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Abstract

This article aims to provide an overview of the role of Signal Transduction and Activator of Transcription 3 (STAT3) in major pathologies where

it plays a crucial role. STAT3 is an intracellular protein and a critical regulator of gene expression that is considered the master regulator of vital
functions in both health and disease. Initially, Stat3 is part of the acute inflammatory response, but if the initial injury is not controlled, it leads to
chronic inflammation. When chronic inflammation sets in, STAT3 becomes abnormally activated, which, in conjunction with the complement system,
maintains chronic inflammation and is responsible for many chronic diseases, a leading global cause of mortality. Many studies have shown that
suppressing the overactive STAT3 is beneficial in controlling various diseases. Several types of Stat3 inhibitors have been created and are under

development. While none of them have reached the market yet, we expect some to be approved soon.

What is a disease, and how can we prevent it?

Think of disease as a disruption in our body’s tightrope act
of balance and stability, known as homeostasis. Just like a circus
acrobat walking on a tightrope while holding a pole to maintain
equilibrium, our body strives to maintain balance and stability
through a natural process called homeostasis. If this balance is
upset, it's like the acrobat losing their grip on the pole-an accident
waiting to happen. Similarly, if our body’s balance and stability are
disrupted, it can lead to a breakdown in homeostasis, resulting in
a disease. A disease occurs when the acute inflammatory process,
also known as the Acute Phase Response (APR) necessary for
survival, fails to restore homeostasis. This failure is concealed in
the chronic inflammatory process, a condition that demands our
immediate attention and understanding. Although this topic has
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recently received attention, its urgency cannot be overstated.
Among the risk factors associated with Chronic Inflammation (CI)
are age, obesity, diet, smoking, low sex hormones and stress, and
sleep disorders. Understanding these risk factors and their impact
on chronic inflammation is paramount in our collective efforts to
prevent diseases.

Cl can stem from various sources, including infections,
pollutants, autoimmune conditions, frequent episodes of acute
inflammation, and biochemical inducers like oxidative stress
and mitochondrial dysfunction. Collectively, these conditions are
known as chronic inflammatory diseases, and they are a leading
global cause of mortality.

Page 1 of 7


https://irispublishers.com/index.php
https://irispublishers.com/ajhsr/

Academic Journal of Health Sciences & Research Volume 1-Issue 3

Signal Transduction and Activator of Transcription
3 (STAT3)

In 1993, researchers discovered a crucial protein in the Acute
Phase Response (APR). Initially named the Acute Phase Response
Factor or APRF [1], this protein is now known as the Signal
Transduction and Activator of Transcription 3 (STAT3). Over the
years, scientists have conducted extensive research on the functions
and diverse actions of the STAT3 protein in maintaining good health
and preventing diseases. There are currently 36,714 publications
available on PUBMED, an archive of the National Library of Medicine
for Biomedical and Life Sciences literature, with the reports of these
studies. STAT3 is located inside the cell, and its operating pathway
communicates with many other pathways. All other signaling
pathways are outside the cell. This STAT3 protein, a key player in
maintaining homeostasis, is present in every mammalian cell. It
regulates genes, cell signaling, and immune responses, thereby
playing a crucial role in maintaining balance and stability in the
body.

In healthy individuals, STAT3 is constantly activated but for
just a few minutes, a process tightly controlled by activators and
suppressors. However, in cases of Chronic Inflammation (CI),
homeostasis has been altered. Now, STAT3 is phosphorylated and
becomes constitutively activated, called p-STAT3, and has been
extensively studied for its role in various chronic inflammatory
diseases such as cancer, autoimmune disorders, infectious and
degenerative diseases, vaccine responses, and metabolism. In this
context, we will briefly discuss its important role in health and
disease. STAT3 is activated by many players, including cytokines,
growth factors, oncogenes, interferons, epidermal, fibroblast,
granulocyte, and insulin-like growth factors [2,3]. It appears to
be involved in contradictory cell responses, possibly due to the
activation of different gene sets in different cells [3]. The role
of STAT3 in mammalian development was recognized in 1997
[4]. Darnell published a seminal paper about STAT3 in 1997 that
apparently stimulated research on this area [5].

Six other members (STATs 1,2,4,5A,5B, and 6) also play a role
in cytokine-mediated activation of immune and non-immune
cells, each with a variable function. This results in a high degree
of redundancy [6]. It is now known that STAT3 is required for
embryogenesis, activated and necessary for development [4], and
indispensable during the first two years of life in humans, but it is
dispensable for the function of normal cells and tissues in children
(> two years) and adults. The dispensable intracellular protein
STAT3 becomes constitutively activated (this abnormal, aberrant
form is described as p-STAT3) in hyperproliferative conditions
such as cancer, autoimmune and neurodegenerative diseases, and
several other pathological conditions [7]. Here, we present a brief
overview of conditions associated with alterations in STAT3. Some
are caused by reduced or absent activation, while others result
from excessive activation.

STAT3 gene alterations

Variations in the STAT3 gene are rare and can cause two
distinct clinical syndromes - loss-of-function/dominant negative
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(LOF/DN) and Gain-Of-Function (GOF). Individuals with LOF/
DN typically develop Autosomal-Dominant Hyper-IgE Syndrome
(Job’s syndrome), which is characterized by recurrent skin disease,
impaired inflammatory responses, life-threatening infections,
and high levels of IgE [8]. On the other hand, individuals with
GOF develop a primary immune regulatory disorder that can
cause lymphoproliferation, autoimmunity, immunodeficiency, and
growth delay. This syndrome requires combination therapies due
to its multisystemic clinical presentation [8,9].

Excessive STAT3 activation
Cancer

Cancer is a disease that has been extensively studied in relation
to STAT3. About 70% of all cancers have p-STAT3, a key factor
where multiple oncogenic signaling pathways converge within the
cell [10]. STAT3 is the only pathway located inside the cell and is
downstream of all others. It is constitutively activated in tumor and
immune cells within the tumor microenvironment. This activation
suppresses the expression of mediators essential for immune
activation against the tumor cells. STAT3 facilitates communication
between tumor cells and their immunological surroundings [11].
This interaction ultimately leads to harmful immunosuppression
that significantly impairs the body’s ability to fight cancer.
p-STAT3 is involved in all aspects of cancer, including proliferation,
metastasis, angiogenesis, metabolism reprogramming, and cancer
stemness [12]. It's worth noting that are other STATs involved in
cancer besides STAT3. One of the most important ones is STATS5,
which plays a crucial role in the function and development of Tregs.
If STATS is consistently activated, it can lead to a suppression
in antitumor immunity, as well as an increase in proliferation,
invasion, and survival of tumor cells [13].

