of TNF-a and IL-1B compared to pre-treatment levels, with the
gene-guided group showing even lower levels (p<0.05). Conversely, the levels of
NGF and BDNF increased in both groups post-treatment, with the gene-guided
group demonstrating even higher levels (p<0.05). Additionally, the PANSS and
BPRS scores decreased in both groups after treatment, with the gene-guided
group showing even lower scores (p<0.05). On the other hand, both groups’
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SSPI and ADL scores increased post-treatment, with the gene-guided group
exhibiting higher scores (p<0.05). The overall efficacy of the treatment in the
gene-guided group was superior to that in the conventionally treated group
(p<0.05). Personalized medication guided by pharmacogenetics has the po-
tential to enhance cognitive function, facilitate neurological recovery, improve
social functioning, and enhance the daily living skills of individuals with schizo-
phrenia, thereby facilitating their successful reintegration into society.

La eficacia de la medicacion personalizada basada en genes
relacionados con farmacos, para pacientes con esquizofrenia
resistente a los farmacos tradicionales.

Invest Clin 2024; 65 (2): 206 — 219

Palabras clave: citoquinas inflamatorias; factores neurotroficos; PANSS; BPRS;
habilidades sociales; ADL; CYP2D6.

Resumen. Nuestro objetivo fue estudiar el impacto de la medicacion persona-
lizada basada en genes relacionados con medicamentos para pacientes con esquizo-
frenia resistentes a los medicamentos tradicionales. Se seleccionaron 110 pacientes
con esquizofrenia que buscaron tratamiento en nuestra instalacion médica entre
junio de 2021 y febrero de 2023, y se dividieron al azar en dos grupos: un grupo
(n=55) recibié medicacién convencional, mientras que el otro grupo (n=55) re-
cibi6 medicacion personalizada basada en su perfil genético. El estudio compard
los niveles de citocinas inflamatorias y factores neurotréficos, asi como las pun-
tuaciones en la Escala de Sintomas Positivos y Negativos (PANSS), la Escala Breve
de Evaluacion Psiquiatrica (BPRS), los Instrumentos Psicométricos de Habilidades
Sociales (SSPI) y la Escala de Habilidades de Vida Diaria (ADL) entre los dos gru-
pos. Después del tratamiento, ambos grupos mostraron niveles reducidos de TNF-a
y IL-1B en comparacion con los niveles previos al tratamiento, con el grupo guiado
por genes mostrando atn niveles mas bajos (p<0,05). Por el contrario, los niveles
de NGF y BDNF aumentaron en ambos grupos después del tratamiento, con el gru-
po guiado por genes demostrando incluso niveles mas altos (p<0,05). Ademas, las
puntuaciones de PANSS y BPRS disminuyeron en ambos grupos después del trata-
miento, con el grupo guiado por genes mostrando incluso puntuaciones mas bajas
(p<0,05). Mientras que las puntuaciones de SSPI y ADL aumentaron en ambos
grupos después del tratamiento, con el grupo guiado por genes mostrando puntua-
ciones mas altas (p<0,05). La eficacia general del tratamiento en el grupo guiado
por genes fue superior a la del grupo tratado convencionalmente (p<0,05). La me-
dicacion personalizada guiada por farmacogenética tiene el potencial de mejorar la
funcion cognitiva, facilitar la recuperacion neuroldgica, mejorar el funcionamiento
social y mejorar las habilidades de vida diaria de las personas con esquizofrenia, fa-
cilitando asi su reintegracion exitosa en la sociedad.
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INTRODUCTION

Schizophrenia stands as one of the
most prevalent mental disorders globally, of-
ten afflicting young adults and characterized
by prolonged duration, frequent relapses,
and abrupt onset !. Individuals with schizo-
phrenia typically exhibit disturbances in
thought, consciousness, behavior, and emo-
tion, along with inappropriate psychological
and physical activities. Concurrently, they
experience negative emotions encompassing
fear, anger, and depression. In severe cases,
some patients may even demonstrate self-
destructive tendencies or resort to suicide 2.
Integration into society proves challenging
for schizophrenia patients due to their lim-
ited sense of affiliation and prominent nega-
tive emotional states. These significantly
hamper their subjective well-being and self-
esteem **. While antipsychotic medications
can effectively manage the condition for the
majority of schizophrenia patients, approxi-
mately 30% exhibit poor or partial responses
to these treatments, categorizing them as
drug-resistant individuals °. Thus, improving
the efficacy of antipsychotics on mental dis-
eases has become an attractive issue in the
psychiatry department. At the same time, in-
dividualized medication can be made based
on genetic evidence derived from the analy-
sis of drug-related genes and gene polymor-
phisms to select the drugs and doses more
precisely . Gene detection has been widely
applied to develop antipsychotic drugs, but
fewer studies report the efficacy of drugs on
drug-resistant patients with schizophrenia.
Consequently, we carried out this study to
investigate the efficacy of drug-related-gene-
guided individualized medication on drug-
resistant patients with schizophrenia and its
effect on patients.

PATIENTS AND METHODS

Subjects
One hundred and ten individuals diag-
nosed with schizophrenia admitted to the

Department of Psychosomatic Medicine at
The First People’s Hospital of Chenzhou,
Luojiajing, Chenzhou, Hunan, People’s Re-
public of China, during the period spanning
June 2021 to February 2023, were enrolled
in this study. They were subsequently cat-
egorized into the regular medication group
(Group A) and the gene-guided medication
group (Group B), each comprising 55 pa-
tients.

Comprehensive information about the
study was provided to all patients and their
families, and written informed consent was
obtained. The Ethical Committee of the Hos-
pital approved the study.

Criteria for inclusion: 1. Patients with
manifestations conforming to the diagnostic
criteria of schizophrenia of The Diagnostic
and Statistical Manual of Mental Disorders
(4th edition). 2. Patients aged between 18
and 60 years, with no response to the high-
dose treatment of three kinds of antipsy-
chotics. 3. Patients with a disease course not
shorter than five years.

Criteria for exclusion: 1. Patients with
other diseases. 2. Patients who had received
appropriate treatment prior to this study. 3.
Patients with communication difficulties. 4.
Patients who were uncooperative with the
staff. 5. Patients with severe adverse respons-
es to the drugs used in this study. 6. Patients
with a history of drug use that might affect
the result of this study.

Methods

In the current study, two distinct ap-
proaches to medication were compared:
Group A received antipsychotics selected by
physicians based on their expertise, whereas
Group B received personalized medication
determined through drug-related gene tests
and the evaluation of physicians and clinical
pharmacists.

Group A

The specific antipsychotic medications
used in Group A included Haloperidol at
doses of 2-10 mg per day, chosen for pa-
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tients with positive symptoms like halluci-
nations and delusions based on its efficacy
for these symptoms; Risperidone at 2-6 mg
per day, selected for patients with both posi-
tive and negative symptoms given its broad-
er efficacy profile; Olanzapine at 5-20 mg
per day, used for patients with predominant
negative symptoms like social withdrawal
due to its efficacy for these symptoms; Que-
tiapine at 150-750 mg per day, chosen for
patients with mood or sleep issues given its
sedating and mood-stabilizing effects; and
Aripiprazole at 10-30 mg per day, used for
patients susceptible to side effects like tar-
dive dyskinesia due to its lower risk of these
effects.

Group B

In the Group B, medication was per-
sonalized based on drug-related gene tests
and the collaborative analysis of physicians
and clinical pharmacists. The gene tests
identified genetic variations that could in-
fluence an individual’s response to specific
antipsychotic medications. For example, the
CYP2DO6 gene was of particular interest, as
it encodes an enzyme responsible for the me-
tabolism of many antipsychotic drugs. Varia-
tions in this gene can lead to differences in
how quickly medications are metabolized,
potentially affecting their efficacy and side-
effect profiles 75,

Patients with the ‘poor metabolizer’
phenotype, characterized by certain SNP
combinations, were prescribed lower doses
or given antipsychotics not primarily metab-
olized by the CYP2D6 enzyme to avoid drug
accumulation and subsequent side effects.
In contrast, ‘rapid metabolizers’ may have
required higher doses or more potent medi-
cations to achieve therapeutic drug levels.

The treatment protocol was adjusted
within two weeks after the gene test, includ-
ing maintaining, increasing, or reducing the
initial drug dose or its combination with
other antipsychotics or switching to other
antipsychotics. The specific medications
and doses used were determined based on a

comprehensive analysis of the recommended
drugs by the DSM4, the patient’s gene test
results, and the individual’s symptomatology
and treatment history.

The distribution of crucial CYP2D6
genotypes in Group B were as follows:

* Poor metabolizers: 7 patients (12.7%).

* Intermediate metabolizers: 18 pa-
tients (32.7%).

* Normal metabolizers: 25 patients
(45.5%).

e Ultra-rapid metabolizers: 5 patients
(9.1%).

Medications were adjusted based on
this genotype data. For example, poor me-
tabolizers were prescribed lower doses of
risperidone, switched from Haloperidol to
Quetiapine, or changed from Olanzapine
to Aripiprazole. Ultra-rapid metabolizers
were given higher doses of Haloperidol or
switched from Quetiapine to Olanzapine. Ta-
ble 1 shows examples of specific medication
changes made.

Gene test

A customized tube obtained from
Shanghai Conlight Medical Laboratory Co.,
Ltd was utilized to gather detached cells
from the oral epithelium. This was achieved
by gently swabbing the buccal region of the
mouth with a cotton swab. The collected cells
were then securely sealed within the tube,
ensuring no contact with external materials.
Two sets of samples were procured from both
the left and right sides of the mouth for sub-
sequent DNA extraction. These samples were
subsequently stored at room temperature.

The genotypes and allele frequencies
of three single nucleotide polymorphisms
(SNPs) within the CYP2D6 gene (rs16947,
rs1065852, and rs5030865) were examined.
The analysis used the general sequencing kit
(NovaSeq 6000 Reagent Kits) and the fluo-
rescence in situ hybridization (FISH Tag™
DNA Multicolor Kit by Invitrogen).
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Medication adjustments based on CYP2D6 genotypes in Group B.

Rationale for Adjustment
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Table 1
Genotype  Patients n Initial Adjusted
(%) Medication Medication
and Dose and Dose
Poor 7 (12.7%) Haloperidol Quetiapine
metabolizer Smg daily 100mg
twice daily
Risperidone  Risperidone
3mg daily 1mg daily
Intermediate 18 (32.7%) Olanzapine Olanzapine
metabolizer 10mg daily Smg daily
Risperidone  Risperidone
4mg daily 2mg daily
Normal 25 (45.5%) Haloperidol No change
metabolizer Smg twice
daily
Quetiapine Quetiapine
400mg 400mg
daily twice daily
Ultra rapid 5(9.1%) Risperidone  Risperidone

metabolizer

4mg daily

Quetiapine
400mg daily

6mg daily

Olanzapine
20mg daily

Haloperidol is primarily metabolized by
CYP2D6 3!, Due to poor metabolism, it was
switched to quetiapine, which has alternate
metabolic pathways to avoid drug accumu-
lation.

Risperidone dosage was reduced by 50% to
avoid side effects due to poor CYP2D6 me-
tabolism 2.

The dose was reduced as metabolism was
expected to be slower in intermediate me-
tabolizers.

Normal metabolizer phenotype indicates
haloperidol metabolism is expected to be
typical. No dose adjustment was needed.

As a normal metabolizer, can tolerate hig-
her doses of quetiapine. The dose was in-
creased for improved efficacy.

More rapid CYP2D6 metabolism is expec-
ted in ultra-rapid metabolizers. The rispe-
ridone dose was increased by 50% to ensure
therapeutic levels were achieved.

Switched from quetiapine to olanzapine
due to concerns that quetiapine might be
metabolized too rapidly in ultra-rapid meta-
bolizers, affecting its effectiveness.

Genomic analysis and protocol adjustment

Genomic analysis was conducted on
patients belonging to Group B, encompass-
ing the identification of metabolic, respon-
sive, and toxic gene phenotypes, along with
their distribution frequencies. Within two
weeks after the gene testing, the treatment
regimen was modified based on a compre-
hensive analysis that considered the recom-
mendations provided by the DSM4 and the
outcomes of the gene tests.

These adjustments entailed the main-
tenance, augmentation, or reduction of the
initial drug dosage, either in isolation or in
combination with other antipsychotic medi-

cations. In some cases, a transition to alter-
native antipsychotic drugs was also consid-
ered. The recommended medications were
categorized into primary, secondary, and
tertiary options. Furthermore, medications
were selected sequentially, following the
gene test outcomes, and were tagged as suit-
able for direct use, utilization with caution,
or utilization with caution accompanied by
frequent monitoring.

Observation of indicators

Before and after treatment, a fasting 6
mL elbow venous blood sample was collected
from each patient and subsequently centri-
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fuged at 3000 rpm to facilitate the separa-
tion of the supernatant. This supernatant
was then carefully preserved at a tempera-
ture of -70°C.

The quantification of TNF-a, IL-1B, NGF,
BDNF, PI3K, and mTOR levels was done uti-
lizing a double sandwich enzyme-linked im-
munosorbent assay (ELISA). The procedure
encompassed the following steps: an ELISA
plate was appropriately labeled at room tem-
perature, and a standard curve was meticu-
lously prepared using the appropriate stan-
dard reagents. The patient samples and the
standard reagents were appropriately diluted
and introduced into individual wells (100 pL
per well). Subsequently, incubation was car-
ried out at 37°C within a humid environment.

Following the incubation period, the
plate underwent repeated rinsing steps, af-
ter which an antibody-working solution was
meticulously added to each well at a dilution
of 1:100 (100 uL per well). This was followed
by an additional incubation at 37°C for 45
minutes. The plate was then rinsed again,
and solutions of TNF-a, IL-1B, NGF, BDNF,
PI3K, and mTOR were introduced to the re-
spective wells (100 uL per well), followed by
another incubation under humid conditions
for 45 minutes.

The enzymatic reaction was eventually
halted by introducing a termination solu-
tion (100 uL per well). Subsequently, a mi-
croplate reader obtained an optical density
reading at a wavelength of 450 nm. This
reading was then utilized to calculate the
alterations in the concentrations of the fac-
tors mentioned above.

The assessment of clinical responses in
patients involved the utilization of the Posi-
tive and Negative Syndrome Scale (PANSS)
and the Brief Psychiatric Rating Scale
(BPRS) *1°. The PANSS comprises 30 items,
each scored on a scale of 1 to 7. Similarly,
the BPRS encompasses five items, specifi-
cally targeting anxiety, depression, thought
disturbance, and excitability, with a pivotal
score of 35 points. It should be noted that
both PANSS and BPRS scores exhibit a nega-

tive correlation with the observed clinical
response. In other words, as the scores on
these scales increase, the corresponding
clinical response tends to decrease, indicat-
ing a greater severity of symptoms.

Social skills psychometric instruments
(SSPI) and activities of daily living (ADL)
scale were used to evaluate patients’ so-
cial and living abilities '"'2. The SSPI scale
includes ten dimensions, such as familial
activity, social activity, responsibility, and
planning, and scores according to the fol-
lowing criteria: 1 point for no anomaly or
only slight functional defect; 2 points for a
definite functional defect; 3 points for se-
vere functional defect. Patients who scored
not fewer than 2 points should be considered
as having social dysfunction. The ADL scale
includes 14 items, such as diet, medication,
and housckeeping, and patients are scored
as per the following criteria: 1. Patients can
take care of themselves independently; 2.
Patients have difficulties in taking care of
themselves independently; 3. Patients need
help in taking care of themselves; 4. Patients
tail to take care of themselves independently.

