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EDITORIAL 
Honestidad en investigación: Papel de las 
revistas científicas como mecanismo  
de control.

Invest Clin 66(4): 347 - 348, 2025 https://doi.org/10.54817/IC.v66n4a00

En el mundo de la ciencia, la honesti-
dad, es una cualidad indispensable, por lo 
cual debe estar presente en toda investiga-
ción. Sin embargo, en la práctica, esto no 
siempre se cumple y es por ello que las edi-
toriales de algunas revistas científicas, han 
establecido criterios, que ayuden a detectar 
fraude, o lo que es lo mismo, deshonestidad, 
en un trabajo de investigación 1.

Un comportamiento honesto en un in-
vestigador científico, es actuar (de acuerdo 
con la RAE) 2, de forma honrada, razonable 
y justa, en todo el proceso de investigación, 
desde que concibe la hipótesis del trabajo, 
hasta su publicación y desde luego, siempre 
sujeto a la verdad, aunque ella contradiga el 
propósito o los resultados del trabajo.

 Desafortunadamente, la falta de hones-
tidad es frecuente en muchos aspectos del 
comportamiento del individuo, y el investi-
gador científico también puede estar sujeto 
a la tentación de “modificar” la verdad, en 
aras de producir un trabajo 3,4. 

 La competitividad en el mundo de la 
ciencia, es muy alta y el investigador, especí-
ficamente en el medio académico, debe de-
mostrar su actividad, mediante un mínimo 
anual de publicaciones en revistas acredita-
das de su especialidad, de lo contrario, pone 
en peligro su ascenso en el escalafón, o lo 
que es peor, su estabilidad en la institución. 
Por esta razón, se han conocido casos, de 
trabajos publicados en revistas de alto rango 
científico, donde se han hecho evidentes el 
plagio, la manipulación de los resultados, así 
como la fabricación.

En otros casos, el investigador recurre 
a la “amistad”, para que lo incluyan en la lis-

ta de autores, o lo que es peor, se apropia de 
las ideas de otro cuando escribe un artículo, 
o modifica los resultados para obtener una 
diferencia estadística que apoye la hipótesis 
de trabajo. En otras ocasiones, los evaluado-
res conciben fuertes sospechas de que los 
autores, no fueron los que realizaron la in-
vestigación.

Otra forma de deshonestidad es colocar 
referencias que no se han consultado, o lo 
que es peor, omitir las de otro autor, cuyas 
ideas han sido clave para la concepción y de-
sarrollo de la investigación. Se da también 
el caso de publicar gráficos y tablas de otros 
autores, sin las debidas referencias y permi-
sos. En estas situaciones, cabe el beneficio 
de la duda, si el investigador actuó con o sin 
malicia o si pudiera tratarse de investigado-
res noveles, que desconocen las normas de 
publicación. 

Actualmente, es frecuente que el in-
vestigador recurra a los llamados “Promoto-
res”, para ayudarle a encontrar una revista 
que publique su trabajo. Este procedimien-
to sin considerarlo incorrecto, pudiera dar 
paso a situaciones controversiales.

 Otro aspecto que hay que considerar 
es el avance de la tecnología, que mientras 
ofrece excelente ayuda para obtener infor-
mación sobre el tema a investigar, también 
ofrece mayor oportunidad de cometer frau-
de, como puede suceder con el mal uso de 
la “Inteligencia Artificial”, que es una gran 
herramienta para la búsqueda de informa-
ción, pero que a la vez crea la posibilidad de 
escribir un trabajo para publicación, que en 
realidad no se ha realizado. Esto no es solo 
deshonesto, sino que es criminal, ya que di-
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chos resultados falsificados, son llevados a la 
práctica clínica, afectando la salud de pobla-
ciones de pacientes.

 Desafortunadamente, las situaciones 
mencionadas, se han visto frecuentemente 
durante años recientes. Por lo tanto, las re-
vistas de investigación, tienen el reto cada 
vez mayor, de detectar fraude en un trabajo 

de investigación y es tarea de sus árbitros 
y del Comité Editorial, el revisar acuciosa-
mente los artículos que se reciben, para evi-
tar que ello suceda. 

 
María Diez Ewald 

ORCID 0000-0002-7161-5307

Honesty in research: the role of scientific journals  
as a control mechanism.

The publication of false results and the appropriation of ideas, are examples of dis-
honesty in research. Artificial intelligence and the use of “Promoters”, while useful when 
correctly used, could be a source for committing fraud. Although these issues are observed 
sporadically, the responsibility to identify fraud in a manuscript lies with its reviewers and 
the editorial staff.
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Abstract. This study aimed to explore the role of amyloid and tau biomark-
ers in evaluating the effectiveness of drug therapy for Alzheimer’s disease (AD). A 
retrospective analysis was performed in 150 AD patients admitted to our hospital 
from October 2022 to January 2024, and 50 healthy people were selected as the 
control group. The basic information of patients, including cognitive function and 
daily living ability, as well as amyloid and tau biomarkers, was compared between the 
two groups. AD patients were treated with donepezil hydrochloride and memantine 
tablets, and were divided into valid and invalid groups based on efficacy. Binary logis-
tic regression analysis was used to identify factors affecting the effectiveness of AD 
drug treatment, with the predictive accuracy being assessed using ROC curves. This 
study revealed that compared with the control group, the MMSE (Mini-Mental State 
Examination), MoCA (Montreal Cognitive Assessment), and Aβ1-42 in the AD group 
decreased, while T-tau and P-Tau-181 increased (p<0.05). Drug treatment was con-
sidered effective in 107 out of 150 AD patients. Education years, daily exercise, 
Aβ1-42, T-tau, and P-Tau-181 are all factors that affect the effectiveness of AD drug 
treatment. The changes in serum levels of Aβ1-42, T-tau, and P-Tau-181 can all be 
used to evaluate the effectiveness of AD drug treatment, with AUC values of 0.869, 
0.815, and 0.800, respectively. The combined evaluation of the three factors has an 
AUC of 0.977. Drug therapy can improve the clinical efficacy of most AD patients. 
The years of education, exercise, Aβ1-42, T-tau and P-Tau-181 are the influencing 
factors of the efficacy of AD drug treatment. The efficacy of AD drug treatment can 
be evaluated by detecting the changes of serum Aβ1-42, T-tau and P-Tau-181 levels 
in clinical practice, and the combined evaluation value of the three is higher than 
the individual values.
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El papel de los biomarcadores de amiloide y tau en la 
evaluación de la eficacia del tratamiento farmacológico  
para la enfermedad de Alzheimer.

Invest Clin 2025; 66 (4): 349 – 364

Palabras clave: Péptidos Beta-Amiloide; Proteínas Tau; Proteína Tau Fosforilada;  
P-Tau- 181; Enfermedad de Alzheimer; Terapia Farmacológica.

Resumen. El objetivo de este estudio es explorar el papel de los biomar-
cadores de amiloide y tau en la evaluación de la eficacia de la farmacoterapia 
para la enfermedad de Alzheimer (EA). Se realizó un análisis retrospectivo de 
150 pacientes con EA ingresados en nuestro hospital entre octubre de 2022 
y enero de 2024, y se seleccionaron 50 personas sanas como grupo control. 
Se compararon la información básica, la función cognitiva, la capacidad para 
realizar las actividades de la vida diaria, así como los biomarcadores de ami-
loide y tau entre ambos grupos. Los pacientes con EA fueron tratados con 
tabletas de hidrocloruro de donepezilo y memantina, y se dividieron en un 
grupo de pacientes que respondieron al tratamiento y otro grupo de pacien-
tes que no respondieron, en función de la eficacia del mismo. Se utilizó un 
análisis de regresión logística binaria para identificar los factores que afectan 
la eficacia del tratamiento farmacológico de la EA, y se evaluó la precisión 
predictiva mediante curvas ROC. Los resultados de este estudio revelan que, 
en comparación con el grupo control, en el grupo de EA, las puntuaciones en 
las escalas MMSE, MoCA y los niveles de Aβ1-42 disminuyeron, mientras que 
los niveles de T-tau y P-Tau-181 aumentaron (p<0,05). Después del tratamien-
to farmacológico, 107 de los 150 pacientes con EA mostraron una respuesta 
favorable. Los años de educación, el ejercicio diario, los niveles de Aβ1-42, 
T-tau y P-Tau-181 son todos factores que afectan la eficacia del tratamiento 
farmacológico de la EA. Los cambios en los niveles séricos de Aβ1-42, T-tau y 
P-Tau-181 pueden servir para evaluar la eficacia del tratamiento farmacológi-
co de la EA, con valores de área bajo la curva (AUC) de 0,869, 0,815 y 0,800, 
respectivamente. La evaluación combinada de estos tres factores tiene un 
AUC de 0,977. La farmacoterapia puede mejorar la eficacia clínica en la mayo-
ría de los pacientes con EA. Los años de educación, el ejercicio, los niveles de 
Aβ1-42, T-tau y P-Tau-181 son los factores que influyen en la eficacia del trata-
miento farmacológico de la EA. La eficacia del tratamiento farmacológico de 
la EA puede evaluarse detectando los cambios en los niveles séricos de Aβ1-
42, T-tau y P-Tau-181 en la práctica clínica. Además, el valor de la evaluación 
combinada de estos tres biomarcadores es mayor que la evaluación de estos 
factores individualmente.

            Received: 02-07-2025       Accepted: 12-07-2025
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INTRODUCTION

Alzheimer’s disease (AD) is a degen-
erative neurological disorder, clinically 
manifested as memory impairment and ir-
reversible progressive memory loss, among 
others. In addition, patients may also expe-
rience language and visual-spatial disorders, 
which mainly affect the elderly 1, 2. With the 
increase of aging, the incidence rate of AD 
is increasing year by year, and its impact on 
the social economy is also increasingly sig-
nificant 3. At present, AD is mainly relying 
on drug treatment supplemented by com-
prehensive measures such as psychologi-
cal and cognitive interventions 4. In terms 
of drug therapy, cholinesterase inhibitors, 
glutamate receptor antagonists, and other 
cognitive enhancement drugs are mainly 
used 5. However, due to the complexity and 
multifactorial nature of AD disease, as well 
as the challenges faced in evaluating the ef-
fectiveness and safety of drugs 6, 7, and that 
drug therapy can alleviate patients’ clinical 
symptoms, the clinical efficacy is not satis-
factory, and additional methods are needed 
to improve patients’ quality of life and cogni-
tive abilities 8, 9. Therefore, it is necessary to 
explore biomarkers to evaluate the effective-
ness of drugs in order to develop personal-
ized treatment plans tailored to the specific 
conditions of patients and enhance their 
clinical efficacy.

Research has shown that the exces-
sive deposition of amyloid-β (Aβ) in cere-
bral blood vessels and the aggregation of 
tau protein to form neurofibrillary tangles 
are the primary pathological mechanisms 
of AD 10,11. Aβ is a peptide generated by the 
amyloid precursor protein (APP) 12, 13, and its 
primary forms are Aβ1-42 and Aβ1-40, which 
are important biomarkers in AD 14. Studies 
have shown that excessive deposition of Aβ1-
42 promotes neuroinflammation, neuronal 
death and cognitive dysfunction 15. For mild 
AD patients, Aβ begins to accumulate abnor-
mally in the early stages of the disease, and 
soluble Aβ1-42 levels decrease; however, the 

damage to nerve cells and neural networks 
is relatively mild at this time. Timely anti-
amyloid treatment can effectively prevent 
the progression of the disease 16. Tau protein 
plays a crucial role in maintaining the stabil-
ity of the microtubule structure, facilitating 
axonal transport, and regulating neuronal 
function 17. However, in AD patients, the ab-
normal phosphorylation and aggregation of 
the Tau protein lead to the formation of neu-
rofibrillary tangles, which destroy the cellu-
lar structure and trigger neuronal death 18. 
Among them, phosphorylated tau protein 
181 (P-Tau-181) is a phosphorylated form 
of T-tau 19. Under normal circumstances, 
the content of P-Tau-181 in blood or spinal 
fluid is minimal. Therefore, detection of P-
Tau-181 levels can reflect neural or cognitive 
function 20. 

However, there is currently no report 
on whether amyloid protein and tau bio-
markers can be used to evaluate the effec-
tiveness of drug therapy. Therefore, this 
study examines the role of serum Aβ1-42, P-
Tau-181, and T-tau biomarkers in evaluating 
the effectiveness of AD drug therapy, aim-
ing to provide personalized treatment plans 
for patients and thereby improve treatment 
outcomes,  to provide further laboratory 
evidence for drug treatment and clinical 
reference for saving patients’ lives and im-
proving prognosis.

MATERIALS AND METHODS

Subjects
Regression analysis was conducted on 

150 AD patients admitted to our hospital 
between February 2023 and January 2024. 
Fifty healthy individuals were included as the 
control group. Through multidisciplinary 
consultations in neurology, psychiatry, reha-
bilitation, and other fields, comprehensive 
evaluations and confirmations of AD pa-
tients were conducted using EEG and head 
MRI examinations (Fig. 1).

Inclusion criteria: ①Meet the diagnos-
tic criteria for AD 21, age≥55 years; ②Com-
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plete clinical data; ③Could communicate 
fluently in Mandarin, understand the ques-
tionnaire content, and complete various sur-
vey evaluations; ④Good compliance; ⑤Ex-
pected survival period≥6 months; ⑥Tolerate 
the treatment plan related to this study; ⑦A 
score of≥27 on the Mini Mental State Exam-
ination (MMSE) and/or≥26 on the Montre-
al Cognitive Assessment Scale (M0CA) for 
healthy individuals during the same period.

Exclusion criteria: ①Patients with 
comorbidities of other mental illnesses; 
②Long-term use of sedatives and sleeping 
pills; ③Individuals who are allergic to the 
medication used in this study; ④Serious in-
fectious diseases of body organs; ⑤Not will-
ing to comply with the follow-up and evalua-
tion plan of this study.

Ethical considerations
This study strictly adheres to the prin-

ciples of the Declaration of Helsinki, and 
all research procedures comply with inter-

national ethical standards. Has obtained 
approval from the ethics committee of Sha-
oxing Seventh People’s Hospital. All partici-
pants have signed an informed consent form. 
In emergencies, the consent form may be 
signed by a representative or guardian of the 
individual. All data involved in the research 
process has been anonymized to ensure the 
privacy and confidentiality of participants’ 
identities.

Therapeutic approaches
All AD patients received drug treat-

ment: oral donepezil hydrochloride (Shaanxi 
Fangzhou Pharmaceutical Co., Ltd., GYZZ 
H20030583, specification: 5 mg), one tab-
let per day. The dose was adjusted four weeks 
later, the maximum dose was two tablets/
per day. if severe insomnia occurred, they 
were administered in the morning. Oral ad-
ministration of Meijingang tablets (Hang-
zhou Baishan Technology Co., Ltd., national 
drug approval number H20213931, specifi-

Fig. 1. Study design drawing.
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cation: 5mg), one tablet/per day, increas-
ing by one tablet/per day per week, the 
maximum dose was four tablets/per day. 
Regular monitoring of the patient’s blood 
pressure and provision of medication guid-
ance and education was carried out during 
nursing. Appropriate sleep schedules were 
arranged to ensure adequate sleep. The diet 
was guided to be light, to avoid overeating, 
stimulating foods, and smoking and alcohol 
consumption. Moreover, specific psycho-
logical counselling was provided, tailored 
to the patient’s situation and treatment for 
three months.

Detection of indicators
Clinical data: Relevant indicators and 

clinical data of patients were collected with-
in 24 hours after admission, including gen-
der, age, BMI, clinical symptoms, imaging 
data, and relevant laboratory examination 
indicators, as well as basic diseases. Using 
an electronic blood pressure measuring de-
vice (model: HEM-7124, Manufacturer: Om-
ron Company), systolic and diastolic blood 
pressure values were recorded. Five mL of 
venous blood was extracted from the pa-
tient, the serum separated and an automat-
ed chemical analyzer used to detect blood 
calcium, fasting blood glucose, homocyste-
ine (Hcy), and creatinine (Cr), Urea (BUN), 
total cholesterol (TC), triglycerides (TG), 
low-density and high-density lipoprotein 
cholesterol (LDL, HDL). Jinan Xinrun Med-
ical Equipment Co., Ltd, provided the in-
struments and supporting reagent kits. The 
ELISA method was used to detect serum 
neuregulin1 (NRGl) and Klotho protein. 
The kit was purchased from Tinglai Biologi-
cal Company with item number J19117 and 
validated by at least two intermediate-level 
pathologists. If there was any objection, 
the result was reviewed and confirmed by 
a physician with a senior professional title 
or above to ensure the reliability of the re-
sults.

Cognitive function: Evaluated with 
the MMSE test (Mini-Mental State Examina-

tion)22, with 1 point for correct answers and 
0 point for incorrect answers. The score is 
proportional to cognitive function. Scores 
higher than 26 indicate normal cognition. 
At least one day later, the MoCA test 23 was 

performed, which covers eight cognitive do-
mains related to visual spatial execution abil-
ity, naming, memory, abstract thinking, etc. 
Scores above 25 indicate normal cognitive. 
The total score for both tables is 30 points.

Daily living ability: The AD Patient 
Activities of Daily Living Cooperative Study 
Scale (ADCS-ADL) was used to evaluate it24. 
The scale encompasses Basic Activities of 
Daily Living (BADL) and Instrumental Ac-
tivities of Daily Living (IADL). The BADL 
section evaluates more basic activities such 
as dressing, eating, and toileting. The IADL 
section encompasses complex daily or so-
cial activities, such as visiting, working, and 
performing household chores, that require 
more cognitive function. The total score is 
22 and 56 points. The lower the score, the 
lower the activity ability.

Amyloid and Tau biomarkers: venous 
blood was collected from all participants on an 
empty stomach and measured in real-time us-
ing an ELISA method according to diagnosis 
and treatment needs. The kit was purchased 
from Fujirebio Corporation in Japan and oper-
ated strictly according to the kit instructions.

Follow-up
After three months of drug treatment, 

a clinical efficacy evaluation was conducted 
on 150 patients 25, who were divided into 
three groups: significantly effective (with 
basic recovery of mental symptoms, com-
plete orientation, MMSE and MoCA scores 
increased by≥4 points, and self-care abil-
ity); effective (with improvement of main 
mental symptoms, basic orientation, MMSE 
and MoCA scores increased by 1-3 points, 
slightly delayed response, and basic self-
care ability); and ineffective (not meeting 
the above criteria). The significant and ef-
fective were included in the valid group, 
and the ineffective in the invalid group.
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Outcome measures
Clinical data, cognitive function, and 

biomarker levels (amyloid and tau) were 
compared between AD patients and healthy 
individuals. The effectiveness of drug ther-
apy compared the indicators of cognitive 
and self-care abilities between the effective 
and ineffective treatment groups. Factors in-
fluencing the effectiveness of drug therapy 
were evaluated by determining the values of 
serum Aβ1-42, T-tau, and P-Tau-181 levels in 
predicting the effectiveness of drug therapy 
in AD patients.

Statistical analysis

SPSS25.0 software package was used 
to analyze the data; the count data were 
expressed as an example (%), and the chi-
square test was applied. Measurement data 
were presented as mean ± SD (±s), and a 
t-test was conducted. An ROC curve was con-
structed, and the corresponding AUC was 

computed to assess the effectiveness of drug 
therapy in AD patients. p<0.05 was consid-
ered statistically significant.

RESULTS

Baseline data
No statistical difference was observed 

in the baseline characteristics between the 
two groups (p>0.05, Table 1).
Cognitive function and biological 
indicators

The AD group exhibited decreased 
MMSE, MoCA, and Aβ1-42 levels, as well as in-
creased T-tau and p-tau-181 levels, compared 
to the control group (p<0.05, Table 2).

Clinical efficacy
After three months of drug treatment, 

among the 150 AD patients, significant ef-
fective, effective and ineffective cases were 
62, 45 and 43 cases, respectively, so 107 cas-

Table 1. Baseline comparison between Alzheimer’s Disease patients and controls.

Group n Age  
(years)

Gender BMI  
(kg/m2)

Years of Education 
(years)

Male Female

Control group 50 66.30±6.08** 24 *(48.00) *26 (52.00) 23.24±1.10** 9.04±2.99**

AD group 150 65.45±5.81** *91 (60.67) *59 (39.33) 23.53±1.76** 9.22±4.08**

t/χ2-value -0.890 2.462 1.362 0.334

p-value 0.375 0.117 0.175 0.739

AD: Alzheimer’s Disease; BMI: Body Mass Index. The data is presented as * n (%), or** mean ± SD 

Table 2. Comparison of indicators between Alzheimer’s Disease and control groups.

Group n MMSE MoCA Aβ1-40 Aβ1-42 T-tau P-Tau-181

Control 
group

50 28.50±0.99 27.74±0.83 317.79±17.38 188.66±17.77 461.68±26.01 49.77±6.48

AD group 150 12.50±1.65 11.51±1.71 322.89±31.29 163.76±26.03 497.59±46.13 62.11±12.67

t-value -82.144 -89.167 1.439 -7.567 6.746 8.929

p <0.001 <0.001 0.152 <0.001 <0.001 <0.001
Abbreviations: AD: Alzheimer’s Disease; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive As-
sessment; Aβ1-40: Amyloid-beta 1-40; Aβ1-42: Amyloid-beta 1-42; T-tau: Total tau protein; P-Tau-181: Phosphoryla-
ted tau protein at threonine 181.     Data Expression: The data is presented as mean ± standard deviation (SD).
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es were included in the valid group, account-
ing for 71.33%. There were 43 cases in the 
invalid group, accounting for 28.67%.

Cognitive function and self-care ability
The MMSE, MoCA, BADL, and IADL 

scores of the valid group were higher than 
those of the invalid group (p<0.05, Table 3).

Univariate analysis of factors affecting  
the effectiveness of drug therapy in AD

Compared with the invalid group, the 
valid group had longer years of education, 
engaged in daily exercise, had higher levels 
of Aβ1-42, and lower levels of T-tau and P-
Tau-181 (p<0.05, Table 4).

Logistic regression analysis of factors 
influencing the effectiveness of AD drug 
therapy

Analyzing the statistically significant 
factors in univariate analysis, with the ef-
fectiveness of AD drug treatment as the de-
pendent variable (effectiveness=0, ineffec-

tiveness=1), education years (actual value), 
daily exercise (yes=1, no=0), Aβ1-42 (actu-
al value), T-tau (actual value), P-Tau-181 (ac-
tual value) as independent variables, binary 
logistic regression analysis was conducted. 
The results showed that education years, 
daily exercise, Aβ1-42, T-tau, and P-Tau-181 
were all factors affecting the effectiveness of 
AD drug treatment (p<0.05, Table 5).

The predictive value of Aβ1-42, T-tau, 
P-Tau-181 in AD drug therapy

The AUC values for predicting the effica-
cy of AD drug treatment using serum Aβ1-42, 
T-tau, and P-Tau-181 levels were 0.869, 0.815, 
and 0.800, respectively, with cut-off values 
of 154.67 (ng/L), 517.95 (ng/L), and 63.66 
(ng/L). The sensitivities were 76.74%, 69.77%, 
and 72.09%, respectively, and the specificities 
were 83.18%, 81.31%, and 71.03%. The AUC 
of the joint prediction of the three factors is 
0.954, with a cut-off value of 0.292, a sensitiv-
ity of 90.70%, and a specificity of 93.46%, See 
Fig. 2 and Table 6.

Table 3. Comparison of MMSE, MoCA, BADL, IADL between valid and invalid groups.

Group n
MMSE MoCA

Before treatment After treatment Before treatment After treatment

Valid group 107 12.44±1.67 20.33±5.20* 11.59±1.79 19.26±4.81*

Invalid group 43 12.65±1.60 12.21±2.65 11.33±1.49 11.05±2.47

t-value -0.710 12.580 0.854 13.735

p 0.471 <0.001 0.395 <0.001

Group n
BADL IADL

Before treatment After treatment Before treatment After treatment

Valid group 107 8.32±1.47 16.43±3.06* 18.71±1.41 29.56±5.56*

Invalid group 43 8.16±1.79 9.28±1.32* 19.02±1.54 21.35±2.40*

t-value 0.505 19.996 -1.200 12.625

p value 0.616 <0.001 0.232 <0.001

Compared with before the treatment, *p<0.05.

Abbreviations: AD: Alzheimer’s Disease; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive As-
sessment; BADL: Basic Activities of Daily Living; IADL: Instrumental Activities of Daily Living.   Data Expression: 
The data is presented as mean ± standard deviation (SD).
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Table 4. Univariate analysis of factors affecting the effectiveness of drug therapy  
in Alzheimer’s disease patients.

Factors n
Valid group  
(n=107)

Invalid group 
(n=43)

t/χ2-value p

Age (years) 65.30±5.97 65.81±5.43 -0.490 0.625

Gender 

Male 91 68 (63.55) 23 (53.49)

Female 59 39 (66.45) 20 (46.51)

Duration of disease (years) 3.14±0.44 3.23±0.57 -0.952 0.345

BMI (kg/m2) 23.51±1.76 23.59±1.78 -0.247 0.805

Systolic pressure (mmHg) 130.04±16.01 128.81±12.28 0.450 0.653

Diastolic pressure (mmHg) 79.21±8.08 79.51±10.48 -0.167 0.868

Years of Education (years) 10.93±3.82 4.95±2.42 12.298 <0.001

Drinking

Yes 109 80 (74.77) 29 (67.44)
2.511 0.113

No 41 27 (25.23) 14 (32.56)

Family history

Yes 15 10 (9.35) 5 (11.63)
0.177 0.674

No 135 97 (90.65) 38 (88.37)

Diabetes

Yes 34 21 (19.63) 13 (30.23)
1.969 0.161

No 116 86 (80.37) 30 (69.77)

Hyperlipidemia

Yes 50 32 (29.91) 18 (41.86)
1.972 0.160

No 100 75 (70.09) 25 (58.14)

Marital status

Married 117 87 (81.31) 30 (69.77)
2.381 0.123

Other 33 20 (18.69) 13 (30.23)

Daily exercise

Yes 100 85 (79.44) 15 (34.88)
27.402 <0.001

No 50 22 (20.56) 28 (65.12)

Blood calcium (mmol/L) 2.28±0.17 2.32±0.14 -1.499 0.136

Fasting blood glucose 
(mmol/L)

4.95±1.01 4.98±0.79 -0.144 0.886

Hcy (μmol/L) 17.72±3.11 17.96±2.90 -0.436 0.664

Cr (μmol/L) 57.66±6.31 57.73±4.60 -0.073 0.942

BUN (mmol/L) 5.38±1.28 5.28±0.89 0.551 0.582

TC (mmol/L) 4.92±1.04 4.97±0.69 -0.382 0.703

TG (mmol/L) 1.28±0.18 1.30±0.20 -0.557 0.579
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Factors n
Valid group  
(n=107)

Invalid group 
(n=43)

t/χ2-value p

LDL (mmol/L) 2.75±0.32 2.76±0.39 -0.289 0.773

HDL (mmol/L) 1.26±0.14 1.27±0.10 -0.352 0.726

NRGl (ng/L) 340.62±27.22 332.20±30.48 1.665 0.100

Aβ1-40 (ng/L) 321.83±29.51 325.53±35.56 -0.653 0.515

Aβ1-42 (ng/L) 173.90±24.76 138.50±24.76 8.464 <0.001

T-tau (ng/L) 483.43±41.57 532.83±37.49 12.298 <0.001

P-Tau-181 (ng/L) 57.97±9.96 72.41±12.91 -6.590 <0.001

Abbreviations: BMI: Body Mass Index; Hcy: Homocysteine; Cr: Creatinine; BUN: Blood Urea Nitrogen; TC: Total 
Cholesterol; TG: Triglycerides; LDL: Low-Density Lipoprotein; HDL: High-Density Lipoprotein; NRGl: Neurogranin; 
Aβ1-40: Amyloid-beta 1-40; Aβ1-42: Amyloid-beta 1-42; T-tau: Total tau protein; P-Tau-181: Phosphorylated tau pro-
tein at threonine 181.    Data Expression: The data is presented as mean ± standard deviation (SD) or n(%). 

Table 4. CONTINUATION

Table 5. Logistic regression analysis of factors influencing the efficacy of drug treatment  
in Alzheimer’s disease patients.

Factors B SE Wald/χ2 p OR 95%CI

Years of Education -0.487 0.146 11.125 0.001 0.614 0.461-0.818

Daily exercise -2.148 0.939 5.235 0.022 0.117 0.019-0.735

Aβ1-42 -0.065 0.022 8.400 0.004 0.937 0.897-0.979

T-tau 0.032 0.012 7.841 0.005 1.033 1.010-1.056

P-Tau-181 0.107 0.039 7.691 0.006 1.113 1.032-1.200
Abbreviations: AD: Alzheimer’s Disease; B: Regression Coefficient; SE: Standard Error; OR: Odds Ratio; 95% CI: 
95% Confidence Interval; Aβ1-42: Amyloid-beta 1-42; T-tau: Total Tau Protein; P-Tau-181: Phosphorylated Tau Pro-
tein at Threonine 181.

Fig. 2. ROC curves for predicting the therapeutic effect of AD drugs using Aβ1-42, T-tau, P-Tau-181.
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DISCUSSION

AD is a global public health and social 
care issue, with 10 million AD patients in Chi-
na 26, and the patient population is becoming 
younger. Early prevention and treatment, as 
well as improving the effectiveness and safe-
ty of drug therapy, are important means to 
delay disease progression and enhance qual-
ity of life. Aβ1-42 is a protein fragment pro-
duced by enzymatic hydrolysis of APP, which 
can be used as an effective indicator of cog-
nitive function 27. Tau protein can stabilize 
microtubules in nerve cells and is closely 
associated with cognitive impairment28. 
Relevant studies have shown 29, 30, that the 
Aβ1-42, T-tau and P-tau-181 proteins can be 
used to evaluate the occurrence of cognitive 
impairment in AD patients. Compared with 
healthy individuals, serum Aβ1-42 levels are 
decreased, and T-tau and P-Tau-181 levels are 
increased in AD patients, which is consistent 
with the results of this study. This suggests 
that the changes in the above proteins can 
serve as potential biomarkers for predicting 
AD patients. However, there is currently no 
report on whether they can evaluate the ef-
fectiveness of drug therapy in AD patients. 

This study demonstrated effective 
clinical efficacy in 107 of 150 AD patients 
(71.33%) after three months of drug treat-
ment, while in 43 cases, it was ineffective, 
accounting for 28.67%. The MMSE, MoCA, 
BADL, and IADL scores of the valid group 
were higher than those of the invalid group. 
This suggests that donepezil hydrochloride 

and memantine tablets can enhance the ef-
ficacy, cognitive function, and self-care abili-
ties of most patients. It is speculated that 
donepezil hydrochloride is an acetylcholin-
esterase inhibitor, which increases the con-
centration of acetylcholine by inhibiting its 
activity and reducing its breakdown, thereby 
improving patients’ cognitive function and 
neurotransmission function 31. Moreover, 
this process is reversible and can help stabi-
lize the level of acetylcholine in the body32. 
Meijingang tablets are a non-competitive 
NMDA antagonist that can reduce neurotox-
icity by blocking excessive glutamate activa-
tion of NMDA receptors, thereby protecting 
neurons and enhancing cognitive function33. 
The combination of the two can exert a syn-
ergistic effect, further improving the clini-
cal efficacy, cognitive function, and self-care 
ability of AD patients. However, there are 
still a few patients with unsatisfactory treat-
ment outcomes. Therefore, we need to ex-
plore further the factors that affect the 
effectiveness of drug therapy, such as edu-
cation level, physical activity, and severity of 
the disease, so that the medical staff can ad-
just the dosage and type of drugs according 
to the patient’s condition on time, in order 
to improve the efficacy of drug treatment.

Logistic regression analysis showed 
that education years, daily exercise, Aβ1-42, 
T-tau, and P-Tau-181 are influencing factors 
on the effectiveness of AD drug treatment. 
It is speculated that this may be because the 
length of education is closely related to the 
cognitive reserve of the brain, which is the 

Table 6. Diagnostic Value of A β1-42, T-tau, P-Tau-181 in the Efficacy of Alzheimer’s  
disease drug therapy.

Indicators AUC p Best Cut-off Value Sensitivity (%) Specificity (%) 95% CI

Aβ1-42 0.869 <0.001 154.67 76.74 83.18 0.805-0.919

T-tau 0.815 <0.001 517.95 69.77 81.31 0.743-0.874

P-tau-181 0.800 <0.001 63.66 72.09 71.03 0.727-0.861

Unite 0.954 <0.001 0.292 90.70 93.46 0.908-0.982
Abbreviations: AUC: Area Under the Curve; 95% CI: 95% Confidence Interval; Aβ1-42: Amyloid-beta 1-42; T-tau: 
Total Tau Protein; P-Tau-181: Phosphorylated Tau Protein at Threonine 181. 
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brain’s ability to maintain cognitive abili-
ties by activating and utilizing previously 
experienced neural networks, and serves as 
a resource for processing information and 
solving problems 34. Patients with longer ed-
ucational years are tipically able to accumu-
late more knowledge and problem-solving 
skills, have higher cognitive reserves, main-
tain higher treatment compliance when fac-
ing treatment, better understand the im-
portance of medication treatment, and take 
medication according to medical orders, 
thereby improving treatment effectiveness35. 
Furthermore, patients with higher education 
are more likely to seek ways to obtain sup-
port from their families and society 36, and 
to receive more help and encouragement 
during the treatment process. Patients with 
lower education may have poorer cognitive 
function and self-care abilities, lack under-
standing of the disease, have greater disease 
uncertainty, and thus lack attention and co-
operation in treatment, which affects treat-
ment efficacy  37. Daily exercise is considered 
an important non-pharmacological interven-
tion that can improve brain health, enhance 
neuroplasticity, promote blood circulation, 
increase oxygen supply to the brain 38, en-
hance muscle strength, and improve cardio-
vascular function. It helps dementia patients 
maintain good physical fitness, reduce func-
tional decline caused by physical reasons, 
and improve functional outcomes. Exercise 
also promotes the recovery of the endocrine 
and immune system function 39, and helps 
reduce AD-related pathological processes 
such as inflammation and oxidative stress, 
improving clinical outcomes. Studies have 
shown that for AD patients receiving medi-
cation treatment, regular physical exercise 
can not only alleviate potential side effects 
such as fatigue and depression caused by 
medication, but also improve patients’ com-
pliance with treatment. For example, dance, 
as a physical and mental exercise method, 
emphasizes calmness and relaxation during 
movement, and requires concentration to 
achieve a harmonious unity of conscious-

ness and movement, thereby achieving the 
effects of physical and mental balance and 
spiritual relaxation 40. In addition, exercise 
can enhance dopamine binding ability in the 
brain, delay neurodegenerative changes, de-
lay memory decline symptoms, and regulate 
the secretion of neurotransmitters such as 
norepinephrine. This can promote memory 
recovery and enhance sensory input, reac-
tion speed, and other cognitive functions, 
thereby achieving cognitive improvement 41. 
In addition, exercise can reduce NLRP3 in-
flammation and improve the redox balance, 
which together slow the progression of AD42. 
Therefore, higher education levels and daily 
exercise are factors that affect the effective-
ness of AD drug treatment.