Diagnostic tests have been developed to determine the
presence of p-STAT3 and other STATs. They are very useful
because these determinations have prognostic value and permit
the selection of patients who can be treated with STAT3 inhibitors.
Different techniques are available to isolate and quantify total and
phosphorylated STAT3 in tissues from biopsies [14]. Technologies
are now available to determine drug sensitivity in tissues taken from
a patient, allowing the oncologist to select the effective drug for that
patient [15]. Since several STATs are involved in cancer, a new pan-
cancer test was developed utilizing high-throughput technologies.
This data creates computational methods, like machine learning
and deep learning, for predicting anti-cancer drug responses [16].

It is important to follow patients after the original tumor has
been removed. However, after surgery, no more tissue is available
to monitor the therapeutic effect. Fortunately, a diagnostic test
denominated Liquid Biopsy (LB) has been developed. Some
have already been approved by the FDA, while others are still in
development. They can use blood, urine, cerebrospinal fluid,
or saliva. LB detects circulating tumor DNA, small pieces of DNA
from the tumor circulating in very small amounts and require
very sensitive technologies. They are very useful to monitor the
therapeutic response after the tumor has been surgically removed
[17]. Another exciting area is the development of Multi-Cancer
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Early Detection (MCED) tests that detect bits of DNA or RNA shed
by tumor cells into the bloodstream. They are expected to allow
for the detection of early-stage cancers before they give clinical
symptoms and hopefully will allow the identification of persons at
risk of developing cancer [17]

Many preclinical and clinical studies have been conducted to
determine the mechanism of action, safety, and efficacy of STAT3
inhibitors. These compounds, in cancer studies, have been shown
to inhibit proliferation, metastasis, and angiogenesis and have a
beneficial effect on immunosuppression [12]. Anticancer treatment
includes chemotherapies, targeted therapies, and radiotherapy.
Unfortunately, after some initial response, the anticancer effect is
lost, and in most cases, this is due to the development of Acquired
Drug Resistance (ADR). It has been shown that this is usually due
to the formation of p-STAT3 that reactivates the tumor. It is known
that STAT3 inhibition reverses ADR [18]. The development of Stat3
inhibitors has been slow, partly due to the belief that STAT3 was an
undruggable target. However, this idea has been proven incorrect,
and we now have both direct and indirect STAT3 inhibitors in
preclinical and clinical development. Recent research conducted by
Yamei Hu and colleagues (reference 11) has provided a summary of
numerous studies on anticancer treatments.

Autoimmune diseases
Diabetes

In 2015, 30 million people in the United States had diabetes. A
human mutation in STAT3 was found to promote type 1 diabetes
through a defect in CD8+ cell tolerance [19]. STAT3 plays a
multifaceted role in diabetes, impacting B-cell function, insulin
signaling, and overall glucose metabolism. Insulin resistance is
a key characteristic of type 2 diabetes (T2D), a condition where
peripheral tissues lose their sensitivity to insulin. STAT3 has been
shown to negatively impact glycogen metabolism, contributing to
insulin resistance in the liver [20]. In T2D, chronic high blood sugar
levels stem from insulin resistance in peripheral tissues, as well as
gradual defects in insulin secretion by pancreatic beta cells [21].
Other autoimmune diseases, like lupus [22], rheumatoid arthritis
[23], psoriasis [24], and ankylosing spondylitis [25], involve the
STAT3 pathway, and treatment with STAT3 inhibitors is being
evaluated.

Chronic Kidney Disease.

The role of STAT3 in Chronic Kidney Disease (CKD) has only
recently been recognized [26]. The effects of the IL-6R monoclonal
antibodies tocilizumab and sarilumab and several direct inhibitors
of p-STAT3 have been tested in several models of kidney disease
and in some patients. JAK inhibitors that act by inhibiting STAT3
have been studied, tofacitinib in kidney transplant rejection and
baricitinib in Diabetic Kidney Disease (DKD), but side effects have
been found, and it appears that direct STAT3 inhibitors have a
superior safety profile. Nifurozaxide, an antidiarrheal drug, is a
potent STAT3 inhibitor and showed good effects in a model of CKD.
SI3-201 and Static might be effective in DKD. SI3-201 is effective
in animal models of Focal Segmental Glomerulosclerosis. SI13-201
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and Static had positive effects on lupus nephritis. Pyrimethamine
and SI13-201 showed good effects in polycystic kidney disease [27].
These are examples of the potential of STAT3 inhibition in several
types of kidney disease, and more details are described in the
publication by Pace et al. (reference [26]. Controlled clinical trials
will have to be conducted to assess their safety and efficacy and
hopefully to take the best to the clinic.

Neuro Degenerative Diseases (NDDs)

Chronic inflammation and viral infections are thought to
contribute to neurodegenerative diseases [28]. The Inflammation-
Pathogen Infection Hypothesis is gaining ground as an alternative to
the Amyloid Hypothesis for Alzheimer’s disease (AD) [29]. However,
the virus presence itself doesn’t cause NDDs; neuronal alterations
are mediated by the infiltration of NK cell-like bystander-activated
CD8+ T cells via NKG2D signaling. NKG2D is expressed by NK cells,
v T cells, and CD8+ af} T cells in humans, and its activation triggers
cytotoxicity, leading to the formation of p-STAT3 [30]. All NDDs,
including Alzheimer’s Disease (AD), Parkinson’s Disease (PD), and
Amyotrophic Lateral Sclerosis (ALS), share chronic inflammation
as a common factor. About 75% of dementia cases are due to AD.
Since 2004, 2,700 AD clinical trials have been conducted, and 550
have been analyzed [31]. The success rate since 2003 was 2%; only
aducanumab and oligomannate had positive data. Aducanumab
was provisionally approved for AD under accelerated approval in
2021, but Biogen removed it from the market due to its limited
efficacy and replaced it in 2023 with lecanemab, also approved
under accelerated approval.

New and old drugs with different mechanisms of action are in
clinical development. The National Institute on Aging is funding
more than 450 active clinical trials. Among the old medications, we
have the antidiabetic drug metformin, which has been in clinical
use for more than 40 years. It is currently in phase 3 clinical
development in patients with AD and is expected to be completed in
2026. The antiepileptic drug levetiracetam is also in phase 3 clinical
development in patients with AD (Hope 4MCI trial).

STAT3 in Neurodegenerative Diseases

The extensive ongoing research around STAT3 inhibition is
evidence of the significant role of CI and p-STAT3 in NDDs. Here are
some recently reported studies on the various diseases of interest.