Evaluation of clinical response

Clinical responses were classified into
three grades: remarkable response, re-
sponse, and failure. Remarkable response:
no psychotic symptoms, with a decrease in
PANSS scores between 50% and 74%. Re-
sponse: no significant psychotic symptoms,
with a decrease in PANSS score between 25%
and 49%. Failure: no significant improvement
in psychotic symptoms, with a decrease in
PANSS score lower than 25%. Total effective-
ness rate = Rate of remarkable response +
rate of response.

Statistical methods

The SPSS 20.0 software was applied
for data analysis. Measurement data were
described as means * standard deviations
(X=SD), and the difference between the two
groups was validated by an independent sam-
ple t-test. Enumeration data were expressed
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as ratios, and the chi-square test validated
the difference. P<0.05 indicated that the
difference had statistical significance.

RESULTS

Demographic characteristics

In Group A, there were 32 males and
23 females, aged 25 to 67 years (mean =
SD: 44.5+20.1 years). Education varied:
21 had diplomas below high school, 18 had
high school diplomas, and 16 had diplomas
beyond high school. Illness duration ranged
from 2 to 24 years (mean = SD: 13+9 years),
with onset age from 18 to 37 years (mean
+ SD: 24+9 years); three patients reported
familial cases. In Group B, 30 males and 25
females were aged 26 to 67 years (mean =
SD: 45.5+20.1 years). Education-wise, 25
had diplomas below high school, 16 had
high school diplomas, and 14 had diplomas
beyond high school. Illness duration ranged
from 2 to 25 years (mean = SD: 12+9 years),
with onset age from 18 to 35 years (mean *
SD: 25+9 years); four patients reported fa-
milial cases (Table 2).

Comparison of the inflammatory
cytokines

As depicted in Fig. 1, a comparison
of TNF-a and IL-1p levels between the two

groups before treatment revealed no statisti-
cally significant differences (p>0.05). How-
ever, substantial reductions were observed
following treatment in both TNF-a and IL-1
levels. Notably, the declines in Group B were
more pronounced than Group A's (p<0.05).

Comparison of nerve growth factors
between the two groups

Before treatment, we found no signifi-
cant differences in the levels of NGF and
BDNF between the two groups (p>0.05);
after treatment, significant increases were
found in the levels of NGF and BDNF of the
two groups, while the increases in Group B
were more evident (p<0.05), (Fig. 2).

Comparison of the PANSS and BPRS
scores between two groups

As shown in Fig. 3, comparing the
scores of PANSS and BPRS between the two
groups before treatment showed no signifi-
cant differences (p>0.05). However, after
treatment, significant decreases were noted
in scores of PANSS and BPRS, and decreas-
es in Group B were more pronounced than
those in Group A (p<0.05).

Social function and daily living activities
Before treatment, we found no signifi-
cant differences when comparing the scores

Table 2
Demographic characteristics.
Group A Group B
Participants 55 55
Sex Male 32 30
Female 23 25
Age (Mean = SD) 445 = 20.1 45.5 = 20.1
Education Level Lower Secondary 21 25
Diploma 18 16
Post-High School 16 14
Disease Duration (Mean * SD) 139 12+9
Age of Onset (Mean + SD) 24 £ 9 25+9
Familial Positivity 3 4
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Fig. 1. Comparison of the levels of TNF-o and IL-1p between two groups (ng/mlL).
Note: Group A for the regular medication group, Group B for the gene-guided medication group, 1 for before
treatment, 2 for after treatment; a for p<0.05.
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Fig. 2. Comparison of the levels of NGF and BDNF between two groups (ng/mlL)
Note: Group A for the regular medication group, Group B for the gene-guided medication group, 1 for before
treatment, 2 for after treatment; a for p<0.05.
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Fig. 3. Comparison of the Positive and Negative Syndrome Scale (PANSS) and the Brief Psychiatric Rating
Scale (BPRS) scores between two groups (Points).

Note: Group A for the regular medication group, Group B for the gene-guided medication group, 1 for before
treatment, 2 for after treatment; a for p<0.05.
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of SSPI and ADL between the two groups (p
>0.05); after treatment, significant increas-
es were found in the scores of SSPI and ADL
of both groups, while the increases in Group
B were more noticeable (p<0.05, Fig. 4).

Comparison of the effectiveness rate
between two groups

The total effectiveness rate in Group B
was much higher than that in Group A (p<
0.05; Table 3).

Comparison of the rate of adverse events
between two groups

As shown in Table 4, the rate of adverse
events in patients of Group B was lower than
that in Group A, although this difference
had no statistical significance (p>0.05).

DISCUSSION

Schizophrenia represents a severe
mental disease, and antipsychotics remain
the predominant treatment for managing
schizophrenia. However, about one-third of
patients with schizophrenia respond poorly
to these drugs 1. Clinically, diagnosis or even
treatment for schizophrenia mainly depends
on the expertise of clinicians or the evalua-
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tion by scales . Currently, the prevalence
of schizophrenia remains high, and an avail-
able but simple medication that can perfect
the precise treatment is an ideal strategy
for schizophrenia treatment . Continuous
progress in pharmaceutics and pharmacoge-
nomics enables the detection of drug-related
genes to guide the clinical use of psychotro-
pic drugs . Gene tests before medication
can clarify the patients’ genotype, thus pro-
moting rational, precise, and individualized
medication 7.

The essential gene examined was CY-
P2D6, which encodes a critical enzyme in-
volved in metabolizing many commonly
used antipsychotics 8. Patients received
drug changes according to their CYP2D6
genotype to maximize efficacy and reduce
adverse effects, as shown in Table 1. Poor
metabolizers, possessing alleles leading to
nonfunctional CYP2D6, were switched from
Haloperidol and risperidone to alternative
antipsychotics not extensively metabolized
by this enzyme, like quetiapine '°. This
avoids drug accumulation and toxicity in
these patients from impaired metabolism. In
contrast, doses were increased for normal or
ultra-rapid metabolizers to achieve adequate
plasma concentrations.

ADL
100

80+

60+

Fig. 4. Comparison of social function and activity of daily living between two groups (Points)
Note: Group A for the regular medication group, Group B for the gene-guided medication group, 1 for before

treatment, 2 for after treatment; a for p<0.05.

-Social skills psychometric instruments (SSPI) and activities of daily living (ADL) scores.
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Table 3
Comparison of the effectiveness rate between two groups

Group Case (n) Remarkable response ~ Response Failure Effectiveness rate®
Group A 55 25 20 10 47 (85.45)
Group B 55 28 25 2 53 (96.36)

c? 5.986
P 0.014
*Values are expressed as n (%).
Table 4

Comparison of the rate of adverse events between two groups.

Group Case (n) Leukopenia Constipation Insomnia  Anomaly in blood  Rate of adverse
glucose/lipid event®
Group A 55 1 2 1 5(9.09)
Group B 55 0 2 1 3 (5.45)
c? 0.539
P 0.462

*Values are expressed as n (%).

The improved outcomes with gene-
guided treatment are biologically plau-
sible based on the pharmacokinetics of
antipsychotics. Variations in CYP2D6 poly-
morphisms can profoundly impact drug
exposure by causing variations in meta-
bolic capacity across different genotypes.
CYP2D6 is an essential drug-metabolizing
enzyme that contributes to the metabolism
of 15-25% of all clinically used drugs. Ge-
netic variations in the CYP2D6 gene can
lead to considerable phenotypical interin-
dividual differences in CYP2D6-dependent
drug metabolism 2°. A study by Novalbos et
al (2010), examining the relationship be-
tween the CYP2D6 genotype and the effects
of risperidone found that individuals with
different metabolizer phenotypes (ultrar-
apid metabolizers (UMs), extensive metab-
olizers (EMs), intermediate metabolizers
(IMs), and poor metabolizers (PMs)) dis-
played distinct pharmacokinetic patterns.
PMs and IMs exhibited higher levels and
longer half-life of risperidone, while UMs
and EMs had higher levels of 9-hydroxy ris-
peridone ?!. Elmokadem et al. **> conducted

another study on aripiprazole, an antipsy-
chotic, revealing significant time-to-effect
differences between CYP2D6 EMs and PMs.
This suggests a necessity for customized
dosing strategies for PMs 2 and that tailor-
ing medication and dosage based on CY-
P2D6 activity can optimize plasma levels,
potentially reducing side effects in PMs and
improving efficacy in rapid metabolizers

According to a current clinical study,
schizophrenia is somehow related to the lev-
els of inflammatory cytokines. For instance,
TNF-a and IL-1B are clinically common in-
flammatory cytokines that can be used to
evaluate the patients’ inflammation state
more accurately 2. This study uncovered ab-
normal elevations in inflammatory cytokine
levels among individuals with schizophrenia.
With the aid of gene tests to inform indi-
vidualized medication, the levels of TNF-o
and IL-1p were reduced in patients. These
results imply a direct association between
inflammatory cytokines and schizophrenia,
indicating that tailored medication can ef-
fectively mitigate inflammatory cytokine lev-
els and enhance drug efficacy.
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As a nerve growth factor, NGF can regu-
late the growth and development of neurons
in the peripheral and central nervous sys-
tem, maintain neurons’ survival, promote
synaptic growth, and restore nerve func-
tion’*?°, BDNF, as a member of the family
of neurotrophic factors, mainly distributes
in the central nervous system and the endo-
crine system, restores the survival of dam-
aged neurons and improves the functions
in memory and learning 2**". In the present
study, a decline in levels of NGF and BDNF
was observed following the onset of schizo-
phrenia. However, with the application of
gene tests to guide individualized medica-
tion, it was observed that the levels of NGF
and BDNF could be elevated in patients with
schizophrenia. This finding indicates that
personalized medication has the potential to
facilitate the restoration of patients’ learn-
ing and memory capacities, as well as pro-
mote the recovery of nerve function.

Since physicians may not provide the
optimal choice in the efficacy and safety of
antipsychotics according to their expertise
or evaluation results, precise individualized
medication is necessary for improving social
function and activities of daily living 2527,
The PANSS scale is a clinically established
tool for assessing mental functioning, en-
compassing positive and negative symptom
dimensions. The SSPI scale is applicable for
gauging the social functionality of individu-
als with epilepsy-related mental disorders,
whereas the ADL scale serves to evaluate the
daily living activities of patients grappling
with mental illnesses *°. In the present study,
we discovered that personalized medication,
guided by genetic tests, has the potential to
decrease PANSS scores while simultaneously
elevating SSPI and ADL scores. These find-
ings imply that this approach may effectively
address mental symptoms and enhance the
social functioning and daily activities of in-
dividuals dealing with schizophrenia.

In conclusion, the utilization of person-
alized medication guided by genetic testing
has the potential to enhance the effective-

ness of drugs. This improvement can en-
hance learning and memory capabilities in
individuals with schizophrenia, facilitating
the restoration of neural function and bol-
stering social engagement and daily activi-
ties. Ultimately, this approach aids patients
in transitioning back to their daily lives. Fur-
thermore, this strategy holds the promise
of refining drug selection and dosages and
providing guidance for developing treatment
protocols. As a result, it enables the realiza-
tion of precise treatment using psychotropic
medications.
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Effect of thiamine pyrophosphate on
oxidative damage in the brain and heart
of rats with experimentally induced
occlusion of the common carotid artery.
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Abstract. It is known that a sudden increase in cerebral blood flow (hyper-
perfusion) with carotid revascularisation may disrupt and damage the blood-
brain barrier. This study aimed to explore thiamine pyrophosphate’s (TPP) pro-
tective effects against potential brain and heart damage resulting from carotid
cross-clamping and unclamping in rats. The animals were divided into com-
mon carotid cross-clamping and unclamping (CCU), TPP+common carotid
cross-clamping and unclamping (TCCU), and sham operation (SG) groups. The
TCCU group received an intraperitoneal injection (IP) of 20 mg/kg TPP one
hour before anesthesia. The CCU and SG groups received distilled water as a
solvent. Ischemia was induced by maintaining the clips closed for 10 min. For
the SG group, only a subcutaneous incision was made. Afterward, the clips were
removed, the incisions were stitched, and reperfusion was continued for six
hours. Subsequently, the rats were euthanized with high-dosage general anes-
thesia, and heart and brain tissues were removed. TPP significantly suppressed
the I/R-induced malondialdehyde (MDA) increase and decreased total gluta-
thione (tGSH) levels in brain and heart tissues. TPP prevented the increase of
tumor necrosis factor-alpha (TNF-a), interleukin-1 § (IL-1B), and interleukin-6
(IL-6) levels in both brain and heart tissues. In blood serum, TPP suppressed
I/R-induced increase in troponin I (TP I) and creatine kinase-MB (CK-MB) in the
blood. TPP was shown to protect the brain and distant cardiac tissues against
oxidative and inflammatory damage induced by cerebral I/R.
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Efecto del pirofosfato de tiamina sobre el daio oxidativo
en el cerebro y el corazon de ratas con oclusion inducida
experimentalmente de la arteria carétida comiun.

Invest Clin 2024; 65 (2): 220 — 229

Palabras clave: arteria carétida; 1schemia; oclusion; rata; reperfusion; pirofosfato

de tiamina.

Resumen. Se sabe que un aumento repentino del flujo sanguineo cere-
bral (hiperperfusion) con la revascularizacion carotidea puede causar la alte-
racion y dafos de la barrera hematoencefalica. El objetivo de este estudio fue
explorar los efectos protectores del pirofosfato de tiamina (TPP) contra los
posibles dafios cerebrales y cardiacos resultantes del pinzamiento y despinza-
miento de la carétida en ratas. Los animales se dividieron en grupos de pin-
zamiento y despinzamiento de la carétida comin (CCU), TPP + pinzamiento
y despinzamiento de la carétida comiin (TCCU) y operacion simulada (SG).
El grupo TCCU recibi6 una inyeccién intraperitoneal (IP) de TPP a una dosis
de 20 mg/kg una hora antes de la anestesia. Los grupos CCU y SG recibieron
agua destilada como disolvente. La isquemia se indujo manteniendo los clips
en posicion cerrada durante 10 min. En el grupo SG solo se realiz6 una inci-
sion subcutanea. Luego se retiraron los clips, se suturaron las incisiones y se
mantuvo la reperfusién durante 6 horas. Posteriormente, los animales fueron
sacrificados con altas dosis de anestesia y se extrajeron tejidos del corazéon y
del cerebro. El TPP suprimi6 significativamente el aumento de malondialdehi-
do (MDA) inducido por I/R y la disminucién de los niveles de glutation total
(tGSH) tanto en el tejido cerebral como en el cardiaco. El TPP impidi6 el au-
mento de los niveles de factor de necrosis tumoral alfa (TNF-a), interleucina
1B (IL-1P) e interleucina-6 (IL-6) en los tejidos del cerebro y del corazén. En
el suero sanguineo, el TPP suprimié el aumento de la troponina I (TP I) y la
creatina quinasa-MB (CK-MB) inducido por I/R en la sangre. Se demostré que
el TPP protege el cerebro y los tejidos cardiacos distantes contra el dano oxi-
dativo e inflamatorio inducido por la I/R cerebral.