Aβ deposition is one of the pathologi-
cal changes in AD, which can easily cause 
neurotoxicity, inflammatory reactions, etc., 
leading to neuronal dysfunction, death, and 
other phenomena 43. Moreover, Aβ1-42 is a 
protein fragment produced by enzymatic hy-
drolysis of APP, the abnormal processing of 
APP in AD patients reduces the production 
of soluble Aβ1-42, leading to neuroinflam-
mation and neuronal damage, including in-
terference with nerve signal transmission, 
triggering inflammatory reactions, damag-
ing the stability of neurons and synaptic 
connections, ultimately resulting in patho-
logical changes and degenerative damage 
to the nervous system, causing cognitive 
impairment and other symptoms 44. The 
reduction of Aβ1-42 may also affect the 
pathological state of other key molecules, 
such as the Tau protein, further accelerat-
ing disease progression. In addition, the re-
duction of Aβ1-42 also inhibits the activity 
of gamma-secretase, thereby reducing the 
clearance of Aβ deposition and forming a vi-
cious cycle45. Under normal circumstances, 
tau protein maintains the stability and func-
tion of neuronal microtubules 46. However, 
in AD, the T-tau protein undergoes exces-
sive phosphorylation, transforming it from 
a microtubule-binding protein to the pri-
mary component of neurofibrillary tangles, 
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which in turn causes neuronal degenera-
tion and cognitive dysfunction. P-Tau-181, a 
phosphorylated T-tau form, exhibits neuro-
toxicity, promoting neuronal death and dys-
function, thus impacting AD progression 47. 
Therefore, low serum Aβ1-42 levels and high 
levels of T-tau and P-Tau-181 in patients can 
affect the effectiveness of drug treatment. 
Consequently, we speculate that the effec-
tiveness of drug therapy can be evaluated 
by monitoring changes in the levels of the 
three factors. This study confirmed through 
ROC curve analysis that the level changes 
of the three have a good assessment value, 
and the value of joint analysis of the three 
is higher. The reason may be that they each 
play unique and complementary roles in the 
pathogenesis of AD patients, and together 
affect cognitive function and drug efficacy. 
Combined detection provides a more com-
prehensive reflection of the effectiveness of 
drug treatment in patients, thereby improv-
ing their predictive value. 

Although this study analyzed clinical 
data from AD patients and explored early pre-
dictors of the effectiveness of drug therapy, 
it has some limitations. This study is a ret-
rospective analysis with a small sample size 
and a relatively short follow-up period of only 
three months. While this duration was suffi-
cient to observe initial treatment responses, 
it is important to note that AD is a chronic 
and progressive condition. A more extended 
follow-up period would be essential to fully 
capture the dynamic changes in β-amyloid 
and tau protein levels, as well as to better 
understand the long-term effectiveness and 
potential side effects of the drug therapy. 
Future research should focus on prospective 
studies with larger sample sizes and extend-
ed treatment cycles to improve the reliabil-
ity and applicability of the results.

Additionally, the potential heteroge-
neity of the patient sample is another limi-
tation. This study did not stratify patients 
based on the stage of disease progression, 
which could influence the observed treat-

ment responses and biomarker levels. 
Patients with AD at different stages may 
exhibit varying degrees of cognitive im-
pairment, biomarker profiles, and treat-
ment efficacy. Therefore, it is crucial to 
consider the disease stage when interpret-
ing the results and to conduct stratified 
analyses in future studies to account for 
this variability. In the future, a compre-
hensive evaluation should be conducted 
based on the influence of multiple bio-
markers and pathological mechanisms. 
Moreover, a detailed assessment consider-
ing factors such as clinical manifestations, 
genetic background, and disease severity 
of patients should be performed to meet 
the treatment needs of AD patients and 
to develop more personalized therapeutic 
strategies.

In conclusion, donepezil hydrochloride 
combined with memantine tablets can im-
prove the clinical efficacy, function and self-
care ability of most patients with AD. How-
ever, the efficacy of treatment is not ideal 
for some patients. Several factors influence 
the effectiveness of Alzheimer’s disease (AD) 
drug therapy, including years of education, 
daily exercise, and biomarkers such as Aβ1-
42, T-tau, and P-Tau-181. In clinical practice, 
the effectiveness of AD drug treatment can 
be assessed by monitoring changes in the 
levels of these three factors. Additionally, a 
combined evaluation of all three factors pro-
vides a more comprehensive assessment of 
treatment outcomes.
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CircRNA_104293 targets miR-497-5p to 
inhibit the mTOR/STAT3 pathway and 
mitigate inflammation in Crohn’s disease.
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Abstract. Crohn’s disease (CD) is a chronic inflammatory bowel disease 
driven in part by dysregulation of the mTOR/STAT3 signaling pathway, where 
mTOR activates STAT3 via the PI3K/AKT cascade. Circular RNAs (circRNAs) 
have recently emerged as essential regulators in inflammatory processes, al-
though their specific roles in CD remain largely unexplored. In this study, cir-
cRNA expression profiles from CD patients and healthy controls were analyzed, 
revealing a significant upregulation of circRNA_104293 in CD tissues. Function-
al investigations demonstrated that knockdown of circRNA_104293 reduced in-
flammatory cytokine production and DNA damage markers, and decreased cell 
apoptosis. Bioinformatic analysis and experimental validation confirmed a di-
rect interaction between circRNA_104293 and miR-497-5p. Furthermore, miR-
497-5p inhibition reversed the anti-inflammatory effects of circRNA_104293 si-
lencing. Notably, both rapamycin (an mTOR inhibitor) and miR-497-5p mimics 
suppressed the mTOR/STAT3 pathway and alleviated inflammatory responses. 
These findings suggest that the circRNA_104293/miR-497-5p axis contributes 
to CD progression by modulating the mTOR/STAT3 pathway, highlighting its 
potential as a novel therapeutic target for the treatment of Crohn’s disease.
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CircRNA_104293 actúa sobre el miR-497-5p para inhibir  
la vía mTOR/STAT3 y mitigar la inflamación en la enfermedad 
de Crohn.

Invest Clin 2025; 66 (4): 365 – 377

Palabras clave: Enfermedad de Crohn; mTOR/STAT3; Inflamación; circRNA_104293; 
miR-497-5p.

Resumen. La enfermedad de Crohn (CD) es una enfermedad inflamatoria 
crónica del intestino cuya progresión está parcialmente mediada por la disfun-
ción de la vía de señalización mTOR/STAT3, en la que mTOR activa a STAT3 
a través de la cascada PI3K/AKT. Recientemente, los ARN circulares (circR-
NAs) han surgido como reguladores clave en procesos inflamatorios, aunque 
sus funciones específicas en la CD aún no están bien definidas. En este estu-
dio se analizaron los perfiles de expresión de circRNAs en pacientes con CD y 
en controles sanos, y se identificó una sobreexpresión significativa de circR-
NA_104293 en tejidos de pacientes con CD. Los análisis funcionales mostraron 
que la reducción de la expresión de circRNA_104293 disminuyó la producción 
de citocinas inflamatorias y de marcadores de daño al ADN, así como la apopto-
sis celular. Mediante análisis bioinformático y validación experimental, se con-
firmó una interacción directa entre circRNA_104293 y miR-497-5p. Además, la 
inhibición de miR-497-5p revirtió los efectos antiinflamatorios inducidos por 
el silenciamiento de circRNA_104293. De manera destacada, tanto la rapami-
cina (un inhibidor de mTOR) como los miméticos de miR-497-5p suprimieron 
la activación de la vía mTOR/STAT3 y redujeron las respuestas inflamatorias. 
Estos hallazgos indican que el eje circRNA_104293/miR-497-5p participa en 
la progresión de la CD mediante la modulación de la vía mTOR/STAT3, lo que 
resalta su potencial como nuevo objetivo terapéutico para el tratamiento de la 
enfermedad de Crohn.

            Received: 19-06-2025      Accepted: 17-09-2025

INTRODUCTION 

Crohn’s Disease (CD) is characterized 
by chronic, repetitive inflammation of the 
gastrointestinal tract. Its etiology has not 
been fully clarified, but studies have shown 
that CD is closely associated with genetic, 
environmental, and immune factors, as well 
as changes in the gut microbiota¹.

 Patients 
often present with abdominal pain, diarrhea, 
weight loss, fever, and other symptoms, 
which in severe cases can lead to complica-
tions such as intestinal obstruction and fis-

tula formation 1, 2. The mammalian target 
of rapamycin (mTOR) belongs to the phos-
phoinositide 3-kinase (PI3K)-related kinase 
family and is mainly involved in processes 
such as cell growth, proliferation, metabo-
lism, and autophagy 3. Signal transducer and 
activator of transcription 3 (STAT3) is a tran-
scription factor that regulates cell survival, 
proliferation, and immune responses. In CD, 
aberrant activation of STAT3 is strongly as-
sociated with exacerbated inflammatory 
responses 4. The mTOR/STAT3 pathway in-
teracts in CD to co-regulate inflammatory 
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reactions. For example, mTOR activation has 
been found to promote STAT3 phosphoryla-
tion through the phosphoinositide 3-kinase/
protein kinase B (PI3K/AKT) signaling path-
way, thereby enhancing its transcriptional 
activity 5. This interaction plays a key role 
in intestinal inflammation in Crohn’s dis-
ease patients and may lead to its persistence 
and aggravation. But the specific molecular 
mechanism is unknown.

Circular RNAs (circRNAs) are mole-
cules with unique circular structures that 
play an essential role in a variety of dis-
eases  6, 7. In neurological diseases, circRNA 
is widely expressed in brain tissue and is 
closely related to neurodevelopment and 
signaling, showing abnormal expression in 
diseases such as cerebral palsy and stroke, 
and is considered a potential biomarker 
of neurological diseases due to its stable 
structure 8,9. In malignant tumors, some 
circRNAs can adsorb microRNAs (miRNAs) 
as “molecular sponges”, thereby relieving 
miRNA inhibition of oncogenes and promot-
ing tumor development 10. In CD, circRNA 
103765 is reported to regulate disease pro-
gression 11. At present, the study of circRNA 
in CD still needs to be further expanded to 
fully understand its effects on CD. MicroR-
NAs (miRNAs) are also closely associated 
with the progression of various inflamma-
tory diseases 12, 13. miR-497 has been report-
ed to influence the progression of associ-
ated inflammatory diseases by modulating 
lipopolysaccharide (LPS) -induced inflam-
mation in vivo 14, 15. Furthermore, miR-497 
expression was significantly decreased fol-
lowing LPS treatment of RAW264.7 cells 
and in a mouse colitis model 16.

Here, we performed sequencing analy-
sis of circRNA expression profiles from CD 
patients to explore potential therapeutic 
targets and their molecular mechanisms. 
Through screening, we found circRNAs that 
were up- and down-regulated in CD. Further, 
qPCR was used to detect the expression level 
of circRNA 104293 in CD patients, and its 
mechanism of action in CD development was 

studied in depth. The results of this study 
are expected to provide a new treatment op-
tion for patients with CD.

METHODS

Patients and genome sequencing analysis

Between June 2021 and March 2022, 
we collected the inflamed colonic tissue 
samples from CD patients who underwent 
surgical treatment at our institution. The 
tissues were obtained from inflamed areas 
of the colon, confirmed by intraoperative 
findings and postoperative histopathologi-
cal examination, and non-inflamed adjacent 
tissues served as control. Tissue total RNA 
isolation kit (RC101-01, Vazyme, Nanjing, 
China) was used for the RNA extraction, 
and RNA integrity was assessed using an 
Agilent 2100 Bioanalyzer (Agilent Tech-
nologies, USA). High-throughput circRNA 
microarray analysis was conducted by Ak-
somics Biotechnology (Shanghai, China). 
Sample processing was carried out ac-
cording to the manufacturer’s protocol. 
Briefly, the Seq-Star™ rRNA removal kit 
(AS-MB-001, Aksomics) was employed for 
the rRNA removal, and the circRNA purifi-
cation and fluorescent cRNA transcription 
were performed using Seq-Star™ RNAClean 
and smallEnrich Beads (AS-MB-009) and 
rtStar™ First-Strand cDNA Synthesis Kit 
(AS-FS-001) from Aksomics. Labeled cRNA 
concentration and specific activity were de-
termined using a NanoDrop ND-1000 spec-
trophotometer (Thermo Fisher Scientific, 
USA). One microgram of labeled cRNA from 
each sample was fragmented, mixed with 
hybridization buffer, and loaded onto a Hu-
man circular RNA Array V2.0 (8 × 15K for-
mat, Aksomics). Hybridization was carried 
out at 65°C for 17 h in an Agilent Hybridiza-
tion Oven (model G2545A). After hybridiza-
tion, the microarrays were washed and fixed 
with Gene Expression Wash Buffers (Agi-
lent Technologies, USA) and scanned with 
an Agilent DNA Microarray Scanner (model 
G2505C).
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Differential expression analysis
Differential expression analysis was 

conducted using the DESeq2 R package. 
The fold change and statistical significance 
were calculated based on the log2|(fold 
change)|>1 and p-adjust <0.05.

Cells culture and treatment
In this study, Fetal Human Colon (FHC) 

cells (normal human colon epithelial cells) 
were purchased from the Cell Bank of Shang-
hai Institute of Life Sciences. Cells were cul-
tured in RPMI 1640 medium containing 10% 
fetal bovine serum (FBS) and 1% penicillin-
streptomycin-glutamine (PSG) and adapted 
for 2-3 days before use in experiments. To in-
duce a general inflammatory response in vi-
tro, FHC cells were treated with 500 ng/mL 
of lipopolysaccharide (LPS) and control cells 
were treated with serum-free medium. Treat-
ed cells were divided into two groups: small 
interfering RNA (si)-circRNA group and neg-
ative control group (siNC). Cells were trans-
fected using Lipofectamine ™ 2000 follow-
ing kit instructions and cells were collected 
48 hours later for subsequent experiments. 
In addition, inhibitors of miR-497-5p and its 
negative control (NC) were transfected us-
ing Lipofectamine ™ 2000. The mTOR tar-
geting inhibitor rapamycin (Bioengineering 
Co., A606203) was used for experiments and 
cells were co-incubated with 100 ng/mL ra-
pamycin to investigate its effect.

Q-PCR assay
To determine the expression levels of 

miR-497-5p and circRNA 104293, we used 
qPCR. TRIZOL reagent (R0016, Beyotime, 
Shanghai, China) was used to extract total 
RNA and RNA was isolated through cen-
trifugation. The RNA was then dissolved in 
RNase-free water. Then reverse transcrip-
tion was performed to synthesize cDNA us-
ing BeyoRT™II First Strand cDNA Synthesis 
Kit (D7168S, Beyotime, Shanghai, China), 
which was subsequently used as the tem-
plate for qPCR amplification following the 
instructions of the SYBR Green kit (D7260, 

Beyotime). The qPCR cycling conditions in-
cluded initial denaturation at 95°C for 30s, 
followed by 39 cycles of 95°C for 5s, 60°C 
for 30s, and a final extension at 72°C for 5 
seconds. The relative expression levels of cir-
cRNA_104293 were normalized to GAPDH 
as an internal control. Gene expression was 
calculated using the 2-ΔΔCt method.

ELISA assay
After transfection, the cells were 

washed three times with PBS. Subsequently, 
0.5 ml of non-denaturing protein lysis buf-
fer was added to each well and gently mixed 
to lyse the cells. The lysates were then incu-
bated on ice for 20 minutes. The superna-
tants were immediately stored at -20°C. The 
tumor necrosis factor-alpha (TNF-α) ELISA 
Kit (PT518), interleukin-1 beta (IL-1β) 
ELISA Kit (PI305), IL-6 ELISA Kit (PI325) 
and IL-8 ELISA Kit (PI641) were purchased 
from the Beyotime biotechnology company 
(Shanghai, China). The levels of inflamma-
tory cytokines in cell lysates were measured 
using ELISA assays according to the manu-
facturer’s instructions.

Flow cytometry assay
A cell suspension of LPS-treated cells 

was prepared at a density of 5 × 105/mL and 
seeded into a 6-well plate. After 24 hours, 
the cells were transfected with si-circRNA 
104293, or si-NC, followed by an additional 
24-hour incubation. Post-transfection, the 
cells were harvested through digestion and 
centrifugation, then washed three times 
with ice-cold PBS. Apoptosis was assessed 
by staining the cells with 5 μL of Annexin V-
FITC/PI. The apoptosis rate was subsequent-
ly quantified using flow cytometry. This pro-
tocol ensured consistent evaluation of cell 
viability under experimental conditions.

Dual-luciferase reporter gene assay
The TargetScan online tool was em-

ployed to predict potential miRNA bind-
ing sites on circRNA_104293, specifically 
identifying complementary sequences for 
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miR-497-5p. To validate this interaction, 
wild-type or mutant circRNA_104293 plas-
mids were constructed by GenePharma 
(Shanghai, China). The miR-497-5p mimic 
or negative control was co-transfected with 
either wild-type or mutant plasmids into 
FHC cells using Lipofectamine™ 2000 (In-
vitrogen, USA), with triplicate wells for each 
condition. After 24 h of post-transfection, 
the medium was discarded, and the cells 
were washed three times with PBS. Cell lysis 
was performed using 100 μL of lysis buffer 
(RG132S, Beyotime) at room temperature. 
Firefly and Renilla luciferase activities were 
measured sequentially using a Dual-Lucifer-
ase® Reporter Assay System (E1910, Pro-
mega, USA), including LARII reagent and 
Stop&Glo® reagent, according to the man-
ufacturer’s instructions. Luminescence was 
detected using a Glomax Multi+ Detection 
System (Promega, USA). 

Immunofluorescence assay
Cells were cultured on sterile glass cov-

erslips in 24-well plates and then treated 
with si-circRNA 104293 as the test and si-
NC as the control. After treatment, the cov-
erslips were washed three times with PBS 
and fixed with 37 g/L formaldehyde for 15 
min. Permeabilization was performed using 
0.5% Triton X-100 for 10 min, followed by 
blocking with 100 mL/L bovine serum al-
bumin (BSA) for one h. Primary antibodies 
specific to dsDNA (ab27156, Abcam) and 
ssDNA (CBL407, Millipore) were applied at 
appropriate dilutions, and the samples were 
incubated overnight at 4°C. The coverslips 
were then washed three times with PBS and 
once with distilled water, then incubated 
with an FITC-conjugated secondary antibody 
(A-11001, Thermo Fisher Scientific) for one 
h at room temperature in the dark. Finally, 
the samples were mounted with glycerol and 
analyzed using fluorescence microscopy. Flu-
orescence intensity was quantified in ImageJ 
by measuring the mean fluorescence per cell 
and normalizing to control samples.

Western blot assay
Proteins were extracted from treated 

cells 48 h post-treatment using RIPA ly-
sis buffer supplemented with protease and 
phosphatase inhibitors. The protein samples 
were quantified using a BCA protein assay 
kit (A65453, Thermo Fisher Scientific), and 
equal amounts of protein (30 μg/lane) were 
separated on an SDS-PAGE gel and subse-
quently transferred to a PVDF membrane. 
And then the membrane was blocked with 
5% skim milk in TBST for one hour. After 
blocking, the membrane was incubated over-
night at 4°C with primary antibodies tar-
geting p-mTOR (ab109268, Abcam) and p-
STAT3 (ab76315, Abcam). GAPDH (ab8245, 
Abcam) was used as the loading control. Fol-
lowing three washes with TBST, the sections 
were incubated with appropriate HRP-con-
jugated secondary antibodies (ab205719, 
Abcam). After additional TBST washes, the 
membrane was treated with a chemiluminis-
cent substrate (ab5801, Abcam), and pro-
tein bands were visualized using a Fusion 
Fx5 chemiluminescence detector (Vilber).

Statistical analysis
The data were processed using SPSS 

21.0 software and R software (version 4.2.0). 
Differences between the two groups were 
evaluated using the independent samples t-
test. A one-way ANOVA followed by the SNK-
q test was used to compare multiple groups. 
A p<0.05 was statistically significant.

RESULTS

CircRNA_104293 was upregulated  
in CD patients

To identify differentially expressed cir-
cRNAs between the control and CD groups, 
genome-wide sequencing analysis was per-
formed. A total of 415 up-regulated and 234 
down-regulated circRNAs were identified 
(Fig. 1A). Among these, circRNA_103765 
exhibited significantly elevated expression, 
highlighting its potential as a therapeutic 
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target for CD. Further validation was con-
ducted in LPS-treated FHC cells, where cir-
cRNA_104293 showed significantly higher 
expression than in controls (Fig. 1B). This 
finding underscores its potential role in in-
flammatory conditions.

Si-circRNA_104293 suppressed 
inflammation levels.

The transfection efficiency of si-cir-
cRNA_104293 and si-NC was evaluated 
using q-PCR. Results demonstrated that 
si-circRNA_104293 effectively reduced cir-
cRNA_104293 expression in LPS-treated 
FHC cells, confirming successful transfec-
tion (Fig. 2A). To assess the impact of si-cir-
cRNA_104293 on inflammation, ELISA was 
performed, revealing a significant decrease 
in pro-inflammatory cytokines TNF-α, IL-
1β, IL-6, and IL-8 (Fig. 2B). These findings 
suggest that si-circRNA_104293 effectively 
attenuates inflammatory responses. Addi-
tionally, flow cytometry indicated that si-cir-
cRNA_104293 markedly inhibited apoptosis 
in LPS-treated FHC cells (Fig. 2C), further 
supporting its role in mitigating cellular 
damage under inflammatory conditions.

CircRNA_104293 targeted miR-497-5p
TargetScan was used to identify the in-

teraction between circRNA_104293 and miR-
497-5p (Fig. 3A). A dual luciferase reporter 
assay confirmed this binding relationship, 
showing that the miR-497-5p mimic reduced 
luciferase activity in the circRNA_104293-
WT group (Fig. 3B). This indicated that 
circRNA_104293 directly targets and nega-
tively regulates miR-497-5p. Further valida-
tion using q-PCR revealed that miR-497-5p 
expression was lower in the LPS-treated 
group compared to controls (Fig. 3C). Ad-
ditionally, silencing circRNA_104293 led to 
a notable increase in miR-497-5p levels (Fig. 
3D), further supporting the regulatory role 
of circRNA_104293 in suppressing miR-497-
5p expression. These findings collectively 
demonstrate that circRNA_104293 targets 
and downregulates miR-497-5p.

Si-circRNA_104293 reduced inflammation
LPS-treated cells were divided into 

three groups: si-NC + NC-inhibitor, si-cir-
cRNA_104293 + miR-497-5p-inhibitor, and 
si-circRNA_104293 + NC-inhibitor, to in-
vestigate the roles of circRNA_104293 and 

Fig. 1. Elevated circRNA_104293 expressions in Crohn’s disease (CD) patients and lipopolysaccharide (LPS)-
treated FHC cells.     A. Volcano plot showing differentially expressed circRNAs in CD patients and 
controls based on log₂|fold change| > 1 and an FDR-adjusted p-value < 0.05.    B. Quantitative (q)
PCR was used to compare the levels of circRNA_104293 in fetal human colon (FHC) cells under diffe-
rent treatments, using Student’s t-test. (**p < 0.01).
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miR-497-5p. The efficacy of the miR-497-5p 
inhibitor was confirmed via qPCR, showing 
a significant reduction in miR-497-5p levels 
(Fig. 4A). Immunofluorescence assays re-
vealed that the miR-497-5p inhibitor partial-
ly reversed the effects of si-circRNA_104293, 
markedly decreasing dsDNA and ssDNA 
levels (Fig. 4B, C). Furthermore, si-cir-
cRNA_104293 downregulated inflammatory 
cytokines, while the miR-497-5p inhibitor 
partially counteracted this effect (Fig. 4D). 
Apoptosis assays demonstrated that si-cir-
cRNA_104293 reduced apoptosis rates. In 

contrast, the miR-497-5p inhibitor increased 
them (Fig. 4E). These findings indicate that 
circRNA_104293 mitigates inflammation 
and apoptosis by regulating miR-497-5p.

CircRNA_104293/miR-497-5p alleviated 
inflammation levels

Western blot analysis revealed that both 
miR-497-5p mimic and rapamycin down-
regulated the expression of p-mTOR and p-
STAT3 compared to the NC-mimic group, 
indicating suppression of the mTOR/STAT3 
pathway (Fig. 5A). Immunofluorescence as-

Fig. 2. Si-circRNA_104293 attenuates inflammation in LPS-treated FHC cells.    A. Transfection efficiency of 
si-circRNA_104293 was confirmed by quantitative (q)PCR.    B. ELISA measurements of TNF-α, IL-1β, 
IL-6, and IL-8 levels across different groups.    C. Flow cytometry analysis of apoptosis in lipopolysac-
charide (LPS)-treated fetal human colon (FHC) cells. (**p < 0.01 vs. si-NC group).

Fig. 3. circRNA_104293 targets miR-497-5p.   A. Predicted binding site between circRNA_104293 and miR-497-
5p.   B. The dual luciferase assay confirmed the interaction between circRNA_104293 and miR-497-5p.   
C. qPCR analysis of miR-497-5p expression in control and lipopolysaccharide (LPS) groups.   D. qPCR for 
miR-497-5p levels in cells treated with si-NC or si-circRNA_104293. (**p<0.01 vs. control or NC group).
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says showed reduced levels of ssDNA and ds-
DNA in the miR-497-5p-mimic and rapamy-
cin groups (Fig. 5B, C). Additionally, ELISA 
results demonstrated decreased levels of in-
flammatory cytokines in these groups (Fig. 
5D). Apoptosis analysis further confirmed 
that miR-497-5p mimic and rapamycin sig-
nificantly lowered apoptosis rates compared 
to the NC-mimic group (Fig. 5E).

DISCUSSION

CircRNA is more stable than linear 
RNA, making it of great value for clini-
cal diagnosis and prognostic evaluation of 
CD 17. Recently, some studies have shown 
that circRNAs such as circRNA102610, cir-

cRNA103516, and circRNA102685 are in-
volved in the inflammatory process of CD. 
However, the role of most circRNAs in CD 
pathogenesis remains elusive and there-
fore requires further exploration18,20. cir-
cRNA103765 has been identified as a key 
regulator of CD11 pathogenesis. In this 
study, significantly increased expression of 
circRNA104293 was observed in LPS-treated 
FHC cells and in CD patients. These results 
suggest a potential role for circRNA104293 
in regulating inflammation in CD.

In IBD, TNF-α plays a critical role in 
the intestinal mucosa through autocrine 
and paracrine mechanisms 21. LPS produced 
by the gut microbiota can directly activate 
macrophages in the intestinal lamina pro-

Fig. 4. Si-circRNA_104293 reduces inflammation via miR-497-5p.  A. qPCR for the miR-497-5p levels in NC-
inhibitor and miR-497-5p inhibitor. (**p < 0.01)   B-C. Immunofluorescence analysis for the dsDNA and 
ssDNA levels in different treatment groups. (**p <0.01, si-circRNA+NC-inhibitor vs si-NC+NC-inhibi-
tor, ## p <0.01, si-circRNA+miR-497-5p-inhibitor vs si-NC+NC-inhibitor).   D. ELISA for the expres-
sion of inflammatory cytokines in different treatment groups. (**p<0.01, si-circRNA + NC-inhibitor vs 
si-NC + NC-inhibitor, ## p<0.01, si-circRNA + miR-497-5p-inhibitor vs si-circRNA + NC-inhibitor).  E. 
Flow cytometry for the cell apoptosis in different groups. (**p<0.01, si-circRNA + NC-inhibitor vs si-NC 
+ NC-inhibitor, ## p<0.01, si-circRNA + miR-497-5p-inhibitor vs si-circRNA + NC-inhibitor).
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pria, promote their proliferation, and induce 
TNF-α release 22. It has been shown that TNF-α 
and IL-1β expression are significantly abnor-
mal in mucosal biopsies from pediatric CD 
patients 23. In addition, the synergistic effect 
of TNF-α with interferon γ disrupts barrier 
function and alters the morphological struc-
ture of intestinal epithelial cells, resulting in 
increased permeability of the intestinal mu-
cosa and vascular wall, ultimately triggering 
ulcer formation 24, 25. In the pathogenesis of 

CD, inhibition of apoptosis leads to exces-
sive accumulation of T cells, which in turn 
aggravates chronic mucosal inflammation, a 
process closely related to IL-6 signaling26,27. 
Notably, IL-8 expression is abnormal in the 
serum and intestinal tissues of immune CD 
patients, and its level not only reflects disease 
severity but also serves as an independent in-
dicator of disease activity 28. In this study, we 
found that si-circRNA104293 significantly re-
duced levels of inflammatory factors.

Fig. 5. circRNA_104293/miR-497-5p alleviates inflammation by inhibiting mTOR/STAT3 pathway.   A. Wes-
tern blot analysis of p-mTOR and p-STAT3 expression across different groups.   B-C. Immunofluores-
cence analysis of dsDNA and ssDNA levels. (**p<0.01, miR-497-5p-mimic vs NC-mimic, ## p<0.01, 
rapamycin vs NC-mimic).   D. ELISA measurements of TNF-α, IL-1β, IL-6, and IL-8 levels.  E. Flow 
cytometry assessment of cell apoptosis in different groups. (**p<0.01 vs. NC-mimic group).
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In this study, circRNA104293 was found 
to play a regulatory role by targeting and in-
hibiting miR-497-5p expression. It has been 
shown that miR-497-5p can upregulate IL-6 
expression, thereby inhibiting muscle cell 
atrophy, and affects the inflammatory pro-
cess by participating in the NF-κB pathway 
and regulating T cell function 29. The re-
sults of this work, consistently, shows that  
si-circRNA104293 significantly decreased 
the rate of apoptosis, whereas the miR-497-
5p inhibitor increased it. In addition, si-cir-
cRNA104293 effectively reduced the inflam-
matory response by regulating miR-497-5p, 
indicating that the circRNA104293/miR-
497-5p axis plays a vital role in regulating 
inflammation in CD. It was also found that 
si-circRNA104293 significantly reduced ds-
DNA and ssDNA levels, while miR-497-5p in-
hibitors partially reversed this effect, further 
confirming the key role of circRNA104293 in 
inflammation and cell damage.

In this study, we found that p-mTOR 
and p-STAT3 expression levels were signifi-
cantly decreased in miR-497-5p mimic and 
rapamycin groups compared with NC mimic 
groups 30. Previous studies have shown that 
p-mTOR levels are increased in colonic tis-
sue of CD patients. mTOR, a key molecule 
regulating cellular energy metabolism, mi-
tochondrial fusion, and glucose and lipid 
metabolism, has inhibitors that can effec-
tively suppress the expression of inflamma-
tory factors 31. In addition, STAT3 acts as a 
multifunctional transcription factor and can 
activate inflammatory responses in T cells 
through IL-6-mediated JAK/STAT3 signaling 
pathway32. Blocking IL-6 signaling not only 
reduces STAT3 activation but also induces 
monocyte apoptosis, thereby relieving coli-
tis triggered by IL-10 deficiency 33, 34. In CD 
patients, total STAT3 and phosphorylated 
STAT3 levels were significantly increased in 
inflammatory intestinal mucosa, and phos-
phorylated STAT3 levels were positively cor-
related with the degree of inflammatory 
injury 35. The results of this study further 
confirmed that circRNA104293/miR-497-5p 

significantly reduced CD inflammatory lev-
els by inhibiting the mTOR/STAT3 pathway. 

In summary, our findings suggest that the 
circRNA_104293/miR-497-5p axis regulates 
LPS-induced inflammatory responses by mod-
ulating the mTOR/STAT3 signaling pathway. 
These results indicate its potential as a thera-
peutic target in inflammatory processes.
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Abstract. Red blood cell transfusions can lead to iron overload (IO) in 
sickle cell disease (SCD). We aimed to determine the relationship between SCD 
patients with IO and SCD comorbidities. Iron chelation regimen for IO in SCD 
patients was also studied. A cohort of 245 SCD adult patients receiving care at 
the Medical University of South Carolina (MUSC) was studied. Information was 
obtained from medical records. Statistical analysis was performed to examine 
correlations and odds ratios with 95% confidence intervals. We identified 85 
(34.7%) participants who met IO criteria. The results showed a significant as-
sociation of IO with stroke (OR= 14.67, p= 0.0001), pulmonary hypertension 
(OR= 4.75, p= 0.0006), acute chest syndrome (OR= 2.46, p= 0.003), and 
deep vein thrombosis (OR= 1.84, p= 0.04). There was a strong correlation bet-
ween liver iron concentration (LIC) and ferritin levels (r= 0.5148, p<0.0001). 
Liver enzymes correlated well with LIC and ferritin levels. Eighty-six percent of 
participants (74/85) were on chelation therapy, but only 19% of them achieved 
a good response to the treatment. One-third of SCD individuals developed IO, 
associated with several comorbidities. Comprehensive measures must include 
periodic determinations of LIC and ferritin, followed by appropriate chelation 
therapy to prevent organ damage.
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La sobrecarga de hierro en la anemia falciforme: perspectivas 
desde Carolina del Sur, EEUU.

Invest Clin 2025; 66 (4): 378 – 389

Palabras clave: Anemia de Células Falciformes; Sobrecarga de Hierro; Concentración 
Hepática de Hierro; Ferritina; Pruebas de Función Hepática; Terapia  
por Quelación.

Resumen. Las transfusiones de glóbulos rojos pueden provocar sobrecarga 
de hierro (SH) en la enfermedad de células falciformes (ECF). Nuestro objetivo 
fue determinar la relación entre pacientes con ECF con SH y comorbilidades 
asociadas a la ECF. También se estudió el régimen de quelación de hierro para 
la SH en pacientes con ECF. Se estudió una cohorte de 245 pacientes adultos 
con ECF atendidos en la Medical University of South Carolina (MUSC). La in-
formación se obtuvo de las historias clínicas. Se realizó un análisis estadístico 
para analizar las correlaciones y las razones de probabilidades (odds ratios) con 
intervalos de confianza del 95%. Se encontraron 85 (34,7%) participantes con 
criterios de SH. Los resultados mostraron una asociación significativa de la SH 
con el ictus (OR = 14,67, p = 0,0001), la hipertensión pulmonar (OR = 4,75, 
p = 0,0006), el síndrome torácico agudo (OR = 2,46, p = 0,003) y la trombosis 
venosa profunda (OR = 1,84, p = 0,04). Se observó una fuerte correlación entre 
la concentración hepática de hierro (CHH) y el nivel de ferritina (r = 0,5148, 
p<0,0001). Las enzimas hepáticas se correlacionaron adecuadamente con la 
CHH y los niveles de ferritina. El 86% de los participantes (74/85) recibía tera-
pia de quelación, pero solo el 19% obtuvo una buena respuesta al tratamiento. 
Un tercio de los pacientes con enfermedad de células falciformes desarrolló so-
brecarga de hierro asociada a diversas comorbilidades. Las medidas integrales 
deben incluir determinaciones periódicas de la CHH y la ferritina, seguidas de 
un tratamiento de quelación adecuado para prevenir el daño orgánico.

            Received: 27-07-2025      Accepted: 07-10-2025

INTRODUCTION

Sickle cell disease is a common he-
moglobinopathy, and approximately 4,000 
people in South Carolina, USA, live with this 
disease (SCD) 1. In the management of SCD, 
chronic transfusion therapy is used to pre-
vent and treat complications 2. Each unit of 
transfused packed red blood cells (pRBCs) 
provides 200-250 mg of iron, and repeated 
blood transfusions will lead to iron overload 
(IO) in SCD patients. Previous studies have 

shown that the IO resulting from transfu-
sional therapy in other patient populations 
is associated with significant morbidity and 
mortality 3. Iron overload has been consid-
ered a major cause of end-organ damage in 
multitransfused patients with hemoglobin-
opathies 4, and the source of excessive iron 
burden in SCD is primarily blood transfu-
sions and intravascular hemolysis.

To assess the degree of IO, liver iron 
concentration (LIC) can be measured in-
vasively via liver biopsy or noninvasively by 
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magnetic resonance imaging (MRI). There 
is a very close correlation between the two 
methods; thus, MRI has largely eliminated 
the need for liver biopsies 5. Ferritin should 
be used as a measure of IO in SCD patients, 
but its values should be interpreted with 
caution for therapeutic decision-making 6. 
Iron accumulation depends on the age at 
which blood transfusions are started, the 
rate of transfusions, and the nature of the 
transfusion regimen7. Compared with thalas-
semia, iron deposition in cardiac, renal, or 
endocrine organs is lower in SCD because in-
travascular hemolysis promotes biliary and 
urinary elimination of iron as hemosiderin, 
heme, and hemoglobin, and the chronic 
inflammatory state reduces toxic accumu-
lation of iron in macrophages 7–9. Addition-
ally, there is a difference between multiple 
simple transfused SCD patients and patients 
receiving blood with exchange transfusions 
because there is less liver accumulation of 
transfused iron in the latter 8,9.

