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Abstract
YWHAG is a subtype of the 14-3-3 protein family that regulates the transduction of multiple signaling pathways in cells, such as the 
phosphoinositide 3-kinase–protein kinase B (PI3K-AKT) and mitogen-activated protein kinase (MAPK) pathways, by recognizing and binding 
to specific phosphorylated target protein motifs. These signaling pathways are widely found to be abnormally activated or shut down in 
human diseases, such as cancer and neurodegenerative diseases. Different evidence has shown that the expression levels and functions of 
YWHAG in different tumors are not the same. Meanwhile, the potential functions of YWHAG in these diseases and its role in regulating 
abnormal signaling pathways are still unknown. Therefore, further exploration and research are needed to determine YWHAG’s core role in 
regulating signaling pathways and whether YWHAG can be a therapeutic target for diseases to develop corresponding drugs. This review will 
revisit the structure and function of YWHAG, elaborate on the newly identified YWHAG-interacting proteins in recent years, summarize the 
functions of YWHAG in cancer while comparing it with the homologous family member YWHAZ, explore the functions of YWHAG in 
neurodegenerative diseases, and present our perspectives on drug-screening strategies targeting YWHAG.
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1. Introduction
The 14-3-3 protein family is a small and highly conserved family that is widely present in eukaryotic cells[1]. Humans have seven genes 
(YWHAB, YWAHE, YWHAH, YWHAG, YWHAQ, YWHAZ, and SFN) that express seven subtypes (β, ε, η, γ, θ, ζ, and σ)[2,3]. They possess a 
protein-binding domain that can interact with a large number of proteins and mainly regulate the interactions between target 
proteins by recognizing and binding to the specific phosphorylated serine/phosphorylated threonine motifs of target proteins, 
thereby controlling a variety of biological processes[4-6].

YWHAG, also known as 14-3-3γ, is a protein subtype of the 14-3-3 family. Compared with other members of the 14-3-3 family, 
although YWHAG does not have the highest protein abundance, it has the largest binding spectrum and a higher capacity to bind 
target proteins, which is why we have chosen to focus on it[3].

YWHAG is widely distributed in multiple tissues and organs, especially in the brain[7]. Accumulating evidence indicates that YWHAG 
plays an extremely important role in aging-related neurodegenerative diseases. The YWHAG protein has been detected in the 
cerebrospinal fluid and blood samples of patients with Parkinson’s syndrome and Alzheimer’s disease; YWHAG is also involved in the 
pathological aggregates of Tau protein and amyloid protein, which suggests an inseparable relationship between YWHAG and 
neurodegenerative diseases[8,9]. The review by Sanders et al. also mentions that loss or dysfunction of 14-3-3 proteins may accelerate 
amyloid aggregation and deposition in Parkinson’s disease (PD), and that specific isoforms of 14-3-3 proteins have different effects on 
disease progression versus protection in Alzheimer’s disease (AD). This suggests that developing compounds targeting interactions 
with different 14-3-3 isoforms may have potential therapeutic significance for neurodegenerative diseases[10]. However, the review 
concludes that relatively few compounds targeting YWHAG interactions have been identified. Here, we aim to summarize recent 
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compounds targeting YWHAG specifically.

In addition to the above, it has been found that YWHAG is expressed abnormally in a variety of malignant tumors, and it plays 
completely different roles in different tumor contexts. In most tumors, such as gastric cancer, cervical cancer, and hepatocellular 
carcinoma, YWHAG is highly expressed and significantly promotes the occurrence and development of tumors[11,12]. In contrast, in 
uterine fibroid tissues, the expression level of YWHAG is significantly lower than that of the surrounding normal tissues, and 
overexpression of YWHAG can induce apoptosis of uterine fibroid cells[13]. The above shows that the role of YWHAG in tumors seems 
to be dual.

This review will focus on YWHAG of the 14-3-3 protein family, discuss its roles and mechanisms in tumors and aging-related 
neurodegenerative diseases, and analyze the drug-screening strategies targeting YWHAG, laying the foundation for potential 
therapeutic interventions targeting this key structural protein.