AD: Areview of preclinical studies of AD indicates thatinhibiting
the STAT3 protein could be a potential therapeutic approach
for treating Alzheimer’s disease. For instance, when mice with
Alzheimer’s disease were treated with the STAT3 inhibitor LLL-12,
they improved cognitive performance, better neural connectivity,
and increased blood flow. Additionally, it was observed that LLL-
12 reduced the formation of plaques, cerebral amyloid angiopathy,
oxidative stress, and neuroinflammation in these mice [32].

PD: Brain-derived neurotrophic factor (BDNF), a protein that
promotes the survival and growth of neurons, is widely distributed
in the central nervous system (CNS). BDNF promotes STAT3
phosphorylation and regulates autophagy in neurons. In a mouse
model of PD, BDNF enhanced the BDNF receptor, p-STAT3 PINK1,
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and DJ-1 promoted autophagy, inhibited the level of p-a-syn (a
protein associated with PD), and enhanced cell proliferation. The
study suggests that BDNF alleviates PD pathology by promoting
STAT3 phosphorylation and regulating neuronal autophagy [33].

ALS: JAK inhibitors correct several
processes in ALS, such as mitochondrial dysfunction, autophagy,
and neuroinflammation mediated by astrocytes, microglia, and

NK T cells. They also reduce the risk of excitotoxicity, ER stress,

pathophysiological

and cytoplasmic calcium overload. JAK inhibitors correct several
pathophysiological processes in ALS, such as mitochondrial
dysfunction, autophagy, and neuroinflammation mediated by
astrocytes, microglia, and NK T cells. They also reduce the risk of
excitotoxicity, ER stress, and cytoplasmic calcium overload [34].
However, all JAK inhibitors approved have a warning box in the
package insert due to safety concerns. It would be better to use a
direct STAT3 inhibitor once approved [35].

Huntington Disease: Harigai et al. showed that the JAK2-
STAT3 pathway controls a beneficial proteostasis response in
reactive astrocytes in Huntington’s disease. This process involves
bi-directional signaling with neurons to reduce mutant Huntington
aggregation, eventually improving disease outcomes. However,
the safety of JAK inhibitors is a concern. It is hoped that a STAT3
inhibitor will reach the market soon [36].

Multiple Sclerosis (MS): The efficacy of STAT3 inhibition in
MS has been demonstrated in a mouse model. The well-known
S31-201, a small molecule, ameliorated the clinical symptoms by
regulating multiple intracellular signaling in Th1, Th17, and Treg
cells [36,37].

AUTISM

Abnormalities in the immune system of individuals with Autism
Spectrum Disorder (ASD) are characterized by increased immune
cell activation, elevated proinflammatory cytokines, decreased anti-
inflammatory cytokines, and evidence of neuroinflammation.S3I-
201, a thoroughly studied STAT3 inhibitor, was tested in a model
of autism. The treatment resulted in the suppression of Th17-
related signaling and the enhancement of Treg-related signaling.
These changes were accompanied by an improvement in autism-
like behavior in BTBR mice. Therefore, the findings suggest that
STAT3 inhibition could be potentially developed into a therapeutic
approach for treating autism [38].

Epilepsy

Stat3 inhibition with a JAK inhibitor has been shown to inhibit
primary epileptogenesis in an animal model of temporal lobe
epilepsy [39]. In another animal model (nSTAT3KO mice), it was
demonstrated that inhibiting neuronal STAT3 signaling prevented
the progression of seizures and pathogenic changes associated
with epileptogenesis [40].

Ophthalmology
Uveitis

CNS autoimmune diseases, such as uveitis and multiple
sclerosis, occur when the immune system loses its ability to protect
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the brain, spinal cord, or neuroretina. A cell-penetrating STAT3
inhibitor nanobody, known as SBT-100, has been found to suppress
uveitis in a model of autoimmune uveitis [41].

Cardiovascular

Cardiovascular disease is the top cause of death worldwide
and has a significant economic burden. Immune dysregulation
and inflammation play pivotal roles in many CVDs. Reducing
inflammation may lower CV events. A major player in inflammation
is the STAT3 pathway, which is now the topic of active research [42].

Arrhythmias

Left Atrial (LA) fibrosis plays a significant role in developing
Atrial Fibrillation (AF). Recent research has studied the effects
of STAT3 signaling on atrial fibrosis in mice with left ventricular
dysfunction caused by myocardial infarction and in dogs with
Heart Failure (HF) induced by Ventricular Tachypacing (VTP). The
study found that HF dogs developed LA fibrosis, increased Platelet-
Derived Growth Factor (PDGF), and increased susceptibility to AF
after one week of VTP. The direct STAT3 inhibitor S31-201 was
administered to fibroblasts in vitro or mice in vivo. HF activated
STAT3 in the LA and increased the Platelet-Derived Growth Factor
(PDGF). S31-201 was found to reduce the pro-fibrotic effects of
PDGF stimulation, as well as LA-fibrosis and remodeling in post-
MI mice. The JAK inhibitor AG-490, the PDGF inhibitor AG1296,
and the STAT3 inhibitor S31-201 effectively suppressed STAT3 and
collagen upregulation. In vivo, treatment of MI mice with S31-201
attenuated LA fibrosis, LA dilation, and P-wave duration. These
findings suggest that STAT3 inhibition could potentially be used for
preventing LA-fibrosis [43].

Ablation failure and recurrence after cardioversion are
significant medical Atrial fibrosis, which increases
susceptibility to AF is associated with the activation of STATS3.
The role of the cell membrane protein CAV1 I in atrial fibrosis was

issues.

studied in the human atrium evaluated by immunohistochemistry
and in cultured rat atrial fibroblasts silenced using siRNAs. Atrial
fibroblasts were treated with angiotensin II(AIl). It was found
that AIl decreased CAV1 expression, upregulated atrial fibrosis,
and overactivates STAT3 [44]. Postoperative atrial fibrillation is a
common occurrence after cardiac surgery. Researchers Huang et
al. hypothesized that a feedback loop exists between STAT3 and
miR21, which could contribute to developing postoperative AF.
They tested this hypothesis in a sterile pericarditis model and found
that, indeed, such a reciprocal loop between STAT3 and miR-21 is
activated after heart surgery and can contribute to the occurrence
of AF [45].