It is complicated to establish if organ 
damage is caused by iron from transfusion 
as a treatment for some SCD comorbidities 
or if damage is a consequence of the compli-
cations themselves 5,6. The non-transferrin-
bound iron free in plasma is toxic because 
it produces radicals with oxidation products 
that are responsible for a significant part of 
iron accumulation and cell injury associated 
with regular multiple transfusions. Addition-
ally, inflammation, as a pathophysiologic 
mechanism in SCD, leads to increased hepci-
din synthesis and decreased iron absorption, 
with increased iron retention in the reticulo-
endothelial system 9.

IO is known to increase morbidity and 
mortality in SCD, although the exact mech-
anism is unclear 10-12. This risk of increased 
mortality could be associated with a high rate 
of comorbidities 13. Except for the comorbidi-
ties of stroke or the presence of an abnormal 
transcranial doppler (TCD), whose preven-
tive treatment is based on chronic transfu-

sions 14, it is difficult to determine whether 
IO induces the presence of comorbidities or 
whether these comorbidities are indepen-
dent of IO. It has been shown that in groups 
of SCD patients with IO, there was a higher 
mortality rate than those without IO. Those 
deaths were attributable to sudden death or 
pneumonia associated with acute chest syn-
drome 13. The rate of admission for vasooclu-
sive crisis related to the prevalence of organ 
damage and SCD complications only found 
a meaningful relationship with IO and acute 
chest syndrome (ACS) 15. Ferroptosis has also 
been recognized as a novel mechanism in 
SCD and an additional avenue for organ dam-
age in SCD patients. In ferroptosis, elevated 
iron levels trigger cell death by increasing re-
active oxygen species (ROS) and lipid perox-
ides, leading to organ impairment 16.

Iron chelation is the primary treatment 
for IO in SCD, and it can be initiated if more 
than 18 transfusions have been received 
(or >120 cc/kg of PRBC) within a defined 
period. Additionally, a serum ferritin level 
>1000 ng/mL on two separate measure-
ments, or hepatic MRI-quantified iron>3 
mg/g of dry weight, indicates IO treatment. 
Because SCD causes a degree of chronic in-
flammation, ferritin, an acute-phase reac-
tant, is less reliable as a diagnostic tool than 
in other anemias. 

There are three iron chelators currently 
approved for clinical use: (1) deferoxamine 
(DFO), (2) deferiprone (DFP), and (3) defera-
sirox (DFX). DFO is the oldest drug and is ad-
ministered intravenously or subcutaneously, 
while DFP and DFX are taken orally 14,15.

The primary aim of this study was to 
determine the relationship between iron 
overload and comorbidities in SCD patients. 
The secondary aims included evaluating the 
association between liver iron concentration 
(LIC), serum ferritin levels, liver enzymes, 
and the characteristics of the iron chelation 
regimen in chronically transfused SCD pa-
tients.
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MATERIAL AND METHODS

We conducted a retrospective chart review 
of the electronic medical records (EMRs) of 
245 adults with SCD who receive care at MUSC 
in Charleston, South Carolina, and are enrolled 
in the Sickle Cell Disease Implementation Con-
sortium (SCDIC) 17. The study participants had 
a diagnosis of SCD, were English-speaking, and 
aged 15-50. From that population, we identi-
fied 85 subjects with both SCD and iron over-
load (34.7%). EMR data were collected over 
seven years (2017-2024). The inclusion crite-
ria for this study were a diagnosis of SCD, en-
rollment in the MUSC-SCDIC-II Registry and 
REAL Answers projects, and a diagnosis of IO 
using the previously mentioned parameters. 
Age, sex, genotype, blood ABO group, comor-
bidities, ferritin, LIC, liver enzymes, and iron 
chelation treatment were obtained from the 
EMR. Patients with iron overload who received 
a hematopoietic stem cell transplant were ex-
cluded from this study.

Institutional review board (IRB) approv-
al was obtained from each of the eight study 
sites and a central IRB (CIRBI/Advarra) pri-
or to data collection, and a written informed 
consent was obtained from each participant.

Statistical Analysis
Statistical analysis was performed using 

GraphPad InStat3 (GraphPad Software, Bos-
ton, MA 02110) to analyze frequency distribu-
tions for categorical variables and to perform 
linear regression and Pearson correlation for 
continuous variables. A 2 x 2 contingency ta-
ble was used to calculate odds ratios with 95% 
confidence intervals by Fisher’s exact test and 
to calculate sensitivity and specificity param-
eters. The reference group for the odds ratio 
(OR) was adult SCD patients (160/245) with-
out iron overload. A p<0.05 was considered 
statistically significant.

RESULTS

Table 1 describes the demographic char-
acteristics of the 85 (34.7%) subjects with SCD 
and IO who met inclusion criteria. Seventy-

three IO patients (85.9%) were between 18-
45 years old with a median age of 32.5 years 
(range 16-55), 61.2% were female, 95.3% had 
SS genotype, and 56.5% had blood group O. 
From 67.0% with IO criteria receiving transfu-
sions (57/85), 51% (29/57) were treated un-
der manual blood exchange regimen, and the 
rest of them by erythrocytapheresis regimen.

The prevalence of several comorbidities 
with SCD is described in Table 2. Patients with 
IO were noted to have a higher rate of four 
comorbidities: acute chest syndrome (OR= 
2.46, p= 0.003), deep vein thrombosis (DVT, 
OR= 1.84, p= 0.04), stroke (OR= 14.67, p= 
0.0001) and pulmonary hypertension (PH, 
OR= 4.75, p= 0.0006), seen in Table 2 and 
Fig. 1. Pulmonary hypertension (PH) was de-
fined as a mean pulmonary arterial pressure 
of at least 25 mm Hg, and a TRV >2.5m/s.

MRI studies, liver biopsy, LIC, and ferritin
Seventy-four percent of subjects with IO 

initially had MRI/LIC records available (63/85) 
and 26% had also liver biopsy data available 
(22/85). Twenty-four percent (20/85) of them 
did not have a subsequent record of LIC, as 
measured by liver MRI or liver biopsy, and were 
followed only with ferritin determination. Car-
diac MRI data were available for 25% (21/85) 
of subjects, and only one patient showed myo-
cardial iron deposition.

The average values at the start and end 
of the study for LIC were 11.71±8.46 mg/g 
dry weight (n=59) and 12.88±7.86 mg/g 
dry weight (n=44), respectively; the average 
values for ferritin were 3779.5±2852 ng/mL 
(n=85) and 5055.1±5567.4 ng/mL (n=85), 
respectively; p=0.06 for both.

There was a strong correlation between 
LIC (mg/g dry weight) and ferritin level 
(ng/mL) (r=0.5148, p=0.0001), as seen in 
Fig. 2. We also observed a strong correlation 
between serum ferritin and LIC in individu-
als with serum ferritin levels > 2500 ng/mL 
(r=0.5220, p=0.0026, n= 31). There was 
no correlation in patients with serum ferri-
tin levels below 2500 ng/mL (r=0.3133, p= 
0.3213; n=12). 
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Table 1. Demographic characteristics of Iron overload in Sickle Cell Disease.

Characteristics Iron Overload (N=85)
No Iron Overload 

(N=160)
Total

(N=245)

Age group (years)

      <18 4 (4.7%) 10 (6.3%) 14 (5.7%)

      18-24 20 (23.5%) 22 (13.7%) 42 (17.2%)

      25-34 24 (28.2%) 65 (40.6%) 89 (36.3%)

      35-45 29(34.2%) 43 (26.9%) 72 (29.4%)

      >45 8(9.4%) 20 (12.5%) 28 (11.4%)

Median 32.5 31.0 32.0

Gender

      Male 34 (40.0%) 62 (38.8%)  96 (39.2%)

      Female 51 (60.0%) 98 (61.2%) 149 (60.8%)

Age (N)

      Male   31.36±10.4 (34) 34.36±11.0 (62) 33.33±10.8(96)

      Female 33.43±9.4 (51) 32.51±11.1 (98)   32.75±10.7(149)

Mean±SD 32.61±9.8 (85)   33.26±11.2 (160)   33.05±10.7 (245)

SCD Genotype

      SS 81 (95.3%) 98 (61.3%) 179 (73.1%)

      SC 1 (1.2%) 40 (25.0%)  41 (16.7%)

      SThal 3 (3.5%) 19 (11.9%)  22 (9.0%)

      Other 0 (0%)  3 (1.8%)  3 (1.2%)

Blood Group (ABO)

      Group O 48 (56.5%)

      Group A 20 (23.5%)

      Group B 10 (11.8%)

      Group AB  7 (8.2%)

Table 2. Sickle Cell Disease Iron overload and comorbidities relationships.

Comorbidity 
IO  

(N=85)
No IO  
(160)

Total  
(N=245)

OR  
(CI95%)

OR 
p-value

ACS 65 (26.5%) 91 (37.1%) 156(63.7%) 2.46 (1.37-4.45) 0.0032

DVT 33 (12.2%) 41 (18.0%) 74(30.2%) 1.84 (1.05-3.23) 0.0406

Retinopathy 13 (5.3%) 42 (17.1%) 55 (22.4%) 0.50 (0.26-1.01) 0.0548

Stroke* 46(18.8%) 13 (5.3%) 59(24.1%) 13.34 (6.56-27.12) 0.0001

CKD 20 (7.8%) 25 (10.2%) 45 (17.9%) 1.66 (0.86-3.21) 0.1650

Anxiety/Depression 39 (16.7%) 61 (23.3%) 100(40.0%) 1.38 (0.80-2.34) 0.2752

AVN 42 (17.1%) 62(25.3%) 104 (42.4%) 1.54 (0.91-2.63) 0.1351

Pulmonary Htn 17 (7.8%) 8(2.9%) 25 (10.7%) 4.75 (1.96-11.54) 0.0006
ACS: Acute Chest Syndrome; DVT: Deep Vein Thrombosis; CKD: Chronic Kidney Disease; AVN: Avascular Necrosis; 
Htn: Hypertension. *Include overt stroke and abnormal transcranial doppler (TCD).
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An increasing number of comorbidi-
ties was associated with rising LIC and se-
rum ferritin (Table 3). The median number 
of co-morbidities per patient was 3 (mean 
3.12 ± 1.5).

Accuracy estimation of ferritin as 
a marker of iron overload in SCD 
participants

Among 69 IO subjects with  paired LIC 
and ferritin levels, 36 had a LIC≥ 10 mg/g 
dw and 23 had a LIC < 10 mg/g dw. Using 
a ROC curve and a serum ferritin cut-off of 
≥2500 ng/mL, we obtained 78% sensitivity, 
74% specificity, 86% positive predictive val-
ue, and 61% negative predictive value. In our 
patient sample, 46 subjects were correctly 
diagnosed with IO based on their serum fer-
ritin levels (TP), and 13 patients were in-
correctly identified as not having IO (FN). 
The accuracy of the serum ferritin level to 

diagnose IO was 76% and the area under 
the curve (AUC) was 76% (Table 4), (Garcia-
Casal et al. 18).

Iron overload and liver enzymes
In SCD individuals with IO, liver en-

zymes showed a good correlation with LIC 
and ferritin levels (Supplemental Table 5), 
except for alkaline phosphatase and LIC. 
The mean serum values ± SD were AST: 
47.8±26.32 U/L, ALT: 33.86±27.36 U/L, 
and AP: 113.66±55.12 U/L.

Iron chelation treatment
Transfused patients with IO received 

an average of 22 pRBCs per year with a 
median of 12 transfusions. Eighty-six 
percent (74/85) were prescribed chela-
tion therapy with deferasirox (DFX), and 
two patients were prescribed deferiprone 
(DFP) chelation therapy. Of those on che-

Fig. 1. Odds Ratio for Comorbidities in Sickle Cell patients with IO.

Fig. 2. Linear regression with 95%CI between LIC (mg/g dry weight) and Ferritin (ng/mL) in SCD partici-
pants (n=59) diagnosed as Iron overload, r= 0.5148, p<0.0001.
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lation therapy with deferasirox, only 19% 
(14/74) obtained a good response with se-
rum ferritin <1000 ng/mL. Providers fol-
lowed 54% of these patients with periodic 
LIC determinations and serum ferritin 
(40/74), and the remaining patients were 
followed with serum ferritin alone. Infor-
mation about the side effects of DFX treat-
ment was scarce and difficult to collect 
from the data records. Fifty-four percent 
(40/74) of the subjects were on disease-
modifying treatment. 

DISCUSSION

These findings show a significant asso-
ciation of IO with several comorbidities in a 
cohort of SCD patients. Most of the patients 
were SS genotype young adults receiving fre-

quent blood transfusions. Parameters such 
as LIC, measured by MRI and/or liver biopsy, 
were used to diagnose IO in many of these 
patients, and serum ferritin levels were used 
as a marker of IO. There was a strong corre-
lation between LIC and serum ferritin when 
the serum ferritin levels were above 2500 
ng/mL. Liver enzymes showed a good corre-
lation with LIC and serum ferritin levels, and 
chelation therapy with DFX was unsuccessful 
in most cases. 

Previous research has demonstrated 
that SCD patients with IO have an increased 
risk of mortality 11,12, and this risk could be 
associated with a high rate of comorbidi-
ties13. Moreover, liver injury is associated 
with mortality in SCD, with increased ferri-
tin and direct bilirubin as predictors of mor-

Table 3. Values of LIC and ferritin associated with the number of comorbidities 
 in subjects with Iron overload.

No comorbidities LIC (N=43) Ferritin (N=85) p

1 11.58±5.2 (7) 5538.28±7793.6 (9) 0.0661

2 14.82±7.6 (17) 5748.89±5336.7 (29) 0.0001

3 12.83±9.6 (6) 7026.32±7608.4 (15) 0.0031

4 7.74±4.37 (5) 2588.65±2552.1 (14) 0.0023

>5 11.58±8.17 (8) 3936.66±3800.9 (18) 0.0004

LIC: liver iron concentration (mg/g dry weight), ferritin (ng/mL).

Table 4. Sensitivity and specificity of ferritin  
as a marker in Sickle Cell Disease to assess  

iron overload (N=69).

Variable Value 95% Confidence 
Interval

Sensitivity 0.7750 0.6159 to 0.8917

Specificity 0.7368 0.4879 to 0.9085

Positive Predictive Value  0.8611 0.7052 to 0.9533

Negative Predictive Value  0.6087 0.3856 to 0.8027

Likelihood Ratio  2.945

DOR 9.65

DOR: diagnostic odds ratio, calculated as the effectiveness 
as an index of iron overload 18.     DOR= (sens x spec) / (1-
sens) x (1-spec) = (sens x spec) / (FNs) x (FPs).

Table 5. Correlations between LIC  
and ferritin versus liver enzymes.

Variable (N) r p

LIC vs AST (43) 0.5551 0.0001

LIC vs ALT (43) 0.5248 0.0003

LIC vs AP (43) 0.1393 0.3730

Ferritin vs AST (85) 0.5794 0.0001

Ferritin vs ALT (85) 0.6015 0.0001

Ferritin vs AP (85) 0.3644 0.0006

LIC: liver iron concentration; AST: aspartate trans-
ferase; ALT: alanine aminotransferase; AP: alkaline 
phosphatase. The values of liver enzymes were expres-
sed in U/L, LIC in mg/g dry weight, and ferritin in ng/
mL. The reference ranges for liver enzymes were AST 
(5-34 U/L), ALT (5-45 U/L) and AP (35-150 U/L).
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tality. All patients with advanced liver fibro-
sis had IO, but not all patients with IO had 
fibrosis 19. We have seen an increased num-
ber of comorbidities in our study patients 
with IO, and so this condition may be a pre-
disposing factor for increased morbidity and 
mortality in SCD patients. In our study, five 
(2.0%) patients with SCD died, and three of 
those had IO.

As demonstrated previously 20, our 
findings showed a stroke or at-risk-of-
stroke prevalence of 24% (59/245) in SCD 
patients. Of the patients with stroke or at 
risk of stroke, 78% of them had IO (70% 
stroke, 30% abnormal TCD), making stroke 
the most common comorbidity that we ob-
served with IO. This high rate of IO could 
be explained by the use of frequent blood 
transfusion as primary or secondary preven-
tion in SCD individuals with abnormal TCD 
or cerebrovascular event14. In our study 
population, none of these patients had re-
current strokes after the initial event.

Sixty-four percent of our study popu-
lation had ACS, and 41.6% of patients with 
ACS also had IO. In this population, patients 
with IO were at a significantly higher risk of 
ACS. This relationship, at least in part, may 
be related to the use of simple blood trans-
fusions to improve oxygen-carrying capacity 
in persons with symptomatic ACS, and to 
the urgent exchange transfusion performed 
when there is rapid progression of ACS 21,22.

The prevalence of DVT was 30.2% 
(74/245) in individuals with SCD, with a 
predominance in the female sex (66.2%), as 
has also been described in one other study23. 
A significant relationship between IO and 
DVT could be explained by the occurrence of 
a hypercoagulable state in individuals with 
SCD24, driven by inflammation, in part due to 
oxidative stress and iron deposition-induced 
ferroptosis, leading to thrombogenesis and 
activation of the coagulation cascade in SCD 
individuals 25.

Epidemiological studies reveal that PH 
development is associated with iron overload 
and other comorbidities 26. Chronic anemia 

in sickle cell disease results in cardiac cham-
ber dilation and a compensatory increase in 
left ventricular mass. Elevated TRV as well 
as ferritin and the number of red blood cell 
units transfused, were also found to be as-
sociated with a higher risk of death 27. In the 
current study, we found that the prevalence 
of IO associated with PH, as diagnosed by 
echocardiography, was 7.8%. Additionally, 
patients with IO were statistically more like-
ly to have PH, with 68% of patients with PH 
also having IO.

In this study, there was no significant 
association between IO and other comor-
bidities such as anxiety and depression. 
However, we found a 40% prevalence of these 
mental health issues in the entire cohort 
of SCD patients. Depression is prevalent in 
adult patients with SCD and is associated 
with worse health-related quality of life, so 
an assessment of anxiety and depression in 
persons living with SCD is vitally important, 
given the prevalence of this comorbidity in 
the general SCD population 12,28.

The relationship between IO and acute 
kidney injury (AKI) and chronic kidney dis-
ease (CKD), although it was not significant 
in our study, may be a subject of further 
studies due to the risk of toxicity by iron 
chelation treatment with an elevated risk of 
mortality in SCD individuals 29. Recently, fer-
roptosis has been implicated in the develop-
ment of AKI/CKD, as renal cells are particu-
larly vulnerable to IO 30.

Usually, follow-up of patients with SCD 
and IO is based on periodic MRI measure-
ments of LIC and serum ferritin levels. The 
current study has demonstrated a strong 
correlation between LIC and ferritin lev-
els above 2500 ng/mL, with a sensitivity of 
78% and a specificity of 74%. This correla-
tion is compatible with other studies 6. Ad-
ditionally, this threshold could indicate the 
need for chelation treatment if LIC cannot 
be performed 31. However, when the serum 
ferritin level is less than 2500 ng/mL, it is 
less reliable as a marker of LIC. This may 
be related to serum ferritin levels being af-
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fected by chronic inflammation in SCD. Es-
pecially during an acute exacerbation of a 
comorbidity or a vasoocclusive event, serum 
ferritin may be less reliable for estimating 
LIC 32. Additionally, it is important to note 
that only one-third of the subjects in our 
study with SCD and elevated serum ferritin 
levels underwent MRI for LIC measurement, 
reflecting a lack of appropriate follow-up for 
screening, diagnosis, and treatment of IO. 
This observation is in agreement with other 
studies 31. 

Liver enzymes, as a measure of liver func-
tion, correlated well with serum ferritin and 
LIC levels in the SCD cohort with IO. Alkaline 
phosphatase has been associated with mortal-
ity 19, and some studies have reported a correla-
tion between serum ferritin and AST as an esti-
mator of LIC. A serum ferritin/AST ratio >17 
µg/U has been highly predictive of IO 33. Never-
theless, in the population, routine screening of 
liver enzymes has poor sensitivity and specific-
ity for detecting liver damage 34.

As shown in our study, IO is associat-
ed with a greater number of comorbidities. 
Thus, treating IO intuitively makes sense to 
reduce the risks associated with this condi-
tion. We found that DFX was the most com-
monly prescribed treatment for IO. Although 
86% of IO patients in our study population 
were prescribed DFX, only 19% achieved fer-
ritin levels <1000 ng/mL during the study 
period. According to other references 8,15,35, 
one factor contributing to a limited response 
to this treatment is poor adherence. While 
we did not assess compliance with chelation 
treatment as a cause of poor response in our 
study, treatment compliance is an important 
factor and should be evaluated when treat-
ing a patient for IO.

This study has several limitations: its 
observational, retrospective, and cross-sec-
tional design, along with the reliance on 
medical record abstraction and the patient’s 
self-report of symptoms, could introduce 
bias and affect the statistical power of the 
results. In some cases, the evolution of IO is 
represented solely by serial determinations 

of serum ferritin, without a matched LIC, 
and by periodic MRIs. Additionally, it was 
not distinguished whether the serum ferritin 
values were reported during vasoocclusive 
crisis or in the steady state of the patients, 
thus there is a risk that the vasooclusive 
event could confound elevated serum ferri-
tin levels. It is well known that ferritin levels 
increase significantly during a vaso-occlusive 
crisis 9. Information on toxicities related to 
DFX treatment was scarce and difficult to 
extract from the data records.

In conclusion, iron overload in SCD is a 
life-threatening condition, often associated 
with an increased number of comorbidities 
leading to a declining clinical course with 
an inadequate quality of life, hepatic com-
plications and premature death. Manage-
ment suggests that MRI screening for liver 
iron concentration should be performed ev-
ery one to two years in patients with SCD 
receiving chronic transfusion therapy. Se-
rum ferritin levels should be measured after 
each transfusion; this inexpensive blood test 
broadly correlates with total body iron bur-
den and, due to its ease of acquisition, is a 
valuable tool for monitoring trends in iron 
burden over time 31. A significant limitation 
for using ferritin levels as indicator of IO in 
SCD is that inflammation can raise ferritin 
levels irrespective of iron burden 2. Providers 
should monitor patients and assess adher-
ence with chelation therapy in the treatment 
of IO. Iron overload in SCD requires preven-
tive care and close monitoring to avoid irre-
versible organ damage. 
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Abstract. The interaction between glycolysis and autophagy contributes 
to reprogramming chronic inflammation in obesity, but the knowledge about 
this interaction remains limited. Publicly available data were used to analyze 
autophagy- and glycolysis-related differentially expressed genes (A&GRDEGs) 
in two datasets comparing patients with obesity and normal-weight patients. 
A total of 5 A&GRDEGs were obtained through screening, namely recombi-
nant eukaryotic translation initiation factor 4E binding protein 1 (EIF4EBP1), 
transforming growth factor beta 1 (TGFB1), fatty acid synthase (FASN), alpha-
synuclein (SNCA), and C-X-C chemokine receptor 4 (CXCR4). Levels of autoph-
agy and glycolysis exhibit substantial predictive value for obesity development 
and mechanistically contribute to disease pathogenesis through immunometa-
bolic dysregulation.
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Análisis exhaustivo de los genes expresados diferencialmente, 
relacionados con la autofagia y la glucólisis, que intervienen  
en la inflamación crónica en pacientes obesos.
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Resumen. La interacción entre la glucólisis y la autofagia contribuye a la 
reprogramación de la inflamación crónica en la obesidad, pero el conocimiento 
sobre esta interacción es limitado. Se utilizaron datos públicamente disponi-
bles para analizar los genes expresados diferencialmente relacionados con la 
autofagia y la glucólisis (A&GRDEG) entre pacientes con obesidad y con peso 
normal en dos conjuntos de datos. Se obtuvo un total de 5 A&GRDEG mediante 
cribado, a saber: la proteína recombinante de unión al factor de iniciación de la 
traducción eucariótica 4E 1 (EIF4EBP1), el factor de crecimiento transforman-
te beta 1 (TGFB1), la sintasa de ácidos grasos (FASN), la alfa-sinucleína (SNCA) 
y el receptor de quimiocina C-X-C 4 (CXCR4). Los niveles de autofagia y de glu-
cólisis mostraron un valor predictivo elevado para el desarrollo de la obesidad 
y contribuyen mecánicamente a la patogénesis de la enfermedad mediante la 
desregulación inmunometabólica.

            Received: 03-08-2025      Accepted: 21-09-2025

INTRODUCTION

According to projections, the global 
population of people living with obesity, a 
metabolic syndrome, will reach one billion 
by 2030, affecting one in five women and one 
in seven men 1 Obesity is characterized by 
excess weight (body mass index, BMI ≥30 
kg/m2), accompanied by chronic low-grade 
inflammation, oxidative stress, insulin resis-
tance, hypertension, dyslipidemia, and other 
abnormalities. It could also increase the sus-
ceptibility of individuals to chronic diseases, 
such as type 2 diabetes mellitus (T2DM), 
non-alcoholic fatty liver disease (NAFLD), 
and specific malignancies 2. Furthermore, 
adipocytes serve as central metabolic and 
inflammatory regulators through their en-
docrine capacity, secreting both pro- and an-
ti-inflammatory mediators, including leptin 
(pro-inflammatory) and adiponectin (anti-

inflammatory), which systemically influence 
energy homeostasis and immune responses1. 
Leptin and adiponectin exert pro-inflam-
matory and anti-inflammatory functions, 
respectively, and mutually regulate carcino-
genesis 2.

Adequate lipid storage prevents ectopic 
lipid accumulation in non-specific organs 
(e.g. muscle, liver, and heart) and toxic lipid 
accumulation (e.g., lipotoxicity) and is also 
associated with stable metabolic function 3. 
Lipid droplet accumulation in the liver and 
other organs has been linked with obesity-
associated autophagic dysfunction 4. The 
seminal recognition of autophagy through 
the 2016 Nobel Prize in Physiology or Medi-
cine underscores its pivotal role as a funda-
mental cellular clearance mechanism for 
superfluous or deleterious constituents5. 
Chronic inflammation in individuals with 
obesity may suppress autophagy. Moreover, 
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obesity-associated autophagic dysfunction 
may cause protein and organelle degrada-
tion, cellular dysfunction, and cell death 6. 
Autophagy is presumed to be inactive during 
obesity owing to the chronic upregulation of 
mammalian target of rapamycin complex 1 
(mTORC1) 7. Obesity could contribute to an 
elevated risk of cancer through autophagic 
impairment; thus, treatment methods in-
volving the enhancement of autophagy may 
serve as a practical approach against obesi-
ty-associated cancers 8.

Metabolism is widely known as a core 
process underpinning all biological phenom-
ena, supplying energy and building blocks 
for macromolecules 9. Restricting glycolysis 
has been shown to impede cytokine produc-
tion but not cellular proliferation, suggest-
ing that glycolysis plays a critical role in 
regulating inflammation 10. However, infor-
mation on the exact mechanism by which 
the interaction between glycolysis and au-
tophagy contributes to reprogramming the 
progression of chronic inflammation in obe-
sity remains limited.

Individuals with obesity exhibit adipo-
cyte hypoxia, which could lead to the elevat-
ed expression of hypoxia-inducible factors, 
activation of adipocytes, production and re-
lease of free fatty acids and pro-inflammato-
ry mediators, induction of circulating mono-
cyte recruitment, and aggregation of adipose 
tissue macrophages 11. Studies have revealed 
that individuals with obesity have a higher 
macrophage count in white adipose tissues 
than individuals with normal BMI, showing 
increases ranging from 10% to >50% of the 
total cell count 12. Metabolically activated 
macrophages show a higher rate of glycoly-
sis and produce more lactic acid in the fatty 
tissues of individuals with obesity than in the 
tissues of normal-weight individuals 13. Alter-
ations in immune cell infiltration dynamics 
and their secretion of pro-inflammatory cy-
tokines critically contribute to the sustained 
low-grade inflammation observed in obesity. 
Consequently, targeting immune cell re-
cruitment and activation has emerged as a 

key therapeutic strategy for obesity-associat-
ed chronic inflammation 14.

In this study, screening was first per-
formed to identify genes frequently involved 
in autophagy and glycolysis. Next, we lever-
aged publicly available datasets to compare 
the expression profiles of autophagy- and gly-
colysis-related genes between obese and nor-
mal-weight individuals. Additionally, we as-
sessed immune cell infiltration patterns and 
examined their correlations with the differen-
tially expressed genes. These findings could 
help elucidate the key mechanisms underly-
ing the pathogenesis of chronic inflammation 
in patients with obesity and provide potential 
targets for prevention and treatment.

MATERIALS AND METHODS

Dataset download and processing
We obtained two obesity-related gene 

expression datasets (GSE134913 15 and 
GSE59034 16) from the Gene Expression 
Omnibus (GEO) database (https://www.
ncbi.nlm.nih.gov/geo/). The GSE134913 
dataset included samples. We included 14 
pre-surgery samples from obese patients 
(Obese group) who underwent metabolic 
surgery and six controls (Control group), 
forming a subset of 20 samples.

The GSE134913 dataset is a subset of 
participants from the GSE135066 cohort. 
It comes from the clinical study “Dynamic 
Changes in Muscle Insulin Sensitivity after 
Metabolic Surgery” by Gancheva et al. 15. 
The original cohort included six control sub-
jects and 16 obese individuals who had met-
abolic surgery, with longitudinal gene ex-
pression profiling done at three timepoints: 
before surgery, two weeks after surgery, and 
52 weeks after surgery. For this analysis, we 
included all six control subjects and 14 of 
the 16 obese participants who had surgery, 
based on data completeness criteria.

Although aggregate baseline character-
istics of the entire cohort are provided in the 
original publication, detailed demographic 
and clinical metadata for the specific genet-
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ic sequencing subset were unavailable. As a 
result, participant-level clinical information 
could not be included in our analyses. 

The GSE59034 dataset contained 48 
samples. We selected 16 pre-surgery obese 
samples and 16 controls, yielding a total of 
32 samples. This dataset served as the pri-
mary cohort for all subsequent analyses. De-
tailed information about the datasets is pro-
vided in Table S1. 

Autophagy-related genes (ARGs) and 
glycolysis-related genes (GRGs) were sys-
tematically identified through comprehen-
sive searches of the GeneCards database 
(https://www.genecards.org), followed by 
literature validation using PubMed (https://
pubmed.ncbi.nlm.nih.gov/) with “Autopha-
gy” 17-19 and “Glycolysis” 20-22 as the primary 
search terms, respectively. The intersection 
of ARGs and GRGs defined the autophagy- 
and glycolysis-related genes (A&GRGs) used 
in this study (Fig. 1).

Differentially expressed genes analysis
Based on the original study designs, 

samples were stratified into control and 
obese groups. Differentially expressed genes 
(DEGs) were identified using the limma 
package (v3.58.1) in R (v4.2.2), with signifi-
cance defined as |logFC| > 0.5 and p<0.05. 
Results were visualized through volcano 
plots (ggplot2, v3.4.4).

To obtain the autophagy- and glycol-
ysis-related differentially expressed genes 
(A&GRDEGs), we first intersected all signifi-
cant DEGs with our curated list of A&GRGs, 
and a Venn diagram was plotted to provide 
the A&GRDEGs. Expression patterns of 
these A&GRDEGs were subsequently dis-
played as clustered heatmaps (pheatmap 
package, v1.0.12) in R, using z-score nor-
malized expression values.

 
   Fig. 1. Technology roadmap.

ARGs, Autophagy Related Ge-
nes. GRGs, Glycolysis Related 
Genes. A&GRGs, Autophagy 
& Glycolysis Related Genes. 
A&GRDEGs, Autophagy & 
Glycolysis Related Differen-
tially Expressed Genes. DEGs, 
Differentially expressed genes. 
GSEA, Gene Set Enrichment 
Analysis. GO, Gene Ontology. 
KEGG, Kyoto Encyclopedia of 
Genes and Genomes. ssGSEA, 
single-sample gene-set enrich-
ment Analysis. ROC, receiver 
operating characteristic cur-
ve. PPI, Protein-protein inte-
raction network. TF, Transcrip-
tion factors.
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Gene ontology and Kyoto Encyclopedia of 
Genes and Genomes pathway enrichment 
analyses

Functional enrichment analysis was 
performed using the clusterProfiler pack-
age (v4.10.0) in R. Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analyses were conducted 
on the differentially expressed genes. Terms 
with p<0.05 and false discovery rate (FDR; 
q) <0.25 were considered statistically sig-
nificant.

Gene Set Enrichment Analysis
Gene Set Enrichment Analysis (GSEA) 

was conducted on the GSE59034 dataset us-
ing the clusterProfiler package. Genes were 
ranked by log₂ fold-change and analyzed 
against the ‘c2.all.v2022.1.Hs.symbols.gmt’ 
gene set (All Canonical Pathways, n=3,050) 
from MSigDB, with Homo sapiens as the ref-
erence species. Significance thresholds were 
set at p<0.05 and q <0.25.

Differential expression and receiver 
operating characteristic analyses  
of A&GRDEGs

The expression patterns of A&GRDEGs 
were compared between the obese and con-
trol groups across both datasets. The diag-
nostic potential was evaluated using receiver 
operating characteristic (ROC) analysis per-
formed with the pROC package (v1.18.5). 
Area under the curve (AUC) values were de-
termined to measure the predictive ability.

Analysis of immune infiltration
Immune cell infiltration levels were 

quantified using single-sample Gene Set En-
richment Analysis (ssGSEA) implemented in 
the GSVA package (v1.50.0). Correlations 
among differentially abundant immune cell 
populations (obese vs. control), and between 
immune cells and A&GRDEG expression, 
were analyzed in the GSE59034 dataset. Re-
sults were visualized as correlation dot plots 
(ggplot2).

Statistical analysis
All statistical analyses were conducted 

using R software (R Foundation for Statis-
tical Computing, Vienna, Austria). Con-
tinuous variables were compared with Stu-
dent’s t-test (for normally distributed data) 
or Wilcoxon rank-sum test (for non-normal 
data). Multi-group comparisons employed 
the Kruskal-Wallis test. Categorical variables 
were analyzed with χ² tests or Fisher’s exact 
tests, depending on the situation. Correla-
tions were assessed with Spearman’s rank 
correlation. A two-tailed α level of 0.05 was 
deemed statistically significant unless other-
wise noted.

RESULTS

Identification of A&GRDEGs
Differential expression analysis re-

vealed 628 significant DEGs (|logFC| >0.5 
and p<0.05) in the GSE134913 dataset, 
comprising 316 upregulated and 312 down-
regulated genes (Fig. 2A). The GSE59034 
dataset showed more pronounced differen-
tial expression with 904 DEGs under the 
same thresholds (653 upregulated, 251 
downregulated; Fig. 2B). Volcano plots vi-
sually represent these expression patterns, 
highlighting the asymmetric distribution 
of upregulated versus downregulated genes 
between datasets.