2. The Structure and Function of 14-3-3 Protein
YWHAG has a highly similar protein structure to other members of the 14-3-3 protein family, which is due to the highly conserved 
nature of the amino acid sequences in the 14-3-3 family. Each 14-3-3 protein is composed of nine antiparallel α-helices, forming a 
shape like a “crab claw (Figure 1a)”. The core of the crab claw is filled with highly conserved amino acid residues, while the relatively 
less conserved amino acid residues are distributed on the periphery of the protein[14]. 14-3-3 protein can recognize and bind to the 
phosphorylated serine or threonine residues of target proteins through its conserved core sequence. This recognition pattern is 
specific and highly regular. 14-3-3 protein mainly recognizes two binding motifs: RSXpSXP and RXY/FXpSXP, and binds to target 
proteins in a 1:1 manner (Figure 1b)[15-17]. Additionally, the peripheral amino acids confer upon 14-3-3 protein the ability to form 
homodimers, creating a larger channel to accommodate the target protein (Figure 1c)[14].

Figure 1. . The structure and function of 14-3-3 protein. (a) 14-3-3 protein possesses nine parallel α-helices; (b) The two primary recognition motifs of 14-3-3 protein; 

(c) 14-3-3 protein generally presents as a dimer; (d) 14-3-3 protein can bind to target proteins to alter their conformation, thereby affecting target protein activity; (e) 14-3-3 

protein can also sequester target proteins to specific cellular locations through binding. (The structure is derived from the article by Xu[20], and the structure was created 

using ChimeraX[92].) Created in BioRender. Liu, J. (2026) https://app.biorender.com/illustrations/686728f44fbd4d1171df3cdd. TFEB: transcription factor EB.

A deep understanding of the structure of 14-3-3 protein has greatly enhanced our comprehension of its functions. At present, two 
main functions of 14-3-3 protein have been discovered. The first function is to bind to target proteins and alter their conformations, 
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thereby exposing or masking sites that can be activated or inhibited. For example, 14-3-3 protein can interact with the B-Raf 
proto-oncogene, serine/threonine kinase (BRAF) kinase of the mitogen-activated protein kinase (MAPK) family. By binding to the 
phosphorylated serine at positions 729 and 365 of BRAF, it maintains the auto-inhibited state of BRAF. Alternatively, by releasing the 
phosphorylated serine at position 365 and only binding to the phosphorylated serine at position 729, it stabilizes the activated 
conformation of BRAF (Figure 1d)[18].

The second function is to regulate the subcellular localization of target proteins within the cell by binding to them[19]. Recently, 
Xu et al. discovered that 14-3-3 protein interacts with the transcription factor transcription factor EB (TFEB). By sequestering TFEB in 
the cytoplasm, 14-3-3 protein prevents its entry into the nucleus, thereby inhibiting its transcriptional functions and affecting the 
occurrence of autophagy (Figure 1e)[20].

In summary, the structure and function of 14-3-3 protein are closely linked. Its unique recognition mode determines that 14-3-3 
protein can interact with a considerable number of proteins in the cell. As a “scaffold” structural protein, 14-3-3 protein plays an 
important role in regulating multiple biological processes within the cell[16].

3. YWHAG Regulates Multiple Biological Processes Through Protein Interactions.
We already know that YWHAG, as a junction protein, can interact with a considerable number of proteins to regulate multiple 
signaling pathways and a variety of biochemical reactions. For example, earlier studies have shown that YWHAG binds to BRAF kinase 
and RAF-1 proto-oncogene, serine/threonine kinase (CRAF) kinase in the survival signaling pathway and that this binding not only 
fully catalyzes the activity of these two kinases but is also critical for their dimerization[21]. In addition, YWHAG interacts with four 
regulators of the mammalian target of rapamycin (mTOR) complex1 to regulate the level of energy uptake and metabolism of the 
cell[21]. Recent studies have identified YWHAG as a versatile hub protein that integrates various cellular signals, including cytoskeletal 
dynamics, the cell cycle, oxidative stress response, and autophagy, through precise spatiotemporal control of protein localization and 
protein-protein interaction networks.

3.1 Cytoskeleton
YWHAG also interacts with cortactin (CTTN) protein, a cytoplasmic protein that promotes rearrangement of the cytoskeleton 
involving actin[22]. In addition, CTTN is also associated with vesicle endocytosis and transport[23]. It has been shown that it can 
co-localize with YWHAG in the cytoplasm and interact with it to perform its biological functions[24]. This also suggests that YWHAG 
can be involved in the regulation of cytoskeleton and vesicle trafficking (Figure 2a).

Figure 2. YWHAG regulates multiple biological processes through protein interactions. YWHAG can regulate a considerable number of biological processes, and Figure 2 

mainly demonstrates four of them. (a) Autophagy; (b) Oxidative stress response; (c) Cytoskeleton; (d) Cell cycle. Created in BioRender. Liu, J. (2026) 

https://app.biorender.com/illustrations/686a6afa48147f5f82b3c34f. CTTN: cortactin; NPM1: nucleophosmin 1; TXNDC9: thioredoxin domain containing 9; 

ENDOG: endonuclease G; GSK3β: glycogen synthase kinase 3 beta; TSC2: tuberous sclerosis complex 2; VSP34: vacuolar protein sorting 34; ROS: reactive oxygen species.