Atherosclerosis

Chronic inflammation is responsible for atherosclerosis.
Several studies have shown the major role of nuclear and
mitochondrial STAT3 in endothelial cell dysfunction, macrophage
polarization, inflammation, and immunity during atherosclerosis.
STAT3 in mitochondria is also involved [46]. The dysfunction of
the endothelium and the accumulation of oxidized low-density
lipoproteins lead to plaque formation in the intima. This triggers
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an immune and inflammatory response, promoting tissue damage,
local inflammation, vascular dysfunction, and abnormal expression
of adhesion molecules that adhere to the endothelium and activate
the STAT3 pathway. Immune cells, including CD4+ cells, Th17
cells, Treg cells, and dendritic cells, all play important roles in
the development of atherosclerosis. STAT3 inhibition should be a
very effective therapy in atherosclerosis [47]. The publication by
Makeover, et al. [48] highlights the urgent need for more targeted
treatments. C3 complement is involved in the progression of
Atherosclerosis [49]. Intracellular C3 initiates the activation of the
JAK/STAT3 pathway during cancer studies and pretreatment with
a JAK inhibitor prevents C3 from stimulating it [50]. It appears that
there is a clear interplay among chronic inflammation, the STAT3
pathway and the complement system [49-51].

Pulmonary hypertension

Pulmonary Artery Hypertension (PAH) is a proliferative disease
sustained by increased activity of STAT3 [52]. Chronic inflammation
contributes to pulmonary artery remodeling and PAH, and many
inflammatory mediators signal through the JAK/STAT pathway.
There is substantial evidence that this pathway participates in the
pathology of PAH, and Stat3 inhibition is expected to be beneficial
[52]. MiRNA-based therapies are being investigated as diagnostic
markers and therapeutic drugs for PAH treatment, and results are
encouraging [53-57].

Safety of Stat3 Inhibitors

Although no STAT3 inhibitor has been approved yet, there are
several clinical programs developing different types of molecules.
Soon, breakthrough therapies will be available in the market.
STAT3 is indispensable during gestation and the first 2 years of
life. However, in children older than two years and adults, it is not
essential for normal cell and tissue function. In these individuals,
STAT3 is constantly activated but for brief periods (a few minutes)
to transmit signals from cytokines and growth factors found on the
cell membrane to the nucleus. The dispensable intracellular protein
STAT3 becomes constitutively activated in hyperproliferative
conditions such as cancer, neurodegenerative diseases (NDDs),
and many other pathological conditions described earlier. This
abnormal, aberrant form is referred to as p-STAT3.It is VERY
important to mention that STAT3 inhibitors appear to be specific
and selective and bind only abnormal STAT3 (p-STAT3). Research
on this topic is ongoing. When a STAT3 inhibitor is given to a patient
with a disease harboring p-STAT3, the drug binds only to it in an
irreversible way and is degraded by ubiquitination followed by
degradation by the proteasome [58]. There is an early reversible
phase followed by an irreversible late phase. This irreversible
phase explains the long-term biological effects. However, normal
STAT3 is not affected by the STAT3 inhibitor. This appears to explain
the tolerability and safety of STAT3 inhibition.

The dispensability of STAT3 was already known in the late 90s,
and numerous reports have confirmed it [59]. A 2007 report stated
that “its function is dispensable in most adult tissues” and that
“it would seem to be a well-validated target for the development
of rational cancer therapy” [60]. This 2007 statement has been
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corroborated by several years of studies with STAT3 inhibitors
in animal models of several diseases and many patients studied
during the clinical development of STAT3 inhibitors. STAT3
inhibitors have been used in long-term studies in rats and mice.
Data from mouse studies are relevant in human research because
almost 99% of mouse genes resemble the human genome. The
NCI was looking for a new drug for chemoprevention studies in
women genetically predisposed to developing breast cancer. A
STAT3 inhibitor was selected, and long-term studies in mice and
rats found it effective and safe to prevent mammary cancer. Mice
were treated for up to 152 days, equivalent to 17 years in humans.
This long-term data clearly indicates the safety of STAT3 inhibition
[61]. Understanding the precise role of STAT3 in all these diseases
has become increasingly important in recent years. Dissecting the
complex functions of this protein can give us valuable insights into
how these pathologies develop and progress, which can ultimately
lead to the development of more effective treatments. Therefore,
it is essential to continue investigating the function of STAT3 in all
these diseases.

References

1. Wegenka UM, Buschmann J, Liitticken C, Heinrich PC, Horn F (1993)
Acute-Phase Response Factor, a Nuclear Factor Binding to Acute-
Phase Response Elements, is Rapidly Activated by Interleukin-6 at the
Posttranslational Level. Mol Cell Biol 13(1): 276-288.

2. Levy DE, Chien-kuo Lee (2002) What does Stat3 do? The Journal of
Clinical Investigation. ] Clin Invest 109(9): 1143-1148.

3. Hirano T, Ishihara K, Hibi M (2000) Roles of STAT3 in mediating the cell
growth, differentiation and survival signals relayed through the IL-6
family of cytokine receptors. Oncogene 19(21): 2548-2556.

4. Duncan SA, Zhong Z, Wen Z, ] E Darnell Jr (1997) STAT signaling is active
during early mammalian development. Dev Dyn 208(2): 190-198.

5. Darnell JE Jr (1997) STATs and gene regulation. Science 277(5332):
1630-1635.

6. Mackie ], Ma CS, Tangye SG, Guerin A (2023) The ups and downs of
STATS3 function: Too much, too little and human immune dysregulation.
Clinical and Experimental Immunology 212(2): 107-116.

7. Levy DE, Inghirami G (2006) STAT3: A multifaceted oncogene.
Proceedings of the National Academy of Sciences. 103(27): 10151-
10152.0lbrich P, Freeman AF. STAT1 and STAT3 mutations: important
lessons for clinical immunologists. Expert Rev Clin Immunol 1029-1041.

8. Leiding JW, Tiphanie P Vogel, Valentine G] Santarlas, Rahul
Mhaskar, Madison R Smith, et, al. (2022) Monogenic early-onset
lymphoproliferation and autoimmunity: natural history of STAT3 gain-
of-function syn- drome. J Allergy Clin Immunol 151(4): 1081-1095.

9. Han-Qi Wang, Qi-Wen Man, Fang-Yi Huo, Xin Gao, Hao Lin, et al. (2022)
STAT3 pathway in cancers: Past, present, and future. MedComm 3(2):
el24.

10. Xiaoyi Hu, Jing Li, Maorong Fu, Xia Zhao, Wei Wang (2021) The JAK/
STAT signaling pathway: From bench to clinic. Signal Transduction and
Targeted Therapy 6(1): 402.

11. Yamei Hu, Zigang Dong, Kangdong Liu (2024) Unraveling the complexity
of STAT3 in cancer: molecular understanding and drug discovery. ] Exp
Clin Cancer Res 43(1): 23.

12. Aradhana Rani, John ] Murphy (2016) STAT5 in cancer and immunity.
Journal of interferon 1& cytokine research 36(4): 226-237.