Received: 20-11-2023 Accepted: 13-02-2024

INTRODUCTION

In instances of acute occlusion of the
extracranial internal carotid artery, 40%-60%
of patients experience severe disability, while
16%-55% experience stroke-related compli-
cations that lead to death!. As known, ath-
erosclerotic carotid artery disease is a sig-
nificant cause of stroke worldwide 2. Patients

with severe carotid artery stenosis (=70%)
have an increased risk of myocardial infarc-
tion and cardiovascular death (22%) °. Total
occlusion of the common carotid artery is
rare. However, endarterectomy and endovas-
cular revascularization are recommended in
cases where inadequate cerebral perfusion
leads to various neurological symptoms *.
During carotid endarterectomy, cross-clamp-
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ing of the carotid artery may induce local
cerebral ischemia, and unclamping may in-
duce ischemia/reperfusion (I/R) injurys. A
sudden cerebral blood tlow (hyper-perfusion)
increase following carotid revascularization
may disrupt and damage the blood-brain bar-
rier °. It is argued that this damage is due to
an increased production of reactive oxygen
species (ROS) 7. I/R may cause damage not
only in the primary tissue but also in distant
organs ®. ROS, pro-inflammatory cytokines,
and polymorphonuclear leukocytes are im-
plicated in I/R-related distant organ injury
%10 The neutrophil-to-lymphocyte ratio is
recognized as a marker for systemic inflam-
mation and is significantly associated with
postoperative complications . Myocardial
ischemia has been reported to occur with
ST-segment depression during carotid cross-
clamping 2. These data suggest that severe
cardiac and systemic complications develop
during carotid endarterectomy and endovas-
cular revascularization and that antioxidant
and anti-inflammatory medicines are ben-
eficial in curing cardiac and systemic organ
injury that may develop due to reperfusion.
Myocardial ischemia and hypoxia have been
associated with abnormal increases in TPI
and CK-MB levels 2. It is known that elevated
levels of TPI and CK-MB are also positively
correlated with elevated levels of oxidants
and pro-inflammatory cytokines .

The current study investigated thia-
mine pyrophosphate (TPP) for its potential
protective effects against cardiac and other
organ damage arising from carotid artery
cross-clamping and unclamping. TPP, the ac-
tive metabolite of thiamine 1%, is synthesized
in the liver through the phosphorylation of
thiamine by thiamine pyrophosphokinase '°.
Existing literature suggests that TPP exerts a
protective effect by inhibiting the increase in
oxidant and pro-inflammatory parameters'’.
Furthermore, TPP protects cardiac tissue
from oxidative damage'. All these data sug-
gest that TPP is beneficial against possible
cardiac and other organ damage resulting
from carotid cross-clamping and unclamp-

ing. There is a lack of literature investigat-
ing the potential impact of TPP on cardiac
damage caused by carotid cross-clamping
and unclamping procedures. Hence, our
study aimed to biochemically explore TPP’s
protective effects against potential brain
and heart damage from animal carotid cross-
clamping and unclamping.

MATERIALS AND METHODS

Animals

This experimental study, employed 18
male albino Wistar rats weighing 285-298 g.
All experimental rats were sourced from the
Erzincan Binali Yildirnm University Experi-
mental Animals Application and Research
Center. The rats were housed and fed in
groups for one week under standard condi-
tions, including a regular room temperature
(22°C) and a 12-h light/12-h dark cycle to
facilitate environmental adaptation. All pro-
tocols and procedures were confirmed by
the Ethics Committee of the Center for Ani-
mal Experiments (October 27, 2022, Meet-
ing No. 10/53, Approval No. E-85748827-
050.01.04-212799).

Chemicals

The chemicals used in the experiment
and ketamine were sourced from Pfizer Phar-
maceuticals Inc., Sti (Tirkiye), while TPP
was sourced from Biofarma (Russia).

Experimental animals

All experimental rats were divided into
right and left common carotid cross-clamp-
ing and unclamping (CCU), TPP + com-
mon carotid cross-clamping and unclamping
(TCCU), and sham operation (SG) groups.

Experimental Procedures

Surgical operations were done under
sterile conditions in a suitable laboratory
environment. The TCCU (n = 6) group re-
ceived 20 mg/kg TPP intraperitoneally (IP)
one hour before anesthesia. The CCU (n =
6) and SG (n = 6) groups received an equiv-
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alent volume of distilled water as a solvent
via the IP route. General anesthesia was
induced with 60 mg/kg of ketamine hydro-
chloride via the IP route. The period during
which the animals remain immobile in the
supine position is considered a suitable an-
esthesia period for surgical intervention .
During this period, rats in all groups were
secured in the supine position on the oper-
ating table, and the midline of the neck was
shaved. After disinfecting this shaved area, a
midline incision was made. After a superfi-
cial microdissection, a deep microdissection
was done on the right common carotid ar-
tery. The trachea was exposed, paratracheal
muscles were dissected to access the com-
mon carotid artery, and a clip was placed on
the common carotid artery. Ischemia was in-
duced by maintaining the clips closed for 10
min. In the SG group, only a subcutancous
incision was made. At the end of this period,
the clips were removed, the incisions were
sutured, and reperfusion was sustained for
six hours. Subsequently, the rats were eutha-
nized with high-dose anesthesia. The levels
of oxidant/antioxidant markers, including
malondialdehyde (MDA) and total glutathi-
one (tGSH), as well as pro-inflammatory cy-
tokines tumor necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6), and interleukin 1B (IL-
1B), were measured in the extracted brain
and heart tissue samples. Troponin I (TP I)
and creatine kinase-MB (CK-MB) levels were
also investigated in the blood serum. All bio-
chemical results were compared between
the groups.

Biochemical analyses
Preparation of Samples

After rinsing the tissue samples with
physiological saline, they were ground into
powder using liquid nitrogen. Tissue sam-
ples were homogenized to determine GSH,
thiobarbituric acid reactive substances
(TBARS), and protein levels. Clear filtrates
were used to analyze MDA, GSH, and protein
levels.

Quantification of MDA and GSH,
and Protein Levels

MDA and GSH levels in the brain and
heart tissues were quantified following the
(ELISA) kit instructions of the respective
assays (Cayman Chemical Company). Pro-
tein was detected according to the Bradford
method *°.

TNF-a, IL-1f, and IL-6 Analyses

The tissues were disrupted and homog-
enized by adding liquid nitrogen. We then
added phosphate-buffered saline (pH 7.4)
in a 1/10 (w/v) ratio and vortexed, followed
by centrifugation for 15 min at 15000Xg
to collect the supernatant. The samples
were maintained at 2-8°C after melting.
The TNF-a, IL-1B, and IL-6 levels were de-
termined using a commercial ELISA kit sup-
plied by Eastbiopharm Co. Ltd. ELISA Kkit,
China.

Troponin I (TP I) and Creatine Kinase-MB
(CK-MB) Determination

Blood serum TPI levels were measured
using the enzyme-linked fluorescent assay
technique with the VIDAS TPI Ultra kit and
the ELFA (Enzyme-Linked Fluorescent As-
say) technique. The test was performed au-
tomatically on the VIDAS device using the
ready-to-use test reagents provided in the
kit. The Roche/Hitachi Cobas C 701 system
determined blood serum CK-MB levels. Ac-
cording to the procedure, the test was per-
formed using the immune-UV assay And
ready-to-use test reagents.

Statistical Analyses

The experiment results were presented
as “mean value = standard deviation” (X =
SD). The normality test in the groups was
determined by the Shapiro-Wilk test, and the
Levene test determined the homogeneity of
variances. Since the data were normally dis-
tributed, one-way ANOVA was used for all
analyses, and then the Tukey HSD test was
used post-hoc for pairwise. “GraphPad Prism
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8 Software” was used. Biochemical results
were analyzed using “IBM SPSS 25.00 (Ar-
monk, NY: IBM Corp)”. P<0.05 was accept-
ed to be significant.

RESULTS

Biochemical Findings
Oxidant/Antioxidant levels in brain tissue

As seen in Table 1, MDA levels in the
brain tissue of animals were significantly
higher in the CCU group than in the sham
operation (SG) group (p<0.001). TPP sig-
nificantly inhibited the increase in MDA lev-
els in the CCU group (p<0.001), and there
was a statistically significant difference in
MDA levels between the TCCU and SG (p =
0.014).

The tGSH, an antioxidant parameter,
significantly decreased in the CCU group
compared to the SG group (p<0.001). The
tGSH level in the TCCU group significant-
ly increased compared to the CCU group
(p<0.001). A statistically significant differ-
ence in tGSH levels was found between the
TCCU and SG groups (p = 0.006).

Pro-inflammatory cytokines levels in brain
tissue

According to Table 1, TNF-a, IL-1B, and
IL-6 levels in the brain tissues of animals
were significantly higher in the CCU group
than in the sham group (p<0.001). TPP ad-
ministration significantly inhibited the in-
crease in pro-inflammatory cytokines levels
in the TCCU group compared to the CCU
group (p<0.001). TNF-a, IL-1B, and IL-6
levels showed statistically significant differ-
ences between the TCCU and SG groups (p
= 0.021; p = 0.001; p = 0.034).

Oxidant/Antioxidant levels in heart tissue

MDA levels in the heart tissues of ani-
mals were significantly higher in the CCU
group than in the SG group (p<0.001).TPP
inhibited the increase in MDA levels in the
CCU group (p<0.001). MDA levels differed
significantly between the TCCU and SG
groups (p = 0.009).

Compared to the SG, the tGSH level
significantly decreased in the CCU group
(p<0.001). Compared to the CCU group,
the tGSH level significantly increased in

Table 1
Biochemical analysis results in the brain and heart tissues and blood serum.

Biochemical Mean = Standard Deviation p values
parameters SG CcCcU TCCU SG vs. CCU ig é’[sj CTCCUC‘[’JS'
MDA (umol/g protein) 3.46+0.22 5.87+0.68 3.96+0.39 <0.001 <0.05 <0.001
. tGSH (nmol/g protein) 4.57+0.12 2.134+0.40 3.95+0.26 <0.001 <0.05 <0.001
gsr:;g TNF-a (ng/L) 2.13£0.08 4.5140.13 2.30+0.06 <0.001 <0.05 <0.001
IL-1B (pg/L) 1.80+0.12 4.26+0.07 2.13+0.08 <0.001 <0.001 <0.001
1L-6 (pg/L) 2.55+0.05 4.70+0.23 2.79+0.07 <0.001 <0.05 <0.001
MDA (umol/g protein) 1.60+£0.16 3.05+0.14 1.90+0.16 <0.001 <0.05 <0.001
tGSH (nmol/g protein) 7.23+0.13 3.65+0.20 6.48+0.23 <0.001 <0.001 <0.001
fil:;::: TNF-a (ng/L) 3.30+0.09 6.05+0.34 4.37+0.28 <0.001 <0.001 <0.001
IL-1B (pg/L) 2.41+0.19 4.50+0.22 2.70+0.08 <0.001 <0.05 <0.001
IL-6 (pg/L) 2.19+0.41 4.77+0.16 2.48+0.16 <0.001 >0.05 <0.001
TP I (ug/L) 0.02+0.002 0.04+0.004 0.02+0.003 <0.001 >0.05 <0.001
Blood =\ MB Wiy 404631 8246.31 44+6.09 <0.001 >0.05 <0.001

serum

MDA ; malondialdehyde, tGSH; total glutathione, TNF-a; tumor necrosis factor alpha, IL-1f; interleukin 1
beta, IL-6; interleukin 6, TP I; Troponin I, CK-MB; Creatine kinase-MB. SG: Sham operation group, CCU:
Common Kkarotis cross-clamping and unclamping, TCCU: TPP + common karotis cross-clamping and
unclamping. All analysis was done by one-way ANOVA and then Tukey HSD test was used as post-
hoc for pairwise comparisons (N=6) “p<0.05 was considered significant”.
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the TCCU group (p = 0.001). A statistically
significant difference was observed in tGSH
levels between the TCCU and SG groups
(p<0.001) (Table 1).

Pro-inflammatory levels in heart tissue

As seen in Table 1, TNF-a, IL-1B, and
IL-6 levels in the heart tissues of animals
were significantly higher in the CCU than
in the sham group (p<0.001). Pro-inflam-
matory cytokine levels were significantly
lower in the TCCU than in the CCU group
(p<0.001). TNF-a and IL-1p levels between
the TCCU and SG groups were significantly
different (p<0.001, p = 0.025, respective-
ly), whereas IL-6 levels showed similar values
(p = 0.184).

TP I and CK-MB levels in blood serum

TPI and CK-MB levels in blood serum
were significantly higher in the CCU group
than in the sham group (p<0.001). TPI and
CK-MB levels in the TCCU group significant-
ly decreased compared to those in the CCU
group (p<0.001). There was no significant
difference in TPI and CK-MB levels between
the SG and TCCU groups (p = 0.238; p =
0.550) (Table 1).

DISCUSSION

This study investigated the effect of
TTP against oxidative brain and heart dam-
age resulting from experimentally induced
common carotid artery occlusion in rats
using biochemical methods. The literature
indicates that reversing cerebral blood flow
during reperfusion after ischemia increases
ROS levels 2. Numerous studies have re-
ported that brain damage resulting from I/R
can impact distant tissues, including the
heart 2>%. Although many different mecha-
nisms are responsible for the pathogenesis
of distant tissue damage, it has been well es-
tablished that ROS generation is one of the
most frequently observed mechanisms 4.
ROS react with unsaturated fats in biological
membranes to form MDA, the end product

of lipid peroxidation (LPO) 2°. MDA is a bio-
logical sign of tissue damage and one of the
most significant markers of oxidative dam-
age *!. Therefore, our study assessed MDA
levels in brain and cardiac tissues using our
I/R model induced by the common carotid
artery occlusion method in rats. Our experi-
mental findings demonstrated a significant
increase in MDA levels in the brain and heart
tissues of rats in the cerebral I/R group com-
pared to the sham group. The literature sug-
gests that increased MDA levels in the brain
due to cerebral I/R are associated with neu-
ronal damage *'°°. Ojo et al. demonstrated
that brain tissue damage impacted heart
tissue in an I/R model created by bilateral
carotid artery occlusion/reperfusion in rats
4. They reported cerebral ischemia induces
LPO through increased ROS production in
cardiac tissue, leading to oxidative damage.
Our findings and existing data indicate that
cerebral I/R injury increases ROS, affecting
cardiac tissue.

Conversely, in our study, the admin-
istration of TPP to rats significantly sup-
pressed the I/R-induced increase in MDA
levels in both brain and heart tissues. To
our knowledge, our study is the first to ex-
amine the protective effect of TPP against
cardiac damage caused by common carotid
artery occlusion. Yasar et al. reported that
brain damage caused by focal I/R?", and Po-
lat et al. reported that doxorubicin-induced
cardiac toxicity '8, TPP has a protective ef-
fect against significantly decreasing the in-
creased MDA level. Our experimental results
and existing literature data suggest that TPP
protects the heart from oxidative damage by
significantly reducing LPO during cerebral
I/R, owing to its antioxidant properties.

Excessive ROS production during ce-
rebral I/R causes cell damage by surpassing
the capacity of endogenous antioxidants 2125,
Endogenous antioxidants, such as GSH, are
responsible for defense against ROS and are
crucial in protecting brain and heart tissues
against I/R injury #*%°. GSH is an important
antioxidant enzyme that protects cells from
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superoxide and hydroxyl radicals 23!, Stud-
ies have associated decreased GSH levels
resulting from cerebral I/R with increased
LPO *. Sharipov et al. reported oxidative
damage in the heart mitochondria of rats in
the brain focal I/R model due to an increase
in superoxide and hydroxyl radicals **. How-
ever, it was emphasized that decrecased GSH
levels in cardiac tissue were associated with
increased MDA levels following cerebral I/R
in rats **. Our findings demonstrate reduced
tGSH levels in both brain and heart tissue,
consistent with the literature. This suggests
that tGSH cannot counteract the elevated
ROS levels of I/R. However, TPP significantly
suppressed the I/R injury-related decrease in
tGSH levels in the brain and heart tissues of
rats, which is consistent with previous find-
ings 3% demonstrating that TPP prevents
the reduction in GSH levels, exerts antioxi-
dant effects, and thereby protects heart and
brain tissues against oxidative damage. Our
findings suggest that TPP protects against
distant cardiac tissue damage due to cere-
bral I/R by inhibiting LPO and preserving
the antioxidant system.