To identify the A&GRDEGs, we inter-
sected the significant DEGs (|logFC| > 0.5 
and p<0.05) from both datasets with our 
curated A&GRG list, revealing five overlap-
ping genes (Fig. 2C): eukaryotic transla-
tion initiation factor 4E binding protein 1 
(EIF4EBP1), transforming growth factor 
beta 1 (TGFB1), fatty acid synthase (FASN), 
alpha-synuclein (SNCA), and C-X-C chemo-
kine receptor type 4 (CXCR4) (Table 1). 
We subsequently analyzed and visualized 
the differential expression patterns of these 
A&GRDEGs between sample groups in the 
GSE134913 dataset (Fig. 2D) and in the 
GSE59034 dataset (Fig. 2E).
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Construction and analysis  
of the prediction model

We systematically investigated the func-
tional associations of the five A&GRDEGs 
with obesity through comprehensive GO and 

KEGG enrichment analyses (Table 2). GO 
analysis identified significant enrichment in 
biological processes (BP) such as positive reg-
ulation of glial cell differentiation, receptor 
metabolic process, and gliogenesis; cellular 

Fig. 2. Differentially expressed genes (DEGs) analysis.
(A) Volcano plot of differential analysis results between the obese and control groups in the GSE134913 
dataset. (B) Volcano plot of differential analysis results between the obese and control groups in the 
GSE59034 dataset. (C) Venn diagram of DEGs in the GSE134913 and GSE59034 datasets and A&GRGs. 
(D) Differential expression heatmap of DEGs in the GSE134913 dataset. (E) Differential expression 
heatmap of DEGs in the GSE59034 dataset. Green indicates the control group, and orange indicates 
the obese group. In the heatmaps, blue represents low expression, and red represents high expression.

Table 1. A&GRDEGs in GSE59034 and GSE134913.

Gene logFC AveExpr t p p adjust B group

GSE59034

EIF4EBP -0.75697 6.168652 -7.58047 8.52E-09 3.51E-06 10.16121 down

TGFB1 0.571166 6.797319 5.933876 1.06E-06 4.33E-05 5.525466 up

FASN -0.64127 10.46345 -4.02795 0.0003 0.002172 0.123576 down

SNCA 0.596172 7.741707 2.504538 0.017237 0.049432 -3.63114 up

CXCR4 0.512738 6.194027 2.197896 0.034888 0.085782 -4.25343 up

GSE134913

EIF4EBP -0.79216 9.560483 -4.21636 0.00039 0.901994 -3.5489 down

SNCA 1.325622 9.526431 2.616228 0.016162 0.999958 -4.10701 up

CXCR4 0.785232 7.648631 2.278605 0.033299 0.999958 -4.22823 up

TGFB1 1.137448 6.567356 2.192964 0.039755 0.999958 -4.25833 up

FASN -0.57511 7.727896 -2.11711 0.046404 0.999958 -4.28468 down
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Table 2. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)  
enrichment analysis results.

Ontology ID Description Gene 

Ratio

Bg  

Ratio

p p adjust q geneID Count

BP GO:0032103 positive regulation 

of response to 

external stimulus

3/5 442/ 

18800

0.00012461 0.02430796 0.00669754 TGFB1/

SNCA/

CXCR4

3

BP GO:0045687 positive regulation 

of glial cell 

differentiation

2/5 42/ 

18800

4.8517E-05 0.02430796 0.00669754 TGFB1/

CXCR4

2

BP GO:0043112 receptor metabolic 

process

2/5 61/ 

18800

0.00010291 0.02430796 0.00669754 TGFB1/

SNCA

2

BP GO:0014015 positive regulation  

of gliogenesis

2/5 64/ 

18800

0.00011333 0.02430796 0.00669754 TGFB1/

CXCR4

2

BP GO:2000379 positive regulation 

of reactive oxygen 

species metabolic 

process

2/5 71/ 

18800

0.0001396 0.02430796 0.00669754 TGFB1/

SNCA

2

CC GO:0031091 platelet alpha 

granule

2/5 91/ 

19594

0.0002114 0.00718767 0.00400552 TGFB1/

SNCA

2

CC GO:0031092 platelet alpha 

granule membrane

1/5 17/ 

19594

0.00433098 0.07362671 0.04103037 SNCA 1

CC GO:0031093 platelet alpha 

granule lumen

1/5 67/ 

19594

0.01698227 0.08811426 0.04910392 TGFB1 1

CC GO:0016234 inclusion body 1/5 74/ 

19594

0.01874314 0.08811426 0.04910392 SNCA 1

CC GO:0005902 microvillus 1/5 90/ 

19594

0.0227585 0.08811426 0.04910392 TGFB1 1

MF GO:0003779 actin binding 2/5 439/ 

18410

0.00540893 0.04141684 0.01278836 SNCA/

CXCR4

2

MF GO:0008190 eukaryotic 

initiation factor 4E 

binding

1/5 10/ 

18410

0.00271326 0.04141684 0.01278836 EIF4EBP1 1

MF GO:0034713 Type I transforming 

growth factor beta 

receptor binding

1/5 10/ 

18410

0.00271326 0.04141684 0.01278836 TGFB1 1

MF GO:0004312 fatty acid synthase 

activity

1/5 13/ 

18410

0.00352609 0.04141684 0.01278836 FASN 1

MF GO:0043027 cysteine-type 

endopeptidase 

inhibitor activity 

involved in the 

apoptotic process

1/5 22/ 

18410

0.0059614 0.04141684 0.01278836 SNCA 1

KEGG hsa04672 Intestinal immune 

network for IgA 

production

2/5 49/ 

8164

0.00034888 0.02163052 0.01652586 TGFB1/

CXCR4

2

KEGG hsa04152 AMPK signaling 

pathway

2/5 121/ 

8164

0.00211594 0.05414617 0.04136804 FASN/

EIF4EBP1

2
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components (CC) such as platelet alpha gran-
ule and its subcompartments (membrane, lu-
men); molecular functions (MF) such as fatty 
acid synthase activity, TGF-β receptor type I 
binding, and eukaryotic initiation factor 4E 
binding. KEGG pathway analysis revealed in-
volvement in the intestinal immune network 
for IgA production, the insulin signaling path-
way, and the AMP-activated protein kinase 
(AMPK) signaling pathway. Results were vi-
sualized as bar charts (Fig. 3A) and bubble 
plots (Fig. 3B), and functional networks were 
constructed for BP (Fig. 3C), MF (Fig. 3D), 
CC (Fig. 3E), and KEGG pathways (Fig. 3F).

Results of Gene Set Enrichment Analysis 
(GSEA) 

GSEA of the GSE59034 dataset re-
vealed significant associations between 
global gene expression patterns and key bio-
logical processes (Fig. 4A), including inter-
leukin-10 signaling (Fig. 4B), neutrophil de-
granulation (Fig. 4C), Leishmania infection 
responses (Fig. 4D), and proinflammatory/
profibrotic mediator networks (Fig. 4E). 
These findings, detailed in Table S2, demon-
strate broad enrichment in immune-meta-
bolic pathways, highlighting their potential 
role in obesity-related pathophysiology.

Differential expression and ROC analyses 
of A&GRDEGs

Wilcoxon rank-sum tests revealed sig-
nificant differential expression (p<0.05) 

of three A&GRDEGs (EIF4EBP1, TGFB1, 
SNCA) between obese and control groups 
in the GSE134913 dataset (Fig. 5A). ROC 
analysis demonstrated strong diagnostic 
potential for EIF4EBP1 (AUC = 0.921, Fig. 
5D) and moderate predictive accuracy for 
FASN (AUC = 0.750), SNCA (AUC = 0.833), 
TGFB1 (AUC = 0.798), and CXCR4 (AUC = 
0.762) (Fig. 5C-E), with AUC values indicat-
ing their utility as potential biomarkers for 
obesity classification. 

Consistent analysis of the GSE59034 
dataset revealed significant differential ex-
pression (p<0.05) for all five A&GRDEGs 
between obese and control groups (Fig. 5B). 
ROC analysis demonstrated excellent diag-
nostic performance for EIF4EBP1 (AUC = 
0.980) and TGFB1 (AUC = 0.910), moderate 
accuracy for FASN (AUC = 0.828), and lim-
ited predictive value for SNCA (AUC = 0.699) 
and CXCR4 (AUC = 0.691) (Fig. 5F-H).

Analysis of immune cell infiltration
Comparative analysis of immune cell 

infiltration using Wilcoxon rank-sum tests 
revealed significant abundance differences 
(p<0.05) for 26 of 28 immune cell types 
between obese and control groups in the 
GSE59034 dataset (Fig. 6A). Correlation 
analysis of these differentially abundant im-
mune populations identified a particularly 
strong positive association (r = 0.98) be-
tween activated dendritic cells and myeloid-
derived suppressor cells (MDSCs) (Fig. 6B).

Ontology ID Description Gene 

Ratio

Bg  

Ratio

p p adjust q geneID Count

KEGG hsa04910 Insulin signaling 

pathway

2/5 137/ 

8164

0.00270445 0.05414617 0.04136804 FASN/

EIF4EBP1

2

KEGG hsa04218 Cellular senescence 2/5 156/ 

8164

0.0034933 0.05414617 0.04136804 TGFB1/

EIF4EBP1

2

KEGG hsa05163 Human 

cytomegalovirus 

infection

2/5 225/

8164

0.00715783 0.08875712 0.06781104 CXCR4/

EIF4EBP1

2

BP: biological process; CC: cellular component; MF: molecular function.

Table 2. CONTINUATION
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Fig. 3. GO and KEGG analyses.

(A) Bar charts of GO and KEGG analysis results for A&GRDEGs. The vertical axis shows GO and KEGG 
terms. (B) Bubble charts of GO and KEGG analysis results for A&GRDEGs. The vertical axis shows GO 
and KEGG terms. (C–E) Network diagrams of GO enrichment analysis for A&GRDEGs (C: BP, D: CC, 
E: MF). (F) Network diagrams of KEGG enrichment analysis for A&GRDEGs. In the network diagrams 
(C–F), pink dots represent specific pathways and blue dots represent specific genes. In the bubble 
charts, the bubble size represents the number of genes, and the bubble color represents the p-value, 
with redder hues indicating smaller values and bluer hues indicating larger values. The screening cri-
teria for GO and KEGG analyses were p<0.05 and q <0.25.
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Correlation analysis between the 26 dif-
ferentially abundant immune cell types and 
A&GRDEG expression levels in GSE59034 
revealed a strong positive association be-
tween TGFB1 expression and MDSC infiltra-
tion (r = 0.94), and a significant negative 
correlation between EIF4EBP1 levels and 
Th1 cell abundance (r = -0.87) (Fig. 6C).

DISCUSSION

The continuous rise of the obesity rate 
requires multifaceted and effective preven-
tion and treatment. Inflammatory programs 
are activated during the early stages of adi-
pose tissue expansion and during chronic 
obesity, thus perpetuating a proinflamma-
tory phenotype in the immune system. This 
metabolic dysregulation may elevate the risk 
of developing severe comorbidities, includ-

ing insulin resistance, T2DM, cardiovascular 
disease, NAFLD, certain malignancies, and 
neurodegenerative disorders 23. Inhibition of 
glycolysis has been shown to suppress mac-
roautophagy and chaperone-mediated au-
tophagy, leading to increased lipid accumu-
lation 24. The mechanisms of both autophagy 
and glycolysis in obesity-associated diseases 
are currently hot topics in research. Further 
research on the regulatory mechanisms of 
autophagy and the effects of glycolysis lev-
els on obesity and chronic inflammation will 
help formulate more effective treatment 
strategies for obesity control.

By phosphorylating the EIF4EBP1, 
mTOR could dissociate from eIF4E and pro-
mote the initiation of translation 25. There-
fore, EIF4EBP1 is believed to be closely re-
lated to a wide range of diseases through its 
regulation of autophagy and glycolysis26,27. 

Fig. 4. GSEA of the GSE59034 dataset.

(A) Ridgeline plots of the four main biological functions in GSEA for the GSE59034 dataset. (B–E) 
Genes in the GSE59034 dataset were significantly enriched in interleukin 10 signaling (B), neutrophil 
degranulation (C), leishmania infection (D) and overview of proinflammatory and profibrotic mediators 
(E). The screening criteria for GSEA were p<0.05 and q <0.25. NES, normalized enrichment score.
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Experimental studies demonstrate that 
mTOR target proteins EIF4EBP1 and EIF-
4EBP2 play critical roles in metabolic regula-
tion. Genetic ablation of both EIF4EBP1 and 
EIF4EBP2 exacerbates diet-induced obesity 
in murine models 28. Conversely, enhanced 
EIF4EBP1 activity in skeletal muscle confers 

metabolic protection, mitigating age- and 
diet-induced insulin resistance while main-
taining energy expenditure. This protec-
tive effect is associated with reduced white 
adipose tissue accumulation and preserved 
brown adipose tissue mass 29. The above re-
sults are consistent with the findings of this 

Fig. 5. Differential expression and ROC analyses of A&GRDEGs.

(A) Group comparison plot of A&GRDEGs between the obese and control groups in the GSE134913 
dataset. (B) Group comparison plot of A&GRDEGs between the obese and control groups in the 
GSE59034 dataset. (C–E) ROC curves of A&GRDEGs: FASN and SNCA (C), EIF4EBP1 and TGFB1 
(D), and CXCR4 (E) between different groups (obese or control) in the GSE134913 dataset. (F-H) 
ROC curves of A&GRDEGs: FASN and SNCA (F), EIF4EBP1 and TGFB1 (G), and CXCR4 (H) between 
different groups (obese or control) in the GSE59034 dataset. *p<0.05; ***p<0.001.
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study, EIF4EBP1 is closely related to the reg-
ulatory mechanisms of obesity and chronic 
inflammation. However, the mechanisms 
by which EIF4EBP1 regulates obesity and 
chronic inflammation through autophagy 
and glycolysis require further study.

Patients with hyperlipidemia exhibit 
elevated levels of TGF-β1, which could sup-
press the function of natural killer (NK) 
cells, whereas restoring NK cell function 
could improve the prognosis of patients with 
metabolic syndrome 30. Studies have shown 
that TGF-β1 could promote autophagy via 
the Smad and non-Smad pathways, driving 
hepatic fibrosis in NAFLD, and the progres-

sion of cardiac and renal fibrosis after ioniz-
ing radiation 31, 32. TGF-β1 induces metabolic 
reprogramming in target cells, shifting ener-
gy production from mitochondrial oxidative 
phosphorylation to glycolytic metabolism 
– a phenomenon consistent with the War-
burg effect observed in many pathological 
states33. Systemic blocking of TGF-β1 signal-
ing regulates glucose tolerance and energy 
homeostasis, protecting mice from obesity, 
diabetes, and fatty liver disease 34. TGF-β1 
directly modulates PBX-regulating protein-
1expression in both adipose-derived stem 
cells and mature adipocytes, thereby regu-
lating adipogenic differentiation and insulin 

Fig. 6. ssGSEA of the GSE59034 dataset.

(A) Group comparison box plots of immune cells under the obese and control groups in the GSE59034 
dataset. (B) Heatmap of correlations among the 26 immune cell types with significant differences 
in the GSE59034 dataset. (C) Correlation dot plot between the expression levels of A&GRDEGs and 
the abundance of 26 infiltrating  immune  cell types. Red indicates positive correlation and blue 
indicates negative correlation, with  the shade of color  indicating the  strength of correlation. ns 
p≥0.05; * p<0.05; ** p<0.01; *** p<0.001.
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sensitivity 35. Many studies have shown a re-
lationship between TGF-β1 and obesity and 
chronic inflammation, consistent with our 
study. However, there is no research on the 
mechanism of TGF-β1 inhibiting obesity and 
chronic inflammation by regulating autoph-
agy and glycolysis levels, which is worthy of 
further exploration.

FASN is a key enzyme in hepatic de 
novo lipogenesis, while its upregulation is 
associated with insulin resistance 36. Com-
pared with normal-weight patients, FASN 
expression is significantly downregulated in 
patients with obesity 37. Studies have dem-
onstrated that the effect of hepatic FASN 
deficiency on NAFLD and diabetes is depen-
dent on the etiology of obesity 36. In mice 
with diet-induced obesity, adipose-specific 
FASN knockout aggravated high-fat diet-
induced metabolic disturbances, exacerbat-
ing both hyperglycemia and hepatic dysfunc-
tion. These effects may be mediated through 
impaired hepatic glucose uptake secondary 
to glycogen accumulation and suppressed 
glycolytic flux 36. The elevated FASN expres-
sion observed in obesity may confer a prolif-
erative advantage to malignant cells through 
enhanced lipogenesis, potentially promoting 
tumorigenesis in obese microenvironments 
38. However, research has shown that renal 
cancer patients with obesity or overweight 
have a longer median overall survival owing 
to low FASN expression 37. Therefore, consid-
ering the presence of obesity or overweight 
is important in future interventional treat-
ments targeting the FASN pathway. 

The high expression levels of the SNCA 
gene are closely associated with earlier on-
set, more rapid progression, and more severe 
manifestation of Parkinson’s disease 39. The 
SNCA gene encodes α-synuclein. Mitochon-
drial accumulation of α-synuclein aggre-
gates triggers apoptotic pathways through 
multiple mechanisms, including mitochon-
drial permeability transition pore open-
ing, calcium efflux, cytochrome C release, 
and subsequent mitochondrial swelling 40. 
Importantly, high-fat diet-induced obesity 

was shown to accelerate the onset of mo-
tor deficits in human α-synuclein-expressing 
transgenic mice, correlating with premature 
α-synucleinopathy development and astrogli-
osis 41. These findings suggest that diet-in-
duced metabolic dysfunction may represent 
a significant environmental risk factor for 
α-synuclein pathology progression. Hence, 
molecular and cellular mechanisms under-
lying the interactions between obesity and 
SNCA in cognitive disorders await further 
elucidation.

CXCR4, the exclusive receptor for che-
mokine (C-X-C motif) ligand 12, orchestrates 
neutrophil metabolic reprogramming toward 
glycolysis and lactate production, while driv-
ing neutrophil accumulation in both circu-
lation and psoriatic skin lesions 42. Beyond 
its inflammatory functions, metabolic stress 
induces fat mass and obesity-related protein 
(FTO)-dependent N6-methyadenosine (m6A) 
mRNA demethylation, which upregulates 
CXCR4 expression via autophagic pathways. 
This mechanism critically contributes to mel-
anoma pathogenesis and confers resistance 
to PD-1 checkpoint inhibition 43. Moreover, 
inhibition of CXCR4 led to the sensitization 
of osteosarcoma to doxorubicin via the induc-
tion of autophagic cell death 44. In summary, 
CXCR4 is closely related to inflammation, au-
tophagy, and glycolysis, and hence its regu-
latory role in patients with obesity warrants 
further exploration.

Functional enrichment analysis revealed 
that the five A&GRDEGs were significantly 
associated with five key biological processes: 
insulin signaling, AMPK-mediated metabolic 
regulation, intestinal immune network for 
IgA production, cellular senescence path-
ways, and human cytomegalovirus (CMV) 
infection response. Among these, biological 
processes such as insulin resistance, AMPK 
signaling pathway, intestinal IgA immunity, 
and cellular senescence are thought to be 
closely related to chronic low-grade inflam-
mation in patients with obesity 45-48. GSEA 
of the GSE59034 dataset demonstrated sig-
nificant enrichment of pro-inflammatory 
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and pro-fibrotic pathways in obesity. Nota-
bly, three metabolic regulators (EIF4EBP1, 
FASN, and TGFB1) exhibited consistent 
diagnostic accuracy across both datasets 
(Fig. 5). These findings implicate autopha-
gy-glycolysis crosstalk in obesity pathogen-
esis, potentially through the amplification 
of inflammatory and fibrotic cascades. How-
ever, whether these five A&GRDEGs could 
be applied clinically for the prevention and 
treatment of obesity needs to be confirmed 
through further investigations.

Among the five A&GRDEGs, TGFB1, 
SNCA, and CXCR4 expression positively cor-
related with immune cell recruitment, while 
FASN and EIF4EBP1 showed significant 
inverse associations with immune infiltra-
tion levels. This dichotomous relationship 
suggests differential roles in immunometa-
bolic regulation within obese adipose tissue. 
TGFB1 showed the strongest positive corre-
lation with MDSCs, while EIF4EBP1 showed 
the strongest negative correlation with Th1 
cells. Th1 cells, playing a facilitatory role in 
the pathogenesis of autoimmune diseases 
and tissue inflammatory responses, is regu-
lated by cytokines IFN-γ 49. Furthermore, an 
elevated Th1 cell count was linked with ele-
vated adipose tissue inflammation and insu-
lin resistance, with its cell count increasing 
alongside increasing obesity 50. In vitro evi-
dence demonstrates that IFN-γ exacerbates 
adipose tissue inflammation in obesity, while 
IFN-γ knockout mice show improved meta-
bolic profiles, including enhanced insulin 
sensitivity and reduced inflammatory mark-
ers in high-fat diet models 51. However, the 
mechanistic relationship between EIF4EBP1 
expression and Th1 cell infiltration in obese 
adipose tissue remains unexplored. This 
knowledge gap highlights the need for fo-
cused investigations into EIF4EBP1-mediat-
ed immunometabolic regulation in chronic 
inflammation associated with obesity.

This study also has some limitations. 
First, the results from the two datasets in-
cluded were not completely consistent, high-
lighting the need for experimental validation 

and prospective clinical studies, which rep-
resent an important direction for our future 
research. Second, although screening was 
performed on obesity-related A&GRDEGs, 
the specific mechanisms of action involved 
were not clarified, which warrants further in-
vestigation.

In conclusion, levels of autophagy and 
glycolysis exhibit substantial predictive value 
for obesity development and mechanistically 
contribute to disease pathogenesis through 
immunometabolic dysregulation. These re-
sults provide a foundational framework for 
understanding obesity-associated chronic in-
flammation, offering new molecular targets 
for both basic research and potential thera-
peutic development.
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Abstract. Arsenic exposure is associated with male reproductive toxicity, in-
cluding impaired spermatogenesis, reduced sperm quality, and disrupted hormone 
levels. Rutin, a natural flavonoid, has demonstrated protective effects in various or-
gans owing to its antioxidant, anti-inflammatory, and antiapoptotic properties. This 
study aimed to assess the efficacy of rutin in ameliorating testicular toxicity caused 
by sodium arsenite in laboratory rats. Sprague-Dawley rats were randomly assigned 
to normal, arsenic control, rutin (25, 50, and 100 mg/kg), and Co-enzyme Q10 (10 
mg/kg) treatment groups. Testicular damage was induced by oral administration of 
sodium arsenite (10 mg/kg, for two days). Rutin and Co-enzyme Q10 were adminis-
tered orally for 15 and seven days, respectively. The serum hormone levels, sperm pa-
rameters, testicular mitochondrial enzymes, oxidative stress markers, inflammatory 
cytokines, apoptotic proteins, and histopathology were assessed. Arsenic exposure 
significantly decreased (p<0.001) sperm parameters (count, motility, and viabil-
ity), serum hormone levels (follicle-stimulating hormone, luteinizing hormone, and 
testosterone), and mitochondrial enzyme activity. Rutin (50 and 100 mg/kg) sig-
nificantly (p<0.01 and p<0.001) attenuated arsenic-induced alterations in a dose-
dependent manner, improving organ weight, sperm parameters, and hormone lev-
els. Rutin also improved mitochondrial complex activity and testicular architecture. 
In contrast, elevated oxidative stress (reduced glutathione, superoxide dismutase, 
nitric oxide, and lipid peroxidation), inflammation (tumor necrosis factor-alpha, 
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Rutina, un agente terapéutico potencial para el daño testicular 
inducido por arsénico: Efecto antioxidante, antinflamatorio,  
y anti-apoptótico.

Invest Clin 2025; 66 (4): 408 – 425
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Resumen. La exposición al arsénico se asocia con toxicidad reproductiva mas-
culina que incluye alteración de la espermatogénesis, reducción de la calidad del 
esperma y alteración de los niveles hormonales. La rutina, un flavonoide natural, ha 
demostrado efectos protectores en varios órganos debido a sus propiedades antio-
xidantes, antiinflamatorias y antiapoptóticas. El propósito del trabajo fue evaluar la 
eficacia de la rutina para reducir la toxicidad testicular causada por el arsenito de 
sodio en ratas de laboratorio. Ratas (Sprague-Dawley) fueron asignadas aleatoria-
mente a grupos de tratamiento normal, control de arsénico, rutina (25, 50 y 100 
mg/kg) y coenzima Q10 (10 mg / kg). El daño testicular se indujo mediante la ad-
ministración oral de arsenito de sodio (10 mg/kg, 2 días). La rutina y la coenzima 
Q10 se administraron por vía oral durante 15 y 7 días, respectivamente. Se evalua-
ron los niveles séricos de hormonas, los parámetros de los espermatozoides, las enzi-
mas mitocondriales testiculares, los marcadores de estrés oxidativo, las citocinas in-
flamatorias, las proteínas apoptóticas y la histopatología. La exposición al arsénico 
disminuyó significativamente (p<0,001) los parámetros espermáticos (recuento, 
motilidad y viabilidad), y los niveles séricos de hormonas (hormona estimulante del 
folículo, hormona luteinizante y testosterona) y la actividad de las enzimas mitocon-
driales. La rutina (50 y 100 mg/kg) atenuó significativamente (p<0,01 y p<0,001) 
las alteraciones inducidas por el arsénico de manera dosis-dependiente, mejorando 
el peso de los órganos, los parámetros espermáticos y los niveles hormonales. La 
rutina también mejoró la actividad del complejo mitocondrial y la arquitectura tes-
ticular, mientras que el estrés oxidativo elevado (glutatión reducido y superóxido 
dismutasa, óxido nítrico y peroxidación lipídica), la inflamación (factor de necrosis 
tumoral alfa, interleucina-6 e interleucina-1β) y la apoptosis (expresión de proteínas 
caspasa-3 y caspasa-9) mejoraron con la rutina. En conclusión, la rutina demostró 
efectos protectores significativos contra la toxicidad testicular inducida por el ar-
senito de sodio en ratas al reducir el estrés oxidativo, la inflamación y la apoptosis. 
Estos hallazgos sugieren que la rutina tiene potencial terapéutico para mitigar la 
toxicidad reproductiva asociada al arsénico.

           Received: 12-08-2025     Accepted: 22-09-2025

interleukin-6, and interleukin-1β), and apoptosis (caspase-3 and caspase-9 protein 
expression) were ameliorated by rutin. In conclusion, rutin demonstrated signifi-
cant protective effects against sodium arsenite-induced testicular toxicity in rats by 
reducing oxidative stress, inflammation, and apoptosis. These findings suggest that 
rutin has therapeutic potential in mitigating arsenic-related reproductive toxicity.
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INTRODUCTION

Arsenic is a metalloid commonly found 
in the environment, known for its toxicity 
and important public health effects 1,2. It 
mainly impacts populations through con-
taminated drinking water, often from natural 
sources and human activities such as indus-
trial discharge and the use of arsenic-based 
pesticides 3,4. According to the World Health 
Organization (WHO), more than 140 million 
people worldwide are exposed to arsenic-
contaminated water exceeding the safe limit 
of 10 µg/L 5. Furthermore, long-term expo-
sure to arsenic has been associated with nu-
merous health problems, including cancer 
and various non-cancerous conditions like 
cardiovascular diseases, diabetes, and repro-
ductive issues 6,7. Sodium arsenite is recog-
nized for causing testicular toxicity through 
mechanisms such as oxidative stress, apop-
tosis, and inflammation. Researchers believe 
that inflammation, oxidative/nitrosative 
stress, and apoptosis are key factors in arse-
nic-induced testicular damage 6,8. 

The impact of arsenic toxicity on re-
productive health has become an increas-
ing concern, particularly regarding the male 
reproductive system 9. Arsenic exposure is 
linked to various reproductive problems, 
including male infertility, decreased sperm 
quality, and disruptions in testosterone pro-
duction. This results in reduced weights of 
reproductive organs, more sperm abnormali-
ties, and apoptosis in testicular cells 10. The 
harmful effects of arsenic on male fertility 
involve several mechanisms, such as inter-
ference with steroidogenesis and mitochon-
drial dysfunction in reproductive tissues 9. 
These disruptions lead to lower testoster-
one levels, decreased sperm count, and ab-
normal sperm morphology 11. Additionally, 
changes in spermatogenesis and reduced 
gonadotropin levels have been observed, fur-
ther emphasizing the reproductive risks of 
arsenic 3. Moreover, arsenic exposure causes 
increased production of reactive oxygen spe-
cies (ROS), indicating the role of oxidative 

stress in its genotoxic effects 12. Research-
ers have documented that testicular toxicity 
caused by sodium arsenite is partly due to its 
ability to induce apoptosis through the p53 
pathway, as shown in zebrafish studies where 
sodium arsenite exposure elevated apoptosis 
markers and decreased global DNA methyla-
tion 13. Furthermore, experiments with Cae-
norhabditis elegans demonstrated that sodi-
um arsenite can cause cell cycle arrest and 
germline apoptosis, both of which depend on 
concentration and exposure time 12.

Several protective agents have been stud-
ied to reduce testicular toxicity caused by so-
dium arsenite. Melatonin has been shown to 
decrease arsenic-induced testicular cell death, 
oxidative stress, and tissue damage by boost-
ing antioxidant enzyme activity and lowering 
lipid peroxidation 14. Similarly, Salvia hispani-
ca (chia seeds) proved effective in decreasing 
testicular toxicity by improving sperm quality, 
serum sex hormone levels, and antioxidant en-
zyme activity, thanks to its flavonoid content 
and antioxidant properties 15. Hesperidin and 
lipoic acid were also tested for their protec-
tive effects against liver, kidney, and testicular 
toxicity when administered with sodium arse-
nite16. Rutin is a natural flavonoid with a wide 
range of pharmacological benefits, including 
antioxidant, antimicrobial, antifungal, anti-
allergic, anti-cancer, anti-inflammatory, and 
antiapoptotic effects 4,17-22. Additionally, rutin 
has been shown to help manage neurodegen-
erative diseases and metabolic conditions like 
diabetes due to its cell-protective effects 19. Its 
protective properties have been documented 
in the liver, kidneys, and heart due to its anti-
inflammatory, antioxidant, and antiapoptotic 
actions, making it a candidate for protecting 
these organs from toxic agents 4. However, the 
impact of rutin on testicular toxicity caused 
by sodium arsenite has not yet been studied. 
Given its protective effects on other organs, ru-
tin might provide similar benefits in reducing 
testicular damage from sodium arsenite. This 
study examined the effectiveness of rutin in al-
leviating testicular toxicity caused by sodium 
arsenite in male rats.



Protective effects of rutin against arsenic-induced testicular damage	 411

Vol. 66(4): 408 - 425, 2025

MATERIALS AND METHODS

Experimental design
Rats (male, Sprague-Dawley, weighing 

200-220 g, sourced from the animal house 
of Shaanxi Kangfu Hospital, China) were 
randomly divided into the following groups 
(n=6 per group): normal, arsenic control 
(As), rutin (Sigma Chemical Co., St Louis, 
Missouri, United States; 25, 50, and 100 
mg/kg), and Co-enzyme Q10 (Medicines Pvt. 
Ltd. Mumbai, India; 10 mg/kg). Testicular 
damage was induced in rats (except the nor-
mal group) by oral administration of sodium 
arsenite (Otto Chemicals, India; 10 mg/kg, 
for two days) 23,24. Rats in the arsenic control 
and normal groups were treated with double-
distilled water (10 mL/kg). Three different 
dosages of rutin (25, 50, and 100 mg/kg) 
were selected based on previous studies 21,22 
and were administered orally for 15 days. Co-
enzyme Q10 was administered for seven con-
secutive days before arsenite administration 
and continued for up to 15 days. On the 16th 
day, the rats were put under anesthesia us-
ing ether, and blood was drawn through ret-
ro-orbital puncture. Each blood sample was 
placed in a separate vial for analysis of se-
rum parameters. Serum follicle-stimulating 
hormone, luteinizing hormone, and testos-
terone levels were quantified according to 
the manufacturer’s instructions for the rat-
specific ELISA kit (Thermo Scientific, Rock-
ford, IL, USA). The rats were euthanized by 
carbon dioxide asphyxiation, and the testes 
were rapidly removed and stored at -80°C for 
biochemical parameters. Other organs, such 
as the epididymis and prostate, were isolated 
and weighed. The epididymal sperm count 
and motility were determined according to a 
previously reported method 25.

Biochemical estimation of testis  
homogenate

Supernatant of the tissue homogenate 
was employed to estimate lipid peroxidation 
[malondialdehyde (MDA) content], nitric 
oxide (NO content), reduced glutathione 

(GSH), and superoxide dismutase (SOD)] 
as described previously 26-29. Testicular mito-
chondrial enzyme activities, including Com-
plex I (nicotinamide-adenine dinucleotide 
(NADH) dehydrogenase activity), Complex 
II (succinate dehydrogenase (SDH) activity), 
Complex III (mitochondrial redox activity), 
and Complex IV (cytochrome oxidase assay) 
were estimated according to previously re-
ported methods 30,31.

Testicular interleukins (interleukins 
(ILs); IL-6 (ERA31RB) and IL-1β (BMS630)) 
and tumor necrosis factor-alpha (TNF-α; 
ERA56RB) were quantified in the testis ho-
mogenate using Enzyme-linked immunosor-
bent assay (ELISA) kits (Thermo Scientific, 
Rockford, IL, USA). Briefly, 500 mg of testis 
tissue samples were homogenized with a me-
chanical homogenizer in 5 ml of phosphate-
buffered saline at 3000 rpm. The homoge-
nate was centrifuged for 30 min at 20,000 
rpm (4°C) in a cryo centrifuge (Eppendorf), 
and the supernatant was used to determine 
ILs and TNF-α. Briefly, the quantification of 
ILs and TNF-α was performed using the Ther-
mo Scientific Rat ILs and TNF-α immunoas-
say kit, following the instructions provided. 
The Rat ILs and TNF-α immunoassay was a 
4.5 h solid phase designed to measure rat 
ILs and TNF-α levels. The assay employed a 
sandwich enzyme immunoassay principle. A 
monoclonal antibody specific for rat ILs and 
TNF-α was pre-coated on the microplates. 
Standards, control, and samples were pipet-
ted into the wells, and the immobilized an-
tibody thus bound any rat ILs or TNF-α pres-
ent in the sample. After washing away the 
unbound substance, an enzyme-linked poly-
clonal antibody specific for rat ILs or TNF-α 
was pipetted into the microtitre wells. Any 
unbound antibody was washed off, and then 
a substrate solution was added to the wells. 
The enzymatic reaction produced a blue 
product that turned yellow upon addition of 
the stop solution. The intensity of the gener-
ated color was measured and was proportion-
al to the amount of rat ILs or TNF-α bound 
in the initial steps. A standard curve was run 
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on each assay plate using recombinant ILs or 
TNF-α in serial dilutions. The sample values 
were then read and calculations made ac-
cording to the standard curve. Values were 
expressed as means ± S.E.M. The levels of 
ILs or TNF-α were expressed as units per mg 
of gastric tissue.

The protein expression of caspase-3 and 
caspase-9 was assessed by western blot in the 
testis 32-34. Briefly, the testis was sonicated in 
Tissue Protein Extraction Reagent (Thermo 
Fisher Scientific, Inc., Mumbai, Maharash-
tra, India). The lysates were centrifuged at 
10,000 × g for 10 min at 4°C. Protein con-
centration was determined using a Bicin-
choninic Acid (BCA) assay kit (Beyotime 
Shanghai, China) on ice for 30 min. Equal 
amounts of extracted protein samples (50 
μg) were separated by 10% SDS-PAGE (sodi-
um dodecyl sulfate-polyacrylamide gel elec-
trophoresis) and transferred onto polyvinyli-
dene difluoride membranes. The membranes 
were blocked with 5% non-fat dry milk at 
37°C for 1 hr and incubated overnight at 4°C 
with the primary antibodies recognizing cas-
pase-3 (ab4051; 1/200 dilution; 31 kDa) and 
caspase-9 (ab202068; 1/2000 dilution; 46 
kDa; Abcam, Cambridge, MA, USA). In ad-
dition, an anti-rabbit horseradish-linked sec-
ondary antibody (goat anti-rabbit IgG H&L; 
ab97051) was used, which was incubated at 
37°C for 2 hr. Protein bands were visualized 
using the Chemiluminescent kit (Bio-Rad 
Laboratories, Inc., Mumbai, Maharashtra, 
India), and glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH; EPR6256, ab128915; 
1/10000 dilution; 36 kDa) served as the 
loading control.