13.Kohler N, Miri N, Dittrich A (2023) Quantification of total and
phosphorylated STAT3 by calibrated western blotting. STAR Protocols
4(3):102508.

Page 5 of 7


https://pubmed.ncbi.nlm.nih.gov/7678052/
https://pubmed.ncbi.nlm.nih.gov/7678052/
https://pubmed.ncbi.nlm.nih.gov/7678052/
https://pubmed.ncbi.nlm.nih.gov/7678052/
https://pubmed.ncbi.nlm.nih.gov/11994402/
https://pubmed.ncbi.nlm.nih.gov/11994402/
https://pubmed.ncbi.nlm.nih.gov/10851053/
https://pubmed.ncbi.nlm.nih.gov/10851053/
https://pubmed.ncbi.nlm.nih.gov/10851053/
https://pubmed.ncbi.nlm.nih.gov/9022056/
https://pubmed.ncbi.nlm.nih.gov/9022056/
https://pubmed.ncbi.nlm.nih.gov/9287210/
https://pubmed.ncbi.nlm.nih.gov/9287210/
https://pubmed.ncbi.nlm.nih.gov/36652220/
https://pubmed.ncbi.nlm.nih.gov/36652220/
https://pubmed.ncbi.nlm.nih.gov/36652220/
https://pubmed.ncbi.nlm.nih.gov/36228738/
https://pubmed.ncbi.nlm.nih.gov/36228738/
https://pubmed.ncbi.nlm.nih.gov/36228738/
https://pubmed.ncbi.nlm.nih.gov/36228738/
https://pubmed.ncbi.nlm.nih.gov/35356799/
https://pubmed.ncbi.nlm.nih.gov/35356799/
https://pubmed.ncbi.nlm.nih.gov/35356799/
https://pubmed.ncbi.nlm.nih.gov/34824210/
https://pubmed.ncbi.nlm.nih.gov/34824210/
https://pubmed.ncbi.nlm.nih.gov/34824210/
https://pubmed.ncbi.nlm.nih.gov/38245798/
https://pubmed.ncbi.nlm.nih.gov/38245798/
https://pubmed.ncbi.nlm.nih.gov/38245798/
https://pubmed.ncbi.nlm.nih.gov/26716518/
https://pubmed.ncbi.nlm.nih.gov/26716518/
https://pubmed.ncbi.nlm.nih.gov/37669163/
https://pubmed.ncbi.nlm.nih.gov/37669163/
https://pubmed.ncbi.nlm.nih.gov/37669163/

Academic Journal of Health Sciences & Research Volume 1-Issue 3

14. Liu H, Peng W, Dai W, Lin ], Fu X, et al. (2024) Improving anti-cancer drug
response prediction using multi-task learning on graph convolutional
networks. Methods 222: 41-50.

15.He Z, Song B, Zhu M, Liu ] (2023) Comprehensive pan-cancer analysis of
STAT3 as a prognostic and immunological biomarker. Scientific Reports
13(1): 5069.

16. Liquid biopsies for cancer. Cancer.Net,

17.Liu MC (2021) Transforming the landscape of early cancer detection
using blood tests: Commentary on current methodologies and future
projects. British Journal of Cancer 124(9): 1475-1477.

18.Singh S, Gomez HJ, Thakkar S, Singh SP, Parihar AS (2023) Overcoming
Acquired Drug Resistance to Cancer Therapies through Targeted STAT3
Inhibition. Int ] Mol Sci 24(5): 4722.

19. Warshauer JT, Belk JA, Chan AY, Wang ], Gupta AR, et al. (2021) A
human mutation in STAT3 promotes type 1 diabetes through a defect
in CD8+ T cell tolerance. The Journal of Experimental Medicine 218(8):
€20210759.

20. Anais Schaschkow, Lokman Pang, Valerie Vandenbempt, Bernat Elvira,
Sara A Litwak, et al. (2021) STAT3 Regulates Mitochondrial Gene
Expression in Pancreatic b-Cells and Its Deficiency Induces Glucose
Intolerance in Obesity. Diabetes 70(9): 2026-2041.

21. Antero Salminen, Kai Kaarniranta, Anu Kauppinen (2021) Insulin/IGF-1
signaling promotes immunosuppression via the STAT3 pathway: impact
on the aging process and age-related diseases. Inflammation research
70(10-12): 1043-1061.

22. Goropevsek A, Holcar M, Avéin T (2017) The Role of STAT Signaling
Pathways in the Pathogenesis of Systemic Lupus Erythematosus. Clinic
Rev Allerg Immunol 52(2): 164-181.

23.0ike T, Sato Y, Kobayashi T, Miyamoto K, Nakamura S, et al. (2017) Stat3
as a potential therapeutic target for rheumatoid arthritis. Scientific
Reports 7(1).

24.Calautti E, Avalle L, Poli V (2018) Psoriasis: A STAT3-Centric View.
International Journal of Molecular Sciences 19(1): 171.

25.Jo S, Won EJ, Kim M, Lee Y], Jin S, et al. (2021) STAT3 phosphorylation
inhibition for treating inflammation and new bone formation in
ankylosing spondylitis. Rheumatology 60(8): 3923-3935.

26.Pace ], Paladugu P, Das B, He JC, Mallipattu SK (2019) Targeting
STAT3 signaling in kidney disease. Am ] Physiol Renal Physiol 316(6):
F1151-F1161.

27.Takakura A, Nelson EA, Haque N, Humphreys BD, Zandi-Nejad K, et
al. (2011) Pyrimethamine inhibits adult polycystic kidney disease by
modulating STAT signaling pathways. Hum Mol Genet 20(21): 4143-
4154.

28.Blackhurst BM, Funk KE (2023) Viral pathogens increase risk of
neurodegenerative disease. Nat Rev Neurol 19(5): 259-260.

29.Liu N, Jiang X, Li H (2023) The viral hypothesis in Alzheimer’s disease:
SARS-CoV-2 on the cusp. Front Aging Neurosci 15: 1129640.

30. Balint E, Feng E, Giles EC, Ritchie TM, Qian AS, et al. (2024) Bystander
activated CD8+ T cells mediate neuropathology during viral infection via
antigen-independent cytotoxicity. Nat Commun 15(1): 896.

31.C Kwon Kim, Yin Rui Lee, Lynnett Ong, Michael Gold, Amir Kalaliet, al.
(2022) Alzheimer’s Disease: Key Insights from Two Decades of Clinical
Trial Failures. Journal of Alzheimer’s Disease 87(1): 83-100.

32.Mehla ], Singh I, Diwan D, James W. Nelson, Molly Lawrence, et al.
(2021) STAT3 inhibitor mitigates cerebral amyloid angiopathy and
parenchymal amyloid plaques while improving cognitive functions and
brain networks. acta neuropathol commun 9(1).