Ischemia, followed by reperfusion, dis-
rupts the redox balance in favor of pro-oxi-
dants and prompts the release of pro-inflam-
matory cytokines such as TNF-o, IL-B, and
IL-6 *. Existing studies indicate that TNF-a
is the primary cytokine responsible for stim-
ulating the synthesis of cytokines, such as
IL-B and IL-6, during cerebral I/R. ?53¢ TNF-a
and interleukins released due to microglia
and astrocyte activation exacerbate neuroin-
flammation, causing secondary I/R damage
in distant tissues, such as the heart, ulti-
mately leading to cell death #*. Consistent
with the literature, cerebral I/R significantly
increased TNF-a, IL-1B, and IL-6 levels in
both brain and distant cardiac tissues in our
study. Our findings suggest that I/R injury
begins with oxidative stress and persists due
to inflammation. We examined the impact
of TPP on inflammation and observed that

TPP significantly prevented the increase of
TNF-a, IL-1B, and IL-6 levels in both brain
and heart tissues. While the study by Yasar
et al. *" showed that TPP significantly sup-
pressed increased TNF-o and IL-1p levels due
to focal I/R injury, there is no study showing
the protective effect of TPP against distant
cardiac tissue damage induced by I/R injury
resulting from bilateral common carotid ar-
tery occlusion.

The bilateral common carotid artery
occlusion procedure led to an increase in se-
rum TPI and CK-MB levels. The significant
increase in TPI and CK-MB levels explains
heart tissue damage and reflects the impact
of the brain I/R event on the heart tissue.
In the literature, abnormal elevation of TPI
and CK-MB levels has been associated with
myocardial ischemia and hypoxia . Further-
more, increased TPI and CK-MB levels cor-
relate positively with increased oxidants and
pro-inflammatory cytokines '*. The results
of the current experimental study align with
another study *7, showing that TPI and CK-
MB are associated with increased oxidative
and pro-inflammatory cytokines.

In our study, bilateral common carotid
artery occlusion increased pro-inflammato-
ry cytokine levels in cardiac and brain tis-
sue, accompanied by increased oxidants
and decreased antioxidants. Furthermore,
TPP protects the brain and distant cardiac
tissues against oxidative and inflammatory
damage induced by cerebral I/R. This is the
first study to demonstrate the effect of TPP
against distant tissue heart damage caused
by cerebral I/R injury. However, the current
study suggests that TPP administration re-
duces cardiac damage. The most significant
limitations of this study include the absence
of common carotid occlusion monitoring
and the lack of histopathological examina-
tions. Further studies are necessary to clari-
fy the role of TPP in preventing cerebral I/R
injury and its protective effects on distant
tissue damage.
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Abstract. Apoptosis, necroptosis, and autophagy are cellular mechanisms
by which cells are programmed to die under various physiological and devel-
opmental stimuli. A multitude of protein mediators of programmed cell death
have been identified, and apoptosis, necroptosis, and autophagy signals have
been found to utilize common pathways that elucidate the proteins involved.
This narrative review focuses on caspase-dependent and caspase-independent
programmed cell death systems. Including studies of caspase-dependent pro-
grammed cell death, extrinsic pathway apoptotic mechanisms, phosphatidyl-
serine (PS), FAS (APO-1/CD95), tumor necrosis factor (TNF) receptor type
1 (TNF-R1) and TNF-related apoptosis-inducing ligand (TRAIL), and intrinsic
or mitochondrial pathway such as cytochrome C, the Bel-2 family of proteins
and Smac/Diablo. The Bel-2 family has apoptotic mediators Bel-2-associated X
protein (Bax) and Bel-2 homologous antagonist/killer (Bak), Bel-2-interacting
protein BIM (Bim), Bel-2 agonist of cell death (Bad), Bid, Bel-2 adenovirus E1B
19kDa-interacting protein 1 NIP3 (Bnip3), BMF, HRK, Noxa and PUMA and an-
tiapoptotic proteins such as Bel-2 itself, Mcl-1, Bel-w, A1, and Bel-XL. Moreover,
caspase-independent programmed cell death pathways include the mitochon-
drial pathway with the protein mediators apoptosis inducing factor (AIF) and
endonuclease G, and the pathways necroptosis, and autophagy. Understanding
programmed cell death from those reported in this review could shed substan-
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tial light on the processes of biological homeostasis. In addition, identifying
specific proteins involved in these processes is mandatory to identify molecular
biomarkers and therapeutic targets. Furthermore, it could provide the ability to
modulate the programmed cell death response and could lead to new therapeu-
tic interventions in a disease.

Mecanismos de muerte celular programada: vias estructurales
y funcionales. Una revision narrativa.

Invest Clin 2024; 65 (2): 230 — 252

Palabras clave: apoptosis; caspasas; via mitocondrial/intrinseca; via extrinseca;

necroptosis; autofagia.

Resumen. La apoptosis, la necroptosis y la autofagia son mecanismos celu-
lares mediante los cuales las células se programan para morir bajo una amplia
gama de estimulos fisiol6gicos. Esta revision describe en los sistemas de muerte
celular programada dependientes e independientes de la caspasa. Los estudios
incluidos sobre la muerte celular programada dependiente de la caspasa inclu-
yen mecanismos apoptéticos de la via extrinseca que incluyen fosfatidilserina
(PS), FAS (APO-1/CD95), receptor del factor de necrosis tumoral (FNT) tipo
1 (FNT-R1) e inductor de la apoptosis relacionada con ligando FNT (TRAIL)
y via intrinseca o mitocondrial como el citocromo C, la familia de proteinas
Bel-2 y Smac/Diablo. La familia Bel-2 tiene mediadores apoptéticos, proteina
X asociada a Bel-2 (Bax) y antagonista/asesino homoélogo de Bel-2 (Bak), pro-
teina BIM que interacttia con Bel-2 (Bim), agonista de la muerte celular de
Bel-2 (Bad), Bid, proteina 1 que interactta con el adenovirus E1B 19kDa de
Bel-2, NIP3 (Bnip3), BMF, HRK, Noxa y PUMA y proteinas antiapoptéticas como
la propia Bel-2, Mcl-1, Bel-w, Al y Bel-XL. Ademds, las vias de muerte celular
programada independientes de la caspasa incluyen la via mitocondrial con los
mediadores proteicos factor inductor de apoptosis (FIA) y endonucleasa G, las
vias necroptosis y autofagia. Comprender la muerte celular programada a partir
de los contenidos descritos en esta revisién podria arrojar luz sustancial sobre
los procesos de la homeostasis biolégica y podria proporcionar la capacidad de
modular la respuesta de muerte celular programada y conducir a nuevas inter-
venciones terapéuticas en una amplia gama de enfermedades.

Received: 19-10-2023 Accepted: 18-11-2023

INTRODUCTION

Every hour, billions of cells die in us,
and our tissues do not shrink because of a
natural regulation whereby cell death is
balanced by cell division. It is necessary to

control both death and cell division in dif-
ferentiated cells to balance the different cell
populations, avoiding affecting the adjacent
cells '

The process in which cells eliminate
themselves in a controlled manner is called
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programmed cell death. Programmed cell
death plays an important role during em-
bryonic development, maintaining tissue
homeostasis in the body and eliminating
damaged cells %. In contrast, excessive or
defective cell death contributes to a broad
spectrum of human pathologies. Low-rate
cell death can result in the formation of
cancer and autoimmune diseases *, whereas
high-rate cell death can result in neurode-
generative disease, immunodeficiency, or
muscle atrophy *.

Knowledge of specific/differential pro-
teomic expression in each cell death is es-
sential for the early detection, diagnosis, and
prognosis of cell-death-related diseases. This
knowledge is also crucial for the use of more
precise and personalized pharmacological
treatments °. Cell death can be divided into
three groups: programmed, regulated, and
accidental °. Programmed cell death is pres-
ent in embryonic development and tissue
homeostasis, such as apoptosis and necrop-
tosis. Regulated cell death is that which, pro-
grammed or not, can be induced or inhibited
by a specific molecular mechanism through
pharmacology or genetic interventions, for
example, the release of neutrophil extracel-
lular traps (NETs), a regulated form of neu-
trophil cell death known as NETosis, modu-
lates neutrophil toxic effects. Accidental cell
death is triggered by external physical condi-
tions, such as ischemia, freeze-thaw cycles,
or high concentrations of pro-oxidants, an
example of this type of death are oncosis and
necrosis °. Two mechanisms of programmed
cell death are distinguished: apoptotic cell
death, dependent on caspases such as extrin-
sic and intrinsic apoptosis, and non-apoptot-
ic cell death, independent of caspases, such
as autophagy and necroptosis "

MATERIALS AND METHODS

Search strategy

The present study is a narrative lit-
erature review comprising scientific stud-
ies conducted between May and July 2023

that sought to group and describe caspase-
dependent and caspase-independent pro-
grammed cell death, describing the molecu-
lar mechanisms of apoptosis, necroptosis,
and autophagy. The bibliographic search was
carried out in the following electronic data-
bases: Medline (PubMed), Sci-ELO, Scopus,
Science Direct, Cinahl, EMBASE - Excerpta
Medica Data Base, LILACS, Google Scholar,
Dialnet, and Cochrane Library Plus. The key-
words used for the search were: programmed
cell death, apoptosis, caspases, caspase in-
hibitory proteins, mitochondrial / intrinsic
pathway, extrinsic pathway, necroptosis, au-
tophagy, phosphatidylserine, FAS (APO-1/
CD95), tumor necrosis factor (TNF) recep-
tor type 1 (TNF-R1) and TNF-related apopto-
sis-inducing ligand (TRAIL) and cytochrome
C, linked by the Boolean operators “AND”
and “OR”. Additional records were gleaned
by conducting a ‘snowball’ search, checking
the reference lists of publications eligible
for full-text review, and using ResearchGate
to identify potential articles not included in
the databases used in the study.

Inclusion and exclusion criteria

The following inclusion criteria were
applied to select the articles: (1) Access to
the full text; (2) be a review, clinical trial,
observational study, or case report/study;
(3) identify caspase-dependent and cas-
pase-independent programmed cell death;
(4) describe the molecular mechanisms of
apoptosis, necroptosis, and autophagy; (6)
studies whose publication date is from the
beginning of the databases until July 2023;
(6) languages were restricted to English,
German, French, Italian, Spanish, and Por-
tuguese. The exclusion criteria applied were:
(2) Publications not related to programmed
cell death and/or describe its molecular
mechanisms; (2) duplicate documents.

Data extraction

After searching the databases for stud-
ies, the search titles were checked to iden-
tifty duplicates and possible publications to
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add. After reading the abstract, a full-text re-
view of the selected studies was performed.
Two reviewers (D.F-L. and J.S.-C.) scruti-
nized and synthesized data from all selected
studies into a comprehensive table using a
standardized data extraction. A third review-
er (B.S.) resolved all disagreements between
them.

RESULTS AND DISCUSSION

Programmed Cell death

Apoptotic cell death functions individu-
ally and selectively and is executed through
a highly stereotyped series of biochemical
events that ensure rapid non-inflammatory
cell elimination. For this reason, the apop-
totic physiological process is produced and
characterized by decreased cell size, vesicle
formation, and condensation of the nucleus.
This series of transformations regulates the
control of morphogenesis and organogenesis
during embryonic development, in addition
to tissue homeostasis in adult organisms 8.

Non-apoptotic cell death is usually de-
scribed as a secondary mechanism for defi-
cient apoptotic conditions. However, it is also
possible that non-apoptotic programmed
cell death mechanisms may function in first-
order lines; for example, autophagic cell
death is carried out during metamorphosis
in insects. This autophagic cell death elimi-
nates a tissue in its entirety °.

In 1972, Kerr et al. % coined the term
apoptosis to differentiate it from the death
of natural origin, necrosis. The word comes
from Greek, which refers to the leaves that
fall from the trees or the petals that fall from
the flowers. The prefix apo means “distance,
outside or part” and ptosis “fall,” which lit-
erally means “fall from”. Apoptosis is associ-
ated with caspases, a family of cysteine pro-
teases that control not only apoptosis but
also proliferation, differentiation, cell shape,
and cell migration.

Apoptosis is a form of programmed cell
death '°, which occurs because of tissue and
cell aging or in response to different external

agents such as ionizing radiation and chemo-
therapeutic agents . It can be considered a
process that facilitates the elimination of de-
fective cells, so the alteration in the regula-
tion of genes involved in cell death by apop-
tosis can cause and be associated with the
development of different neoplasms, autoim-
mune diseases, viral infections, and neurode-
generative diseases . Apoptosis is an active
process where the cells react and execute
their death, programmed, by themselves '°.
Apoptotic death is considered when a cell
has lost its individuality or reached a “point
of no return” at which the cell definitively
loses its function. Apoptotic cell death trig-
gers two stages. In the first stage, biochemi-
cal mediators attempt to repair a damaged
cell. If they fail, the cell enters the second
stage or execution phase, where structural
changes occur that lead the cell to death
12 These structural changes affect the cell
membrane, intracytosolic organelles, and
the nucleus ®. The cytoskeleton collapses,
the nuclear envelope disassembles, redis-
tributing the nuclear pores, the nuclear pro-
tein is altered, and the nuclear chromatin
condenses and fragments, becoming dense
clumps, with an electrophoretic “ladder”
pattern, which migrate towards the nuclear
membrane that shapes. DNA and RNA cleav-
age, due to the activation of Ca’>+ and Mg>+
dependent endonucleases that cleave ge-
nomic DNA through the internucleosomal
spaces . Also in the mitochondria, DNA de-
grades, and the endoplasmic reticulum los-
es its envelope; its cisterns widen and fuse
19" The phospholipids of the cell membrane
change orientation and the phosphatidyl-
serine residues are exposed to the external
environment; the fragmentation of the phos-
pholipids is induced because of these disrup-
tions, the integrity of the plasma membrane
is lost, and the mitochondrial membrane
potential decreases. On the surface of the
plasma membrane, fragments of membrane-
enclosed cytoplasm called apoptotic bodies
protrude and are shed, which are cytoplas-
mic remnants surrounded by a membrane
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such that they are rapidly engulfed by an
adjacent cell or macrophage when released
into the external environment, without caus-
ing an inflammatory response 21415,

Caspases

Cysteine aspartate-specific protcases
(Caspases, EC 3.4.22.-) are synthesized as
inactive 30-50 kDa precursors (zymogens)
that have three domains: an amino-terminal
domain (prodomain), a domain that will re-
sult in a large subunit (p20) containing the
active site, and another domain that will end
in a smaller subunit catalyst (p10) C-ter-
minus ' (Fig. 1). In the presence of appro-
priate stimuli, a proteolysis process occurs
between the domains, generating the active
fragments. There are two types of caspases:
initiator caspases (Caspase-2, 8, 9, and 10)
that are activated in response to signs of
stress or cell damage and that protect and
activate effector caspases (Caspase-3, 6, and
7), these will oversee the direct proteolysis
of different substrates that will lead to the
death of the cell. One of their first identified
substrates was Poly ADP-ribose polymerase
(PARP) 1715,

Initiator caspases present in their N-
terminal region one or two essential adapter
domains for their function. In contrast, ef-
fector caspases do not have these domains.
There are two fundamental ways caspases can

be activated (intrinsic and extrinsic path-
ways of caspase-dependent apoptosis), but
although both pathways converge on effec-
tor caspases, they require different caspases
to initiate the process. Thus, the activation
of the extrinsic pathway mainly causes the
recruitment of Caspase-8, and the intrinsic
pathway principally causes the recruitment
of Caspase-9 1819,

During the process of apoptosis, there
is a massive activation of caspases, which
specifically cut proteins in cysteine residues
located near aspartic acid. Caspases initi-
ate a cascade of events that converge into
a common effector caspase pathway that
leads to the execution of apoptosis >%°. The
apoptotic machinery of the cytoskeleton has
inactive precursors or initiating procaspases
810 that are activated by proteolytic cleavage
and are catalyzed by other already active cas-
pases; here, the process remains reversible.
When activated, the initiator procaspases
and cell-specific target proteins cleave and
activate the executor procaspases (3, 6, and
7). From Caspase-3, the process is irrevers-
ible 1719,

Apoptosis constitutes a complex series
of positive and negative events with mul-
tiple positive and negative regulators and
is integrated into other critical intracellu-
lar pathways such as cell cycle progression,
phosphorylation-mediated signals, and DNA

CARD

p20 p10

Caspases - 2,9

Initiator caspases

=

DED | DED

m

p20 p10 Caspases - 8, 10

Effector caspase

p20 p10 | Caspases - 3, 6,7

d

Fig. 1. Structure of Caspases.