Histopathological analysis of testis
Other testis samples were preserved in 

10% formalin for 24 hours. These samples 
underwent dehydration and were immersed 
in xylene for one hour, repeated three times, 
followed by treatment with ethyl alcohol at 
concentrations of 70%, 90%, and 100% for 
two hours. The infiltration and impregnation 
process involved treating the samples with 

paraffin wax twice, with each session lasting 
1 hour. The tissue samples were then sliced 
into sections with a thickness of 3-5μm and 
stained using hematoxylin and eosin (H&E). 
The sections were mounted on slides with 
Distrene Pthalate Xylene (DPX) serving as 
the mounting medium. A light microscope 
was used to examine the sections for histo-
pathological characteristics and cell infiltra-
tion. The observed changes in histological 
features were categorized into grades rang-
ing from 0 to 4 according to a previously re-
ported method 35.

Statistical analysis
The data are presented as mean ± 

standard error of the mean (SEM). Graph-
Pad Prism 5.0 software (GraphPad, San Di-
ego, CA, USA) was utilized for data analysis. 
Biochemical parameter data were examined 
using one-way analysis of variance, followed 
by Tukey’s multiple range test for paramet-
ric results, while the Kruskal-Wallis test was 
used for non-parametric outcomes. A p of 
less than 0.05 was deemed statistically sig-
nificant. Correlation coefficients were calcu-
lated using a two-sided Fisher’s test.

RESULTS

Attenuation of arsenic-induced alteration 
in body weight and organ weights by rutin

Table 1 presents the descriptive results 
for various body and organ weight parame-
ters across the different treatment groups. 
The arsenic (As) control group had a signifi-
cant reduction (p<0.001) in organ weights 
(testes, epididymis, and prostate) and body 
weight compared with the normal group. 
CoQ treatment resulted in a significant im-
provement (p<0.001) in body weight and 
organ weights compared to the arsenic con-
trol group. Rutin (50 and 100 mg/kg) ad-
ministration also effectively (p<0.01 and 
p<0.001) and dose-dependently increased 
the body, testes, epididymis, and prostate 
weights relative to the arsenic-exposed 
group.
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Attenuation of arsenic-induced alteration 
in sperm parameters by rutin

The arsenic control group showed a 
significant reduction (p<0.001) in cell 
count and motility compared to the con-
trol group. However, the percentage of dead 
and abnormal sperm was markedly higher 
(p<0.001) in the arsenic control group 
than that in the normal group. Treatment 
with CoQ resulted in significant improve-
ments (p<0.001) in sperm count and mo-
tility compared with the arsenic control 
group. Furthermore, CoQ administration 
resulted in a more effective (p<0.001) re-
covery of the percentage of dead and abnor-
mal sperm than arsenic control. Rutin (50 
and 100 mg/kg) treatment demonstrated a 
marked (p<0.01 and p<0.001) and dose-
dependent improvement in sperm param-
eters relative to the arsenic-exposed group 
(Table 1).

 
Attenuation of arsenic-induced alteration 
in serum follicle-stimulating hormone, 
luteinizing hormone, and testosterone 
levels by rutin

Exposure to sodium arsenite significant-
ly decreased (p<0.001) the levels of serum 
follicle-stimulating hormone, luteinizing hor-
mone, and testosterone in the arsenic con-
trol group compared with the normal group. 
Treatment with CoQ and rutin (25 mg/kg) 
had a minimal impact on serum luteinizing 
hormone, follicle-stimulating hormone, and 
testosterone hormone levels. However, rutin 
(50 and 100 mg/kg) treatments demonstrat-
ed effective, dose-dependent increases in all 
three hormones (p<0.01 and p<0.001, re-
spectively) compared with the arsenic control 
group (Table 2).

Attenuation of arsenic-induced alteration 
in testicular mitochondrial complex 
activities by rutin

Arsenic exposure led to a significant 
reduction (p<0.001) in mitochondrial com-
plex activity compared to the normal group. 

The results presented in Table 2 demonstrate 
that both CoQ and rutin (50 and 100 mg/
kg) significantly improved mitochondrial 
function in arsenic-exposed rats. Specifical-
ly, rutin (50 and 100 mg/kg) administration 
led to notable (p<0.01 and p<0.001) and 
dose-dependent increases in mitochondrial 
complex activities compared with the arse-
nic control group. However, rutin (25 mg/
kg) did not show any significant potential to 
improve mitochondrial function or mitigate 
arsenic-induced damage.

Attenuation of arsenic-induced alteration 
in testicular oxido-nitrosative stress  
by rutin

The results presented in Table 3 show 
the effects of rutin treatment on testicular 
oxido-nitrosative stress. Arsenic exposure 
caused a substantial (p<0.001) decrease in 
GSH and SOD levels and a marked (p<0.001) 
elevation in nitric oxide and MDA levels in 
the arsenic control group compared to the 
normal group. CoQ treatment significantly 
(p<0.001) improved GSH and SOD levels 
and effectively reduced (p<0.001) nitric ox-
ide and MDA levels compared with the arse-
nic control group. Rutin (25 mg/kg) treat-
ment showed minimal effects in attenuating 
arsenic-induced elevated testicular oxido-
nitrosative stress compared with the arsenic 
control group. However, rutin (50 and 100 
mg/kg) demonstrated marked (p<0.01 and 
p<0.001) and dose-dependent protective ef-
fects, reflected by restored antioxidant sta-
tus (GSH and SOD levels) and reduced oxi-
dative stress markers (nitric oxide and MDA) 
to normal levels (Table 3).

Attenuation of arsenic-induced alteration 
in testicular inflammatory markers 
activities by rutin

The results in Table 3 show significant 
differences in inflammatory cytokine lev-
els between the normal and arsenic control 
groups. The arsenic control group exhibited 
markedly elevated (p<0.001) levels of ILs 
(IL-6 and IL-1β) and TNF-α compared with 
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the normal group. CoQ treatment substan-
tially (p<0.001) lowered ILs (IL-6 and IL-
1β) and TNF-α levels compared to the arse-
nic control group. Rutin (50 and 100 mg/
kg) administration resulted in effective 
(p<0.01 and p<0.001) and dose-dependent 
reductions in cytokine levels compared with 
the arsenic control group. However, a lower 
dose of rutin (25 mg/kg) did not reduce cy-
tokine levels to levels comparable to those of 
the arsenic control group, indicating failure 
to ameliorate arsenic-induced inflammation 
(Table 3).

Attenuation of arsenic-induced alteration 
in testicular caspase-3 and caspase-9 
protein expressions by rutin

Fig. 1 illustrates the impact of arsenic 
exposure on markers of apoptosis in the tes-
tes, along with their correlation with sperm 
count. The caspase-3 and caspase-9 pro-
tein expression was significantly increased 
(p<0.001) in the arsenic control group 
compared with that in the normal group. 
The substantial elevation in caspase-3 and 
caspase-9 protein expression was markedly 
downregulated (p<0.001) by CoQ treat-

ment compared to the arsenic control 
group. Treatment with rutin (50 and 100 
mg/kg) significantly (p<0.01 and p<0.001) 
and dose-dependently reduced both cas-
pase-3 and caspase-9 relative densities com-
pared to the arsenic control (Figs. 1A and 
1B). Furthermore, Figs. 1C and  1D reveal 
a strong inverse correlation between sperm 
count and the relative densities of caspase-3 
(R² = 0.8168, p<0.001) and Caspase-9 (R² 
= 0.7075, p<0.01), respectively, indicating 
that lower sperm counts are associated with 
increased apoptotic activity.

Attenuation of arsenic-induced alteration 
in testicular histopathology by rutin

Fig. 2 illustrates the histopathologi-
cal changes in rat testicular tissue after 
exposure to arsenic and their ameliora-
tion across different treatment groups. In 
the normal group (Fig. 2A), testicular ar-
chitecture appeared normal, with intact 
seminiferous tubules containing organized 
spermatogenic cells and healthy Leydig 
cells, and no evidence of necrosis. However, 
it showed mild inflammation (indicated by 
black arrows). In contrast, the arsenic con-

Table 3. Attenuation of arsenic-induced alteration in testicular oxido-nitrosative stress  
and inflammatory markers by rutin.

Parameters Normal As Control CoQ (10) R (25) R (50) R (100)

SOD (U/mg  

of protein) 13.20 ± 1.10 5.19 ± 0.93### 10.66 ± 0.87*** 5.45 ± 0.61 8.91 ± 0.93** 10.66 ± 0.96***

GSH (μg/mg  

of protein) 13.76 ± 0.64 3.90 ± 0.62### 11.04 ± 0.59*** 5.36 ± 0.50 8.31 ± 0.76** 10.43 ± 0.56***

MDA (nM/mg  

of protein) 0.46 ± 0.10 3.14 ± 0.18### 1.97 ± 0.18*** 3.00 ± 0.27 2.11 ± 0.04** 1.59 ± 0.19***

NO (µg/mg  

of protein) 119.00 ± 9.08 284.00 ± 13.96### 143.90 ± 9.97*** 261.40 ± 13.64 222.10 ± 12.14** 167.90 ± 9.82***

TNF-α (pg/mL) 157.00 ± 8.15 409.70 ± 12.69### 222.80 ± 14.07*** 377.20 ± 14.06 330.30 ± 8.02** 253.70 ± 12.06***

IL-1β (pg/mL) 17.28 ± 3.86 72.12 ± 1.85### 30.57 ± 2.76*** 68.46 ± 1.62 48.95 ± 2.70** 42.78 ± 2.41***

IL-6 (pg/mL) 40.50 ± 5.53 152.60 ± 5.18### 59.41 ± 9.32*** 155.50 ± 6.21 130.40 ± 7.87** 71.78 ± 7.13***

Data analysis: One-way ANOVA (post-hoc test: Tukey’s multiple range test). Data are reported as mean ± SEM 
(n=6). Statistically significant compared with ###normal rats, ** and ***As control rats. ###p < 0.001, **p < 0.01 
and ***p < 0.001. Arsenic (As), Co-enzyme Q10 (CoQ (10)), Glutathione (GSH), Interleukin-1 beta (IL-1β), Inter-
leukin-6 (IL-6), Malondialdehyde (MDA), Nitric Oxide (NO), Rutin (R), Superoxide Dismutase (SOD), and Tumor 
Necrosis Factor-alpha (TNF-α).
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trol group (Fig. 2B) demonstrated histo-
logical aberrations characterized by severe 
inflammatory infiltration (black arrows), 
necrosis (red arrows), vacuolated spermato-
genic cells (blue arrows), and Leydig cell 
damage, indicating arsenic-induced toxic-
ity. The quantitative histopathological score 
in Fig. 2G supports these visual observa-
tions, as the arsenic control group exhibited 
significantly (p<0.001) elevated scores for 

inflammatory infiltration, necrosis, Leydig 
cell damage, and vacuolated spermatogenic 
cells than the normal group. Treatment with 
CoQ significantly reduced (p<0.001) these 
histopathological aberrations compared to 
the arsenic control group (Fig. 2C), sug-
gesting a protective effect against arsenic-
induced testicular injury. The rutin (25 mg/
kg) group showed a modest reduction in 
these scores, but this was not significantly 

Fig. 1. Attenuation of arsenic-induced alterations in testicular caspase-3 (A) and caspase-9 (B) protein ex-
pression by rutin. Correlation of sperm count with caspase-3 (C) and caspase-9 (D) protein expres-
sion. Data analysis: One-way ANOVA (post-hoc test: Tukey’s multiple range test). Data are reported as 
mean ± SEM (n=6). Statistically significant compared with ###normal rats, ** and ***As control rats. 
### p < 0.001, **p<0.01 and ***p<0.001. Correlation coefficients were determined using a two-sided 
Fisher’s test. Arsenic (As), Co-enzyme Q10 (CoQ (10)), Glyceraldehyde-3-Phosphate Dehydrogenase 
(GAPDH), and Rutin (R). Inflammatory infiltration (black arrow), necrosis (red arrow), and Leydig 
cells damage (blue arrow).
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Fig. 2. Attenuation of arsenic-induced alterations in testicular histopathology by rutin treatment. Repre-
sentative images of testes from each group (A-F). Quantitative analysis of arsenic-induced alterations 
in testicular histopathology and its attenuation by rutin (G). Data analysis: One-way ANOVA (post-hoc 
test: Kruskal–Wallis test). Data are reported as mean ± SEM (n=6). Statistically significant compared 
with ###normal rats, ** and ***As control rats. ###p < 0.001, **p < 0.01 and ***p < 0.001. Arsenic 
(As), Co-enzyme Q10 (CoQ (10)), Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH), and Rutin (R).
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different from the higher rutin or CoQ doses 
(Fig. 2D). Treatment with rutin (50 and 100 
mg/kg) showed a significant (p<0.01 and 
p<0.001) reduction in arsenic-induced his-
tological aberrations in the testes, reflected 
in a decrease in inflammatory infiltration, 
necrosis, Leydig cell damage, and vacuolat-
ed spermatogenic cells compared to the ar-
senic control group (Figs 2E, 2F, and 2G). 

DISCUSSION

Arsenic exposure has extensive human 
health effects, with systemic toxicity affect-
ing multiple organs. It is particularly notori-
ous for its carcinogenic properties, causing 
skin, lung, and bladder cancers, among oth-
ers 6. However, it is crucial to evaluate its ad-
verse effects on male reproductive health as 
it directly affects male fertility. Arsenic expo-
sure impairs spermatogenesis and reduces 
sperm quality through oxidative stress and 
interference with crucial hormonal signaling 
pathways 11. Researchers have explored the 
protective efficacy of phytonutrients, such 
as lutein and α-lipoic acid, against arsenic-
induced oxidative damage in testicular tis-
sues 36. In the present study, rutin, an herbal 
intervention, was evaluated for its effects on 
arsenite-induced testicular damage, and the 
findings suggested that rutin ameliorated 
testicular toxicity through its anti-apoptot-
ic, anti-inflammatory, and mitochondrial-
protective effects in experimental rats.

Integrative proteomic and metabolo-
mic analyses have shown that arsenic ex-
posure significantly alters the proteome 
and metabolome in rat testes, affecting 
spermatogenesis and fertilization through 
disrupted signaling pathways 37. Sodium ar-
senite causes significant testicular damage 
primarily through oxidative stress, apop-
tosis, and inflammatory pathways. Studies 
have demonstrated that chronic exposure 
to sodium arsenite can lead to a significant 
decrease in both absolute and relative tes-
ticular weight 38. This reduction in testicu-
lar weight is attributed to the toxic effects 

of arsenic on testicular tissue and its inter-
ference with normal spermatogenesis and 
enzyme activities, including decreased acid 
phosphatase, sorbitol dehydrogenase, and 
17beta-hydroxy-steroid dehydrogenase activ-
ities, while increasing lactate dehydrogenase 
and gamma-glutamyl transpeptidase activi-
ties. Additionally, arsenite exposure leads to 
a notable increase in abnormal sperm forms, 
along with a decrease in sperm count and 
motility 38. Furthermore, arsenic is known to 
accumulate significantly in reproductive tis-
sues, underscoring its potential to cause pro-
longed toxic effects 38. This accumulation in 
the testes, epididymis, and prostate is linked 
to oxidative stress and histopathological al-
terations, indicating that arsenic’s effects 
are more profound at the cellular level 8,14. 
In the present study, administration of ru-
tin significantly attenuated arsenite-induced 
decreases in testes, epididymis, and prostate 
weights, suggesting its protective efficacy in 
reproductive organs.

Sodium arsenite led to decreased levels 
of serum testosterone, luteinizing hormone, 
and follicle-stimulating hormone, and to 
significant changes in sperm parameters, 
including reduced sperm count and motil-
ity, and an increase in abnormal sperm15. 
Serum hormone levels, such as testosterone, 
FSH, and LH, play crucial roles in regulating 
male reproductive function 39. Testosterone, 
which is primarily produced in the testes, 
is vital for normal male reproductive func-
tions and secondary sexual characteristics. 
FSH and LH, secreted by the pituitary gland, 
regulate testicular function, including ste-
roidogenesis and spermatogenesis 40. Chron-
ic exposure to arsenite is often associated 
with reduced testosterone levels owing to 
impaired testicular function. This can be at-
tributed to the direct cytotoxic effects of ar-
senite on Leydig cells, which are responsible 
for testosterone production. Additionally, al-
terations in hormone levels can disrupt the 
hypothalamic-pituitary-gonadal axis, leading 
to compensatory changes in LH and FSH lev-
els. In this study, arsenite-induced testicular 
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damage was reflected in changes in serum 
testosterone, FSH, and LH levels. However, 
administration of rutin restored the dimin-
ished levels of these hormones in the serum.

Oxidative stress plays a crucial role in 
arsenic-induced toxicity, impacting various 
biological systems and leading to significant 
health issues. Arsenic, a toxic metalloid, can 
cross cellular barriers and accumulate in tis-
sues, contributing to oxidative stress by gen-
erating ROS 41,42. ROS generation is central 
to the pathogenesis of arsenic toxicity, as it 
leads to mitochondrial dysfunction, a criti-
cal factor in neurotoxicity, and other health 
issues 43,44. Arsenic-induced oxidative stress 
leads to mitochondrial damage by disrupting 
the normal balance between antioxidants 
and pro-oxidants within cells. This disruption 
impairs mitochondrial membrane potential, 
promotes cytochrome c release, and triggers 
apoptosis through caspase activation42. On 
a systemic level, oxidative stress also causes 
chromosomal instability and DNA damage, 
leading to further complications, such as car-
cinogenesis and neurological disorders44-47. 
Moreover, arsenic exposure has been shown 
to deplete antioxidant capacities and elevate 
oxidative damage biomarkers, such as malo-
ndialdehyde (MDA) and nitric oxide, owing 
to the heightened oxidative environment48,49. 
These changes underline the oxidative stress 
mechanism as a cornerstone of arsenic tox-
icity, which affects various systems, includ-
ing the reproductive system 50. Therapeutic 
strategies to combat arsenic-induced oxida-
tive stress focus on enhancing mitochondrial 
function and increasing antioxidant defense. 
Acetyl-L-carnitine (ALC), for instance, has 
been shown to counteract arsenic-induced 
oxidative stress by improving antioxidant 
mechanisms and mitochondrial function, 
thus offering a potential therapeutic pathway 
42. Other antioxidants, such as curcumin and 
apigenin, also exhibit protective effects by 
reducing ROS and supporting cellular anti-
oxidant systems, highlighting their possible 
roles in mitigating arsenic toxicity51,52. In the 
present investigation, arsenic-induced toxic-

ity, associated with elevated oxidative stress, 
contributed to various cellular and systemic 
damage, as reflected by diminished testicu-
lar mitochondrial enzyme activity. However, 
rutin treatment effectively increased tes-
ticular glutathione and superoxide levels 
and reduced malondialdehyde and nitric ox-
ide levels, suggesting its protective effects 
against arsenic-induced mitochondrial dys-
function, potentially by mitigating oxidative 
stress and enhancing mitochondrial energy 
production.

Inflammation is a significant contribu-
tor to arsenic-induced testicular toxicity. 
Pro-inflammatory cytokines, such as TNF-α 
and interleukins, mediate this process. 
TNF-α induces apoptosis and promotes in-
flammatory responses 53. Inflammation 
induced by TNF-α can activate various sig-
naling pathways, culminating in oxidative 
stress and tissue damage 54-56. It has been ob-
served that arsenic exposure results in the 
upregulation of inflammatory mediators, 
such as TNF-α and interleukins, contribut-
ing to testicular damage 57. Furthermore, 
Caspases 3 and 9 play crucial roles in the 
apoptotic pathways underlying arsenic-in-
duced testicular toxicity. Caspase-9 is part 
of the intrinsic or mitochondrial apoptosis 
pathway, which is often activated by cellular 
stressors, including toxins such as arsenic. 
It is responsible for activating downstream 
effector caspases, including caspase-3 58,59. 
Caspase-3 then executes apoptosis by cleav-
ing cellular substrates, leading to system-
atic breakdown of cellular components and 
cell death 60-62. In arsenic-induced testicu-
lar toxicity, activation of these caspases is 
indicative of enhanced apoptotic activity, 
contributing to the observed tissue damage 
and dysfunction 57. In the current study, 
arsenic-induced elevated inflammation and 
apoptosis, mediated by cytokines such as 
TNF-α and enzymes such as caspases 3 and 
9, highlighted the development of arsenic-
induced testicular toxicity. However, rutin 
treatment mitigated the toxic effects in-
duced by chronic exposure to arsenic via 
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the amelioration of these pathways, sug-
gesting its therapeutic potential against 
arsenic-induced testicular toxicity.

This study has some limitations. First, 
the study focused on acute arsenic exposure 
(two consecutive days), which may not re-
flect the effects of chronic, long-term expo-
sure often observed in human populations. 
Second, the study only used sodium arsenite, 
whereas environmental arsenic exposure of-
ten involves multiple arsenic species. Third, 
this study did not address the bioavailabil-
ity and metabolism of rutin in rats, which 
could affect its efficacy in humans. Lastly, 
the study focused on rutin alone and did not 
explore its potential synergistic effects with 
other protective agents.

As a conclusion, rutin demonstrated 
significant protective effects against sodium 
arsenite-induced testicular toxicity in rats. 
Rutin ameliorated arsenic-induced damage 
by reducing oxidative stress, inflammation, 
and apoptosis in testicular tissue, while im-
proving sperm parameters and hormone lev-
els. These findings suggest that rutin may 
have therapeutic potential in mitigating ar-
senic-related reproductive toxicity, although 
further research is needed to elucidate its 
mechanisms of action and clinical applica-
bility fully.
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Abstract. We aimed to explore the correlation of interleukin-17 (IL-17) 
and regulatory T (Treg) cells with the severity of chronic obstructive pulmo-
nary disease (COPD) and pulmonary function. A total of 90 COPD patients, 
all with a confirmed diagnosis of COPD and without any history of asthma, 
were included to ensure that the findings are specific to COPD. In addition, 
a smoking group (healthy smokers, n=90) and a healthy group (healthy non-
smokers, n=90) were studied. The COPD group had the highest IL-17 level and 
the lowest cluster of differentiation 4 (CD4) + Treg cell count, CD25+Treg 
cell count, and CD4+CD25+Treg cell count in peripheral blood, followed by 
the smoking and healthy groups (p<0.05). The CD4+ Treg cell count, CD25+ 
Treg cell count, CD4+CD25+ Treg cell count, forced vital capacity (FVC), forced 
expiratory volume in one second (FEV1), and FEV1/FVC were found to be the 
highest in the mild group, followed by those of moderate and severe groups 
(p<0.05). The CD4+ Treg cell count, CD25+ Treg cell count, and CD4+CD25+ 
Treg cell count displayed positive correlations with FEV1, FVC, and FEV1/FVC 
(r>0, p<0.05) and negative correlations with the IL-17 level (r<0, p<0.05). 
The IL-17 level was negatively correlated with FEV1, FVC, and FEV1/FVC (r<0, 
p<0.05). Importantly, this study highlights the combined analysis of IL-17 and 
Treg subsets, which provides additional insights into their joint association with 
COPD severity beyond IL-17 alone.
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Correlación de la interleucina-17 y las células T reguladoras  
con la gravedad de la enfermedad pulmonar obstructiva crónica 
y la función pulmonar.

Invest Clin 2025; 66 (4): 426 – 435

Palabras clave: Enfermedad Pulmonar Obstructiva Crónica; Medidas de Correlación; 
Interleucinas; Pruebas de Función Respiratoria; Linfocitos T 
Reguladores; Gravedad de la Enfermedad.

Resumen. Nuestro objetivo fue explorar las correlaciones entre la interleu-
cina-17 (IL-17) y las células T reguladoras (Treg), así como entre la gravedad 
de la enfermedad pulmonar obstructiva crónica (EPOC) y la función pulmonar. 
Se compararon los datos de un grupo con EPOC (pacientes con EPOC trata-
dos entre junio de 2020 y septiembre de 2023, n=90), un grupo de fumadores 
(fumadores sanos, n=90) y un grupo control (no fumadores sanos, n=90). El 
grupo de EPOC presentó el nivel más alto de IL-17 y el recuento más bajo de 
células Treg CD4+, CD25+ y CD4+CD25+ en la sangre periférica, seguido 
por los grupos de fumadores y de control (p<0,05). El recuento de células 
Treg CD4+, células Treg CD25+, células Treg CD4+CD25+, la capacidad vital 
forzada (FVC), el volumen espiratorio forzado en el primer segundo (FEV1) y la 
relación FEV1/FVC fueron más altos en el grupo leve de EPOC, seguido por los 
grupos moderado y severo (p<0,05). El recuento de células Treg CD4+, célu-
las Treg CD25+ y células Treg CD4+CD25+ mostró correlaciones positivas con 
FEV1, FVC y FEV1/FVC (r>0, p<0,05) y correlaciones negativas con el nivel 
de IL-17 (r<0, p<0,05). El nivel de IL-17 se correlacionó negativamente con 
FEV1, FVC y FEV1/FVC (r<0, p<0,05). La detección combinada de IL-17 y de 
subconjuntos de Treg es útil para aumentar el valor predictivo de estos en la 
aparición de EPOC.

            Received: 02-03-2025      Accepted: 04-11-2025

INTRODUCTION

Chronic obstructive pulmonary disease 
(COPD), a chronic inflammatory disease, is 
pathologically characterized by airflow ob-
struction of the respiratory tract, and COPD 
patients usually develop fatigue, shortness of 
breath, cough, and other typical respiratory 
symptoms 1,2. In China, the incidence rate of 
COPD is 13.6% in people aged over 40 years 
old and as high as 24.8% in the elderly 3. The 
specific pathogenesis of COPD has not been 
fully elucidated. Still, it is mainly believed to 

involve mechanisms such as oxidative/anti-
oxidative imbalance, chronic inflammatory 
responses in the airways and pulmonary pa-
renchyma, and protein/anti-protein imbal-
ance 4. A study reported that T lymphocytes 
act as vital players in modulating airway 
inflammation in COPD, in which helper T 
(Th) cells are the major players 5. Cluster of 
differentiation 4 (CD4)+ T lymphocytes be-
long to Th lymphocytes, and activated CD4+ 
T lymphocytes can be classified into Th17 
cells and regulatory T (Treg) cells. Th17 and 
Treg cells repress and antagonize each oth-
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er during differentiation, and their balance 
can confer immune tolerance, whereas an 
imbalance can induce various autoimmune 
and infectious diseases 6. Th17 triggers and 
progressively amplifies immune responses 
primarily through the generation of inter-
leukin-17 (IL-17), and a sustained increase 
in IL-17 content will induce neutrophilic 
chronic inflammation. As a result, airway in-
flammation and progressive airway obstruc-
tion emerge 7.

Based on this, in the present study, the 
levels of IL-17 and Treg subsets in the pe-
ripheral blood of COPD patients were mea-
sured, and their correlations with COPD 
occurrence and pulmonary function were in-
vestigated, aiming to identify targets for the 
prevention and treatment of COPD.

MATERIALS AND METHODS

Subjects
COPD patients visiting our hospital 

from June 2020 to September 2023 (a COPD 
group, n=90), healthy smokers (a smoking 
group, n=90), and healthy non-smokers (a 
healthy group, n=90) were enrolled as sub-
jects. The COPD group was composed of 53 
males and 37 females aged 49-83 years old, 
with an average age of (58.52 ± 4.87) years 
old. The body mass index (BMI) was (22.08 
± 1.87) kg/m2, the number of cigarettes 
smoked was (400.36 ± 78.98) cigarettes/
year, and the course of disease was (5.64 ± 
1.75) years. As to the severity [according to 
the 2019 Global Initiative for Chronic Ob-
structive Lung Disease (GOLD) criteria] 8, 
there were 30 mild cases, 42 moderate cas-
es, and 28 severe cases. The smoking group 
consisted of 51 males and 39 females aged 
45-81 years old, with a mean of (59.48 ± 
5.26) years old. BMI was (21.98 ± 1.58) kg/
m2, and the number of cigarettes smoked 
was (409.54 ± 82.59) cigarettes/year. In the 
healthy group composed of 55 males and 35 
females, the age was 45-80 years old, with an 
average of (59.11 ± 5.59) years old, and MI 
was (22.19 ± 1.67) kg/m2. The age, gender, 

and BMI were comparable among the three 
groups (p>0.05).

Inclusion and exclusion criteria 
The following inclusion criteria were 

employed: 1) COPD patients meeting the 
diagnostic criteria for COPD and without a 
history of acute exacerbation in the past six 
months 8, 2) smokers with expected results 
in the pulmonary function test and number 
of cigarettes smoked ≥200 cigarettes/year, 
and non-smokers with expected results in 
the pulmonary function test and no smok-
ing history, and 3) subjects who voluntarily 
signed the informed consent form. 

The exclusion criteria involved: 1) sub-
jects requiring mechanical ventilation due 
to severe condition, 2) those with rheumatic 
system diseases, allergic diseases or immune 
deficiencies, 3) those with acute pulmonary 
embolism, tuberculosis, bronchiectasis, 
asthma, cystic fibrosis, and other respira-
tory diseases, 4) those with coagulation dys-
function, 5) those with severe dysfunction of 
multiple organs, 6) those with a previous his-
tory of pulmonary surgery or lung tumors, 
7) those with severe arrhythmia, acute myo-
cardial infarction or myocardial ischemia, 
or 8) those taking immunosuppressants or 
glucocorticoids within 4 weeks before enroll-
ment.

Detection of indicators in the peripheral 
blood

Peripheral venous blood (6 mL, evenly 
split into two portions) was collected before 
treatment in the COPD group and on the day 
of physical examination in the smoking and 
healthy groups. One portion was subjected to 
heparin anticoagulation, followed by 10 min 
of centrifugation (centrifugation radius: 6.5 
cm, and centrifugation rate: 3500 rpm). Next, 
the supernatant was harvested for an enzyme-
linked immunosorbent assay (Cat. No. DLR-
IL17-Hu, Wuxi Donglin Sci & Tech Develop-
ment Co., Ltd., China) to measure IL-17 
levels. The other portion was subjected to Fi-
coll density gradient centrifugation using the 
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relevant kit (Cat. No. 17-1140-02, GE Health-
care Life Sciences, USA) to isolate peripheral 
blood mononuclear cells (PBMCs). Then, the 
resulting cell suspension was incubated with 
monoclonal antibodies against CD4-CD4-
fluorescein isothiocyanate (FITC) and CD25-
CD25-phycoerythrin (PE) (BD, USA), with 
immunoglobulin G (IgG)-FITC and IgG-PE 
as controls. Afterwards, the FAS-Calibur flow 
cytometer (BD, USA) was employed to de-
tect CD4+ Treg cell count, CD25+ Treg cell 
count, and CD4+CD25+ Treg cell count.

Pulmonary function test
The forced expiratory volume in one 

second (FEV1) and forced vital capacity 
(FVC) were determined with the HI-801 pul-
monary function tester (CHEST, Japan) on 
the day of physical examination in the smok-
ing group and the healthy group and before 
treatment in the COPD group, based on 
which the FEV1/FVC value was calculated.

Statistical analysis
Statistical analysis was performed using 

the SPSS 26.0 software. Measurement data 
were expressed as mean ± standard devia-
tion ( ± s) and subjected to the t-test for 
comparison between two groups and one-way 
analysis of variance for comparison among 
multiple groups. Count data were described 
as [n (%)] and examined by the χ2 test. Spear-
man’s rank correlation analysis was conduct-

ed to explore the correlations between levels 
of IL-17 and Treg subsets and pulmonary 
function. Receiver operating characteristic 
(ROC) curves were plotted, based on which 
the association between IL-17 levels and 
Treg subsets and the occurrence of COPD 
was assessed. p<0.05 indicated that the dif-
ference was statistically significant.

RESULTS

Levels of IL-17 and Treg subsets  
in the peripheral blood

The COPD group showed the high-
est IL-17 levels and the lowest CD4+ Treg 
cell count, CD25+ Treg cell count, and 
CD4+CD25+ Treg cell count in peripheral 
blood, followed by the smoking group and 
the healthy group (p<0.05) (Table 1).

Values of IL-17 and Treg subset levels in 
the peripheral blood for association with 
COPD occurrence 

The areas under the ROC curves [AUCs, 
95% confidence interval (95% CI)) of IL-17 
level, CD4+ Treg cell count, CD25+ Treg cell 
count, and CD4+CD25+ Treg cell count in 
the peripheral blood and their combination 
for associating with the occurrence of COPD 
were 0.866 (0.813-0.920), 0.885 (0.833-
0.936), 0.799 (0.735-0.863), 0.773 (0.705-
0.840), 0.949 (0.919-0.979), respectively 
(Table 2 and Fig. 1).

Table 1. Levels of IL-17 and Treg subsets in the peripheral blood.

Group n
IL-17 level  

(ng/L)
CD4+ Treg  

cell count (%)
CD25+ Treg  

cell count (%)
CD4+CD25+ Treg  

cell count (%)

Healthy 90 13.26±3.84 31.57±4.52 4.53±0.85 3.68±0.75

Smoking 90 28.48±5.65a 25.15±5.68a 3.21±0.79a 3.05±0.64a

COPD 90 38.12±6.87ab 16.58±4.74ab 2.34±0.67ab 2.34±0.71ab

F 451.893 203.182 182.842 82.202

p <0.001 <0.001 <0.001 <0.001
ap<0.05 vs. the healthy group, bp<0.05 vs. the smoking group. 
Data is expressed as mean ± standard deviation. One-way analysis of variance was used to compare multiple groups.  
Chronic obstructive pulmonary disease (COPD).
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Levels of IL-17 and Treg subsets in the 
peripheral blood of COPD patients with 
different severities

The IL-17 level in the peripheral blood 
was the highest in the severe group, fol-
lowed by the moderate group and the mild 
group, while the CD4+ Treg cell count, 
CD25+ Treg cell count, and CD4+CD25+ 
Treg cell count were the highest in the mild 
group, followed by the moderate group and 
the severe group (p<0.05) (Table 3).

Pulmonary function in COPD patients 
with different severities

The FEV1, FVC, and FEV1/FVC were the 
highest in the mild group, moderate in the 
moderate group, and the lowest in the se-
vere group (p<0.05) (Table 4).

Correlations of IL-17 and Treg subset 
levels in the peripheral blood with 
pulmonary function

The results of the Spearman’s rank cor-
relation analysis showed that the IL-17 level 
was negatively correlated with FEV1, FVC, 
and FEV1/FVC (r<0, p<0.05). 

Table 2. Values of IL-17 and Treg subset levels in the peripheral blood  
for predicting COPD occurrence.

Indicator
Area under  
the curve

Standard  
error

Optimal cut-off  
value

 p
95% confidence 

interval

IL-17 0.866 0.027 32.584ng/L <0.001 0.813-0.920

CD4+Treg 0.885 0.026 20.025% <0.001 0.833-0.936

CD25+Treg 0.799 0.033 2.684% <0.001 0.735-0.863

CD4+CD25+Treg 0.773 0.034 2.641% <0.001 0.705-0.840

Combination 0.949 0.015 - <0.001 0.919-0.979

Chronic obstructive pulmonary disease (COPD).

Fig. 1. ROC curves of IL-17 and Treg subset levels in the peripheral blood for predicting Chronic obstructive pul-
monary disease (COPD) occurrence.
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In contrast, the CD4+ Treg cell count, 
CD25+ Treg cell count, and CD4+CD25+ Treg 
cell count were positively correlated with 
FEV1, FVC, and FEV1/FVC (r>0, p<0.05) 
and negatively correlated with IL-17 level 
(r<0, p<0.05) (Table 5). 