33.Geng X, Zou Y, Li ], Shipeng Li, Renli Qi, et al. (2023) BDNF alleviates
Parkinson’s disease by promoting STAT3 phosphorylation and regulating
neuronal autophagy. Cell Tissue Res 393(3): 455-470.

Citation: Hector ] Gomez* and Sunanda Singh. Unraveling the Role of STAT3 in Various Diseases Your Pathway to a Healthier Life. Acad ]

Health Sci & Res. 1(3): 2024. AJHSR.MS.ID.000512.

34. Richardson PJ, Smith DP, de Giorgio A, Xenia Snetkov, Joshua Almond-
Thynne, et al. (2023) Janus kinase inhibitors are potential therapeutics
for amyotrophic lateral sclerosis. Transl Neurodegener 12(1): 47.

35. Myke R Green, Michael D Newton, Karen M Fancher (2016) Off-Target
Effects of BCR-ABL and JAK2 Inhibitors. Am ] Clin Oncol 39(1): 76-84.

36.Laurene Abjean, Lucile Ben Haim, Miriam Riquelme-Perez, Pauline
Gipchtein, Céline Derbois, et al. (2023) Reactive astrocytes promote
proteostasis in Huntington’s disease through the JAK2-STAT3 pathway.
Brain 146: 149-166.

37.Mushtaq A Ansari, Ahmed Nadeem, Saleh A Bakheet, Haneen A
Al-Mazroua, Sheikh F Ahmad, et al. (2023) S31-201, a selective
stat3 inhibitor, ameliorates clinical symptoms in a mouse model of
experimental autoimmune encephalomyelitis through the regulation of
multiple intracellular signaling in Th1, Th17, and Treg cells. Mult Scler
Relat Disord 73: 104658.

38. Sheikh F Ahmad, Mushtaq A Ansari, Ahmed Nadeem, Saleh A Bakheet,
Musaad A Alshammari, et al. (2018) S31-201, a selective Stat3 inhibitor,
restores neuroimmune function through upregulation of Treg signaling
in autistic BTBR T+ Itpr3tf/] mi. Cellular Signalling 52: 127-136.

39. Grabenstatter HL, Cruz Del Angel Y, ] Carlsen, Wempe MF, White AM,
et al. (2014) The effect of STAT3 inhibition on status epilepticus and
subsequent spontaneous seizures in the pilocarpine model of acquired
epilepsy. Neurobiology of Disease 62: 73-85.

40. Allison E Tipton, Yasmin Cruz Del Angel, Kathryn Hixson, Jessica
Carlsen, Dana Strode, et al. (2023) Selective Neuronal Knockout of
STAT3 Function Inhibits Epilepsy Progression, Improves Cognition, and
Restores Dysregulated Gene Networks in a Temporal Lobe Epilepsy
Model. Ann Neurol 94(1): 106-122.

4

—_

.Evaristus C Mbanefo, Ming Yan, Minkyung Kang, Sahar A Alhakeem,
Yingyos Jittayasothorn, et al. (2021) STAT3-Specific Single Domain
Nanobody Inhibits Expansion of  Pathogenic Th17 Responses and
Suppresses Uveitis in Mice. Front Immunol 12: 724609.

42.Vennela Boyalla, Enrique Gallego-Colon, Michael Spartalis (2023)
Immunity and inflammation in cardiovascular disorders. BMC
Cardiovascular Disorders 23(1): 148.

43.Yu Chen, Sirirat Surinkaew, Patrice Naud, Xiao-Yan Qi, Marc-Antoine
Gillis, et al. (2017) JAK-STAT signaling and the atrial fibrillation
promoting fibrotic substrate. Cardiovascular Research 113(3): 310-320.

44. Meixia Zhang, Hechuan Wang, Mengjun Bie, Xiaowen Wang, Kai Lu, et
al. (2021) Caveolin-1 Deficiency Induces Atrial Fibrosis and Increases
Susceptibility to Atrial Fibrillation by the STAT3 Signaling Pathway. ]
Cardiovac Pharmacol 78(2): 175-183.

45. Zhengrong Huang, Xiao-Jun Chen, Cheng Qian, Qian Dong, Dan Ding, et al.
(2016) Signal Transducer and Activator of Transcription 3/MicroRNA-21
Feedback Loop Contributes to Atrial Fibrillation by Promoting Atrial
Fibrosis in a Rat Sterile Pericarditis Model. Circ Arrhythm Electrophysiol
9(7): e003396.

46. Lusis A] (2000) Atherosclerosis. Nature 407(6801): 233-241.

47.Chen Qi, Jianjun Lv, Wenwen Yang , Baoping Xu, Zheng Wang, et al.
(2019) Targeted inhibition of STAT3 as a potential treatment strategy
for atherosclerosis. Theranostics vol 9(22): 6424-6442.

48. Michael E Makover, Michael D Shapiro, Peter P Toth (2022) There is an
urgent need to treat atherosclerotic cardiovascular disease risk earlier,
more intensively, and with greater precision: A review of current practice
and recommendations for improved effectiveness. American Journal of
Preventive Cardiology 12: 100371.

49. Maisa Garcia-Arguinzonis, Elisa Diaz-Riera, Esther Pefia, Rafael Escate,
Oriol Juan-Babot, et al. (2021) Alternative C3 Complement System:
Lipids and Atherosclerosis. Int ] Mol Sci 22(10): 5122.

50. Kaitao Yuan, Jinning Ye, Zhenguo Liu, Yufeng Ren, Weiling He, et al.
(2020) Complement C3 overexpression activates JAK2 /STAT3 pathway
and correlates with gastric cancer progression. ] Exp Clin Cancer Res
39(1): 9.