CARD: caspase recruitment and activation domain; DED: Death Effector Domain; p20: large subunit (p20);

p10: small subunit (p10).

Caspases contain three domains: an N-terminal prodomain, a large subunit (p20) containing the active center
with cysteine within a conserved QACXG motif, and a small subunit (p10) at the C-terminus.
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damage repair °. Apoptosis is carried out

mainly by two alternative pathways of apop-
tosis induction divided into i) apoptosis me-
diated by death receptors expressed on the
cell surface or extrinsic pathway; ii) apopto-
sis mediated by the mitochondrial or intrin-
sic pathway '®. Signaling by both pathways
induces the activation of caspases, and each
pathway uses its own initiator caspases and
activation complex 1%,

Inhibitors of Apoptosis Proteins (IAPs)

Inhibitors of apoptosis proteins (IAPs)
could inhibit apoptosis by selectively bind-
ing and inhibiting Caspase-3 and Caspase-7,
but not Caspase-8. IAPs block the caspase
cascade and inhibit cell death in response to
proapoptotic stimuli ?!. There are currently
eight protein members of this family, but
two of them, survivin and X-linked inhibitor
of protein apoptosis (XIAP), are particularly
interesting. In this sense, survivin is the only
IAP associated with the mitotic spindle?. Its
expression depends on the cell cycle 2. It has
a double function since it inhibits apoptosis
through direct and indirect interaction with
caspases and regulates the cell cycle **. Sur-
vivin is expressed in embryonic tissue and
is overexpressed in tumor cells, associated
with resistance to chemotherapy, but not in
normal adult tissues 2*2%, XIAP is possibly the
best-studied IAP both at the structural level
and at the level of its mechanism of action 2°.

Furthermore, XIAP is the only member
of this family that can inhibit both effector
and initiator caspases. XIAP is frequently ¢l-
evated in tumor cells, leading to resistance
to chemotherapy . Therefore, XIAP is an
optimal therapeutic target based on its func-
tions; moreover, the inhibition of XIAP re-
stores cellular chemosensitivity 2725,

Caspase-dependent pathways of apoptosis
Extrinsic pathway: recipients of death
The extrinsic pathway is activated by

ligands of the family of Tumor necrosis fac-

tor (TNF) proteins. Some ligands can induce

apoptosis; when they bind to their receptors,
they trigger caspase activation and initiate
apoptosis *. Death receptors are character-
ized by having cysteine-rich extracellular
domains. They all have in common a death
domain (DD) domain in the cytoplasmic re-
gion. In general, the binding of ligands to
death receptors induces their trimerization,
and subsequently, the DD domains recruit
adapter molecules that will activate Cas-
pase-8 and, when activated, activate Cas-
pase-3 . Extrinsic apoptosis is related to
death receptors on the plasma membrane,
such as phosphatidylserine (PS), FAS (APO-
1/CD95), TNF receptor type 1 (TNF-R1),
and TNF-related apoptosis-inducing ligand
(TRAIL) .

Phosphatidylserine (PS)

In cells, the negatively charged PS is
only localized to the cytosolic side of the
lipid bilayer of the plasma membrane, but
when it is translocated to the outer mono-
layer of the cell, it acts as an “eat me” signal,
so it is considered as a marker of extrinsic
apoptosis. In addition to expressing signals
on the cell surface that stimulate apoptosis,
PS also blocks inflammation in the phago-
cytic cell by inhibiting the production of cy-
tokines proinflammatory signaling proteins
32 Tt must be considered that apoptotic cells
must not only activate the signals that in-
duce cell death but also inactivate or lose
the death signals 2.

Fas (APO-1/CD95)

Fas (APO-1 / CD95) is ubiquitously ex-
pressed on the cell’s surface as a membrane
protein of 40 kDa, which is highly expressed
in T lymphocytes and activated natural kill-
er (NK) cells **. The activation of Fas at the
cell surface is done by binding the Fas ligand
(FasL) to the surface of a cytotoxic lympho-
cyte. The death domains of the cytosolic tails
of Fas death receptors recruit adapter pro-
teins, which in turn recruit procaspase ini-
tiators such as procaspase-8, procaspase-10,
or both, forming the death-inducing signal-
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ing complex (DISC) 3*. In practice, once ac-
tivated in the DISC, the initiator caspases
activate the next executor procaspases in
the cascade, inducing apoptosis. This path-
way begins with the formation of the DISC
in which an adapter molecule called Fas as-
sociated death domain (FADD) and procas-
pase-8 intervene. FADD binds to Fas through
their respective DD domains and to pro-
caspase-8 through a death effector domain
(DED). The oligomerization of procaspase-8
in the DISC complex results in the activation
of Caspase-8 and subsequent activation of
other caspases. Depending on the cell type,
Caspase-8 can directly activate Caspase-3
or proteolyze the carboxy-terminus of BH3
interacting domain death agonist (Bid), a
proapoptotic protein from the Bel-2 family.
Translocation of the truncated form of Bid
into the mitochondria will activate the mito-
chondrial pathway *33¢ (Fig. 2).
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The Fas / Fas ligand (FasL) system par-
ticipates in the elimination of T and B lym-
phocytes, viruses-infected cells, and cancer
cells. Doxorubicin and methotrexate (cyto-
toxic agents) or immunomodulatory drugs
(IMiDs) activate this pathway to achieve cell
death in malignant cells in cancer disease 7.

Furthermore, FasL can also interact
with the DcR receptor, a soluble secreted
receptor of the TNF superfamily. Some cells
produce “decoy” receptors on the cell sur-
face with a ligand-binding domain but no
death domain; therefore, they can bind to
a death ligand but do not trigger apoptosis.
When FasL binds to Dc¢R3, it inhibits FasL/
Fas apoptotic activity, thus acting as a “de-
coy.” Cells can also produce intracellular
blocking proteins such as FADD-like IL-1p-
converting enzyme (FLICE)-inhibitory pro-
tein (FLIP), which resembles procaspase but
lacks a proteolytic domain; FLIP competes

Caspase-8

Mitochondria
4
[] Bid

PROAPOPTOTIC
FACTORS

APOPTOSIS 4—/

v

Fig. 2. Extrinsic apoptotic pathway by FAS cell death receptors.

FAS is a cell surface receptor that, when binding to its ligand, causes apoptosis. (APO-1/CD95); FASL: Fas
ligand; FADD: Fas Associated Death Domain; DD: Death Domain; DED: Death Effector Domain; DISC:
Death-Inducing Signaling Complex; Bid: BH3 Interacting Domain Death Agonist Protein.

Diagram of apoptotic signals of the extrinsic pathway: mediated by FAS receptors of cell death. Caspase-8 can
directly activate Caspase-3 or proteolyze the carboxy-terminal end of Bid, a proapoptotic protein of
the Bel-2 family. The translocation of the truncated form of Bid to the mitochondria will activate the
mitochondrial pathway.
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with procaspases-8 and 10 for binding sites
on DISC and thus inhibits the activation of
these initiating procaspases 5%,

Tumor necrosis factor (TNF) receptor type
1

Tumor necrosis factor-a (TNF-a) is a
type II transmembrane protein that medi-
ates the inflammatory response, regulation
of immune cells, and cytotoxicity. TNF-a
binds to tumor necrosis factor receptor 1
(TNF-R1), also known as death receptor 1
(DR1), and tumor necrosis factor receptor
2 (TNF-R2). TNFR1 and TFNR2 are involved
in pro-survival signaling and proliferation by
activating the nuclear factor kappa B (NF-
kB) pathway 314,

TNF-R1 can be found in all cell types,
and TNF-R2 is mainly expressed in immune
and endothelial cells *°. TNF-R1 is ubiqui-
tously expressed, like Fas, whereas its ligand
TNF-a is only expressed on activated macro-

TNFR1 TNF

©0¢

I =

(I

w
]
= =

Procaspase-8

|

phages and lymphocytes in response to in-
fections *°. TNF-R1 has a death domain that
can trigger apoptosis by activating the cas-
pase cascade. Upon activation, TNF binds
to its receptor via trimerization of TNFRI.
Subsequently, a TNFR-associated death do-
main protein (TRADD) adapter molecule is
added that induces association with FADD
and activation of Caspase-8. In addition to
the apoptotic pathway, TNF induces other
signal transduction pathways from TRADD
that trigger the activation of NF-xB and c-
Jun Kinase (JNK)/Ap-1 * (Fig. 3).

TNF-Related Apoptosis-Inducing Ligand
(TRAIL)

TRAIL is a type II homotrimeric trans-
membrane protein expressed on the surface
of T cells, macrophages, and NK cells, mod-
ulating the immune response 3'. Zinc bind-
ing is essential for recognizing the receptor
and the subsequent induction of apoptosis

Mitochondria

PROAPOPTOTIC

FACTORS
APOPTOSIS 4—1

Fig. 3. Extrinsic apoptotic pathway by Tumor Necrosis Factor Receptor type 1 cell death receptors.

TNF: tumor necrosis factor; TNFR1: Tumor Necrosis Factor Receptor; TRADD: Tumor Necrosis Factor Recep-
tor (TNFR)-Associated Death Domain protein; RIPs: Receptor Interacting Proteins; FADD: Fas Associa-
ted Death Domain; Bid: BH3 Interacting Domain Death Agonist Protein.

Signaling pathway of the TNF receptor 1. TRADD adapter molecule is added, which induces the association

with FADD and the activation of Caspase-8.
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by stabilizing the trimeric conformation in
TRAIL residue Cys230, which is essential *3.
When TRAIL binds to DRs, it induces recep-
tor trimerization, which triggers the extrin-
sic apoptotic pathway in transformed cells
without affecting non-transformed cells **.
TRAIL binds to two death receptors
(DR), DR 4 and DR5, and “three decoys
receptors” (DcR) (DcR1, DcR2, and osteo-
protegerin (OPG)). TRAIL-R1 or DR4 and
TRAIL-R2 or DRS5, with 60% homology, can
trigger apoptosis and determine whether
a cell is resistant or sensitive to TRAIL °'.
DcR1, or TRAIL-R3, is a GPI-anchored pro-
tein lacking the intracellular and transmem-
brane domains, while DeR2 or TRAIL-R4 has
an intracellular portion containing a trun-
cated DD; both receptors are unable to in-
duce apoptosis after binding of TRAIL *54°,
OPG is a soluble receptor that can be re-

Lack of
signs of o e
agrowth UV radiation
_L W
PBKIAKT BIMF

1

leased from the cardiovascular system, gas-
trointestinal tract, lung, kidney, bone, and
immune cells *. OPG binds TRAIL and many
ligands, including another member of the
TNF family, the receptor activating nuclear
factor kB ligand (RANKL) *5.

Intrinsic pathway: mitochondrial death
pathway

Intrinsic apoptosis is activated from
within the cell in response to injury or other
forms of stress, such as DNA damage, lack
of oxygen, UV radiation, nutrient or survival
signals, oxidizing agents, drugs, and growth
factors ** (Fig. 4).

Although mitochondria were consid-
ered a passive eclement in apoptotic cell
death, which only reflected damage to
critical functions due to cell death %°, this
apoptotic pathway depends on the release

Proteosome inhibitors. Chemotherapeutic
Calcio Channels agents
w
BIM pS3
NOXA
PUMA

Fig. 4. Potential signals of the activation of the intrinsic apoptotic pathway.

PBK: Protein kinase B; AKT: serine-threonine kinase (also known as protein kinase B (PKB) phosphorylated by
PDK1 kinase.; BAD: Bel-2 agonist of cell death; BIM: B-cell lymphoma 2 interacting mediator of cell
death; BIMF: proapoptotic protein BIM family; BID: BH3-interacting domain death agonist; BCL-XL:
B-cell lymphoma-extra-large; BCL-2: B-cell lymphoma 2; BAX: bel-2-like protein 4; NOXA: (Latin for
damage) is a proapoptotic member of the Bel-2 protein family; p53: Tumor protein P53; PUMA: p53

upregulated modulator of apoptosis.

In signaling activation of the mitochondrial pathway of apoptosis, the BH3 domain is essential for apoptotic
activity. Proteins that inhibit apoptosis and/or promote cell survival include Bel-2, and Bel-XL, loca-
ted in the outer mitochondrial membrane, and the proteins Bim, Bad, Bid, Bimf, and Bax are found
mainly in the cytosol and can be translocated to mitochondria in response to apoptotic stimuli.
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into the cytosol of mitochondrial proteins
that normally reside in the intermembrane
space ',

Cytochrome-C

Cytochrome C is a protein that partici-
pates in the electron transport chain located
in the intermembrane space of the mito-
chondria, and that can be used as a biomark-
er of the apoptosis process !. Cytochrome C,
performs an entirely different function; after
being released into the cytosol, it binds to
a procaspase-activating protein called apop-
totic protease-activating factor-1 (Apafl),
causing the oligomerization of Apaf-1 into a
heptameric wheel-like structure called apop-
tosome °2. In the apoptosome, Apafl pro-
teins recruit initiator procaspase molecules
(procaspase-9); these are activated into Cas-
pase-9 and induce an apoptotic cascade acti-
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Cytochrome-C

l Apoptosome
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’

Procaspase-3

1

n BID

@
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vating one of the following chain executing
procaspases-3, -6, and -7 inducing apopto-
sis® (Fig. 5).

Bel-2 family proteins

Bel-2 family of proteins controls and reg-
ulates the entire process of intrinsic apopto-
sis. Bel-2 family proteins actively participate
in this pathway, which, through interactions
between them, regulates the permeabili-
zation of mitochondria and the release of
apoptogenic proteins into the cytosol . The
Bel-2 family of proteins contains at least one
conserved domain, known as Bel-2 homology
domains (BH [BH1, BH2, BH3 and BH4]).
The proteins of the Bel-2 family are classi-
fied based on their function and structure:
i) Antiapoptotic proteins, which contain the
domains BH1 and BH2; ii) Proapoptotic pro-

77
O\‘/BAX
BAD BAK

Smac/DIABLO

~

Fig. 5. Intrinsic pathway by Cytochrome C-mediated apoptosis.

Apaf-1: Apoptotic protease-activating factor 1; IAP: Inhibitors of Apoptosis Protein; PARP: Poly (ADP-ribose)
polymerase; BID: BH3 Interacting Domain Death Agonist; BIM: B-cell lymphoma 2 interacting me-
diator of cell death; BAD: Bel-2 agonist of cell death; BCL-2: B-cell lymphoma 2; MCL-1: Induced
myeloid leukemia cell differentiation protein; BCL-XL: B-cell lymphoma-extra-large; BAX: bel-2-like
protein 4; BAK: Bel-2 homologous antagonist/killer; Smac / DIABLO: Second Mitochondria-derived

Activator of Caspase.

Release to the cytosol binds to the Apaf-1 protein and procaspase-9, forming the apoptosome complex, indu-
cing caspase-9 and the caspase activation cascade.