DISCUSSION

COPD is characterized by airway wall 
thickening, accumulation of inflammatory 
mucus, and infiltration of adaptive and in-
nate immune cells. Among them, CD4+ T 
lymphocytes play a critical role in the patho-
genesis of COPD 9,10. Under normal condi-
tions, the balance of Th subsets helps main-
tain immune homeostasis, but in COPD, this 
balance is disturbed, with overactivation of 
Th17 cells and reduction of Treg cells 11.

Th17 cells secrete IL-17 and IL-22, 
which recruit neutrophils and other inflam-
matory cells, thus amplifying airway inflam-
mation. IL-17 also stimulates macrophages, 
dendritic cells, and fibroblasts to release 
chemokines, pro-inflammatory cytokines, 
and proteolytic enzymes, all of which con-
tribute to tissue damage and a decline in 
pulmonary function 12-14. Elevated IL-17 fur-
ther promotes neutrophil and macrophage 
infiltration, exacerbating airway injury 15. 
Smoking additionally aggravates airway ob-
struction by inducing epithelial damage, 
mucosal gland hypertrophy, and ciliary dys-
function, and it promotes Th17 proliferation 
and IL-17 release 16.

In contrast, Treg cells play a protective 
role by suppressing autoreactive T cells and 
excessive immune activation 17. CD4+CD25+ 

Table 3. Levels of IL-17 and Treg subsets in the peripheral blood  
of COPD patients with different severities.

Group n
IL-17 level  

(ng/L)
CD4+ Treg  

cell count (%)
CD25+ Treg  

cell count (%)
CD4+CD25+ Treg 

cell count (%)

Mild 30 31.25±5.58 20.35±4.65 3.02±0.68 2.89±0.52

Moderate 42 37.85±6.85a  14.25±4.58a  2.03±0.59a  2.11±0.47a

Severe 28  45.10±5.87ab   10.11±3.68ab   1.24±0.49ab   1.26±0.57ab

F 35.865 40.607 65.732 72.701

p <0.001 <0.001 <0.001 <0.001
ap<0.05 vs. the mild group, bp<0.05 vs. the moderate group.     Chronic obstructive pulmonary disease (COPD).

Data is expressed as mean ± standard deviation. One-way analysis of variance was used to compare multiple groups.

Table 4. Pulmonary function in COPD patients with different severities.

Group n FEV1 (L) FVC (L) FEV1/FVC (%)

Mild 30 1.89±0.56 3.58±0.71 63.25±6.58

Moderate 42  1.49±0.62a  2.95±0.68a  57.48±5.59a

Severe 28   1.15±0.49ab   2.32±0.65ab   51.74±6.68ab

F 12.343 24.802 24.885

p <0.001 <0.001 <0.001

ap<0.05 vs. the mild group, bp<0.05 vs. the moderate group.     Data is expressed as mean ± standard deviation. 
One-way analysis of variance was used to compare multiple groups.     Forced vital capacity (FVC), Forced expiratory 
volume in one second (FEV1), Chronic obstructive pulmonary disease (COPD).
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Treg cells inhibit effector T-cell prolifera-
tion through IL-2 and IFN-γ suppression 
and TGF-β–mediated pathways 18. In the 
present study, comparisons were carried 
out on the CD4+ Treg cell count, CD25+ 
Treg cell count, and CD4+CD25+ Treg cell 
count among the three groups. The results 
showed that the CD4+ Treg cell count, 
CD25+ Treg cell count, and CD4+CD25+ 
Treg cell count were lowest in the COPD 
group, moderate in the smoking group, and 
highest in the healthy group, suggesting 
immunomodulatory dysfunction in COPD 
patients and smokers, especially in the for-
mer. The CD4+ Treg cell count, CD25+ Treg 
cell count, and CD4+CD25+ Treg cell count 
were the lowest in the severe group, moder-
ate in the moderate group, and the highest 
in the mild group. According to the Spear-
man’s rank correlation analysis, the CD4+ 
Treg cell count, CD25+ Treg cell count, and 
CD4+CD25+ Treg cell count were positively 
correlated with FEV1, FVC and FEV1/FVC, 
demonstrating that the level of Treg sub-
sets can reflect the condition of COPD pa-
tients to a certain extent, and that patients 
with a high expression of Treg subsets often 
have good pulmonary function. This is be-
cause CD4+ Treg cells, CD25+ Treg cells, 
and CD4+CD25+ Treg cells can impede 
the production of Th1 and Th17 cells via 
the autocrine transforming growth factor-β 
(TGF-β) pathway. However, in cases of low 

Treg expression, they cannot suppress in-
flammatory cytokines, leading to an im-
balance between Th1 and Th2 cell counts. 
Accordingly, IL-4 expression will be further 
suppressed, and IL-17 and IFN-γ levels will 
be increased, resulting in persistently high 
immune responses, damaging lung and air-
way tissues, weakening pulmonary function, 
and thereby inducing COPD 19,20. 

Furthermore, the results of the pres-
ent study also showed that the CD4+ Treg 
cell count, CD25+ Treg cell count, and 
CD4+CD25+ Treg cell count displayed nega-
tive correlations with IL-17 level, signifying 
that the down-regulation of Treg subsets 
and the high expression of IL-17 (a charac-
teristic inflammatory factor of Th17 cells) 
will disrupt the balance between Th17 cell 
count and Treg cell count, increase air-
way secretions and airway inflammatory 
responses, affect lung ventilation func-
tion, and further damage pulmonary func-
tion and lung tissues. The balance between 
Th17 cell count and Treg cell count should 
be maintained by taking appropriate mea-
sures, thus preventing COPD or its exacer-
bation 21.

Our study provides novel insights into 
several aspects. First, our cohort included 
exclusively COPD patients without asthma, 
ensuring disease specificity. Second, we si-
multaneously evaluated IL-17 and Treg sub-
sets, and demonstrated that their combined 

Table 5. Correlations of IL-17 and Treg subset levels in the peripheral blood with pulmonary function.

Indicator Coefficient IL-17 FEV1 FVC FEV1/FVC

IL-17 r - -0.415 -0.535 -0.552

p - <0.001 <0.001 <0.001

CD4+Treg r -0.536 0.428 0.585 0.597

p <0.001 <0.001 <0.001 <0.001

CD25+Treg r -0.589 0.448 0.597 0.603

p <0.001 <0.001 <0.001 <0.001

CD4+CD25+Treg r -0.645 0.487 0.615 0.637

p <0.001 <0.001 <0.001 <0.001

Forced vital capacity (FVC), Forced expiratory volume in one second (FEV1).



Correlations of interleukin-17 and regulatory T cells with COPD	 433

Vol. 66(4): 426 - 435, 2025

imbalance (increased IL-17 and decreased 
Treg levels) was more strongly associated 
with COPD severity than IL-17 alone. Third, 
by stratifying patients by GOLD grade, we 
revealed dynamic changes in these immune 
markers across disease progression. Collec-
tively, these findings highlight the impor-
tance of the IL-17/Treg axis in COPD immu-
nopathogenesis. 

However, several limitations should 
be recognized. One limitation is that de-
tailed information on inhaled corticoste-
roid (ICS) use was not systematically col-
lected for all COPD patients. Since ICS 
therapy may influence cytokine profiles, 
such as reducing IL -17 levels or affecting 
Treg responses, its impact on our findings 
cannot be ruled out. Future studies with 
more complete treatment records and 
subgroup analyses are needed to address 
this. Another limitation is that we did not 
measure eosinophil and neutrophil counts 
or their relationship with IL -17 levels. Be-
cause these cells are key players in airway 
inflammation, future research should in-
clude them to better understand the con-
nection between IL -17 and innate immune 
responses in COPD.

In conclusion, IL-17 is upregulated, 
and Treg subsets are downregulated in 
COPD, with their imbalance closely linked to 
impaired lung function and disease severity. 
The combined detection of IL-17 and Treg 
subsets may thus offer more informative bio-
markers for evaluating COPD progression.
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Resumen. La hiperplasia endometrial comprende un espectro de cambios 
en el endometrio que van desde un patrón ligeramente desordenado, como 
la hiperplasia endometrial sin atipias, hasta alteraciones más severas, como 
la hiperplasia endometrial con atipias, precursora del carcinoma endometrial. 
Durante los años reproductivos, el riesgo de la hiperplasia está asociado a oligo-
anovulación, y durante la menopausia está asociado con factores como la obe-
sidad y la terapia de reemplazo de estrógeno. Esta revisión tiene por objeto, 
ofrecer un enfoque racional en el tratamiento de la hiperplasia endometrial, 
incluidos la terapia conservadora como la hormonal y los diferentes métodos 
quirúrgicos.
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Endometrial hyperplasia II: A narrative review of different 
treatment options.

Invest Clin 2025; 66 (4): 436 – 453

Keywords: Endometrial Hyperplasia; Conservative Treatment; Hormonal Therapy; 
Progestogens; Surgical Procedures.

Abstract. Endometrial hyperplasia encompasses a spectrum of endome-
trial changes, ranging from a mildly disordered pattern, such as endometrial 
hyperplasia without atypia, to more severe alterations, including endometrial 
hyperplasia with atypia, a precursor to endometrial carcinoma. During the re-
productive years, the risk of hyperplasia is associated with oligo-anovulation, 
and during menopause, it is associated with factors such as obesity and estro-
gen replacement therapy. This review aims to offer a rational approach to the 
treatment of endometrial hyperplasia, including conservative therapy such as 
hormonal therapy and different surgical methods.

            Recibido: 30-07-2025       Aceptado: 21-10-2025

INTRODUCCIÓN

El sangrado por causa de premaligni-
dad o malignidad, representa el 10% del to-
tal de los sangramientos uterinos anormales 
(SUA). La hiperplasia endometrial (HE) es 
una proliferación precancerosa, no fisiológi-
ca y no invasiva del endometrio, que produce 
un aumento del volumen del  tejido endo-
metrial con alteraciones de la arquitectura 
glandular (forma y tamaño),  y de  la rela-
ción glándula endometrial-estroma superior 
a 1:1 1-3. La mayoría de los casos de HE son el 
resultado de niveles elevados de estrógenos, 
combinados con niveles insuficientes de pro-
gesterona 4,5. La estimulación estrogénica 
sin oposición y en forma crónica en el endo-
metrio, provoca cambios epiteliales glandu-
lares proliferativos, incluida la remodelación 
glandular, lo que da lugar a glándulas de for-
ma y número variable y de distribución irre-
gular 3,6. 

Armstrong y col. 7 reportaron la presen-
cia de HE en el 10% de mujeres premenopáu-
sicas y en el 6% de las mujeres postmenopáu-

sicas con SUA. Se estima que la incidencia 
de la HE es al menos tres veces mayor que la 
del cáncer de endometrio (CE). Las estima-
ciones actuales reportan que la incidencia 
de HE ronda los 133 a 208 casos por 100.000 
mujeres-año, en los países occidentales 8,9. 
Las tasas de incidencia de los subtipos de HE 
son 121 casos por 100.000 años-mujer para 
la HE no atípica y 16,8 casos por 100.000 
años-mujer para la HE atípica 8. El cáncer 
de endometrio es la neoplasia maligna gine-
cológica más común en el mundo occiden-
tal10. Según Globocan 11, para el año 2020 se 
reportaron 417.367 nuevos casos de CE en 
todo el mundo, lo cual representó el 4,5% de 
todos los canceres femeninos y el segundo 
más frecuente después del cáncer de cuello 
uterino (6,5%); provocó la muerte de 97.370 
mujeres, o sea, un 23,33% de mujeres a ni-
vel global. En el hemisferio occidental, en el 
2020 según Globocan 11, se diagnosticaron 
231.723 casos de CE, es decir, el 55,6% y 
provocó la muerte de 51.470 (52,9%). His-
tóricamente, el CE rara vez aparece en mu-
jeres premenopáusicas, sin embargo, con el 
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aumento de la obesidad y la creciente preva-
lencia del síndrome metabólico, los cuadros 
de HE y de CE han aumentado notablemente 
en frecuencia 10. La hiperplasia endometrial 
con atipias, cuya denominación ha sido cam-
biada a neoplasia intraepitelial endometrial 
(NIE), es precursora del CE 2-4. La prevalen-
cia del CE aumenta con la edad, cerca de una 
cuarta parte (21,3%) de nuevos diagnósticos 
ocurren en pacientes menores de 55 años 
12,13. La exposición prolongada a estrógenos, 
sin oposición es el principal factor de ries-
go 14. La hiperplasia endometrial sin atípia 
tiene el riesgo de progresar a CE, entre el 
1 al 3%, mientras que la HE con atipias o 
NIE, tiene el riesgo de progresar entre un 14 
a 45% 5; la incidencia de HE con atipias es 
menor a 1% 7,15.

El objetivo de esta revisión narrativa, 
consistió en investigar, revisar y analizar los 
diferentes tratamientos médicos y quirúrgicos 
que se utilizan en el manejo de la HE.

MATERIAL Y MÉTODO

La presente revisión narrativa fue rea-
lizada para revisar, investigar y analizar, los 
estudios más recientes y relevantes, en re-
lación con los diferentes tratamientos mé-
dicos y quirúrgicos en la HE. Se buscaron, 
revisaron y analizaron publicaciones en los 
idiomas español e inglés. Siguiendo las guías 
de PRISMA, se realizó una búsqueda siste-
mática, por vía electrónica, de publicaciones 
sobre el tema, en PubMed, MEDLINE, ISI, 
Springer, Embase, Web of Knowledge, DOAJ, 
Google Scholar y Cochrane Library, para 
artículos originales escritos en el idioma 
inglés y en SciELO, Latindex, Imbiomed-L, 
Redalyc and Google Scholar para artículos 
originales escritos en el idioma español e 
inglés. La búsqueda incluyó palabras clave 
“sangramiento uterino anormal”, “hiper-
plasia endometrial”, “tratamiento médico”, 
“tratamiento quirúrgico”, “terapéutica”, 
“manejo” y seguido de términos como: “hi-
perplasia endometrial y tratamiento médi-
co”, o “tratamiento quirúrgico”, o “manejo” 

o “terapéutica”, Se incluyeron los artículos 
publicados en revistas médicas indexadas, y 
fueron excluidas, aquellas publicaciones que 
no pudieron ser abiertas electrónicamente; 
asímismo, fueron excluidos de la revisión: 
cartas al editor, reportes de casos, estudios 
sin control y resúmenes de congresos. Se 
revisaron los artículos publicados desde el 
año 1970 hasta marzo de 2024. La búsqueda 
electrónica, la escogencia, el evalúo y el aná-
lisis de las publicaciones fueron realizados 
por el autor.

Tratamiento
Aunque no existe un tratamiento único 

para la HE, la mayoría de las directrices ac-
tuales recomienda las terapias hormonales, o 
el tratamiento quirúrgico. Los criterios de se-
lección dependerán de la edad de la paciente, 
la presencia de comorbilidades, de factores de 
riesgo, fertilidad de la paciente y la presencia 
o no de atipias en la HE 6,16. Generalmente las 
HE sin atípia, responden bien al tratamiento 
con progestágenos o progestinas (Ps). La te-
rapia hormonal es la recomendada para aque-
llas pacientes en quienes, por su condición 
de salud, la cirugía está contraindicada; para 
mujeres cuya salud general les impide tolerar 
la cirugía, aunque en los casos donde la HE 
sin atipias es sintomática (sangrado), otra op-
ción sería la histerectomía. Las mujeres con 
deseos de fertilidad, se manejan conservado-
ramente, independientemente si la HE es con 
o sin atipia 6,17.

Scully y col. 17 recomiendan diferentes 
opciones de tratamiento, basadas en las proba-
bilidades de progresar a CE (Tabla 1). Bank y 
col. 18, empleando el sistema de clasificación de 
NIE, mencionan que su precisión para predecir 
la progresión de la HE, es mejor que el sistema 
de la OMS94. 

Según la clasificación NIE, la HE benig-
na presenta el riesgo de malignización en un 
0,6% y recomienda 2 opciones: terapia hor-
monal o ningún tratamiento; la NIE presen-
ta el 19% de riesgo de evolucionar a cáncer 
y recomienda también 2 opciones de trata-
miento: cirugía o terapia hormonal.
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Observación: 
En 2019, la Sociedad de Obstetricia y 

Ginecología de Canadá y la Sociedad de On-
cología Ginecológica de Canadá 19 recomen-
daron que las pacientes, con HE sin atipias, 
pueden ser observadas, y no ser tratadas, 
igualmente, recomiendan el tratamiento 
hormonal, en los casos que no se resuelvan 
con la observación o persistan los sangrados.

Terapia hormonal
Progesterona 

El uso de la progesterona por vía oral, 
en forma micronizada, se ha usado para el 
tratamiento de la HE sin atipia y con atipia. 
La administración de la progesterona en do-
sis de 300 mg por vía oral, durante 10 a 14 
días en forma cíclica por 3 meses, se ha em-
pleado para tratar la HE sin atipia y el uso 
de la misma dosis, pero en forma continua 
para tratar la HE con atipias 6. Otra vía de 
administración de la progesterona, ha sido 
la vía vaginal, usando el gel o crema al 4% o 
8% de progesterona, que corresponde a una 
dosis de 45 a 90 mg/día 7.

Progestinas o progestágenos
Estos compuestos hormonales, son de-

rivados sintéticos de la progesterona, que 
presentan una acción similar a ella, sobre 
el endometrio proliferativo, produciendo la 
conversión a un endometrio secretor. Las 
progestinas o progestágenos (Ps) actúan, 

igual que la progesterona, sobre los recep-
tores de la progesterona (PR) A y B, provo-
cando la transformación del endometrio 7. 
Los progestágenos varían en su capacidad de 
transformar el endometrio secretor o pseu-
dosecretor, o en producir decidualización, 
determinando su capacidad de disminuir o 
detener el SUA. La reversión de la HE a un 
endometrio normal, representa la clave del 
tratamiento conservador para la prevención 
del desarrollo del CE 6,7,17,20. Diferentes auto-
res han reportado que las Ps disminuyen la 
celularidad glandular al inducir apoptosis e 
inhibir la angiogénesis en el miometrio sub-
yacente a la HE 21,22. 

El uso de las progestinas o progestáge-
nos, es el tratamiento médico de elección 
para tratar la HE sin atipias y de HE con 
atipias, en aquellas pacientes que deseen 
mantener la fertilidad 6,7,20. Se pueden ad-
ministrar por vía oral, vía intramuscular, vía 
vaginal como crema vaginal micronizada, o 
por vía intrauterina como dispositivos 23,24. 
El modo de administración y la duración del 
tratamiento son esenciales para su éxito. 
La hiperplasia endometrial sin atipia, suele 
mostrar una respuesta después de 10 sema-
nas de administración, pero comúnmente se 
observan respuestas significativas después 
de 3 meses de tratamiento, siendo el tiempo 
medio de resolución de 6 meses 6,25.

En mujeres de edad reproductiva con 
HE sin atipias, las Ps, se pueden administrar 
durante 12 a 14 días por mes, con el objeto 
por inducir un sangrado mensual predecible. 
En mujeres con HE persistente o HE con 
atipia, ser recomiendan las Ps orales diaria-
mente o Ps parenterales para mantener una 
exposición continua 7.

Las progestinas son razonablemente 
bien toleradas por las pacientes, incluso en 
dosis elevadas, pero uno de los problemas 
que presentan, son los efectos secundarios, 
tales como mareos, turgencia mamaria, 
mastalgia, aumento de peso, dolor de ca-
beza, náuseas, dolor abdominal, retraso de 
la menstruación, menstruación abundante, 
sangramiento uterino irregular, fatiga, dia-

Tabla 1. Clasificación según Organización 
Mundial de la Salud 1994. 
Riesgo y Tratamiento 

Hiperplasia 
Endometrial

Riesgo de 
Progresar  

a CE*

Opciones de 
tratamiento

Simple 1% Hormonal

Compleja 3% Hormonal o cirugía

Simple con 
atipias

 
8%

 
Cirugía u hormonal

Compleja  
con atipias

 
29%

 
Cirugía u hormonal

*CE: Cáncer de endometrio.     Fuente: Scully y col. 17
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rrea, vómitos y dismenorrea; sin embargo, 
estos síntomas desaparecen en 48 horas6,7. A 
nivel bioquímico, las Ps por vía oral o paren-
teral, elevan las lipoproteínas de baja densi-
dad 7. El empleo de la Ps en el tratamiento 
no quirúrgico de la HE y CE presenta una 
resistencia entre 12% al 53% 26. El fracaso 
del tratamiento de la HE con Ps puede de-
pender de varios factores, como la edad del 
paciente, factores de riesgo, presencia de 
otras comorbilidades y el grado o tipo de HE. 
Asimismo, Upson y col. 27 reportaron que en 
pacientes con HE con atipia, la resistencia 
puede deberse a un nivel bajo o inadecuado 
de receptores de progesterona RP-A y RP-B 
particularmente RP-B, o alteración de las 
funciones de los RP tales como coactivado-
res o correpresores. También, se han men-
cionado mecanismos moleculares para la re-
sistencia a la Ps, como son la desregulación 
del TGF-α. y EGFR en las células glandulares 
endometriales, la expresión de Fas/FasL y 
survivina, así como resistencia a la insuli-
na28,29. van Hylckama y col. 30 reportaron que 
el uso del acetato de medroxiprogesterona 
(AMP) inyectable, aumenta en 3 ó 4 veces, 
el riesgo de enfermedad venosa tromboem-
bólica (EVT). Visilakis y col. 31 han mencio-
nado, que el uso de Ps solas en altas dosis, 
en el tratamiento de problemas ginecológi-
cos, aumenta el riesgo de EVT; sin embargo, 
Heineman y col. 32 reportaron que el uso de 
Ps no incrementa el riesgo cardiovascular, y 
que el uso del DIU con Ps tampoco aumenta 
el riesgo de EVT 30.

Progestinas orales 

El uso oral de la Ps para el tratamien-
to de la HE tiene más de 40 años. Los pri-
meros en usarse fueron el AMP y el aceta-
to de megestrol (AM) 33. Otras progestinas 
o progestágenos como la norestisterona, el 
levonorgestrel (LNG) y el linestrol han sido 
usados en el tratamiento de la HíE en forma 
oral continua o cíclica, en diferentes dosis y 
duración 34-36 (Tabla 2).

Acetato de medroxiprogesterona
El acetato de medroxiprogesterona 

oral, se puede administrar en dosis de 5 a 10 
mg por 10 a 14 días, en forma cíclica por 3 
meses o en forma continua por 6 semanas. 
En pacientes con una respuesta parcial al 
AMP, se recomienda el uso continuo durante 
otros 3 meses, por vía oral y a una dosis de 
10 mg, cuatro veces al día (Tabla 2). Ushi-
jima y col. 37 reportaron el uso de 600 mg 
diarios de AMP por 26 semanas, en pacientes 
con deseos de fertilidad, con diagnóstico de 
HE con atipias y CE, una respuesta completa 
en el 82% y una respuesta parcial en el 18% 
de las pacientes con HE, y en pacientes con 
CE una respuesta del 55%.

Acetato de megestrol
El acetato de megestrol es una proges-

terona hidroxilada en el carbono 17, con 
efectos predominantemente progestaciona-
les y antigonadotrópicos, que se ha demos-
trado que tiene el potencial de inhibir la 
proliferación del endometrio. Se recomien-
da la dosis de 160 a 320 mg/día para el tra-
tamiento de la HE (Tabla 2). Sin embargo, 
estas dosis producen alteraciones de los per-
files de lípidos séricos y de los niveles de la 
glucosa 38. Güven y col. 38 y Gal y col. 39, han 
reportado remisiones completas de la HE sin 
y con atipias y del CE en más del 90% de los 
pacientes. Chandra y col. 6, mencionaron en 
un estudio realizado en los Estados Unidos 
de Norteamérica, que usando dosis de 80 mg 
2 veces al día durante 12 semanas, lograron 
una respuesta positiva o remisiones de la HE 
en 4 semanas. 

Acetato de norestisterona o noretindrona
La norestisterona o noretindrona (AN), 

es una Ps sintética, activa por vía oral, con 
efectos antiandrógenos y antiestrógenos 40. 
Portman y col. 41, demostraron que el AN tie-
ne un papel protector contra el desarrollo de 
la HE, en mujeres posmenopáusicas tratadas 
con estrógenos (Tabla 2).
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Progestinas inyectables 
Otra vía de administrar las Ps, en el 

tratamiento de la HE, es la vía parenteral, 
específicamente la intramuscular (IM). El 
progestágeno más comúnmente y frecuente-
mente usado es el AMP de depósito, en dosis 
de 150 mg, por vía intramuscular, cada 3 me-
ses (Tabla 2). Esta progestina está bastante 
bien indicada en paciente menopáusicas o 
post-menopaúsicas o con resistencia parcial 
a la terapia oral.

Dispositivo intrauterino liberador  
de progestina

El levonorgestrel (LNG) es una Ps de 
segunda generación, común en anticon-
ceptivos orales. Nisker y col. 42 en 1988, en-

contraron una incidencia de CE de 17,2%, 
en conejas a las cuales se les había coloca-
do un dispositivo intrauterino, portador de 
LNG, en uno de los cuernos uterinos, en 
comparación con las conejas controles que 
presentaron una incidencia del 42,4% de CE, 
diferencia que fue significativa (p<0,05). 
El dispositivo intrauterino (DIU) portador 
y liberador de LNG, es actualmente una op-
ción de tratamiento de la HE 6,7. Este DIU 
contiene un depósito de 52 mg de LNG, y se 
reemplaza cada 5 años. El DIU liberador de 
Ps libera una dosis alta de Ps al endometrio, 
con efectos sistémicos mínimos, y es un tra-
tamiento eficaz para tratar la HE 35. Con el 
DIU-LNG se consigue una concentración del 
LNG en el endometrio, 100 veces mayor que 

Tabla 2. Progestágenos 
Administración, dosis y esquemas de tratamiento.

Progestágeno Vía administración Dosis Esquema Referencia

Acetato de 
medroxiprogesterona 
(AMP)

Oral/ 
Intramuscular

5-10 mg/ 
150 mg

10-14 días x3 meses  
o continua x 6 semanas  
a 3 meses/una sola dosis

Chandra y col. 6 

Acetato de
megestrol

Oral 160-320 mg 10-14 días x 3 meses  
o continua x 6 

semanas a 3 meses

Güven y col. 38  
Gal y col. 39

Norestisterona 
 o Noretindrona

Oral O,35-0,5 mg/ 
≥1mg

continua x 6 semanas  
a 3 meses/10-14 días  

x 3 meses

Portman  
y col. 41

Linestrenol Oral 0,5 mg 10-14 días x 3 meses  
o continua x 6 semanas  

a 3 meses

Chandra  
y col. 6

Levonorgestrel Oral 0,75 mg 10-14 días x 3 meses  
o continua x 6 semanas  

a 3 meses

Bese y col. 34

Buttini y col. 35 
Ozdegirmenci  

y col. 36

Desogestrel Oral 0,75 mg 10-14 días x 3 meses  
o continua x 6 semanas  

a 3 meses

Ozdegirmenci  
y col. 36

Drosperinona Oral 4 mg 10-14 días x 3 meses  
o continua x 6 semanas 

 a 3 meses

Ozdegirmenci  
y col. 36

Dienogest Oral 2 mg 10-14 días x 3 meses  
o continua x 6 semanas 

 a 3 meses

Ozdegirmenci 
 y col. 36
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cuando se administra por vía oral 43. Esta es 
una opción para pacientes con riesgo de EVT 
o cuando el cumplimiento del tratamiento 
es un problema 7. Con el DIU-LNG más del 
50% de las pacientes, desarrollará amenorrea 
dentro de los 6 meses posteriores a la inser-
ción 44. Las pacientes con HE tratadas con 
el DIU-LNG, muestran un endometrio histo-
lógicamente normal, después de 6 meses de 
tratamiento 6. Pacientes perimenopáusicas 
con HE sin atipias, tratadas con DIU-LNG, 
mostraron una tasa de curación o regresión 
total del 88,1% después de 1 año de uso del 
DIU 45. Varma y col. 46, reportaron una regre-
sión histológica del 90%, en pacientes con 
HE, y Vereide y col. 47 encontraron una re-
misión del 100% en pacientes con HE, que 
usaron del DIU-LNG. 

Tratamiento y seguimiento
Singh y col. 48, mencionaron 3 princi-

pios básicos en el tratamiento de la HE: 1.- 
descartar la presencia de una neoplasia ma-
ligna endometrial coexistente; 2.- prevenir 
el desarrollo/progresión de malignidad en-
dometrial; 3.- ofrecer el plan de tratamiento 
que mejor se adapte a las necesidades de la 
paciente.

En septiembre de 2023, el Colegio 
Americano de Obstetras y Ginecólogos 
(ACOG) 49, mencionó, que no hay suficien-
tes evidencias para recomendar ningún 
agente progestacional de uso oral, sobre 
otro, y estas pacientes que han sido trata-
das con Ps orales deben ser evaluadas histo-
lógicamente, después de los 3 a 6 meses de 
la terapia. La primera opción, es la resolu-
ción o regresión completa de la HE, la biop-
sia mostrará un endometrio atrófico, secre-
tor o proliferativo. La segunda opción, es la 
resolución o regresión parcial de la HE, es 
decir, la biopsia endometrial (BE) revelará 
una HE, pero sin atipia. La tercera opción 
es la persistencia de la HE sin cambio algu-
no en la BE, posterior al tratamiento. La 
cuarta opción es la progresión de la HE al 
CE; el ACOG menciona que en aquellos ca-

sos donde la regresión es parcial o no hay 
ninguna regresión, se puede considerar 3 a 
6 meses más de tratamiento dependiendo 
del caso, y si no hay respuesta, se debe con-
siderar la opción quirúrgica definitiva 49. 
Tampoco hay datos que determinen la dura-
ción óptima de la terapia con progesterona 
o con Ps; esto es particularmente importan-
te en las mujeres en edad reproductiva que 
desean mantener la fertilidad, ya que, sin 
tratamiento continuo, es probable que el 
riesgo de recurrencia aumente con el tiem-
po, sobre todo en las pacientes que presen-
tan factores de riesgo como anovulación u 
obesidad. En estas pacientes, el tratamien-
to con Ps, debe ser oral, continuo o cíclico, 
durante 3 a 6 meses o más, hasta que la HE 
revierta, determinado por la BE 25.

Diferentes autores recomiendan el tra-
tamiento con Ps oral o inyectable, durante 
3 a 6 meses, con control histológico por BE 
al terminar la terapia 7,25,49,50. El tratamiento 
de la HE con Ps por cualquier vía de admi-
nistración es eficaz. Gunderson y col. 25, han 
reportado una resolución completa de la HE 
del 66% en un plazo de 39 meses, con el uso 
de Ps. Gallos y col. 50, encontraron al compa-
rar el uso del DIU-LNG con el uso de Ps por 
vía oral, que el primero es más efectivo en lo-
grar la regresión completa de la HE comple-
ja (92% vs 66%) y de la HE simple con atipia 
(90% vs 69%), aunque la respuesta completa 
de la HE sin atipia, ha sido reportada como 
similar (96% vs 86%).

Según el ACOG 49, hay datos limitados 
sobre la superioridad del DIU-LNG sobre las 
Ps orales, en la regresión de la HE con ati-
pias y NIE. Sin embargo, esta sociedad re-
comienda el DIU-LNG como medicación de 
primera línea, sobre todo en pacientes con 
HE sin atipias.

Otras terapias
Danazol
El danazol, es un andrógeno sintéti-

co, derivado de la 17α-etiniltestosterona, 
que suele utilizarse como opción de trata-
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miento para la endometriosis 51. El danazol 
induce un efecto hipoestrogénico al inhibir 
la hormona folículo estimulante (FSH) y la 
hormona luteinizante (LH), produciendo 
atrofia endometrial 52. Varios estudios han 
demostrado los efectos significativos del 
danazol contra el HE 53-55, siendo sugerido 
como una alternativa eficaz y segura, para el 
tratamiento de la HE 54. Los DIU que contie-
nen danazol (DIU-D), se ha mencionado que 
podrían ser un método novedoso, alternativo 
y eficaz para el tratamiento de la HE 56. Los 
efectos secundarios del danazol tales como 
el aumento de peso, calambres musculares, 
acné, seborrea, disminución del tamaño de 
los senos, caída del cabello, hirsutismo y en-
grosamiento de la voz, están relacionados 
con su acción androgénica; también se ha 
mencionado que aumenta el riesgo de desa-
rrollar cáncer de ovario en mujeres con en-
dometriosis 57,58.

Genisteína
La genisteína, es un isoflavonoide ex-

traído de los productos de soja, que es un 
conocido inhibidor de las proteínas tiro-
sinaquinasa y tropoisomerasa II 59,60. Se ha 
demostrado que la genisteína suprime los 
genes inducidos por estrógenos, como c-fos 
y c-jun, así como la IL-1α y TNF-α, a través 
de vías mediadas por citoquinas y de los 
RE61. La administración de la aglicona de 
genisteína a 19 pacientes, a razón de 54 mg 
diarios, durante 6 meses, provocó una tasa 
de respuesta positiva del 42% en mujeres 
premenopáusicas con HE sin atipia, asimis-
mo mostraron una mejoría significativa de 
los síntomas; igualmente, se encontró una 
reducción significativa en la tinción de los 
ER-α y PR, y una tinción mejorada para ER-
β1, con regresión completa del sangrado 62. 
Los resultados de los diferentes estudios im-
pulsan el uso de aglicona de genisteína para 
el tratamiento de la HE, particularmente en 
pacientes sin atipia. Sin embargo, se nece-
sitan más estudios y ensayos clínicos para 
establecer a la genisteína como un fármaco 
potente para el tratamiento de la HE.

Metformina
La metformina o N, N-dimetilbiguani-

da, es una bioguanida que se utiliza en dife-
rentes patologías, entre ellas, la resistencia 
a la insulina 63. La metformina se ha asocia-
do a la aparición de la HE 64. La metformina 
ha demostrado que tiene efectos antiprolife-
rativos, antiinvasivos y antimetastásicos, en 
múltiples cánceres 65. Xie y col. 66, demostra-
ron que la metformina induce la expresión 
de los RP a nivel de las células endometriales 
hiperplásicas, por lo que se podría mejorar la 
eficacia de la terapia con Ps o superar la re-
sistencia a la Ps, causada por el agotamiento 
de RP, en terapias a largo plazo. Erdemoglu 
y col. 67, demostraron los efectos antiprolife-
rativos de la metformina en endometrio de 
ratones tratadas con E2 o tamoxifeno. Varios 
estudios han establecido a la metformina, 
como agente antiestrogénico eficaz, en el 
control de la HE sin y con atipias 64,68,69.

Agonistas de la hormona liberadora  
de gonadotrofinas

El endometrio posee receptores de 
la hormona liberadora de gonadotrofinas 
(GnRH) y los agonistas de la GnRH pueden 
competir y regular negativamente estos re-
ceptores. Los análogos de la GnRH suprimen 
el eje hipotálamo pituitario ovárico, inhi-
biendo la liberación de la FSH y LH por par-
te de la glándula pituitaria, y, por lo tanto, 
no hay estímulo de los ovarios para producir 
Es. Por lo anterior, los análogos de la GnRH 
tienen un efecto antiproliferativo directo so-
bre las células endometriales 70, y producen 
apoptosis de las células endometriales 71. Se 
ha empleado una ampolla de estos compues-
tos (3,75 mg por vía IM cada 28 días, duran-
te 6 meses), en el tratamiento de pacientes 
con HE sin y con atipias, sin embargo, el 25% 
de las pacientes mostraron recurrencia de la 
HE dentro de los 16 meses de la finalización 
de la terapia 72. Agorastos y col. 73, trataron 
pacientes con HE sin y con atipias con 3,75 
mg de acetato de leuprolide (análogo de la 
GnRH) y tibolona, como terapia “add-back”, 
y lograron una completa remisión en todas 
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las pacientes, pero con un 19% de recurren-
cia dentro de los 2 años posteriores al cese 
del tratamiento. 