Page 6 of 7


https://pubmed.ncbi.nlm.nih.gov/38157919/
https://pubmed.ncbi.nlm.nih.gov/38157919/
https://pubmed.ncbi.nlm.nih.gov/38157919/
https://pubmed.ncbi.nlm.nih.gov/36977736/
https://pubmed.ncbi.nlm.nih.gov/36977736/
https://pubmed.ncbi.nlm.nih.gov/36977736/
https://pubmed.ncbi.nlm.nih.gov/33558712/
https://pubmed.ncbi.nlm.nih.gov/33558712/
https://pubmed.ncbi.nlm.nih.gov/33558712/
https://pubmed.ncbi.nlm.nih.gov/36902166/
https://pubmed.ncbi.nlm.nih.gov/36902166/
https://pubmed.ncbi.nlm.nih.gov/36902166/
https://pubmed.ncbi.nlm.nih.gov/34115115/
https://pubmed.ncbi.nlm.nih.gov/34115115/
https://pubmed.ncbi.nlm.nih.gov/34115115/
https://pubmed.ncbi.nlm.nih.gov/34115115/
https://pubmed.ncbi.nlm.nih.gov/34183374/
https://pubmed.ncbi.nlm.nih.gov/34183374/
https://pubmed.ncbi.nlm.nih.gov/34183374/
https://pubmed.ncbi.nlm.nih.gov/34183374/
https://pubmed.ncbi.nlm.nih.gov/34476533/
https://pubmed.ncbi.nlm.nih.gov/34476533/
https://pubmed.ncbi.nlm.nih.gov/34476533/
https://pubmed.ncbi.nlm.nih.gov/34476533/
https://www.researchgate.net/publication/319594200_Stat3_as_a_potential_therapeutic_target_for_rheumatoid_arthritis
https://www.researchgate.net/publication/319594200_Stat3_as_a_potential_therapeutic_target_for_rheumatoid_arthritis
https://www.researchgate.net/publication/319594200_Stat3_as_a_potential_therapeutic_target_for_rheumatoid_arthritis
https://pubmed.ncbi.nlm.nih.gov/29316631/
https://pubmed.ncbi.nlm.nih.gov/29316631/
https://pubmed.ncbi.nlm.nih.gov/33237331/
https://pubmed.ncbi.nlm.nih.gov/33237331/
https://pubmed.ncbi.nlm.nih.gov/33237331/
https://pubmed.ncbi.nlm.nih.gov/30943069/
https://pubmed.ncbi.nlm.nih.gov/30943069/
https://pubmed.ncbi.nlm.nih.gov/30943069/
https://pubmed.ncbi.nlm.nih.gov/21821671/
https://pubmed.ncbi.nlm.nih.gov/21821671/
https://pubmed.ncbi.nlm.nih.gov/21821671/
https://pubmed.ncbi.nlm.nih.gov/21821671/
https://pubmed.ncbi.nlm.nih.gov/36864169/
https://pubmed.ncbi.nlm.nih.gov/36864169/
https://pubmed.ncbi.nlm.nih.gov/38316762/
https://pubmed.ncbi.nlm.nih.gov/38316762/
https://pubmed.ncbi.nlm.nih.gov/38316762/
https://pubmed.ncbi.nlm.nih.gov/35342092/
https://pubmed.ncbi.nlm.nih.gov/35342092/
https://pubmed.ncbi.nlm.nih.gov/35342092/
https://www.researchgate.net/publication/357074379_STAT3_inhibitor_mitigates_cerebral_amyloid_angiopathy_and_parenchymal_amyloid_plaques_while_improving_cognitive_functions_and_brain_networks
https://www.researchgate.net/publication/357074379_STAT3_inhibitor_mitigates_cerebral_amyloid_angiopathy_and_parenchymal_amyloid_plaques_while_improving_cognitive_functions_and_brain_networks
https://www.researchgate.net/publication/357074379_STAT3_inhibitor_mitigates_cerebral_amyloid_angiopathy_and_parenchymal_amyloid_plaques_while_improving_cognitive_functions_and_brain_networks
https://www.researchgate.net/publication/357074379_STAT3_inhibitor_mitigates_cerebral_amyloid_angiopathy_and_parenchymal_amyloid_plaques_while_improving_cognitive_functions_and_brain_networks
https://pubmed.ncbi.nlm.nih.gov/37450039/
https://pubmed.ncbi.nlm.nih.gov/37450039/
https://pubmed.ncbi.nlm.nih.gov/37450039/
https://pubmed.ncbi.nlm.nih.gov/37828541/
https://pubmed.ncbi.nlm.nih.gov/37828541/
https://pubmed.ncbi.nlm.nih.gov/37828541/
https://pubmed.ncbi.nlm.nih.gov/24351780/
https://pubmed.ncbi.nlm.nih.gov/24351780/
https://pubmed.ncbi.nlm.nih.gov/35298632/
https://pubmed.ncbi.nlm.nih.gov/35298632/
https://pubmed.ncbi.nlm.nih.gov/35298632/
https://pubmed.ncbi.nlm.nih.gov/35298632/
https://pubmed.ncbi.nlm.nih.gov/36989705/
https://pubmed.ncbi.nlm.nih.gov/36989705/
https://pubmed.ncbi.nlm.nih.gov/36989705/
https://pubmed.ncbi.nlm.nih.gov/36989705/
https://pubmed.ncbi.nlm.nih.gov/36989705/
https://pubmed.ncbi.nlm.nih.gov/36989705/
https://pubmed.ncbi.nlm.nih.gov/30213685/
https://pubmed.ncbi.nlm.nih.gov/30213685/
https://pubmed.ncbi.nlm.nih.gov/30213685/
https://pubmed.ncbi.nlm.nih.gov/30213685/
https://pubmed.ncbi.nlm.nih.gov/24051278/
https://pubmed.ncbi.nlm.nih.gov/24051278/
https://pubmed.ncbi.nlm.nih.gov/24051278/
https://pubmed.ncbi.nlm.nih.gov/24051278/
https://pubmed.ncbi.nlm.nih.gov/34603297/
https://pubmed.ncbi.nlm.nih.gov/34603297/
https://pubmed.ncbi.nlm.nih.gov/34603297/
https://pubmed.ncbi.nlm.nih.gov/34603297/
https://pubmed.ncbi.nlm.nih.gov/36959565/
https://pubmed.ncbi.nlm.nih.gov/36959565/
https://pubmed.ncbi.nlm.nih.gov/36959565/
https://pubmed.ncbi.nlm.nih.gov/28158495/
https://pubmed.ncbi.nlm.nih.gov/28158495/
https://pubmed.ncbi.nlm.nih.gov/28158495/
https://pubmed.ncbi.nlm.nih.gov/34554674/
https://pubmed.ncbi.nlm.nih.gov/34554674/
https://pubmed.ncbi.nlm.nih.gov/34554674/
https://pubmed.ncbi.nlm.nih.gov/34554674/
https://pubmed.ncbi.nlm.nih.gov/27406600/
https://pubmed.ncbi.nlm.nih.gov/27406600/
https://pubmed.ncbi.nlm.nih.gov/27406600/
https://pubmed.ncbi.nlm.nih.gov/27406600/
https://pubmed.ncbi.nlm.nih.gov/27406600/
https://pubmed.ncbi.nlm.nih.gov/11001066/
https://www.researchgate.net/publication/335729023_Targeted_inhibition_of_STAT3_as_a_potential_treatment_strategy_for_atherosclerosis
https://www.researchgate.net/publication/335729023_Targeted_inhibition_of_STAT3_as_a_potential_treatment_strategy_for_atherosclerosis
https://www.researchgate.net/publication/335729023_Targeted_inhibition_of_STAT3_as_a_potential_treatment_strategy_for_atherosclerosis
https://pubmed.ncbi.nlm.nih.gov/36124049/
https://pubmed.ncbi.nlm.nih.gov/36124049/
https://pubmed.ncbi.nlm.nih.gov/36124049/
https://pubmed.ncbi.nlm.nih.gov/36124049/
https://pubmed.ncbi.nlm.nih.gov/36124049/
https://pubmed.ncbi.nlm.nih.gov/34066088/
https://pubmed.ncbi.nlm.nih.gov/34066088/
https://pubmed.ncbi.nlm.nih.gov/34066088/
https://pubmed.ncbi.nlm.nih.gov/31928530/
https://pubmed.ncbi.nlm.nih.gov/31928530/
https://pubmed.ncbi.nlm.nih.gov/31928530/
https://pubmed.ncbi.nlm.nih.gov/31928530/