Vol. 65(2): 230 - 252, 2024



240

Fernandez-Lazaro et al.

teins containing the BH1, BH2, and BH3 do-
mains; iii) Proapoptotic proteins containing
only the BH3 domain®*. Most of the antiapop-
totic members maintain sequence conserva-
tion in their four domains, while those with
proapoptotic activity have less conservation
of the first o-helix BH4 segment. Thus, the
proteins of the Bel-2 family are proapoptotic,
and others are antiapoptotic. They can bind
to each other in various combinations and
form heterodimers in which the two proteins
mutually inhibit each other. However, when
a more significant proportion of these activi-
ties occur, the cell’s susceptibility to death
or survival is determined >-°.

Antiapoptotic proteins

Antiapoptotic Bel-2 proteins, such as
Bel-2 itself, Mcl-1, Bel-w, A1, and Bel-XL, are
found on the cytosolic surface of the outer
mitochondrial membrane, endoplasmic re-
ticulum, and nuclear envelope, where they
help maintain membrane integrity. This
group of proteins inhibits apoptosis and/
or promotes cell survival . The three anti-
apoptotic proteins of the Bel-2 family, Bel-
2, Bel-XL, and Mecl-1, prevent the activation
of the mitochondrial apoptosis pathway, as
demonstrated in multiple myeloma (MM) 37,
In MM, the defect in the cell death pathways
is frequently due to an imbalance in the ex-
pression of the Bel-2 family proteins. The
Bel-2 gene has been implicated in resistance
to apoptosis induced by dexamethasone but
not melphalan in patients with MM. Bel-XL
is expressed in most MM cell lines and cells
from patients; increased expression is fre-
quently detected in the relapsed patient and
correlates with resistance to chemotherapy.
Mcl-1 is expressed in virtually all MM lines
and fresh cells from patients. The induction
of apoptosis in MM cells has been related to
a decrease in the expression of Mcl-1 %7, Also,
for acute myeloid leukemia (AML), higher
expression of Bel-2, Bel-XL, and Mcl-1 and
lower expression of Bax increase resistance
to apoptosis in CD34+ populations than in
CD34- populations, mainly due to AML 3%,

Furthermore, increased expression of Bel-
2 and Bcl-XL blocks doxorubicin-induced
apoptosis. Mcl-1 levels are increased in pa-
tients with recurrent AML .

Pro-apoptotic Bel2 proteins

Proapoptotic Bel-2 proteins comprise
two subfamilies: the BH1-4 proteins that
share four different homology domains (Bcel-
2-associated X protein [Bax]| and Bel-2 ho-
mologous antagonist/killer [Bak] and the
proteins with restricted homology to BH3.
The BH3 domain is essential for apoptotic
function °. Among the members of the Bel-2
family that induce apoptosis, with bounded
homology to the BH3 domain, the following
proteins are grouped: Bel-2-interacting pro-
tein BIM (Bim), Bel-2 agonist of cell death
(Bad), Bid, Bcl-2 adenovirus E1B 19kDa-
interacting protein 1 NIP3 (Bnip3), BME
HRK, Noxa and p53 upregulated modulator
of apoptosis (PUMA). These proteins are the
largest subclass of the Bel-2 protein family
1. Bak protein is tightly bound to the outer
membrane of the mitochondria even in the
absence of an apoptotic signal, whereas Bax
is localized primarily in the cytosol and only
translocates to the mitochondria if an apop-
totic signal is activated. Bax and Bak acti-
vation depend on activated “BH3 one” pro-
apoptotic proteins. Bax and Bak act on the
endoplasmic reticulum’s and nuclear mem-
branes’ surface; when activated in response
to endoplasmic reticulum stress, they re-
lease Ca** from the endoplasmic reticulum
into the cytosol. Bax and Bad are essential
gateways for cell death through mitochon-
dria °'. Restricted homology to BH3 proteins
provides the crucial link between the apop-
totic stimulus and the intrinsic apoptosis
pathway; its BH3 domain binds to a long hy-
drophobic groove of the Bel-2 antiapoptotic
proteins and neutralizes or inhibits their ac-
tivity. In some cells, the extrinsic apoptotic
pathway recruits the intrinsic pathway by
amplifying the caspase cascade that kills the
cell. In this way, Bid is the link between the
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two pathways. Also, Bid, Bim, and PUMA can
inhibit all Bel-2 antiapoptotic proteins 3,
Klee et al.** have investigated mitochondrial
membrane permeabilization, which depends
not only on the canonical mitochondrial Bak
and Bax pathway to activate the death pro-
gram. Therefore, these investigators have
also found that the “only-BH3” molecules,
Bim and PUMA, can induce the release of
cytochrome ¢ and apoptosis with the mere
presence of Bak in the endoplasmic reticu-
lum °*. This pathway for transmitting apop-
totic signals from the endoplasmic reticu-
lum to mitochondria involves coordinated
communication mediated by the calcium
and ER1a/TRAF2 ER-stress surveillance ma-
chinery ©1:6365,

Second Mitochondria-derived Activator
of Caspase (Smac / Diablo)

Second mitochondria-derived activa-
tor of caspase (Smac / Diablo) binds by its
N-terminal end to the mitochondria and, in
the intermembrane space, proteolyzes, leav-
ing free the domain that allows its union
with the IAPs . The loss of mitochondrial
potential simultancously triggers the re-
lease of cytochrome-C and Smac/Diablo.
Smac/Diablo, in the cytoplasm, is capable
of binding to IAPs (XIAP, c-IAP1, ¢-IAP2, and
survivin), inhibiting their function and en-
hancing caspase activation and triggering
the mitochondrial apoptosis pathway °’. The
release of Smac / Diablo is inhibited by Bel-
2 and BelxL . In MM cells, Smac plays a
functional role in mediating the activation
and apoptosis of Caspase-9 induced by dexa-
methasone treatment 7.

Caspase-independent pathways
of apoptosis

Mitochondrial caspase - independent
pathway

The loss of mitochondrial potential in-
creases the permeability of the mitochondri-
al membrane, and the result is the release of

these proteins, such as AIF (apoptosis-induc-
ing factor) and Endonuclease G (Endo-G)
that activate a caspase-independent apopto-
sis pathway .

AIF (Apoptosis Inducing Factor)

Apoptosis-inducing factor (AIF) is a
highly phylogenetically conserved protein,
essential for embryonic development, which
is synthesized in the form of an immature
precursor; it is translocated to the mito-
chondria, and in the intermembrane space it
is proteolyzed, the mature form has oxidase
activity . In response to death signals, AIF
leaves the mitochondria and travels through
the cytosol to the nucleus, where it binds to
DNA, causing chromatin condensation and
DNA fragmentation into fragments of ap-
proximately 50 kb ' (Fig. 6). AIF is neces-
sary to induce PARP-dependent death. The
processing and activation of PARP occur in
response to DNA damage. PARP initiates a
signal in the nucleus that induces the re-
lease of AIF from the mitochondria. AIF then
moves from the mitochondria to the nucleus
and induces chromatin condensation and
DNA fragmentation 7.

Endonuclease G (Endo-G)

Endonuclease G (Endo-G) is an essen-
tial protein for mitochondrial DNA replica-
tion. It was isolated from the mitochondrial
fraction treated with the proapoptotic active
form of Bid: tBid. Once released to the cyto-
sol, it is transferred to the nucleus, where it
fragments DNA, even in the presence of cas-
pase inhibitors (Fig, 6). Endo-G cooperates
with exonuclease and DNase, facilitating
DNA processing 72, Apoptotic endonucle-
ase acts cooperatively to fragment DNA and
ensure the irreversibility of apoptosis. How-
ever, very little is known about the potential
regulatory linkages between endonucleases.
Therefore, deoxyribonuclease deactivation is
caused by cutting. Also, alternative splicing
of DNase I pre-mRNA skipping exon 4 occurs
in response to overexpression of Endo-G in
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Cytochrome C

Smac/DIABLO

Fig. 6. Proapoptotic factors as Cytochrome-C, Smac/Diablo, Endonuclease, and Apoptosis Inducing Factor

are released from the mitochondria.

RIP3: Receptor-interacting serine/threonine-protein kinase 3; RIP1 Receptor-interacting serine/threonine-
protein kinase 1; FLIPs: FLICE-inhibitory proteins; FAAD: Fas-associated death domain protein.

In response to death signals, AIF leaves the mitochondria and moves through the cytosol to the nucleus,
where it binds to the DNA, causing chromatin condensation and DNA fragmentation.

cells 172, Likewise, a strong correlation was

identified between the expression levels of
Endo-G and DNase I splice variants in human
Iymphocytes. In fact, T cells downregulate
the mRNA levels of the active full-length DN-
ase I variant. They also upregulate the levels
of the inactive spliced variant, which acts in
a dominant-negative fashion 77!,

Necroptosis

Necroptosis is a form of programmed
cell death since it is genetically regulated;
it is characterized by cell inflammation, mi-
tochondria dysfunction, plasma membrane
permeabilization, and the release of cyto-
plasmic content into the extracellular space,
causing inflammatory reactions in the cells
of the surrounding tissue. This form of cell
death is also associated with mitochondrial
reactive oxygen species (ROS) and, unlike
apoptosis, does not involve DNA fragmen-
tation ™. Necroptosis has been reported to
occur in a wide range of human diseases, in-
cluding retinal ischemia-reperfusion injury,
acute pancreatitis, brain trauma, retinal
detachment, and Huntington’s disease ™7,

In addition, necroptosis has been linked to
models of inflammation, including intestinal
inflammation and systemic inflammatory re-
sponse syndrome (SIRS) 77, Perhaps the de-
tailed knowledge of this cell death pathway
can be used to develop drugs that temporar-
ily prevent or block this process to delay the
death of some types of cells or, conversely, it
could also serve to eliminate selectively, for
example, tumor cells 7.

Activation Pathways of Necroptosis
Necroptosis is triggered as a form of
immunity against pathogens, under poor
conditions to trigger apoptosis. In necrop-
tosis, as in apoptosis, TNF activates TNFR1,
which induces the activation of a serine/
threonine kinase interaction protein (RIP1),
making integrating a joint inflammatory
and necroptotic response possible 8. RIP3
is activated upon phosphorylation by the
serine/threonine kinase RIP1 7. Necropto-
sis is RIP3-dependent as RIPK3 protein ki-
nase activity determines whether cells die
by apoptosis or necroptosis. Perhaps necrop-
tosis is fundamentally characterized by the
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activation of RIP1 or RIPK3, while the cas-
pase cascade is inhibited . Giampietri et al.
8 have proposed a model that differentiates
the production of cell death by apoptosis
and by necroptosis; the dimerization of Cas-
pase-8 produces apoptosis while in necrop-
tosis it does not occur. The dimerization of
C-Flip S and caspase-8 produces a reduction
in caspase-8 activity, and it may not produce
either apoptosis or necroptosis, finally, the
heterodimerization of C-FLIPs and Caspase-8
produces inhibition of Caspase-8 and leads
to the production of necroptosis (Fig. 7).

2 $

CROPTO -

Fig. 7. Pathway of specific activation of necroptosis.

RIP3: Receptor-interacting serine/threonine-protein
kinase 3; RIP1 Receptor-interacting serine/
threonine-protein kinase 1; FLIPs: FLICE-in-
hibitory proteins; FAAD: Fas-associated death
domain protein.

Necroptosis signaling pathways mainly comprise hete-
rodimerization to ¢-FLIPs that reorganize the
catalytic site procaspase-8, producing caspa-
se-8 inhibition, which induces necroptosis.

Regulation Pathways of Necroptosis

Liu et al. ¥ have shown that the Akt
and mTOR pathways regulate necroptosis by
inducing RIPK1 activation in neuronal cell
death. Just as it has also been verified that
necrostatin -1 is an inhibitor of all the bio-
chemical events carried out in this type of
cell death. In addition, other investigators
82 have reported that necroptosis is paired
with a mixed lineage kinase domain-like pro-
tein (MLKL) gene, an important substrate
of RIP3, and the plasma surface pores are
constituted by said protein (Fig. 8). These
pores cause the absorption of too much wa-

ter, so the cells ultimately burst. The block-
ade of MLKL activity leads to the inhibition
of necroptosis *2. In this sense, Dondelinger
et al. ® have proposed that a domain of four
activated MLKL molecules is required to
induce its oligomerization and trigger cell
death.

On the other hand, it has been found
that phosphatidylinositol (PIP) recruits the
MLKL protein to the plasma membrane.
Of note, recombinant MLKL lacks positive
charges and induces leakage of liposomes
containing both PIP and BAX, supporting a
model in which MLKL induces necroptosis
by directly permeabilizing the plasma mem-
brane. Consequently, inhibition of PIP for-
mation specifically inhibits TNF mediated by
necroptosis but not apoptosis %

Autophagy

The term autophagy was introduced in
1996 by De Duve and Wattiaux, who defined
the vacuolization process for transporting
intracellular material to lysosomes for deg-
radation %. Autophagy is derived from the
Greek auto and phagos; it literally means
“self-feeding.” Its function mainly regulates
intracellular homeostasis since cytoplasmic
materials (long-lived proteins and damaged
organelles) are degraded in lysosomes and
recycled to produce new building blocks and
maintain energy metabolism %, From a mor-
phological point of view, autophagy has been
classified as a form of programmed cell death
associated with the massive accumulation of
autophagosomes in the cytoplasm, which
frequently, but not always, seems to be ac-
companied by increased blood flow; massive
autophagy triggers caspase-independent,
necrosis-like death %. It has been shown that
autophagy participates in natural processes
such as growth, embryonic development,
or aging. Also, it participates in the death
that occurs in mammary cells after lactation
and the death of some cancer cells that lack
apoptotic modulators, such as Bax and Bak
or caspases . Dysfunction of this process
has been linked to cardiovascular and respi-
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Fig. 8. Recruitment of Mixed Lineage Domain-Like Protein Kinase by Phosphatidylinositol. Pathway to the

plasma membrane.
MLKL: Mixed Lineage Domain-Like Protein Kinase

The MLKL protein has become a specific and crucial protein. The 4-Helical Bundle Domain (4HBD) in the
N-terminal region of MLKL is required to induce its oligomerization. and trigger cell death.

ratory diseases, neurodegenerative diseases,
metabolic diseases, and cancer %%,
Autophagy is a type of programmed cell
death since more than 30 genes have been
identified in yeast that regulate autophagy,
and it is seen as a survival mechanism to com-
bat environmental stress factors %. Autopha-
gy could be induced in response to oxidative
or metabolic stress and can also be induced
through starvation, which is very commonly
used in research %. On the other hand, to
demonstrate that cell death in an in vivo or
in vitro model is caused by autophagy, it is
necessary to demonstrate that said death is
inhibited by agents interrupting the autopha-
gic pathway *. These agents can be chemi-
cal (agents directed against VPS34), genetic
(siRNA 3-methyl-adenine), or modulators of
autophagy (AMBRA 1, ATG 5, beclin) %.

Types of autophagy

Three types of autophagy are identified: 1)
macroautophagy; ii) microautophagys; iii) chap-
erone-mediated autophagy ®. The macroau-
tophagy process, as described by Kwanten et al.
% begins with the formation of a phagophore,
a double membrane structure (also known as
an isolation membrane) that sequesters cyto-

plasmic material (long-lived proteins and or-
ganelles), which subsequently elongates to cre-
ate an autophagosome. The autophagosome
fuses with a lysosome to form an autolysosome,
where its contents will be degraded by lyso-
somal proteases (e.g., cathepsins) and other
hydrolytic enzymes **“1. According to Kwanten
et al. %% phagophore formation is regulated by
the ULK1 complex (initiation), which is under
the control of the mammalian target of ram-
pamycin (mTOR) complex and the beclin-1/
VSP34 interaction complex (nucleation). Two
large, conjugated ubiquitin-like complexes
are responsible for double membrane elonga-
tion: light chain 3 (LC3)-II and ATGS-Atg12-
ATG16L1. ATGT7 is one of the proteins required
to form both elongation complexes. Autopha-
gosomes are generated on or in the vicinity of
the endoplasmic reticulum. However, it is not
clear whether the ER membrane is used di-
rectly for autophagosome formation. Recent
studies suggest that additional membranes
derived from the Golgi complex, mitochondria,
and the plasma membrane also contribute
to autophagosome formation 1. Therefore,
autophagosome formation involves multiple
and complex processes . Macroautophagy is
considered to play the most critical role in au-
tophagy ** (Fig. 9).
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Fig. 9. Macroautophagy process from isolation membrane to autolysosome.