Las desventajas del uso de estos análo-
gos de la GnRH son el alto costo, los sínto-
mas climatéricos y la descalcificación ósea 
por el uso prolongado de ellos. 

Posibles futuras terapias
La HE es una enfermedad compleja 

que puede ser tratada de diferentes formas 
simultáneamente, para lograr un tratamien-
to eficaz. Con el avance en el conocimiento 
sobre la biología molecular y las vías relacio-
nadas con la progresión de una enfermedad 
particular, la era de las terapias dirigidas se 
han convertido en un área o campo de inves-
tigación prometedora. Para el desarrollo de 
agentes terapéuticas de la HE, se requiere 
una investigación cuidadosa sobre las mo-
dulaciones moleculares en la HE y el CE. 
Dado que la HE es básicamente un proble-
ma hormono- dependiente, relacionado con 
expresiones elevadas de los RE, expresiones 
bajas y/o respuesta inadecuada de los RP, las 
investigaciones apuntan hacia el desarrollo 
de nuevos tratamientos para dicha enferme-
dad 6. Sin embargo, para tratar o curar mejor 
esta patología endometrial, se requiere un 
conocimiento más profundo de las funciones 
de REα, REβ o GPRE y sus interacciones.

Antagonistas de la GnRH
Los antagonistas de la hormona libe-

radora de gonadotropina (anGnRH), son 
moléculas que actúan en la adenohipófisis, 
como inhibidores competitivos de los re-
ceptores de GnRH (GnRHR), compitiendo 
contra la GnRH endógena, y una vez que se 
unen a este receptor, causan la supresión 
inmediata del eje hipotálamo-hipofisario-
gonadal (HPG), con una disminución rápida 
y sostenida de los niveles de gonadotropina 
y hormonas sexuales, a través de la regula-
ción negativa, previniendo picos prematu-
ros de hormona luteinizante (LH) 16. Estos 
pueden usarse durante cualquier momento 
de la fase folicular 16. La supresión del eje 

HPG está relacionada con la dosis, con dosis 
más bajas se logra una supresión parcial, y 
dosis más altas, una supresión completa 16. 
Los antagonistas de GnRH inducen un inicio 
rápido de los efectos clínicos, sin el efecto 
“flare-up que se observa con los agonistas, y 
tienen efectos terapéuticos inmediatos, en-
tre 24 a 72 horas, y una vez concluido este 
tratamiento, la supresión hormonal cesa rá-
pidamente, con normalización de la función 
gonadal en pocos días, garantizando un au-
mento de la concentración de GnRH 16. La 
ventaja de los anGnRH es su administración 
por vía oral, además algunos se administran 
por la vía subcutánea tales, como el acetato 
de cetrorelix, el acetato de ganirelix y el Nal-
Glu.

El elagolix, el relugolix y el elagolix se 
administran por vía oral 16. La dosis y la du-
ración de los anGnRH, dependerán de la pa-
tología a tratar. El uso de los antagonistas de 
la GnRH tiene un futuro en el tratamiento 
de la HE; su empleo oral presenta una venta-
ja sobre los agonistas16.

 Las desventajas del uso de los anGnRH, 
igual que los agonistas, son su alto costo, los 
síntomas climatéricos y la descalcificación 
ósea por el uso prolongado de ellos.

Antiestrógenos o moduladores selectivos 
de receptores estrogénicos

Estos medicamentos compiten con los 
ligandos de los RE, provocando una regula-
ción negativa de ellos 6. El fulvestrant (ICI 
182,780), es un antagonista no esteroideo 
del RE que bloquea el RE e inhibe los efectos 
proliferativos del E en las células tumora-
les74. Igualmente, Long y col. 75 demostraron 
que este antiestrógeno, también inhibe la 
aromatasa a nivel celular, ya que se deduce 
porque afecta la acción de los Es por dos vías 
diferentes. Se ha usado en el tratamiento del 
cáncer de mama metastásico con receptores 
hormonales positivos en mujeres posmeno-
páusicas y actúa produciendo la degradación 
de los RE 76. El acolbifeno (EM-652) y el EM-
800, son antiestrógenos no esteroideos que 
reducen el peso uterino y la expresión de los 
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RE a nivel uterino/vaginal 77. El acolbifeno 
parece ser más eficaz que el fulvestrant para 
inhibir el CE y la proliferación de las célu-
las endometriales inducida por el E2 

78. En 
conjunto, estos hallazgos sugieren que los 
antiestrógenos o SERM, pueden ser benefi-
ciosos para tratar la HE, al reducir la expre-
sión de RE y actuar como agentes antiproli-
ferativos, pero se requiere más estudios 6. El 
2-[piperidinoetoxifenil]-3-[4-hidroxifenil]-
2H-benzo(b)pirano, es un compuesto no es-
teroideo, triaretileno, triarilpropenona anti-
estrogénico, que se encontró que inhibía el 
crecimiento uterino 79,80. La capacidad de 
este compuesto para inhibir el crecimien-
to uterino, se atribuye a su capacidad para 
antagonizar la acción de los Es e inducir la 
apoptosis 80. La actividad de este compuesto, 
también ha sido validada en cultivo celular 
de células endometriales humanas con hi-
perplasia atípica, lo que sugiere su uso po-
tencial como una nueva terapia dirigida para 
HE, mediante la inhibición de la vía de seña-
lización Wnt, así como la inhibición de la vía 
de supervivencia celular 81.

Inhibidores de la aromatasa
Los inhibidores de la aromatasa impi-

den la producción de E, reduciendo los ni-
veles de los Es 82. Entre los inhibidores de 
la aromatasa tenemos el letrozole, el anas-
trozole y el exemestano, los cuales, se usan 
comúnmente para tratar el cáncer de mama, 
y se cree que son útiles en el tratamiento de 
la CE 83,84. El anastrozole y el letrozole, redu-
cen el grosor del endometrio en pacientes 
con HE y CE 85. Tabatabaie y col. 86, y El-sha-
my y col. 87, recomiendan el uso del letrozole 
como una buena opción terapéutica para la 
HE simple sin atipia. Agosastos y col. 88, han 
reportado que el anastrozole es otra alterna-
tiva para el tratamiento de la HE en mujeres 
posmenopáusicas obesas.

Anticuerpos contra citocinas
Las terapias dirigidas a las citocinas 

inmunitarias elevadas en HE y CE, también 
podrían ser una opción prometedora 6. Guo 

y col. 89 han demostrado que un anticuerpo 
neutralizante contra la IL-22 humana, inhibe 
la proliferación de células estromales del en-
dometrio. Se está estudiando el uso de anti-
cuerpos neutralizantes e inhibidores químicos 
del IGF-R1, en el CE y podrían tener también 
aplicabilidad para tratar la HE90. Asimismo, se 
ha demostrado que una quimiocina (motivo 
C-C), un anticuerpo neutralizante del ligando 
2 y un antagonista de CCL 2, inhiben la proli-
feración de células del estroma endometrial, 
por lo que podrían, potencialmente, estudiar-
se para el tratamiento de HE 91.

Diindolilmetano (DIM)

Es un fitoquímico e indol de origen ve-
getal, presente en verduras crucíferas, como 
el brócoli, las coles de Bruselas, el repollo, la 
coliflor y la col rizada. Posee propiedades in-
munomoduladoras, antineoplásicas, quimio-
preventivas, antioxidantes y antivirales, ade-
más tiene propiedades moduladoras sobre los 
estrógenos. Su derivado estable y activo, el in-
dol-3-carbinol (IC), el diindolilmetano (DIM) 
promueve el metabolismo de los estrógenos, 
al aumentar la formación de metabolitos de 
2-hidroxiestrógenos, lo que incrementa la 
actividad antioxidante. Se sabe que el DIM, 
causa detención del crecimiento y apoptosis 
de células de cáncer cervical in vitro, aunque 
se desconoce el mecanismo exacto de esta 
actividad in vivo 92-95. En 2010, Del Priore y 
col. 92, reportaron el uso de 41 mg de DIM, 
en 64 pacientes con diagnóstico de neopla-
sia intraepitelial cervical 2 y 3, sin embargo, 
sus resultados no fueron superiores a los del 
placebo. Leong y col. 96, demostraron que el 
DIM tiene un potente efecto citostático y un 
fuerte efecto antiproliferativo, en células de 
cáncer endometrial humano. El uso de este 
agente en el tratamiento de la HE requiere 
estudios clínicos en un futuro.

Tratamiento quirúrgico

Cuando se ha completado la materni-
dad, la opción quirúrgica es quizás la más 
adecuada. 
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Hiperplasia endometrial sin atipias

La Sociedad de Obstetras y Ginecólogos 
de Canadá (SOGC) recomienda la histerecto-
mía total (HT) con ooforosalpingectomía bila-
teral (OSTB), en pacientes menopaúsicas y pos-
menopáusicas con HE sin atipias. En pacientes 
premenopáusicas, la HT está indicada cuando 
la maternidad se ha completado o cuando falla 
el tratamiento médico. Cuando hay progresión 
a HE con atipias o CE y/o recidiva de la HE, la 
SOGC recomienda la salpingectomía total bi-
lateral con o sin ooforectomía total bilateral. 
Esto último, debe ser una decisión individua-
lizada, es decir, de la paciente previa discusión 
con el médico tratante 6,19.

Hiperplasia endometrial con atipias/ 
Neoplasia intraepitelial endometrial (NIE)

Las recomendaciones del tratamiento 
quirúrgico de la HE con atipia-NIE son simi-
lares a las mencionadas en el manejo de la 
HE sin atipias 6,19.

Histerectomía total
La histerectomía es el tratamiento más 

adecuado, en la mayoría de los casos de mu-
jeres con HE con atipia/NIE, que no están 
interesadas en la maternidad, debido al alto 
riesgo de complicaciones concurrentes y/o 
al peligro de progresión al CE. La histerec-
tomía extrafascial por cualquier vía, es apro-
piada para el tratamiento de HE con o sin 
atipia/NIE. Sin embargo, se debe considerar 
el riesgo de encontrar una neoplasia maligna 
concurrente a la HE con atipia/ NIE, por lo 
que es recomendable abrir el útero para rea-
lizar una observación de la cavidad endome-
trial y/o una congelación intraoperatoria, 
para realizar una evaluación del endometrio 
durante la HT 7,48.

Otras opciones quirúrgicas
En mujeres con HE con o sin atipias, 

que tienen contraindicaciones médicas para 
realizar una cirugía mayor, se ha empleado la 
ablación endometrial (AE), usando diferen-
tes técnicas como ablación con resectosco-

pio, con electrocauterio, con radiofrecuen-
cia, con balón térmico o con láser. En teoría, 
la remoción o destrucción del endometrio, 
podría prevenir la progresión de HE a CE7; 
sin embargo, ninguno de estos métodos, de-
sarrollados originalmente para tratar la me-
norragia, destruye todo el endometrio, por 
lo que el uso de estas técnicas es limitado. 
Hasta que se realicen estudios más amplios 
con seguimientos más prolongados, la resec-
ción o la AE no se pueden recomendar como 
terapia primaria para la HE 7. Diferentes au-
tores 6,97 han mencionado que, en la AE, el 
uso del balón térmico o del resectoscopio es 
una opción factible, segura y eficaz para tra-
tar la HE simple y compleja con o sin atipias. 
El ACOG no recomienda el uso de la AE con 
ninguna técnica 48.

CONCLUSIÓN

Es importante entender y comprender el 
proceso de origen y evolución de la HE y el CE, 
asimismo, los factores de riesgo que provocan 
su desarrollo, para entonces lograr un trata-
miento adecuado de esas patologías y evitar 
la progresión de las lesiones premalignas a 
malignas; igualmente, colocar tratamientos 
preventivos en pacientes con factores de ries-
go. Para HE sin atipia, la terapia con Ps es el 
tratamiento más utilizado, sin embargo, a ve-
ces se requiere histerectomía, porque no haya 
respuesta adecuada al tratamiento o porque 
persiste el sangrado o igual progresión de la 
enfermedad, por lo que el tratamiento debe 
ser individualizado, sobre todo en mujeres 
que han completado su maternidad 6,7,19. 

Además de los tratamientos médicos 
con progesterona, Ps, danazol, ginesteina, 
metformina y análogos de la GnRH, el tra-
tamiento novedoso con los antiestrógenos, 
los antagonistas de la GnRH, los inhibidores 
de la aromatasa y las citoquinas, podrían dar 
resultados optimistas para la HE; asimismo, 
la continuación de estudios de mutaciones 
y SNP en la biología de HE y CE, ayudará a 
identificar nuevos agentes terapéuticos diri-
gidos a mejorar el tratamiento de la HE.
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Resumen. El síndrome o choque de pinzamiento femoroacetabular (PFA), es 
un síndrome clínico caracterizado por un conflicto de espacio entre el acetábulo y la 
cabeza femoral, que provoca degeneración precoz y dolor articular, siendo necesario 
un tratamiento adecuado. Sin embargo, no existe consenso sobre si el tratamiento 
primario debe de ser quirúrgico o conservador. Por tanto, el objetivo del estudio fue 
revisar la evidencia científica sobre la efectividad de la fisioterapia respecto a la ar-
troscopia en pacientes con PFA. Siguiendo las directrices “Preferred Reporting Items 
for Systematic Review and Meta-Analyses” (PRISMA), se revisaron sistemáticamen-
te ensayos clínicos aleatorizados publicados en los últimos 15 años, que compararan 
el tratamiento conservador respecto al artroscópico en el PFA, analizando la función 
articular y la calidad de vida de los pacientes. La búsqueda se realizó en las bases de 
datos Medline, “Physiotherapy Evidence Database” PEDro y Cochrane. Adicional-
mente se evaluó la calidad metodológica mediante las escalas PEDro y CASPe, y el 
riesgo de sesgo con la herramienta Cochrane. Seis ensayos cumplieron los criterios 
de selección, incluyendo 744 pacientes entre entre 30 y 50 años de edad. Se obser-
varon mejoras significativas (p<0,05), en la calidad de vida de los pacientes con ar-
troscopia de cadera, respecto a los que tuvieron tratamiento conservador. No existe 
consenso sobre la función articular. En conclusión, el tratamiento del PFA mediante 
artroscopia, podría mejorar significativamente la calidad de vida de los pacientes 
con respecto a la fisioterapia. Estos resultados posicionarían al abordaje quirúrgico, 
como mejor primera opción de tratamiento para el PFA. Sin embargo, se necesitan 
más estudios, con muestras más grandes, y seguimientos más prolongados para 
evaluar el abordaje definitivo del PFA.
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Abstract. Femoro-acetabular impingement (FAI) is a clinical syndrome 
characterized by a space conflict between the acetabulum and the femoral head, 
which causes premature degeneration and joint pain. For this, an adequate 
therapeutic approach is necessary. However, there is no consensus on whether 
the primary treatment should be surgical or conservative. Therefore, the pres-
ent study aimed to review the available scientific evidence on the effectiveness 
of physiotherapy compared to arthroscopy in patients with FAI. Following the 
“Preferred Reporting Items for Systematic Review and Meta-Analyses” (PRIS-
MA) guidelines, we systematically reviewed randomized clinical trials published 
over the last 15 years comparing conservative treatment with the arthroscopic 
approach in FAI, analyzing joint function and patient quality of life. The search 
was performed in the Medline, “Physiotherapy Evidence Database” PEDro and 
Cochrane databases. In addition, the methodological quality was evaluated us-
ing the PEDro and the “Cuestionario Critical Appraisal Skills Programme Espa-
ñol” (CASPe) scales, and the risk of bias was assessed using the Cochrane tool. 
Six trials met the established selection criteria, including 744 patients aged 
30 to 50 years. Significant improvements (p<0.05) in quality of life were ob-
served with hip arthroscopy compared with conservative treatment. There is no 
consensus on joint function. In conclusion, the FAI approach via arthroscopic 
treatment could significantly improve patients’ quality of life compared with 
physiotherapy. These results would position surgical treatment as the best first-
line treatment option for FAI. However, further studies with larger sample sizes 
and longer follow-ups are needed to evaluate the definitive approach to FAI.

            Recibido: 30-06-2025       Accepted: 31-08-2025

INTRODUCCIÓN

El síndrome o choque de pinzamiento 
femoroacetabular (PFA), es una patología 
que afecta a la articulación coxofemoral de 
adultos jóvenes activos, entre 20 y 40 años 
de edad 1. Se trata de una alteración biome-
cánica, derivada de una anomalía morfológi-
ca de la cabeza femoral o del acetábulo de 
la pelvis, que puede conducir a un daño el 

cartílago articular y la estructura ósea adya-
cente 2. El desarrollo del PFA se ha relaciona-
do con numerosos factores de riesgo, tanto 
genéticos, como derivados de sobrecargas 
mecánicas repetitivas y acumulativas en la 
articulación coxofemoral, especialmente en 
movimientos de flexión y rotación, lo que in-
crementa su prevalencia en personas física-
mente activas 2. Las manifestaciones clínicas 
del PFA son diversas, aunque los síntomas 
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más comunes incluyen dolor, chasquidos o 
crujidos, bloqueos articulares, rigidez y li-
mitación del rango de movimiento (ROM), 
que terminan perjudicando la funcionalidad 
y calidad de vida (QoL) de los pacientes que 
lo presentan 3. El dolor, aunque común, pre-
senta una distribución variable entre los pa-
cientes. Su localización puede abarcar desde 
la zona lateral de la cadera, muslo, nalga y la 
parte inferior de la espalda, hasta la región 
de la rodilla 4. El conjunto de manifestacio-
nes clínicas, ocasiona alteraciones en el pa-
trón de marcha, debilidad muscular y cierta 
alteración de la sensibilidad en la zona cer-
cana a la cadera 3.

El tratamiento del PFA puede ser con-
servador o quirúrgico, dependiendo de las 
características individuales del paciente, 
como su edad, el estado funcional, la grave-
dad de los síntomas que refiere, y la integri-
dad ósea y cartilaginosa de la articulación 
coxofemoral 3. El tratamiento conservador 
mediante fisioterapia se orienta a mejorar la 
funcionalidad del paciente, mediante ejerci-
cios de fortalecimiento, estiramientos mio-
fasciales, terapia manual, y técnicas de esta-
bilización del tronco, control motor y trabajo 
del core?, dirigidas a mejorar la biomecánica 
del complejo coxo-lumbo-pélvico 5. Además, 
los analgésicos y antiinflamatorios  son co-
múnmente utilizados para  el alivio temporal 
del dolor 5. Por otro lado, el tratamiento qui-
rúrgico del PFA, se puede realizar mediante 
técnicas abiertas o mediante la artroscopia 
de cadera, que es una técnica menos inva-
siva, que permite una recuperación precoz. 
Ambas técnicas buscan corregir anomalías 
óseas y reparar el tejido cartilaginoso daña-
do 6.

A pesar de la gran prevalencia en la po-
blación general y el impacto significativo so-
bre la calidad de vida de los pacientes que 
presentan PFA, aún no existe un consenso 
sobre cuál es el tratamiento más efectivo en 
el control de los síntomas. Según el conoci-
miento de los autores, solo se han realizado 
2 revisiones sistemáticas en este campo, las 
cuales incluyeron un número reducido de 

estudios (3 y 4 respectivamente) 7,8, lo que 
limita la capacidad de realizar conclusiones 
firmes, sobre la superioridad de uno u otro 
enfoque terapéutico. Esta escasez de inves-
tigaciones exhaustivas, subraya la necesidad 
de realizar nuevas revisiones sistemáticas 
que proporcionen una actualización riguro-
sa. Por tanto, el objetivo del presente estu-
dio, fue revisar sistemáticamente la eviden-
cia científica disponible, sobre la efectividad 
del tratamiento conservador de fisioterapia, 
en comparación con el tratamiento quirúr-
gico mediante artroscopia en pacientes con 
PFA, analizando aspectos como la calidad de 
vida y la funcionalidad de los pacientes. 

MATERIAL Y MÉTODOS

Estrategia de búsqueda
La búsqueda bibliográfica se ha realiza-

do en las bases de datos científicas PubMed 
(Medline), Biblioteca Cochrane y “Physiothe-
rapy Evidence Database” (PEDro), entre oc-
tubre y diciembre de 2024. La búsqueda se 
ha llevado a cabo siguiendo las pautas me-
todológicas específicas “Preferred Reporting 
Items for Systematic Review and Meta-Analy-
ses” (PRISMA) 9 y la correspondiente lista de 
verificación PRISMA. Se formuló la pregunta 
de investigación, empleando el modelo de 
preguntas PICOS 10  de la siguiente manera: P 
(población): pacientes ≥ 16 años diagnosti-
cados con PFA. I (intervención): tratamiento 
conservador mediante fisioterapia. C (com-
paración): tratamiento quirúrgico mediante 
artroscopia. O (resultados): cuestionarios de 
funcionalidad y QoL (Hip Outcome Score-Ac-
tivity of Daily Life [HOS-ADL], International 
Hip Outcome Score [iHOT-33], Global Rating 
of Change [GRC], Short Form Health Survey 
[SF-12], Modified Harris Hip Score [MHHS] 
o Non-Arthritic Hip Score [NASH]). S (diseño 
del estudio): ensayos clínicos aleatorizados.

La estrategia de búsqueda utilizó una 
combinación de “Medical Subject Headings” 
(MeSH) y palabras libres relevantes que in-
cluían: “femoroacetabular impingement” 
AND “hip arthroscopy” AND “physiothera-
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py” OR “conservative treatment”. Todos los 
estudios se compararon para delimitar la 
búsqueda y evitar la repetición de artículos 
encontrados. Además, se examinó la biblio-
grafía de los estudios incluidos y algunos de 
los excluidos, con el objetivo de encontrar 
manuscritos relevantes que pudieran pasar 
desapercibidos con la estrategia de búsque-
da. La búsqueda sistemática fue realizada 
por dos autores, de manera independiente, 
y en caso de desacuerdos, un tercer revisor 
participó en el proceso. 

Criterios de selección
Para la selección de estudios se estable-

cieron los siguientes criterios de inclusión: 
(I) pacientes de 16 o más años de edad, diag-
nosticados de pinzamiento fémoroacetabu-
lar; (II) ensayos clínicos aleatorizados; (III) 
grupo intervención, tratado mediante fisio-
terapia, y grupo control, tratado mediante 
artroscopia; (IV) uso de herramientas de 
medición validadas y objetivas; (V) explica-
ción detallada del tratamiento de fisiotera-
pia realizado; (VI) explicación de resultados 
sobre la funcionalidad y calidad de vida del 
paciente; (VII) publicaciones en inglés o es-
pañol; (VIII) estudios publicados en los 15 
últimos años; (IX) puntuación de 6 o más 
en el “Cuestionario Critical Appraisal Skills 
Programme Español”? (CASPe) 11 y la escala 
PEDro 12.

Extracción y síntesis de datos
De cada ensayo incluido en la revisión 

sistemática, se extrajo la siguiente informa-
ción: Apellido del primer autor, año de pu-
blicación, país de realización del estudio, 
diseño del estudio, tamaño muestral y carac-
terísticas de los participantes (sexo, edad, 
estatura, peso, pérdida de peso corporal), in-
tervención realizada, parámetros evaluados 
y resultados obtenidos. Dos investigadores 
realizaron la extracción de datos mediante 
una hoja de cálculo. En caso de desacuerdos, 
un tercer revisor se encargó de la resolución 
de dudas.

Evaluación de la calidad metodológica
Se evaluó la calidad metodológica de 

los artículos seleccionados mediante las es-
calas CASPe 11 y PEDro 12. Por otro lado, se 
evaluó el riesgo de sesgo mediante la herra-
mienta de Cochrane 13.

RESULTADOS

Selección de los estudios
La búsqueda bibliográfica resultó en un 

total de 35 estudios, 20 procedentes de Pub-
Med, 2 de PEDro y 13 de Cochrane. Tras la 
eliminación de duplicados (n = 5), se anali-
zaron el título y resumen de los 30 artículos 
restantes, eliminándose 9 estudios más. En 
una segunda fase, se evaluaron los 21 estu-
dios a texto completo, descartando 15 es-
tudios por no ser ensayos clínicos (n = 5), 
no realizar fisioterapia (n = 2) y no evaluar 
variables de interés (n = 8). A continuación, 
se revisaron las bibliografías de los artículos 
incluidos y de algunos de los excluidos, para 
buscar estudios adicionales relevantes, pero 
no se encontraron nuevos estudios de inte-
rés. Finalmente, se seleccionó un total de 6 
artículos 14–19 (Fig. 1).

Fig. 1. Diagrama de flujo que ilustra el proceso de 
identificación y selección de los estudios in-
cluidos en esta revisión, siguiendo las direc-
trices establecidas por PRISMA 9.
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Evaluación de la calidad metodológica
En la Tabla 1 se pueden observar las 

puntuaciones obtenidas en el cuestionario 
CASPe 11. Todos los estudios incluidos en la 
revisión, obtuvieron una puntuación igual o 
superior a 6 14–19. Siendo Hunter y col. 15 el 
mejor puntuado, con 10 ítems cumplidos y 
Mansell y col. 17 el peor puntuado con 6 de 
los 11 ítems. Las principales deficiencias en 
cuanto a la calidad metodológica se encon-
traron en los ítems de cegamiento 14–19, apli-
cabilidad a la población local 16–19 y beneficios 
que justifican los riesgos y costes14,16,17,19. En 
cambio, la pregunta fue claramente definida, 
se realizó una asignación aleatoria, no exis-
tieron abandonos en el estudio, los grupos 
fueron similares al comienzo y se valoraron 
todos los resultados en la totalidad de los es-
tudios seleccionados para la revisión 14–19.

Respecto a la puntuación obtenida a 
través de la escala PEDro 12 (Tabla 2), todos 
los artículos seleccionados obtuvieron una 
puntuación igual o superior a 7 14–19, pudien-
do determinar que la calidad de los artículos 
era “Buena”. Las puntuaciones más altas (9 
puntos) fueron obtenidas por Griffin y col. 14 
y Mansell y col. 17. Por el contrario, Martín y 
col. 18 obtuvieron la menor puntuación, cum-

Tabla 1. Puntuación según el cuestionario CASPe11 para la evaluación metodológica  
de los artículos incluidos en la revisión.

Primer autor y año 
 de publicación

Ítems
Total

1 2 3 4 5 6 7 8 9 10 11

Griffin y col. 14, (2018) Sí Sí Sí No Sí Sí Sí Sí IC >95% Sí Sí No 9

Hunter y col. 15, (2021) Sí Sí Sí No Sí Sí Sí Sí IC >95% Sí Sí Sí 10

Klaus y col. 16, (2013) Sí Sí Sí No Sí Sí Sí Sí IC >95% Parcial Sí No 8

Mansell y col. 17, (2018) Sí Sí Sí Parcial Sí No No Sí IC >95% Parcial Sí No 6

Martin y col. 18, (2021) Sí Sí Sí No Sí Sí Sí Sí IC >95% Parcial Sí Sí 9

Palmer y col. 19, (2019) Sí Sí Sí No Sí Sí Sí Sí IC >95% Parcial Sí No 8
Abreviaturas = IC: Intervalo de confianza.

Ítems del cuestionario CASPe = 1: Pregunta claramente definida; 2: Asignación aleatoria; 3: Pacientes considerados 
hasta el final; 4: Cegamiento; 5: Grupos similares al comienzo; 6: Grupos tratados de igual modo; 7: Gran efecto 
del tratamiento; 8: Precisión del efecto; 9: Aplicabilidad a tu medio o población local; 10: En cuenta todos los re-
sultados; 11: Beneficios justifican riesgos y costes.

pliendo únicamente con 7 de los ítems es-
tablecidos. Los ítems de cegamiento de los 
pacientes y los terapeutas, no fueron cum-
plidos por ninguno de los estudios, debido a 
su diseño.

Evaluación del riesgo de sesgo
En la Tabla 3 y Fig. 2, se muestra la 

evaluación del riesgo de sesgo, realizado 
mediante la herramienta de evaluación de 
sesgos de Cochrane 13. Las puntuaciones ob-
tenidas variaron entre 4 18,19 y 7 14,16. El ítem 
con mayor riesgo de sesgo fue el número 3, 
sobre cegamiento del paciente, debido a la 
imposibilidad de cegar el tratamiento reali-
zado al paciente.

Características de los pacientes  
y de la intervención

Las características de los participantes 
y de las intervenciones realizadas han sido 
detalladas en la Tabla 4. Los 6 estudios suma-
ron un tamaño muestral de 914 participan-
tes iniciales, de los cuales 744 finalizaron la 
intervención, lo cual supone un porcentaje 
de abandono del 18,6%. Todos los participan-
tes habían sido previamente diagnosticados 
de PFA. El 75% (n = 557) padecían PFA tipo 
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Abreviaturas = 0: criterio no cumplido; 1: criterio cumplido; E: Excelente; B: Bueno. 

Ítems de la escala PEDro = 1: criterio de elegibilidad; 2: asignación aleatoria; 3: asignación oculta; 4: comparación 
inicial; 5: cegamiento de los participantes; 6: cegamiento del terapeuta; 7: cegamiento del evaluador; 8: seguimien-
to adecuado; 9: análisis por intención de tratar; 10: comparación entre grupos; 11: mediciones puntuales.

Tabla 2. Puntuación según la escala PEDro12 para la evaluación de la calidad  
metodológica de los estudios incluidos en la revisión.

Primer autor y año  
de publicación

ítems

1 2 3 4 5 6 7 8 9 10 11 Total % Calidad

Griffin y col. 14, (2018) 1 1 1 1 0 0 1 1 1 1 1 9 81,8 B

Hunter y col. 15, (2021) 1 1 0 1 0 0 1 1 1 1 1 8 72,7 B

Klaus y col. 16, (2013) 1 1 0 1 0 0 1 1 1 1 1 8 72,7 B

Mansell y col. 17, (2018) 1 1 1 1 0 0 1 1 1 1 1 9 81,8 B

Martin y col. 18, (2021) 1 1 0 1 0 0 0 1 1 1 1 7 63,6 B

Palmer y col. 19, (2019) 1 1 0 1 0 0 1 1 1 1 1 8 72,7 B

Tabla 3. Puntuación del sesgo de los estudios según la herramienta de Cochrane 13.

Primer autor, año  
de publicación y país

Ítems
T

1 2 3 4 5 6 7 8

Griffin y col. 14, (2018) 7

Hunter y col. 15, (2021) 5

Klaus y col. 16, (2013) 7

Mansell y col. 17, (2018) 6

Martin y col. 18, (2021) 4

Palmer y col. 19, (2019) 4

Abreviaturas = : criterio cumplido; : criterio no cumplido; ?: indeterminado; T: total. 

Ítems de la escala Cochrane= 1: generación de secuencias aleatorias; 2: ocultamiento de la asignación; 3: cega-
miento de los participantes; 4: cegamiento del evaluador; 5: seguimiento incompleto; 6: informe de datos; 7: sesgo 
de publicación; 8: sesgo del observador. 
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Cam, el 12% (n = 89) tipo Pincer y el 13% 
restante (n = 98), presentaba la morfología 
mixta. Los participantes comprendían eda-
des entre 30 y 50 años, siendo los pacientes 
de mayor edad los del estudio de Martin y 
col. 18. En cuanto al sexo de los participan-
tes, en todos los ensayos la participación 
fue mixta 14,15,17–19 a excepción del ensayo de 
Klaus y col. 16, donde se incluyeron hombres 
exclusivamente (n = 10). A pesar de todo, 
la relación mujeres-hombres, fue equitativa, 
48% los participantes de sexo femenino (n 
= 357) y el 52% restante de sexo masculino 
(n = 387). El índice de masa corporal (IMC) 
de los participantes fluctuó entre los 25 y 28 
kg/m2 en todos los estudios incluidos, salvo 
en los ensayos realizados por Griffin y col. 14 
y Hunter y col. 15, quienes no detallaron el 
IMC de la muestra evaluada. 

Los participantes de los estudios se di-
vidieron en 2 grupos, el 54% (n = 401) reci-
bió tratamiento conservador de fisioterapia 
(GF), y el 46% (n = 343) restante, fue tra-
tado quirúrgicamente mediante artroscopia 
(GQx). El grupo GF recibió sesiones dirigi-
das al aumento del ROM, disminución del 
dolor, mejora del control motor y fortaleci-
miento de la musculatura de la cadera 14. A 
su vez, se impartieron charlas de educación 
sobre el dolor y la patología a los pacien-
tes14,15. La duración del tratamiento varió 
desde las 6 semanas en el ensayo de Klaus 
y col. 16 hasta las 24 semanas de supervisión 

del estudio de Martin y col. 18. Por su par-
te, el GQx fue intervenido quirúrgicamente 
mediante artroscopia con resección ósea en 
todos los estudios seleccionados 14–19. 

Evaluación de los resultados
En la Tabla 4 se muestran los resultados 

obtenidos tras las intervenciones realizadas.

Calidad de vida del paciente
Todos los estudios evaluaron los cam-

bios relacionados con la calidad de vida de 
los participantes. Las escalas de valoración 
más repetidas fueron la iHOT-33 20 y la HOS-
ADL 21. La primera fue utilizada en 4 de los 
ensayos seleccionados 14,15,17,18. En los estu-
dios de Griffin y col. 14, Hunter y col. 15 y Mar-
tin y col. 18, se observó una tendencia similar 
en los grupos. Similares hallazgos se obtuvie-
ron mediante la escala HOS-ADL en 4 de los 
5 estudios que la utilizaron 15,16,18,19. Durante 
los primeros 6 meses de tratamiento se ob-
servaron mejoras significativas (p<0,05), en 
ambos grupos respecto al inicio del estudio. 
En cambio, en las evaluaciones realizadas 
a los 9 y 12 meses, los cambios respecto a 
los resultados obtenidos a los 6 meses fue-
ron diferentes en cada grupo. En el grupo 
GF, las puntuaciones fueron similares a las 
obtenidas a los 6 meses, sin mostrar diferen-
cias significativas (p>0,05). Sin embargo, el 
grupo GQx, presentó puntuaciones significa-
tivamente más altas (p<0,05), lo que indica 

Fig. 2. Puntuación del sesgo de los estudios según la herramienta de Cochrane13.
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que a los 9 y 12 meses las puntuaciones del 
GQx fueron significativamente superiores a 
las del GF (p<0,05). 

En la misma línea, se pudieron obser-
var mejoras no significativas (p>0,05) en el 
GQx en la escala MHHS en los ensayos de 
Klaus y col. 16 y Martin y col. 18 o en la Lower 
Extrimity Functional Scale (LEFS) evaluada 
por Klaus y col. 16.

Por el contrario, las escalas SF-12, eva-
luadas, por Griffin y col. 14 y Klaus y col. 16 o 
la EuroQol EQ-5D-5L (EQ-5D-5L) realizada 
en el estudio de Griffin y col. 14, no denota-
ron diferencias significativas (p<0,05) entre 
ambos grupos de estudio.

Funcionalidad de la articulación
Tres de los estudios incluidos evalua-

ron la funcionalidad de la articulación coxo-
femoral 14–19. Sin embargo, solo Klaus y col. 
16 observaron diferencias entre los 2 grupos 
de tratamiento en la NAHS. El grupo GQx, al 
inicio obtuvo una puntuación de 46,7, a los 
3 meses ascendió a los 82,3 y a los 6 meses 
alcanzó los 86,3 puntos. En cambio, el gru-
po GF, inició con una puntuación de 67,5 y 
ascendió a los 75,3 y 77,8 puntos a los 3 y 
6 meses respectivamente, observándose una 
menor mejoría respecto al grupo GQx. Por 
el contrario, David y col. 15 emplearon el Hip 
Osteoartritis MRI Scoring System (HOAMS), 
sin encontrar diferencias entre los dos gru-
pos. Mansell y col. 17, tampoco encontraron 
diferencias entre ambos grupos, medidos por 
la escala GRC.