Academic Journal of Health Sciences & Research Volume 1-Issue 3

51. Christopher Lindenkamp, Ricarda Pliimers, Michel R Osterhage, Olivier
M Vanakker, Judith Van Wynsberghe, et al. (2023) The Activation of JAK/
STATS3 Signaling and the Complement System Modulate Inflammation in
the Primary Human Dermal Fibroblasts of PXE Patients. Biomedicines
11(10): 2673.

52.Roxane Paulin, Jolyane Meloche, Sébastien Bonnet (2012) STAT3
signaling in pulmonary arterial hypertension. JAK-STAT 1(4): 223-233.

53.Dan Yao, Qinlian He, Junwei Sun, Lugiong Cai, Jinqiu Wei, et al. (2021)
FGF21 attenuates hypoxia induced dysfunction and inflammation in
HPAECs via the microRNA 27b mediated PPARy pathway. Int ] Mol Med
47(6): 116.

54.Junhua Xu, John Linneman, Yanfeng Zhong, Haoyang Yin, Qinyi Xia, et
al. (2022) MicroRNAs in Pulmonary Hypertension, from Pathogenesis to
Diagnosis and Treatment. Biomolecules 12(4): 496.

55. Lili Sun, Lihua Liu, Dongxue Liang, Linlin Liu (2024) SOCSS5, targeted by
miR-155-5p, plays a negative regulatory role in pulmonary hypertension
through inhibiting JAK2/STAT3 signaling pathway. BMC Pulm Med
24(1): 52.

56. Ana Mocumbi, Marc Humbert, Anita Saxena, Zhi-Cheng Jing, Karen Sliwa,
etal. (2024) Pulmonary hypertension. Nat Rev Dis Primers 10(1): 1.

57.Khandaker A Z Siddiquee, Patrick T Gunning, Matthew Glenn, William
P Katt, Shumin Zhang, et al. (2007) An Oxazole-Based Small-Molecule
Stat3Inhibitor Modulates Stat3 Stability and Processing and Induces
Antitumor Cell Effects ACS Chemical Biology 2(12): 787-798.

58. Inghirami G, Chiarle R, Simmons W ], Piva R, Schlessinger K, et al. (2005)
New and Old Functions of STAT3: A Pivital Target for Individualized
Treatment of Cancer. Cell Cycle 4(9): 1131-1133.

59.Frank DA (2007) STAT3 as a central mediator of neoplastic cellular
transformation. Cancer Lett 251(2): 199-210.

60. Balmain A, Harris C (2000) Carcinogenesis in mouse and human cells:
parallels and paradoxes, Carcinogenesis 21(3): 371-377.

61.Robert H Shoemaker, Jennifer T Fox, Margaret M Juliana, Fariba L
Moeinpour, Clinton ] Grubbs (2019) Evaluation of the STAT3 inhibitor
GLG-302 for the prevention of estrogen receptor-positive and-negative
mammary cancers. Oncology reports 42(3): 1205-1213.

Citation: Hector ] Gomez* and Sunanda Singh. Unraveling the Role of STAT3 in Various Diseases Your Pathway to a Healthier Life. Acad ]

Health Sci & Res. 1(3): 2024. AJHSR.MS.ID.000512.

Page 7 of 7


https://pubmed.ncbi.nlm.nih.gov/37893046/
https://pubmed.ncbi.nlm.nih.gov/37893046/
https://pubmed.ncbi.nlm.nih.gov/37893046/
https://pubmed.ncbi.nlm.nih.gov/37893046/
https://pubmed.ncbi.nlm.nih.gov/37893046/
https://pubmed.ncbi.nlm.nih.gov/24058777/
https://pubmed.ncbi.nlm.nih.gov/24058777/
https://pubmed.ncbi.nlm.nih.gov/33907846/
https://pubmed.ncbi.nlm.nih.gov/33907846/
https://pubmed.ncbi.nlm.nih.gov/33907846/
https://pubmed.ncbi.nlm.nih.gov/33907846/
https://pubmed.ncbi.nlm.nih.gov/35454085/
https://pubmed.ncbi.nlm.nih.gov/35454085/
https://pubmed.ncbi.nlm.nih.gov/35454085/
https://pubmed.ncbi.nlm.nih.gov/38267898/
https://pubmed.ncbi.nlm.nih.gov/38267898/
https://pubmed.ncbi.nlm.nih.gov/38267898/
https://pubmed.ncbi.nlm.nih.gov/38267898/
https://pubmed.ncbi.nlm.nih.gov/38177157/
https://pubmed.ncbi.nlm.nih.gov/38177157/
https://pubmed.ncbi.nlm.nih.gov/18154266/
https://pubmed.ncbi.nlm.nih.gov/18154266/
https://pubmed.ncbi.nlm.nih.gov/18154266/
https://pubmed.ncbi.nlm.nih.gov/18154266/
https://pubmed.ncbi.nlm.nih.gov/16082218/
https://pubmed.ncbi.nlm.nih.gov/16082218/
https://pubmed.ncbi.nlm.nih.gov/16082218/
https://pubmed.ncbi.nlm.nih.gov/17129668/
https://pubmed.ncbi.nlm.nih.gov/17129668/
https://pubmed.ncbi.nlm.nih.gov/10688857/
https://pubmed.ncbi.nlm.nih.gov/10688857/
https://pubmed.ncbi.nlm.nih.gov/31322250/
https://pubmed.ncbi.nlm.nih.gov/31322250/
https://pubmed.ncbi.nlm.nih.gov/31322250/
https://pubmed.ncbi.nlm.nih.gov/31322250/

	Abstract 