In the autolysosome, the inner membrane and luminal content of the autophagic vesicle are degraded by

lysosomal enzymes that act optimally within this acidic compartment.

Microautophagy process is considered
when a small portion of the cytoplasm is di-
rectly involved by the lysosome / late endo-
some (Fig. 10). Autolysosome formation is
mediated by the accumulation of small mem-
brane structures that envelop portions of
the cytoplasm. Phagophores are not formed,
and membrane structures invaginate direct-
ly into lysosomes, where degradation occurs
by direct absorption of cytoplasmic cargo.
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Fig. 10. Endosomes result from the microautopha-
gy process.

Microautophagy is conserved from yeast to mam-
mals and contributes to the degradation of
organelles (e.g., peroxisomes, ER, nucleus),
protein complexes such as the proteasome,
and single proteins.

In Chaperone-Mediated Autophagy
(CMA), the proteins to be degraded are
delivered selectively to lysosomes; they are
recognized by heat shock-like proteins 70
(HSC70) and by co-chaperones; proteins
in the degradation phase are internalized
through lysosomal membrane-associated
protein 2A (LAMP2A) 7192 (Fig. 11).

Autophagy: a selective process

Degradation in the autophagy process
was believed to be non-selective; however, it
has been determined that there are selective
pathways to digest specific components, such
as “mitophagy” or selective autophagy of mi-
tochondria 3, “peroxyphagy” (peroxisomes),
“ribophagy” (ribosomes) or “xenophagy”
(invading microbes), this phenomenon is
called selective autophagy, and in the case
of mitochondria, it serves to maintain their
homeostasis %, Thus, macroautophagy
can be non-selective (random uptake of in-
tracellular material) and selective (specific
load capture). The morphological and bio-
chemical characteristics of autophagy and
apoptosis are different. In this regard, cells
undergoing autophagy show an increase in
autophagic vesicles (autophagosomes and
autophagolysosomes).  While chromatin
condensation is partial in autophagic cells,
DNA fragmentation does not occur. The two
processes, autophagy and apoptosis, are not
always mutually exclusive and can occur si-
multaneously in the same type of cells “*.

In summary, homeostasis is maintained
between cells produced by mitosis and cell
death in the human body. In this sense, this
study is a narrative review that reports scien-
tific research in which an attempt has been
made to group programmed cell deaths,
explaining the molecular mechanisms that
involve structural and functional proteomic
pathways that intervene by inducing and
inhibiting each one of the proteomic path-
ways. In our study, caspase-dependent pro-
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Fig. 11. Lysosome obtained from Chaperone-Mediated Autophagy pathway.

HSC70: Heat shock 70 kDa protein cognate; LAMP-2A: Lysosome-associated membrane protein 2A.

The proteins to be degraded are delivered selectively to lysosomes, which HSC70 and co-chaperones recognize.
Proteins in the degradation phase are internalized through LAMP2A.

grammed cell deaths and caspase-indepen-
dent programmed cell deaths are described.
Although classifying and describing pro-
grammed cell death processes is somewhat
complex, depending on which aspects are
analyzed, their grouping and knowledge of
the factors that trigger cell death vary great-
ly. This study could offer the basis for the de-
sign of new pharmacological treatments and
discover new potential molecular biomarkers
for early diagnosis that serve to cure or mod-
ulate the course of some diseases. For this,
it is necessary to understand the proteomic
signaling mechanisms of programmed cell
death since their alteration contributes to a
wide variety of diseases, one of which is can-
cer, which constitutes a global public health
problem due to its high mortality.
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estadificacion inicial de pacientes con
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con subtipos histologicos agresivos.
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Resumen. En los tltimos anos, la tomografia por emision de positrones /
tomografia computarizada (**F-FDG-PET/CT o '®Fluoro-2-deoxi-D-glucosa-PET/
CT) se ha convertido en una herramienta importante para el tratamiento posto-
peratorio de pacientes con cancer de tiroides diferenciado (CDT) y es amplia-
mente utilizado en situaciones clinicas seleccionadas. El papel mds valioso que
desempena la F-FDG -PET / CT en la practica clinica es que puede ser utili-
zada para obtener informacién prondstica en pacientes con niveles crecientes
de tiroglobulina (Tg), asi como un rastreo corporal con yodo radiactivo (**'I)
negativo y ablacion con 1. La F-FDG -PET / CT también puede tener un pa-
pel potencial en la estadificacion inicial y el seguimiento de los pacientes de in-
termedio y alto riesgo con subtipos histoldgicos agresivos, en la identificacion
de los pacientes con mayor riesgo de mortalidad especifica por enfermedad y
en el manejo de pacientes con enfermedad refractaria al ', Varios articulos
apoyan la hipétesis de que la captacion de F-FDG puede tener valor pronéstico
en CDT. Por un lado, la captacion de *F-FDG en el cancer de tiroides primario
esta relacionada con la expresion y diferenciacion del transportador de glucosa
(GLUT) vy, por otro lado, se ha encontrado una asociacion entre la captacion de
I8F-FDG vy las caracteristicas histolégicas agresivas, el tamaino del tumor y las
metastasis a los ganglios linfaticos.
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Value of the *F-FDG-PET/CT in the initial staging of patients
with high-risk thyroid cancer with aggressive histological

subtypes.

Invest Clin 2024; 65 (2): 253 - 263

Keywords: aggressive thyroid cancer; 'I; glucose transporters; thyroglobulin; TgAb.

Abstract. In recent years, positron emission tomography / computed to-
mography (*SF-FDG-PET / CT) or 2-(**F) -fluoro-2-deoxy-D-glucose has become
an essential tool for the postoperative treatment of patients with differentiated
thyroid cancer (CDT), and it is widely used in selected clinical situations. The
most valuable role that 'F-FDG -PET / CT plays in clinical practice is that it can
be used to obtain prognostic information in patients with increasing levels of
thyroglobulin (Tg) and negative radioactive iodine (**'I) body scan and ablation
with 1311. The F-FDG -PET / CT may also have a potential role in the initial
staging and monitoring of high-risk patients with aggressive histological sub-
types, identifying patients with a higher risk of disease-specific mortality, and
managing patients with disease refractory to P'I. Several articles support the
hypothesis that the uptake of F-FDG may have prognostic value in CDT. On
the one hand, the uptake of 'F-FDG in primary thyroid cancer is related to the
expression and differentiation of the glucose transporter (GLUT). On the other
hand, an association has been found between the uptake of 'F-FDG and the
aggressive histological characteristics, tumor size, and lymph node metastases.

Recibido: 05-07-2023 Aceptado: 04-02-2024

INTRODUCCION

El carcinoma diferenciado de tiroides
(CDT) es la neoplasia maligna endocrina
mas comun, representa del 80 al 90% de los
canceres de tiroides y muestra un aumento
notable en la prevalencia en las tltimas dé-
cadas. Aunque el CDT generalmente tiene
una naturaleza indolente y un prondstico
favorable, un subconjunto de pacientes en-
frenta un alto riesgo de recurrencia y mor-
talidad. Aproximadamente entre el 20% y el
30% de las personas experimentan una recai-
da y el 7% sucumben dentro de una década
del diagnostico inicial. El seguimiento poso-
peratorio que incluye tiroidectomia total y
ablacién con yodo radiactivo es estandar, y
la elevacion de la tiroglobulina (Tg) sérica

indica enfermedad persistente o recurrente.
Sin embargo, surgen desafios cuando las me-
tastasis no absorben yodo radiactivo, lo que
indica una posible resistencia o desdiferen-
ciacion celular 12,

La incapacidad de atrapar yodo radiac-
tivo en el CDT a menudo se asocia con me-
tastasis y disminucion de la supervivencia,
y estos casos exhiben un comportamiento
agresivo. En particular, entre el 10% y el
30% de los pacientes con CDT recurrente
presentan yodo radiactivo negativo y niveles
elevados de Tg en la gammagrafia, lo cual
reduce drasticamente a 3-5 anos la mediana
de supervivencia después de la deteccion de
metastasis .

Por otro lado, la presencia de anticuer-
pos antitiroglobulina (TgAb) en ¢l momento
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del diagnostico, que se encuentran en el 25-
30% de los pacientes con CDT, complica la
confiabilidad del analisis de Tg sérica. Estos
anticuerpos, teoricamente desencadenados
por el tejido tiroideo secretor de Tg, podrian
reflejar indirectamente la masa tumoral.
Después de la cirugia y de la ablacion con
yodo radiactivo, los niveles de TgAb gene-
ralmente disminuyen, pero pueden persistir
durante un promedio de tres afos. La evi-
dencia emergente sugiere que cuando las
pruebas de Tg en suero se ven obstaculizadas
por la presencia de TgAb, las tendencias de
concentracion de anticuerpos podrian servir
como un marcador tumoral CDT sustituto °.

Hallazgos recientes también proponen
una correlacion entre los titulos de TgAby la
agresividad del CDT; los pacientes positivos
para TgADb con frecuencia caen en categorias
de mayor riesgo y exhiben diseminacion del
tumor extratiroideo. Un estudio multicén-
trico confirmé ademis que la positividad
de TgAb después del tratamiento primario
se correlaciona, significativamente, con la
recaida de la enfermedad durante el segui-
miento posterior *°.

La estratificacion del riesgo, segun la
Asociaciéon Estadounidense de Tiroides, su-
giere un riesgo intermedio a alto de enfer-
medad persistente/recurrente segun el esta-
dio y la integridad de la reseccion quirdrgica,
como lo refleja la extension extratiroidea.

De manera similar, la Asociacién Europea
de Tiroides clasifica a los pacientes con ex-
tension extratiroidea como de alto riesgo de
enfermedad persistente ©7.

Factores como el tamano del tumor, la
multifocalidad, la invasién extratiroidea, las
variantes histoldgicas (p. ¢j., células altas,
esclerosantes difusas, células tiroideas onco-
citicas, anteriormente conocidas como cé-
lulas de Hiirthle ® y la resistencia al I son
determinantes prondsticos fundamentales en
el CDT. La presencia de metdstasis linfatica o
a distancia en el momento del diagnéstico es
un factor de prondstico negativo significati-
vo, que se correlaciona positivamente con los
resultados de 18F-FDG-PET/CT *1° (Tabla 1).

A pesar de la creciente evidencia cien-
tifica sobre la utilidad de la "SF-FDG-PET/CT
en el manejo de pacientes con CDT de riesgo
alto/intermedio, las guias clinicas a menudo
incorporan esta indicacion con limitaciones
o la omiten por completo. Este articulo pro-
porciona una descripcion general de los da-
tos moleculares y clinicos de Pubmed, tesis
académicas y directrices estadounidenses y
europeas sobre el uso de "YF-FDG-PET/CT en
el tratamiento de pacientes con CDT de ries-
go moderado a alto.

ISF-FDG PET/CT y cancer de tiroides
Como la primera técnica validada de
“imagenes metabolicas”, tanto en la ciencia

Tabla 1
Factores de mal prondstico en el cancer diferenciado de tiroides.

Factores de mal prondstico

Tamaifio Clinicos
Multifinalidad Clinicos
Invasion vascular Clinicos
Diseminacion linfatica Clinicos
Metastasis a distancia Clinicos
Variantes histologicas Histolégico
Citologia indeterminada Citologia
Resistencia al 31 Metabdlicos
Elevacién de los TgAb Metabolicos
Persistencia o elevacion de la Tg

I8R-FDG-PET positivo Metabolicos

>1lcm

Mais de dos lesiones

Factor de Crecimiento

Factor de Crecimiento

Factor de Crecimiento

Grado de desdiferenciacion y tipos de célula
RAI negativo

>de 10ng/dL

>de 10mg/dL
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bésica como en entornos clinicos, la FDG es
el trazador PET mas utilizado para la obten-
cion de imagenes de tumores malignos. Una
tasa acelerada del metabolismo de la glucosa,
mediada por la regulacion positiva de enzi-
mas y transportadores glucoliticos (GLUT),
es caracteristica de la transformacion ma-
ligna, un fenémeno reconocido desde hace
mas de ocho décadas. Sin embargo, en los
tumores de tiroides, el aumento de la capta-
cion de FDG se limita a neoplasias malignas
mas agresivas y de alto grado, y los tumores
bien diferenciados muestran una captacion
insignificante del trazador. Se cree que la
relacion inversa entre la captacion de Py
I8F-FDG en el carcinoma de tiroides, conoci-
da como fenémeno “flip-flop”, se debe a una
pérdida de la capacidad de concentracion de
BIT durante la desdiferenciaciéon combinada
con una mayor demanda de glucosa por par-
te de las células tumorales ' (Fig. 1).

Importancia del tamafno, multimodalidad
e invasién vascular tumoral, diseminacion
linfatica y metastasis a distancia

La American Thyroid Association (ATA)
incluye la ""F-FDG-PET como una herramien-
ta fundamental en la deteccion temprana
de carcinomas tiroideos de escasa diferen-
ciacion y variantes oncociticas °. Investiga-
ciones han evidenciado que la PET/CT con
I8F-FDG, realizada al inicio del seguimiento
de pacientes con CDT de riesgo alto o inter-
medio, puede modificar sustancialmente la
estrategia de tratamiento al revelar datos
cruciales que no se detectan con métodos
convencionales. Se ha demostrado que el
tamano del tumor, la invasién vascular y la
diseminacion metastasica son factores de-
terminantes en la positividad de la F-FDG
PET/CT, subrayando su relevancia en la es-
tratificacion del riesgo y la toma de decisio-
nes clinicas.

Fig. 1. Ilustra un caso extraido de nuestra practica clinica habitual, correspondiente a una paciente de 57
anos diagnosticada con carcinoma folicular bien diferenciado. En octubre de 2010, se someti6 a una
tiroidectomia total. El examen histopatolégico revel6 la presencia de un adenoma folicular con un pa-
tron trabecular y ¢células oncociticas, sin invasion capsular ni evidencia de invasion vascular. En 2015,
una radiografia de torax revelé un nédulo pulmonar de 3 em. Para octubre de 2018, los niveles de
tiroglobulina se encontraban elevados, y un rastreo con yodo radiactivo (**'I) no mostré captacion del
radioisotopo. Posteriormente, se realiz6 un estudio con F-FDG PET/CT, que demostré la presencia
de maltiples n6dulos pulmonares hipermetabdlicos, con un Valor de Captacion Estandar (SUVmax)
8.1, con didmetros de hasta 33 mm vy se distribuian en las regiones centrales y periféricas de ambos
campos pulmonares. Dichos hallazgos son indicativos de un proceso de desdiferenciacion y progresion

de la enfermedad oncoldgica.
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Rosenbaum-Krumme y col. 2, en un es-
tudio prospectivo estudiaron el beneficio de
la 'F-FDG PET/CT realizada después de la
terapia ablativa con 3'T en 90 pacientes con
CDT de alto riesgo, encontrando que el 29%
de los pacientes estudiados presentaron un
estudio F-FDG PET/CT positivo y cambi6 la
estrategia de tratamiento en el 21% de ellos.
Del mismo modo, Iwano y col. 1? estudiaron
54 pacientes con CDT a los que le realizaron
un estudio F-FDG PET/CT con la estimula-
cion de TSH 3-4 dias antes de la ablacion con
BTy encontraron que el estudio fue positivo
en 33% de los pacientes.