3.2 Cell cycle
Nucleophosmin 1 (NPM1) is a multifunctional nucleolar protein that functions to maintain genome stability and regulate ribosome 

Ageing Cancer Res Treat. 2026;3:202607 | https://doi.org/10.70401/acrt.2026.0028 Page 3 of 13

https://app.biorender.com/illustrations/686a6afa48147f5f82b3c34f
https://doi.org/10.70401/acrt.2026.0028


biogenesis[25]. It has been demonstrated that the binding of YWHAG and NPM1 inhibits centrosome replication, which may be a new 
way for YWHAG to regulate centrosome replication and thus the cell cycle (Figure 2b)[26].

3.3 Oxidative stress response
Thioredoxin-containing structural domain 9 (V), also known as phosphorylated protein-like protein 3 (PHLP3), belongs to the small 
but highly conserved thioredoxin (TRX) family, like YWHAG[27]. The TRX family plays a key role in cellular defense against oxidative 
stress[28]. Previous studies have shown that thioredoxin domain containing 9 (TXNDC9) can interact directly with Myc proteins and 
affect the Myc transcriptional network[27]. Now some studies have demonstrated that it can bind to YWHAG, linking between YWHAG 
and oxidative stress is revealed; but the mechanism of binding is not clear(Figure 2c)[29].

3.4 Autophagy
YWHAG can affect the autophagy pathway by regulating the activity and subcellular localization of autophagy-related proteins. When 
cells are starved, YWHAG binds to the endonuclease G (ENDOG) released from the mitochondria into the cytosolic matrix. ENDOG, a 
nuclease mainly located in the mitochondrial intermembrane space, is phosphorylated by GSK3β and interacts with YWHAG in the 
cytosolic matrix. YWHAG bound to ENDOG dissociates from the originally bound TSC2 and PIK3C3/VPS34, promoting autophagy[30]. 
Also, YWHAG can keep the phosphorylated transcription factor TFEB in the cytosol, preventing it from entering the nucleus. When 
TFEB is dephosphorylated, it quickly separates from YWHAG and translocates to the nucleus to promote transcription of 
autophagy-related genes, thus initiating autophagy[20]. This reflects YWHAG’s role in regulating autophagy (Figure 2d).

4. Comparison of the Differential Roles of YWHAZ and YWHAG in Tumors
The 14-3-3 protein family comprises seven members. Although they have different names and tissue distributions, their functions and 
modes of action appear to exhibit considerable overlap, as evidenced by their relatively conserved binding domains (recognizing 
similar phosphorylation motifs). Nevertheless, the binding spectra of these seven members are not entirely identical, especially in 
tumors, where different members play vastly different roles in tumorigenesis[3]. Here, we will discuss how two proteins with the most 
abundant binding spectra, YWHAZ and YWHAG, influence tumor progression through distinct mechanisms within the same protein 
family.

YWHAZ is significantly upregulated in various high-incidence malignant tumor tissues, and YWHAZ promotes tumor progression in 
most cancers. Specifically, high YWHAZ expression promotes tumor progression, correlates with poor prognosis, and is associated 
with drug resistance.

In digestive system tumors, YWHAZ plays an important role in promoting tumor progression. For example, YWHAZ expression is 
significantly increased in colorectal cancer (CRC) tissues. YWHAZ can regulate the epithelial-mesenchymal transition (EMT) process in 
CRC by interacting with thyroid hormone receptor interactor 13 (TRIP13)[31,32]. Additionally, YWHAZ overexpression can induce 
upregulation of N-cadherin and β-catenin, restoring the invasive ability of tumor cells[32]. Furthermore, in hepatocellular carcinoma 
(HCC), YWHAZ promotes HCC cell metastasis through the hypoxia-inducible factor 1α (HIF-1α)/EMT signaling pathway by enhancing 
HIF-1α protein stability[33].

YWHAZ is induced and upregulated in non-small cell lung cancer (NSCLC) tissues and cell lines. YWHAZ can interact with Hsp27 to 
promote cell proliferation, migration, and invasion[34,35]. Meanwhile, it was found that paclitaxel can stimulate YWHAZ expression, 
which may be the cause of acquired drug resistance in NSCLC[35]. In breast cancer, tamoxifen increases YWHAZ expression by 
downregulating miR-451, thereby promoting endocrine resistance in breast cancer cells. Additionally, others found that YWHAZ and 
LAPTM4B gene amplification jointly promote chemotherapy resistance and recurrence in breast cancer[36].