Otras pruebas

Como otras pruebas para evaluar el 
efecto de ambos tratamientos en los pacien-
tes, Hunter y col. 15, optaron por realizar una 
resonancia magnética del cartílago con galo-
dinio retardado (dGEMRIC). En dicha prue-
ba de imagen, se pudieron observar mejoras 
no significativas (p>0,05) a favor del grupo 
GF respecto al GQx. 

DISCUSIÓN

El objetivo de esta revisión sistemática 
fue evaluar críticamente, la evidencia cientí-
fica disponible, sobre la eficacia comparativa 
del GF frente GQx en la QoL y la funciona-
lidad de pacientes diagnosticados de PFA. 
Seis estudios 14–19 cumplieron los criterios de 
selección establecidos y fueron incluidos en 
la revisión. En líneas generales, se pudieron 
observar resultados superiores (p<0,05) en 
el GQx respecto al GF en la QoL valorada 
mediante escalas y cuestionarios como la 
iHOT-33 14,15,18 o la HOS-ADL 16,19 y la funcio-
nalidad por la escala NAHS 17. Por el contra-
rio, se observaron mejoras no significativas 
(p>0,05) en la prueba de imagen dGEMRIC 
en el GF respecto al GQx. 

Calidad de vida del paciente
Todos los estudios incluidos en la pre-

sente revisión evaluaron la calidad de vida 
de los participantes tras las intervenciones 
por medio de las diversas escalas ya comen-
tadas14–19. Se ha observado una tendencia 
generalizada a favor del GQx en cuanto a la 
calidad de vida de los participantes medido 
por las escalas iHOT-33 y HOS-ADL en com-
paración con el GF 14,15,18. Griffin y col. 14 de-
terminaron mejoras significativas (p<0,05) 
12 meses después de la aleatorización en los 
pacientes del GQx respecto al GF, teniendo 
en cuenta el gran tamaño muestral del en-
sayo (n = 298; Fis = 154; Art = 144), son 
datos que parecen indicar la efectividad de 
dicho tratamiento. En la misma línea fueron 
los resultados de Martin y col. 18 o Hunter 
y col. 15, quienes observaron mejoras signi-
ficativas (p<0,05) a favor del GQx a los 12 
meses tras la intervención. En cambio, estos 
autores encontraron menores diferencias 
entre ambos grupos a los 6 meses de la inter-
vención 14,15,18. De esta forma, la artroscopia 
parece destacar su eficacia en la QoL de los 
pacientes a largo plazo. 
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La segunda herramienta que denotó be-
neficios a favor del GQx fue la HOS-ADL, sig-
nificativos (p<0,05) en el estudio de Palmer 
y col. 19, y no significativos (p>0,05) en el 
ensayo de Klaus y col. 16, al compararlo con 
el GF. El tiempo desde la intervención hasta 
que se realizó la evaluación de la QoL fue 
de 8 meses para Palmer y col. 19. En cambio, 
Klaus y col. 16 compararon ambos grupos de 
tratamiento a los 3 y 6 meses tras la inter-
vención. Como en la escala iHOT-33, estos 
resultados indicarían resultados similares 
entre ambos tratamientos a medio plazo 
(3-6 meses), y mejoras significativas del GQx 
al evaluar la calidad de vida de los pacientes 
al superar el medio año tras la intervención 
(8-12 meses). Estas mejoras a largo plazo 
podrían deberse a una mejora en la biome-
cánica articular generada por la artroscopia 
que permita prolongar las mejoras 22.

En cuanto a la evaluación de la QoL re-
lacionada con la salud (SF-12 o EQ-5D-5L) 
evaluadas por Griffin y col. 14 o Klaus y col. 
16 no se obtuvieron diferencias entre ambos 
tratamientos. Esto podría deberse a la falta 
de sensibilidad de las herramientas seleccio-
nadas o que el tratamiento del PFA no afecte 
a la QoL de los pacientes en relación con su 
nivel de salud general.

Funcionalidad de la articulación
En cuanto a la funcionalidad de la arti-

culación coxofemoral, no se observaron di-
ferencias significativas (p<0,05) entre los 2 
grupos de tratamiento para ninguno de los 
3 estudios que la evaluaron 15–17. Klaus y col. 
16 determinaron ligeras mejorías (p>0,05) a 
favor del GQx en la escala NAHS, en conso-
nancia con las investigaciones realizadas por 
Stähelin y col. 23, quienes observaron mejo-
ras significativas en el GQx evaluado a los 16 
meses en cuanto a la reducción del dolor y 
los síntomas, así como mejora en el ROM de 
la articulación. En concordancia con nues-
tros resultados, Philippon y col. 24 obtuvieron 
similares resultados a los obtenidos en los 6 
primeros meses tras el inicio de la interven-
ción en escalas como la NAHS o HOS-ADL.

Pruebas de imagen
Hunter y col. 15 fue el único ensayo que 

realizó la prueba dGEMRIC, y aunque se ob-
servaron ligeras mejoras en el GF respecto al 
GQx, no fueron significativas (p>0,05) a los 
12 meses de la intervención. Aunque las di-
ferencias no fueron significativas, se observó 
una tendencia a favor del GF en cuanto a la 
estimulación del metabolismo del cartílago 
acetabular. Esta tendencia podría deberse 
a un doble motivo. En primer lugar, la in-
tervención quirúrgica provocaría un proceso 
inflamatorio transitorio que podría afectar 
a medio plazo, al contenido bioquímico del 
cartílago 25. Por otro lado, el tratamiento 
mediante fisioterapia, derivado del ejercicio 
físico, podría mejorar el contenido de gluco-
saminoglicanos en el cartílago acetabular 26.

Seguridad y efectos adversos
En cuanto a los efectos adversos deri-

vados de la intervención, fueron superiores 
los del GQx. Las principales complicaciones 
derivadas de la artroscopia fueron infeccio-
nes (n=5), en los ensayos de Griffin y col. 14, 
Hunter y col. 15 y Klaus y col. 16. Otras compli-
caciones notificadas fueron caídas, fracturas 
de cadera u osificación heterotópica. Por el 
contrario, en los GF no se notificaron efec-
tos adversos graves derivados del tratamien-
to realizado. La tasa de complicaciones fue 
similar a la de la revisión de Nakano y col. 
27, quienes tras evaluar 36.761 casos, repor-
taron que entorno al 3% de las cirugías, se 
generaban complicaciones y solo el 0,2% de 
las mismas, fue de carácter grave. Por últi-
mo, Mansell y col. 17 reportaron una tasa de 
artrosis del 10,8% en los pacientes del GQx, 
respecto al 7,0% del GF. Por lo que, el trata-
miento artroscópico, aunque no se encuentre 
exento de riesgos, parece posicionarse como 
un tratamiento seguro para los pacientes que 
lo realicen, tanto a corto, como a largo plazo.

Limitaciones y fortalezas
Entre los estudios incluidos se pueden ob-

servar diferencias en cuanto al diseño del estu-
dio, y la variedad de protocolos de intervención 
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realizados en el GF, tanto por los procedimien-
tos como por la cantidad de sesiones realiza-
das. Por otro lado, los tamaños muestrales han 
variado entre los diferentes estudios seleccio-
nados, las características antropométricas y 
demográficas de las muestras no han sido de-
talladas en todos los ensayos, y las escalas de 
valoración han sido heterogéneas. 

Tras valorar las limitaciones encontra-
das durante la revisión, se recomienda in-
terpretar los resultados con precaución y se 
sugiere la necesidad de una mayor investi-
gación sobre el protocolo fisioterapéutico 
óptimo para impulsar la rehabilitación de 
este tipo de pacientes frente al tratamiento 
artroscópico.

Cabe destacar que las limitaciones en-
contradas no fueron provocadas por la me-
todología seguida, ya que se siguieron las 
reglas PRISMA 9. A su vez, se realizó la bús-
queda en 3 bases de datos diferentes como 
PubMed (Medline), Biblioteca de Cochrane 
y PEDro. Se evaluó la calidad metodológica 
de los artículos seleccionados mediante el 
cuestionario CASPe 11 y la escala PEDro 12. 
Por último, el riesgo de sesgo fue evaluado 
por la herramienta de Cochrane 13.

CONCLUSIONES

El manejo del PFA mediante tratamien-
to artroscópico, podría conseguir mayores 
beneficios a medio-largo plazo, en la QoL de 
los pacientes, en comparación con el trata-
miento conservador basado en fisioterapia. 
No obstante, las diferencias entre ambos tra-
tamientos son menos evidentes a corto plazo. 
No existe un consenso claro sobre cuál de los 
tratamientos es más efectivo en la funciona-
lidad articular. Estos resultados prelimina-
res sugieren que el tratamiento quirúrgico 
podría ser una opción más adecuada, aunque 
es crucial considerar los riesgos asociados al 
abordaje artroscópico. Es necesario que fu-
turos estudios validen estas conclusiones y 
proporcionen mayor evidencia sobre la efec-
tividad de ambos tratamientos en la mejora 
de la función articular. 
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Abstract. The influenza virus is one of the most significant pathogens re-
sponsible for respiratory infections and is the human pathogen most frequently 
associated with epidemics and pandemics. The epidemiological record of in-
fluenza suggests that future pandemics caused by this virus are inevitable, 
even though their timing, origin, and severity remain uncertain. This review 
focuses on the ongoing panzootic of avian influenza A (H5N1), which is cur-
rently spreading across much of the globe. The ongoing panzootic of Influenza 
A (H5N1) clade 2.3.4.4b has spread rapidly worldwide and is causing concern. 
The virus has already crossed species barriers, infecting multiple mammalian 
hosts and causing human cases with varying degrees of severity. While sustained 
human-to-human transmission has not yet occurred, an increasing frequency 
of spillover events and the emergence of genotypes with mutations associated 
with mammalian adaptation are of concern. We assess the potential for this 
panzootic to evolve into a pandemic and examine the critical measures needed 
for preparedness and prevention, following a One Health approach.
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La panzootia actual de influenza aviar A (H5N1) y su potencial 
amenaza pandémica.

Invest Clin 2025; 66 (4): 467 – 478

Palabras clave: Influenza Aviar; Pandemias; Panzootia; Epizootia; Subtipo H5N1  
del Virus de la Influenza A. 

Resumen. El virus de la influenza es uno de los patógenos más importan-
tes, causante de infecciones respiratorias, y el agente humano más frecuente-
mente asociado con epidemias y pandemias. El registro epidemiológico de la 
influenza sugiere que las futuras pandemias causadas por este virus son inevi-
tables, aunque su momento, origen y gravedad siguen siendo inciertos. Esta 
revisión se centra en la panzootia actual de la influenza aviar A (H5N1), que ac-
tualmente se propaga por gran parte del mundo. La panzootia actual del virus 
de la influenza A (H5N1), del clado 2.3.4.4b, se ha extendido de manera dramá-
tica a nivel mundial y está generando gran preocupación. El virus ya ha cruzado 
las barreras entre especies, provocando infecciones en múltiples hospedadores 
mamíferos y causando casos humanos con distintos grados de gravedad. Aun-
que aún no se ha producido una transmisión sostenida de persona a persona, 
preocupa la creciente frecuencia de eventos de salto interespecie y la aparición 
de genotipos con mutaciones asociadas a la adaptación en mamíferos. En esta 
revisión, evaluamos el potencial de esta panzootia para evolucionar hacia una 
pandemia y examinamos las medidas críticas necesarias para la preparación y 
la prevención, siguiendo un enfoque de Una Sola Salud.
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INTRODUCTION

The influenza virus is one of the most 
significant pathogens responsible for respi-
ratory infections, distinguished not only by 
the severity of the illnesses it causes but also 
by its role in numerous historical epidemics 
and pandemics 1,2.

While aquatic birds are the natural res-
ervoirs of Influenza A viruses (IAV), these 
viruses can also infect a broad range of 
mammalian species, including humans. The 
epidemiological record of influenza suggests 
that future pandemics caused by this virus 
are inevitable, even though their timing, 
origin, and severity remain uncertain. This 
review focuses on the ongoing panzootic of 

avian influenza A (H5N1), which is current-
ly spreading across much of the globe. The 
virus has already crossed species barriers, 
leading to infections in multiple mammalian 
hosts and causing human cases with varying 
degrees of severity 3. We assess the potential 
for this panzootic to evolve into a pandemic 
and examine the critical measures needed 
for preparedness and prevention.

Avian Influenza
Influenza viruses belong to the family 

Orthomyxoviridae and are enveloped viruses 
with a segmented, negative-sense RNA ge-
nome. Four genera of influenza viruses have 
been identified: Influenza A, B, C, and D. In-
fluenza A and B viruses possess eight RNA 
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segments, whereas Influenza C and D viruses 
typically contain seven segments, although 
they frequently package eight 4,5. Influenza 
A viruses (IAVs) exhibit a broad host range, 
infecting birds, humans, and various other 
mammals. In contrast, Influenza B and C 
viruses primarily infect humans, while Influ-
enza D virus is predominantly found in bo-
vine hosts 4,6. In humans, influenza disease 
is caused mainly by viruses from the A and 
B genera, with IAVs being of particular con-
cern due to their pandemic potential. These 
genera are distinguished by the antigenic 
properties of their internal virion proteins, 
while IAVs are further differentiated into 
subtypes by the antigenic properties of their 
two external proteins 4,6.

The segmented nature of the influenza 
virus genome facilitates frequent reassort-
ment events. This process occurs when a 
host is co-infected with two different influ-
enza viruses; during replication, genome 
segments from both viruses can be packaged 
together into progeny virions 4,7. Pigs, which 
are susceptible to multiple influenza virus 
subtypes, have traditionally been considered 
key hosts for reassortment and are often 
referred to as “mixing vessels” 7. IAVs dis-
play substantial antigenic diversity in their 
two principal surface glycoproteins: hemag-
glutinin (H) and neuraminidase (N). This 
variability allows for a binary classification 
of IAVs into serotypes, comprising 19 H sub-
types and 11 N subtypes, with more than 130 
distinct subtype combinations identified to 
date 8,9. The primary reservoir of this genetic 
and antigenic diversity is avian IAVs, which 
have been the source of multiple influenza 
pandemics—often through reassortment 
events between avian and human influenza 
viruses 7.

Human influenza viruses bind prefer-
entially to α-2,6-linked sialic acid receptors 
on the surface of epithelial cells, whereas 
avian influenza viruses have a higher affinity 
for α-2,3-linked sialic acids. These glycosidic 
linkages play a critical role in host specificity 
and cross-species transmission of influenza 

viruses. Consequently, both the variant and 
structural configuration of sialic acid recep-
tors influence viral binding affinity to the H 
glycoprotein of influenza viruses 10.

Avian influenza A viruses (AIAVs) can 
evolve from low pathogenicity (LPAIV) to 
highly pathogenic forms (HPAIV), a classifi-
cation based on their virulence in chickens. 
A defining molecular feature of HPAIV is the 
presence of a furin cleavage site in the H 
protein 3. Proteolytic cleavage of H into HA1 
and HA2 subunits is a crucial step in viral 
replication, triggering a pH-dependent con-
formational change that exposes the fusion 
peptide, enabling fusion with endosomal 
membranes and subsequent release of the vi-
ral genome into the host cytoplasm. HPAIVs 
contain a polybasic cleavage site that allows 
processing by furin-like proteases, which are 
expressed in multiple tissues, thereby facili-
tating systemic viral dissemination 11.

Notably, HPAIVs have emerged multiple 
times independently from ancestral LPAIVs, 
but only among viruses of the H5 and H7 
subtypes 12. Since the first emergence of 
HPAI H5N1 in 1996, nearly 1,000 human 
infections have been reported across 24 
countries, with a case fatality rate of around 
50%13,14.

The influenza pandemics of the past
Over the past three centuries, ten major 

influenza pandemics have been documented, 
averaging approximately three per century 
(Fig. 1). These events have varied widely in 
intensity, morbidity, and mortality 1.

In the 18th century, three pandem-
ics were recorded. The first, in 1729–1730, 
had a global reach, with high morbidity 
but relatively low mortality—a pattern that 
was repeated in the subsequent 1732–1733 
outbreak. The 1781–1782 pandemic was 
particularly extensive, reportedly infecting 
70–80% of the population, though it also ex-
hibited low mortality 1.

The 19th century witnessed two notable 
pandemics in 1830–1831 and 1833, which 
differed in severity, with the latter associ-
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ated with higher mortality. The 1889–1890 
pandemic, commonly known as the “Russian 
flu,” was particularly significant because it 
coincided with the emergence of the germ 
theory of disease. This conceptual shift—
from miasmatic to microbial causation—
marked a turning point in public health, pav-
ing the way for modern preventive strategies 
such as improved hygiene and social distanc-
ing 1.

The 20th and 21st centuries saw four 
influenza pandemics, all caused by IAVs. The 
deadliest of these was the 1918-1919 “Span-
ish flu,” caused by an H1N1 virus. It infected 
an estimated 500 million people—about 30% 
of the global population—and resulted in 50 
to 100 million deaths over three devastat-
ing waves. The impact was magnified by the 
worldwide disruption and troop movements 
associated with World War I. Later pandem-
ics included the 1957 “Asian flu” (H2N2) 
and the 1968 “Hong Kong flu” (H3N2), 
which were less severe but still responsible 
for an estimated 1–3 million and 1–4 mil-
lion deaths, respectively, despite widespread 
transmission 1.

The only influenza pandemic of the 21st 
century to date occurred in 2009, caused by 
a novel H1N1 virus that originated in North 

America. Although initially feared to rival the 
severity of the 1918 pandemic, it ultimately 
proved relatively mild, with an estimated 
125,000 to 400,000 deaths worldwide 1.

The panzootic H5N1 clade 2.3.4.4b
In addition to classification by subtype, 

IAV genome sequences are further catego-
rized based on phylogenetic relationships, 
including common ancestry and descendant 
lineages. These classifications include clades 
(e.g., 1.1, 2.2, 2.3), subclades (e.g., 2.3.2.1c, 
2.3.3.4b), lineages (such as Eurasian and 
American), and genotypes (e.g., A1, B1, 
B3.13) 3,15,16. Clades and subclades are de-
fined primarily through phylogenetic analy-
sis of the hemagglutinin (H) gene, reflecting 
evolutionary divergence. In contrast, geno-
types are determined by the constellation of 
gene segments present in each strain, offer-
ing insight into reassortment events and ge-
nomic composition 16.

The subclade 2.3.4.4b emerged in 2016 
(Fig. 1) in an H5N8 virus in China and sub-
sequently spread across Asia and into Eu-
rope. This virus caused an unexpected epi-
demic peak in 2020/2021 17. The 2.3.4.4b 
H5N8 rearranged with a LPAI H5N1 around 
2020, leading to the 2.3.4.4b H5N1. This vi-

Fig. 1.  Major events in human and avian Influenza. The timeline shows the known Influenza pandemics in the 
past centuries (in blue) and major events in avian influenza over the last two centuries (in orange). 
The subtype of IAV responsible for the pandemic of the previous two centuries are shown 1,12,18,23,30.
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rus caused the wave of 2021/2022, the cur-
rent panzootic, with several human cases, 
and was the most devastating avian influ-
enza epidemic 17,18. After this subclade was 
introduced into North America, several reas-
sortment events with circulating LPAIVs led 
to the emergence of new genotypes. At least 
three genotypes have circulated among in-
fected marine birds in South America since 
2022, and these genotypes have also shown 
infectivity and virulence toward marine 
mammals 19,20.

Both avian- and human-type receptors 
are present in swine respiratory epithelia. 
Swine are generally the intermediate hosts 
involved in the reassortment and adapta-
tion of AIAVs to mammals before spillover 
to humans. However, new evolutionary path-
ways may be considered for the emergence 
of a pandemic, given the frequent infection 
of many mammalian species (both marine 
and terrestrial), particularly cattle in the 
USA20,21. 

Cattle are typically infected with the In-
fluenza D virus but not with IAVs. However, 
during the current panzootic, the first doc-
umented spillover of Influenza A into cows 
involved an H5N1 virus of genotype B3.13—
originally circulating in wild animals (Fig. 
1). This genotype is a reassortant between 
B3.6 and an LPAIV endemic in the United 
States. Phylogenetic evidence suggests that 
a single spillover event was responsible for 
the emergence of this panzootic clade in 
cattle 22. In cattle, the primary site of AIAV 
replication appears to be the udder, as mam-
mary tissue expresses avian-type α-2,3-linked 
sialic acid receptors. This raises the possibil-
ity of virus transmission through unpasteur-
ized milk. The initial spillover event is be-
lieved to have occurred in Texas, USA, with 
subsequent spread to cattle in other states 
likely facilitated by contaminated milking 
equipment 18. Since February 2024, at least 
two additional spillover events involving a 
different genotype, D1.1, have been reported 
in U.S. cattle 23,24. Alarmingly, the first fatal 
human case associated with this panzootic 

in the United States was linked to infection 
with this genotype 23.

Most human cases of H5N1 infection 
during the current panzootic have been mild 
so far. However, this apparent low pathoge-
nicity may be partly attributed to host-relat-
ed factors, including the young age of many 
patients and the presence of pre-existing im-
munity to N1 and other conserved cellular 
immunity epitopes 25,26. In contrast, experi-
mental infection of ferrets with the H5N1 
genotype B3.13—currently circulating in 
U.S. cattle—resulted in high lethality 27. An-
other study reported reduced mortality in 
mice infected with a clade 2.3.4.4b H5N1 vi-
rus, despite the strain exhibiting high patho-
genicity in chickens 28. Notably, differences 
in pathogenicity among genotypes within 
the panzootic clade have also been observed 
in both teals and poultry 29.

These findings underscore the poten-
tial for this lineage’s pathogenicity to evolve 
further through reassortment and mutation. 
Comprehensive studies are urgently needed 
to assess the virulence and transmissibility 
of these viruses in humans. Regardless of the 
current severity, it is imperative to imple-
ment preparedness and response plans now 
to mitigate the risk of a future influenza 
pandemic.

Pandemic risk?
The current panzootic caused by Influ-

enza A-H5N1 has been marked by frequent 
spillover events into a wide range of terres-
trial and marine mammalian species, with 
around 50 species affected to date 3,30,31. The 
United States currently reports the high-
est number of human cases associated with 
this outbreak, with 70 confirmed infections 
between 2024 and the end of April 2025 13. 
However, this number remains below the 
highest annual record of human H5N1 cas-
es, which occurred in 2015, when 145 cases 
were reported globally, 136 of them in Egypt 
alone 13.

A prerequisite for the development of 
a pandemic is that the panzootic influenza 
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virus acquires the ability not only to infect 
humans, but also to sustain efficient human-
to-human transmission—something that has 
not occurred to date. Efficient human-to-hu-
man transmission of avian influenza viruses 
likely requires the cumulative acquisition of 
several key mutations (Fig. 2) 30-33.

H mutations enhancing affinity for hu-
man receptors: Adaptation to the human 
α-2,6-linked sialic acid receptor is criti-
cal. Notably, only four mutations were suf-
ficient to render an Influenza A-H5N1 virus 
transmissible, via respiratory droplets, in 
ferrets34. More recently, a single mutation, 
Q226L, in the H of bovine H5N1 (genotype 
B3.13) was shown to switch viral specificity 
toward mammalian receptors 35. Three addi-
tional mutations have been identified as key 
contributors to increased human receptor 
affinity 32.

PB2 mutations enabling polymerase 
adaptation to mammalian ANP32 proteins: 
ANP32A and ANP32B, which serve as host 
cofactors for the viral polymerase, differ be-
tween avian and mammalian species. Several 
mutations have been characterized that al-
low avian influenza polymerases to utilize 
mammalian ANP32 proteins 36 efficiently. 
Some of these mutations have already been 
detected at low frequency in viruses infect-
ing cattle 22.

Increased viral stability at low pH: Avian 
influenza viruses generally exhibit reduced 
stability in acidic environments such as the 
human upper respiratory tract, posing a bar-
rier to transmission 33.

Host immune history: Pre-existing im-
munity to seasonal human influenza viruses, 
whether from prior infection or vaccination, 
may influence susceptibility and clinical out-
comes following exposure to H5N1 viruses 37.

The eventual emergence of a pandem-
ic influenza virus can result not only from 
the gradual accumulation of key mutations 
but also, frequently, from reassortment 
events20,21. Traditional “mixing vessels” for 
such reassortment have been pigs; however, 
emerging evidence highlights other hosts 
with high reassortment potential, including 
humans, minks, ferrets, seals, dogs, cats, 
and various bird species—particularly tur-
keys, chickens, quails, and ducks 20,21. Inter-
estingly, current data suggest that pigs may 
be less susceptible to the current panzootic 
IAV than some other mammals 38,39.

Although several key mutations associ-
ated with mammalian adaptation have been 
detected in viruses isolated from infected 
mammals during this panzootic 21, none of 
the sequenced viral isolates to date possess 
the whole constellation of mutations re-
quired for efficient human-to-human trans-

Fig. 2. Major mutations in four of the AIAV associated with efficient mammalian transmission and replication. 
Mutations in four viral proteins, potentially related to human adaptation, are shown 22,30,32-36.
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mission. Nevertheless, the extensive geo-
graphic spread of the panzootic clade and its 
ability to infect a broad range of mammalian 
hosts raise significant concerns about the 
potential emergence of a pandemic strain 40.

Preparedness
According to the World Health Organi-

zation 41, influenza virus activity is classified 
into six distinct phases, progressing from 
circulation limited to animals to widespread 
human transmission at the global level (Ta-
ble 1). This framework is divided into two 
overarching stages: Phases 1–3, which focus 
on preparedness, and Phases 4–6, which em-
phasize response and mitigation.

In Phase 1, no influenza viruses circu-
lating among animals have been reported 
to cause infections in humans. Phase 2 is 
characterized by an animal influenza virus 
- circulating among domesticated or wild 
animals - that has caused human illness 
and is therefore considered a potential pan-
demic threat. Phase 3 occurs when an ani-
mal or human-animal reassortant influenza 
virus causes sporadic cases or small clus-
ters of disease in people but does not lead 
to sustained human-to-human transmission 
or community-level outbreaks. In Phase 4, 
human-to-human transmission results in lo-

calized community outbreaks, indicating a 
significant increase in pandemic risk. Phase 
5 is marked by community-level outbreaks in 
at least two countries within one WHO re-
gion. In contrast, Phase 6 -defined by com-
munity outbreaks in multiple WHO regions 
- signifies the onset of a global pandemic 41.

Although the global spread of the A 
(H5N1) panzootic remains a serious con-
cern, no sustained human-to-human trans-
mission has been reported as of May 2025. 
Consequently, the human influenza epidem-
ic remains classified as Phase 3, highlight-
ing the urgent need to bolster preparedness 
efforts and prevent escalation to a pandem-
ic. To mitigate this risk, countries must de-
velop and implement coordinated response 
strategies at both national and international 
levels, emphasizing proactive preventive 
measures. Since 2021, the World Health Or-
ganization (WHO) has been working with 
Member States to draft a global treaty on 
pandemic prevention, preparedness, and re-
sponse. This treaty was formally adopted by 
consensus at the 78th World Health Assem-
bly in May 2025. It establishes guidelines for 
the timely sharing of epidemiological data, 
genomic analysis of emerging pathogens, 
and critical information related to potential 
vaccines and treatments 42.

Table 1. World Health Organization pandemic phases descriptions.

Phase Description
Estimated probability  

of pandemia

1 No animal influenza virus reported as causing human cases Uncertain

2 An animal influenza virus has caused infection in humans Uncertain

3 An animal or human-animal reassortant virus has caused a small 
number of human cases but has not resulted in significant  
human-to-human transmission

Uncertain

4 Human-to-human transmission able to sustain  
community-level outbreaks

Medium to high

5 Community-level outbreaks in at least two countries  
in one WHO region

High to certain

6 Community-level outbreaks in an additional WHO region Pandemic in progress

Adapted from World Health Organization 41.
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National preparedness plans should 
incorporate robust communication strate-
gies to promote public adherence to non-
pharmaceutical interventions (NPIs). For 
influenza, these include individual-level pro-
tective behaviors such as staying home when 
symptomatic, covering coughs and sneezes, 
and practicing frequent hand hygiene. At the 
community level, recommended measures 
may include temporary school closures, sus-
pending childcare services, and canceling 
mass gatherings during periods of height-
ened transmission. When a novel pandemic 
influenza virus emerges, the combined im-
plementation of NPIs and antiviral therapies 
can significantly reduce transmission rates, 
particularly in the early stages before a vac-
cine becomes widely available 41-44.

Pandemic preparedness for influenza 
depends heavily on early detection of novel 
strains, particularly those that originate in 
animal reservoirs through spillover events. 
Over the past two decades, repeated zoonot-
ic influenza outbreaks have underscored the 
vital importance of sustained surveillance 
in both human and animal populations, es-
pecially among birds and swine. As noted 
earlier in this paper, the most pressing cur-
rent threat is the ongoing panzootic of avian 
influenza A (H5N1). However, other avian 
influenza subtypes continue to circulate in 
more localized contexts. Genetic reassort-
ment during coinfections plays a critical 
role in the emergence of pandemic-capable 
strains. While the surface glycoproteins H 
and N are traditionally viewed as central 
to influenza infectivity and host specificity, 
increasing evidence indicates that internal 
viral genes -particularly those encoding the 
polymerase complex- also significantly con-
tribute to virulence and disease severity 44. 
Since 1952, the World Health Organization 
has led a global initiative to monitor circu-
lating influenza viruses, enabling a coordi-
nated international response to emerging 
influenza threats 45.

Given that a future pandemic influenza 
virus is likely to emerge from an avian influ-

enza strain affecting poultry, control strat-
egies must integrate biosecurity measures, 
epidemiological surveillance, targeted cull-
ing, and vaccination with strain-specific im-
munogens 46-48. Culling should be prioritized 
in outbreaks involving HPAI strains, mainly 
when rapid transmission occurs within poul-
try populations. Protective measures for 
farm workers are also essential to minimize 
the risk of zoonotic transmission. A similar 
level of urgency applies to controlling H5N1 
infections in other livestock species, such as 
cattle 49.

During the preparedness phase, early 
interventions should focus on securing vac-
cine and antiviral stockpiles 48-51 and on ex-
panding the healthcare system capacity to 
ensure effective clinical management during 
a pandemic. Notably, at least three experi-
mental vaccines targeting early H5N1 influ-
enza virus strains have demonstrated the 
ability to elicit cross-reactive binding and 
cross-neutralizing antibodies against the 
HPAI clade 2.3.4.4b in humans, suggesting 
they could serve as interim protective tools 
while updated vaccines are developed52. Fur-
thermore, a novel H5-based mRNA vaccine 
has recently been shown to generate a ro-
bust adaptive immune response in cattle53. 
Nevert heless, the final formulation of a pan-
demic influenza vaccine must be tailored to 
the specific viral strain in circulation at the 
time of emergence to ensure optimal effi-
cacy.

CONCLUSIONS

The unprecedented epidemiology of 
the panzootic AIAV (H5N1) clade 2.3.4.4b 
has already resulted in devastating impacts 
on poultry and wild mammal populations. It 
now poses an emerging threat to livestock, 
further complicating the pre-pandemic land-
scape. Although several human infections 
have been reported, the mortality rate to 
date has been lower than in previous out-
breaks. While it remains impossible to pre-
dict with certainty when or how a new influ-
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enza pandemic might emerge, the current 
spread of AIAV (H5N1) is deeply concerning 
and demands urgent preparedness efforts. A 
coordinated One Health approach—integrat-
ing human, animal, environmental health, 
and, evidently, vaccines—is essential to ad-
dress this evolving threat effectively. This re-
quires strong collaboration among animal, 
environmental, and public health sectors 
to assess risks, strengthen early prevention, 
coordinate outbreak responses, and develop 
effective countermeasures. To reduce future 
pandemic risks, urgent action is needed, not 
only to protect people at the highest risk of 
zoonotic infection (such as farm workers) 
but also to prevent transmission among wild 
and domestic animals and humans. Efforts 
should target the underlying factors that en-
able such outbreaks and ensure rapid risk 
assessment and response to every zoonotic 
event 54.
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FE DE ERRATA
En el trabajo “Estudio experimental sobre el efecto regulador de Qinggan Dongyin en 

la homeostasis de los linfocitos T en ratones MRL/lpr”, publicado en el Vol. 66 número 3, 
septiembre de 2025, es necesario hacer unas correcciones a saber: en las páginas 274 y 275 
deben sustituirse las Tablas 1 y 2 por esta nueva versión.

ERRATUM
In the article “Experimental study on the regulatory effect of Qinggan Dongyin on T 

lymphocyte homeostasis in MRL/lpr mice”, published in Vol. 66, Issue 3, September 2025, 
the following corrections are necessary: on pages 274 and 275, Tables 1 and 2 should be re-
placed with this updated version.

Table 1. Distribution of CD4 + T, CD8 + T, Th1, Th2, Th17 and Treg cells in the spleen  
of mice in each group.

Control group
(n=6)

Model group
(n=6)

QGDY group
(n=6)

CD4+ T (%)
CD8+ T (%)

Th1 (%)
Th2 (%)
Th17 (%)
Treg (%)

19.67 ± 0.63
12.65 ± 0.55
  0.82 ± 0.16
  0.75 ± 0.07
  1.36 ± 0.20
  2.59 ± 0.08

15.37 ± 0.21***
  6.38 ± 0.29***
3.61 ± 0.39**

  3.38 ± 0.35***
  2.83 ± 0.10***
0.69 ± 0.30**

17.52 ± 0.32###

  9.49 ± 0.17###

1.60 ± 0.06##

  1.58 ± 0.03###

  1.97 ± 0.13###

1.61 ± 0.04##

Note: Cells of CD4-positive T cells (CD4+ T), CD8-positive T cells (CD8+ T), T-helper 1 cells (Th1), T-helper 2 cells 
(Th2), T-helper 17 cells (Th17), Regulatory T cells (Treg) in model and treatment group compared with the control 
group using one-way ANOVA method, and the mean ± standard deviation (SD) is used for the result representation. 
**p<0.01, ***p<0.001; compared with the model group, ###p<0.001, ##p<0.01. 

Table 2. Concentrations of IFN-γ, IL-6, TNF-α, IL-17A, TGF-β and PFP in the plasma  
of mice in each group.

Control group
(n=6)

Model group
(n=6)

QGDY group
(n=6)

IFN-γ (ng/L)
IL-6 (pg/mL)
TNF-α (ng/L)

IL-17A (pg/mL)
TGF-β (ng/L)
PFP (ng/L)

  113.07 ± 31.21
  28.07 ± 8.76

    80.11 ± 44.98
  17.69 ± 7.18

    27.20 ± 18.38
    47.41 ± 14.01

457.42 ± 218.77*
80.29 ± 39.76*

  373.12 ± 146.68**
108.23 ± 38.61**
177.47 ± 78.95**

14.64 ± 8.78**

166.81 ± 22.34#

40.66 ± 47.38
  186.70 ± 111.87#

  50.77 ± 32.63#

  69.97 ± 26.65#

34.95 ± 20.50

Note: The cytokines of Interferon-gamma (IFN-γ), Interleukin-6 (IL-6), Tumor Necrosis Factor-α (TNF-α), Interleu-
kin-17A (IL-17A), Transforming Growth Factor-beta (TGF-β), Perforin (PFP) in model and treatment groups compa-
red with the control group using One-way ANOVA method, and the mean ± standard deviation (SD) is used for the 
result representation. *p<0.05, **p<0.01; compared with the model group, #p<0.05.
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