La presencia de invasién vascular en el
analisis histol6gico, la afectacion ganglionar
cervical y la afectacion metastasica a distan-
cia en el momento del diagnostico, son los
principales factores asociados con un estu-
dio "F-FDG PET/CT positivo °.

TSH, Tiroglobulina y Anti-tiroglobulina
Los niveles de Tiroglobulina (Tg) pos-
quirtrgicos son indicativos del tejido tiroi-
deo residual. Se ha enfatizado la relevancia
de Tg y TSH para optimizar la precision del
ISF-FDG PET/CT. Este tltimo se indica prin-
cipalmente para el seguimiento de pacientes
con CDT bajo el sindrome TENIS (Thyrog-
lobulin Elevated with Negative radioiodine
Scintigraphy), acorde a las directrices de la
ATA ¢. Un Tg elevado (> 10 ng/mL) o su du-
plicacion rapida son factores que potencian
la detecciéon de la 'F-FDG-PET/CT, incluso
con niveles bajos de Tg. Aproximadamente
un tercio de los pacientes con Tg sérica ele-
vada podrian modificar su tratamiento poso-
peratorio basandose en los resultados de la

ISF-FDG PET/CT, particularmente en etapas
avanzadas del CDT ?°. La PET/CT es también
prometedora en la evaluacion del CDT con
terapia de ablacion con yodo negativay TgAb
elevados, reflejando un metabolismo glucé-
mico tumoral activo y posiblemente una ma-
yor agresividad del tumor . Los TgAb pue-
den actuar como marcadores sustitutos y
su disminucion post-tratamiento sugiere un
menor riesgo de recurrencia o enfermedad
persistente.

Diferenciacion vs Desdiferenciacion

El proceso de desdiferenciacion del
CDT, se establece con la existencia del me-
tabolismo de la glucosa regulado al alza,
(activacion de los GLUTs) combinado con el
metabolismo del iodo regulado a la baja (in-
hibicion de los NIS) 2 (Tabla 2).

En los tltimos tiempos, una compren-
sion cada vez mayor de la oncologia molecu-
lar ha impulsado el uso de agentes dirigidos
y nuevas estrategias de Re-diferenciacion
para el tratamiento de diferentes tipos de
carcinomas de tiroides avanzados. Uno de los
cambios oncogénicos mas comunes observa-
dos en cdncer papilar de tiroides es el reor-
denamiento RET/ PTC, que resulta en una
autofosforilacion constitutivamente activa
de RET Y1062, y reduce la expresion del gen
NIS. Ruan y col. 1%, aclararon parcialmente
el mecanismo subyacente del fenémeno de
“flip-flop” confirmando que la expresion de
los genes de diferenciacion tiroidea aumen-
tan significativamente después del trata-
miento con sorafenib o cabozantinib, lo que
indica que ambos farmacos podrian restau-
rar efectivamente la expresion de los genes

Tabla 2
Comportamiento metabdlico tumoral de la metastasis del CDT.

Comportamiento tumoral

BR-FDG PET/ CT  Rastreo con 21 Comportamiento histolégico

MT. con Avidez a la Glucosa y Iodos Positivo
MT. con Avidez a la Glucosa

y refractario al Iodo Positivo
MT. con Avidez al iodo y refractario

a la glucosa. Negativo

Positivo Poco diferenciado.
Negativo Des diferenciado.
Positivo Diferenciado
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que manejan yoduro tiroideo y, por lo tanto,
la captacion de radioyodo en el cancer de ti-
roides. En ese estudio, la expresion génica y
proteica de GLUT1 y GLUT3 vy la captacion
de F-FDG disminuyeron significativamen-
te en las células BHP 2-7 y K1 después del
tratamiento con sorafenib o cabozantinib, lo
que indica que la respuesta del tratamiento
de seguimiento a la terapia TKI utilizando
I8F -FDG PET es posible 3.

Variantes histologicas (células altas,
esclerosante difusa, células oncociticas
de la tiroides)

Los carcinomas de tiroides con histo-
logia agresiva, incluyendo variantes como el
carcinoma mal diferenciado, células altas,
células columnares, células oncociticas, cé-
lulas insulares, esclerosis difusa y carcino-
ma oncocitico, son propensos a no captar
radioyodo, presentando tasas elevadas de
enfermedad persistente o recurrente. En el
22%-65% de estas pacientes se presentan
enfermedades persistentes o recurrentes
después del tratamiento definitivo '. Estas
variantes, avidas de FDG, requieren de '8F-
FDG PET/CT para evaluar el alcance de la
enfermedad y pronosticar su curso. Estudios
destacan la alta sensibilidad del PET/CT con
FDG en el carcinoma oncocitico de tiroides y
sugieren que una intensa captaciéon de FDG
indica un pronéstico desfavorable. La PET/
CT con FDG se convierte asi en una herra-
mienta diagndstica crucial para estos subti-
pos, mejorando la estrategia terapéuticay la
precision en la evaluacion prondstica .

El carcinoma de células oncociticas de
la tiroides es un subtipo histolégico agresivo
de cancer de tiroides, con un alto riesgo de
metastasis y un peor pronostico en compa-
racion con el CDT. El carcinoma de células
oncociticas de la tiroides parece incapaz de
concentrar P, pero es un tumor avido por
FDG. La localizacion precisa de la enferme-
dad es esencial en el carcinoma de células
oncociticas de la tiroides, ya que la cirugia
y la radioterapia de haz externo pueden ser
beneficiosas.

Varios estudios han demostrado una alta
sensibilidad de la PET con FDG para el car-
cinoma de células oncociticas de la tiroides,
en relacion con otras modalidades de imagen.
Un estudio multicéntrico realizado por Rie-
man y col. encontraron una sensibilidad del
92% y una especificidad del 95% para la PET/
CT con FDG en el carcinoma de tiroides de
células de Hiirthle, mientras que los valores
correspondientes para 'l fueron 65% y 94% y
los de ultrasonido fueron 37% y 94% 7.

Carcinoma de tiroides anaplasico (ATC)
vs carcinoma medular

El carcinoma anaplasico de tiroides
(ATC) representa el 5% de todos los carci-
nomas tiroideos, destacandose como uno de
los mas letales con una supervivencia prome-
dio de apenas 3 meses sin tratamiento efec-
tivo. Generalmente, la mortalidad se asocia
con la diseminaciéon metastdsica mas que
con el crecimiento local. Estudios han de-
mostrado que la PET/CT con F-FDG supera
en precision a la CT convencional para la de-
teccion temprana de metastasis, en especial
en ganglios linfaticos mediastinicos y cervi-
cales. Ademads, la intensidad de captacién de
FDG y el SUV max resultan ser predictores
significativos de la supervivencia, ofreciendo
asi una herramienta valiosa tanto en la es-
tadificacién inicial como en la respuesta al
tratamiento '8,

Bogsrud y col. ', investigaron el papel
de F-FDG PET / CT en el manejo de 16 pa-
cientes con ATC al comparar los datos de
PET con otras herramientas de diagnostico y
con el seguimiento clinico. En todos los pa-
cientes, los registros de PET fueron verdade-
ros positivos para tumores primarios, y en el
50% de los pacientes, los datos de la PET in-
fluyeron en el manejo clinico. Estos autores
concluyeron que la F-FDG PET/CT podria
mejorar la estadificacion de la enfermedad
y, por lo tanto, cambiar potencialmente el
manejo clinico de los pacientes con ATC.

El valor de la PET/CT con FDG en el
cancer medular de tiroides (MTC) radica en
su utilidad para detectar recurrencias o me-
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tastasis del MTC, particularmente en aque-
llos casos donde las células tumorales han
adquirido caracteristicas metabdlicas que
les permiten captar la FDG. Aunque otros
trazadores como la dihidroxifenilalanina
(FDOPA) y los analogos de somatostatina
son frecuentemente utilizados, la FDG-PET/
CT puede ser especialmente ttil en casos de
MTC avanzado y en situaciones donde se sos-
pecha una enfermedad mas agresiva y menos
diferenciada 2°.

Refractariedad al 1

La refractariedad al ' en el contexto
del carcinoma diferenciado de tiroides me-
tastasico se refiere a la incapacidad de algu-
nas metastasis para absorber el radioyodo;
hasta el 10% de las metastasis se vuelven ra-
dioyodo refractario y no pueden beneficiar-
se de la terapia con '1 con mayor riesgo de
efectos adversos. Por lo tanto, la terapia con
I debe limitarse a pacientes con CDT se-
leccionados con metdstasis avidas con 31 2,
Esta resistencia al '*'I conduce a un pronés-
tico menos favorable, por lo que es crucial
identificar y explorar alternativas terapéu-
ticas para los pacientes afectados. La seclec-
cion cuidadosa de pacientes para la terapia
con B es esencial y dependerd la captacion
o no del FDG.

La refractariedad al radioyodo ('I)
en el cancer diferenciado de tiroides (DTC)
puede ocurrir debido a la pérdida de carac-
teristicas diferenciadas de las células tiroi-
deas, lo que incluye la captacion y organifi-
cacion de yodo. Esto significa que las células
cancerosas ya no expresan el transportador
de yodo s6dico (NIS) adecuadamente o que
los mecanismos que permiten la captacion
y el almacenamiento del yodo dentro de la
célula estan alterados o ausentes.

Una proporcion pequena pero signifi-
cativa de canceres de tiroides diferenciados
se vuelven refractarios al tratamiento con
radioyodo, ya sea porque pierden la capaci-
dad de captar yodo con el tiempo o porque,
a pesar de mantener la capacidad de cap-
tacion, el efecto del radioyodo se pierde en

términos de reduccién de la carga tumoral.
Estos pacientes generalmente reciben pocos
y transitorios beneficios de otras terapias
convencionales y especialmente de la qui-
mioterapia.

En la altima década, se han descubierto
y probado en ensayos clinicos varios nuevos
fArmacos, principalmente moléculas inhibi-
doras de la cinasa proteica, que se deberian
proponer a pacientes avanzados y progresivos
con cancer de tiroides refractario a 1311, ins-
cribiéndolos en ensayos clinicos o mediante
el uso “fuera de etiqueta” del farmaco 2'.

ISF.FDG-PET positivo y SUV
(Valor de captacion estandar)

Las localizaciones de CDT a menudo se
caracterizan por una baja captacion de 'SF-
FDG, especialmente en pacientes jovenes
afectados por subtipos de cdncer de tiroides
bien diferenciados %2. Tedricamente, el ni-
vel de metabolismo de la glucosa puede ser
evaluado en forma cualitativa (evaluacion
visual) o cuantitativamente (medicion del
SUV) por 'F-FDG PET / CT.

El volumen de lesiones FDG-avidas,
valor de captacion estandar maxima (SUV
max) ntmero y la ubicacion de las metasta-
sis pueden correlacionarse con el resultado
y la supervivencia en los analisis uni variados
y multivariados. Stangierski y col.* encon-
traron que el SUVmax se correlacion6 signi-
ficativamente con un alto volumen de enfer-
medad avida por FDG, lo que sugiere que los
tumores con la mayor actividad metabélica
podrian ser los que tienen el potencial de
crecimiento mas rapido y menor prondstico.

Otros trabajos han demostraron que la
captacion de FDG es altamente prondstica
para la supervivencia y que el SUV max y el
numero de lesiones avidas de FDG también se
relacionaron con la agresividad y prondéstico.
Estos datos resaltan la importancia clinica de
ISF-FDG-PET / CT en el tratamiento de pa-
cientes con cancer de tiroides metastasico **.

De hecho, las metdstasis dvidas por
FDG se asocian con un mayor riesgo de mor-
talidad y las variables absolutas derivadas de
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la PET, como SUV mean y SUV max, se han
relacionado directamente con el aumento
del comportamiento agresivo en varios tipos
de tumores, incluido el CDT °. Mdltiples es-
tudios han tratado de establecer un punto
de corte del SUV que defina malignidad vs
benignidad en el caso de los nédulos o pro-
nostico a grado de agresividad en metdstasis
con avidez del FDG.

Multiples estudios han publicado sobre
el tema, pero no hay un consenso. Liu * re-
fiere que con un valor de corte de SUVmax
4.0, si la metastasis fuera mayor que 4.0, se
debe sospechar una lesion de CDT metasta-
sico no avida al ™' y podria estar indicada
una terapia adyuvante para mejorar o restau-
rar la capacidad de atrapar 'L

Evaluacion de Nodulos

Un tercio de los hallazgos evaluados
son malignos. No se ha identificado un li-
mite adecuado de valor de captacién estan-
darizado (SUV) capaz de distinguir entre
lesiones benignas y malignas Kim y col.?° re-
fieren que las imagenes de la "F-FDG PET
/ CT que muestra el aumento captacion de
FDG en no6dulos con volimenes = 1 ecm y
un SUVmax mayor que 6, la probabilidad de
malignidad es muy alta.

TSH Recombinante Humano y F-FDG
PET/CT

El principal desafio al inducir un estado
de hipotiroidismo extremo en pacientes para
el tratamiento con yodo radiactivo o estudio
con "F-FDG PET/CT, es la amplia gama de
efectos secundarios que pueden afectar sig-
nificativamente su calidad de vida. Los pa-
cientes a menudo experimentan sintomas
psicolégicos y emocionales severos, como
depresion, ansiedad y problemas de memo-
ria. Ademads, pueden presentar alteraciones
cognitivas y emocionales que impactan en
su vida laboral, extendiendo a veces la baja
laboral por un periodo considerable.

Frente a estos desafios, el uso de la TSH
recombinante humana emerge como una al-
ternativa viable. Esta opcion permite evitar

los efectos secundarios del hipotiroidismo,
manteniendo la eficacia del tratamiento con
yodo radiactivo y minimizando los impactos
negativos en la calidad de vida del pacien-
te?”. La TSH recombinante humana es una
glicoproteina producida mediante tecnolo-
gia de ADN recombinante y se sintetiza en
células de ovario de hamster. Sus propieda-
des son idénticas a las de la TSH humana na-
tural. Se une a los receptores de TSH de las
células tiroideas y ha sido aprobada para fi-
nes diagnosticos, como el rastreo de células
tiroideas, desde 1998. Desde 2008, la FDA
también ha aprobado su uso como parte del
tratamiento complementario con yodo ra-
diactivo en pacientes con cancer de tiroides.

CONCLUSION

La 8F-FDG PET/CT se esta posicionan-
do como una herramienta indispensable en
la estrategia de manejo del carcinoma dife-
renciado de tiroides (CDT), no solo durante
la evaluacion inicial y postquirdrgica, sino
también como un medio efectivo para mo-
nitorear la progresion de la enfermedad y la
respuesta al tratamiento. Su aplicacion es
especialmente valiosa en la identificacion
de recurrencias y en la valoracion de tumo-
res con tiroglobulina elevada en ausencia de
captacion en el rastreo con radioyodo.

Es evidente que la '*F-FDG PET/CT tie-
ne una funcién destacada en diferentes cta-
pas de la enfermedad; desde el diagnéstico
inicial, especialmente en tipos histolégicos
agresivos, hasta ¢l seguimiento longitudinal,
donde su capacidad para detectar recaidas
tempranas intluye directamente en las estra-
tegias terapéuticas a seguir. Ademas, este en-
foque de imagen puede guiar la terapia per-
sonalizada y adaptativa, tomando en cuenta
las caracteristicas histol6gicas tnicas y la di-
namica clinica de cada paciente con CDT. Su
integracion en la practica clinica continda
enriqueciendo el espectro diagnostico y te-
rapéutico, permitiendo intervenciones mas
precisas y oportunas que mejoran los resul-
tados de los pacientes.
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