Compared with YWHAZ, YWHAG exhibits “tissue context-dependent functional inconsistency” in various cancers, meaning that its 
expression levels do not have a linear relationship with tumor progression. Instead, it shows a dual role in promoting or inhibiting 
tumors depending on the tumor mutation spectrum and cellular origin.

In osteosarcoma and gastric cancer tissues, YWHAG expression levels are significantly higher than in normal tissues and are 
associated with poor prognosis[11,37]. Downregulation of YWHAG can inhibit tumor invasion and proliferation. However, in gliomas 
and uterine leiomyoma, high expression of YWHAG is associated with longer progression-free survival. The differential expression of 
YWHAG in various tumors indicates its diverse functions according to cancer type[38,39].

Generally, YWHAG exhibits tissue-specific functions and plays either oncogenic or tumor-suppressive roles, depending on the 
context. For example, YWHAG can enhance the proliferation and migration of pancreatic cancer cells by upregulating the expression 
of pentose phosphate pathway-related proteins and by regulating the RAF1-ERK signaling pathway to enhance RAF1 
phosphorylation[40]. Similarly, YWHAG can also promote bladder cancer cell metastasis by regulating TMOD3 to activate the MAPK 
pathway[41]. Furthermore, YWHAG upregulation can affect the Wnt/β-catenin signaling pathway by interacting with the CTTN protein, 
thereby promoting the proliferation and migration of colorectal cancer cells[24]. YWHAG also enhances cell motility by promoting the 
formation and elongation of pseudopodia, which in turn promotes the migration and invasion of breast cancer cells[42]. Additionally, 
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high YWHAG expression in lung adenocarcinoma and squamous cell carcinoma interacts with leucine-rich repeat kinase 2 (LRRK2) to 
activate the PI3K/AKT pathway, promoting EMT and driving NSCLC progression[43,44].

However, in some other tumors, high YWHAG expression inhibits tumor progression. For example, in gliomas, YWHAG is expressed at 
low levels, possibly due to regulation by certain microRNAs (miRNAs) or molecular sponges. Overexpression of YWHAG in gliomas can 
suppress glioma metastasis[38,45]. Furthermore, YWHAG protein levels are significantly reduced in human uterine leiomyoma. 
Knockdown of YWHAG in uterine leiomyoma cells significantly affects the phosphorylation levels of signaling molecules such as AKT, 
GSK-3β, and Foxo1, and induces cell apoptosis, demonstrating a negative regulatory role of YWHAG in cell survival in uterine 
leiomyoma[39].

The expression and function of YWHAG in tumors exhibit significant inconsistencies. This variability raises questions about the role of 
YWHAG in tumor biology and necessitates further investigation to elucidate its potential implications in cancer progression and 
treatment. Therefore, we used GEPIA2 to analyze YWHAG expression levels in different cancer types from the TCGA database[46]. As 
shown in Figure 3, compared to adjacent normal tissues, high expression of YWHAG was observed in in lung squamous cell carcinoma 
(LUSC), pancreatic adenocarcinoma (PAAD), colon adenocarcinoma (COAD), and stomach adenocarcinoma (STAD). Conversely, low 
expression was detected in glioblastoma multiforme (GBM), Thyroid cancer (THCA), and acute myeloid leukemia (LAML). These 
findings highlight the variability of YWHAG expression, which is dependent on cancer type. This underscores the necessity for further 
research to elucidate its role in cancer progression and therapeutic applications.

Figure 3. Inconsistency of YWHAG Expression and Function in Tumors. GEPIA2[46] was used to analyze YWHAG expression levels in different cancer types from the TCGA 

database. The results showed significant tissue specificity. The left side indicates high expression (compared to adjacent normal tissue), including lung squamous cell 

carcinoma, pancreatic cancer, colon cancer, and gastric cancer; the right side indicates low expression (compared to adjacent normal tissue), including glioma, esophageal 

cancer, and acute myeloid leukemia. including glioma, Thyroid Carcinoma, and acute myeloid leukemia. In the box plots, magenta indicates tumor tissue, and bright green 

indicates adjacent normal tissue. Created in BioRender. Liu, J. (2026) https://app.biorender.com/illustrations/686a92258f1a0ff034251a37.

5. YWHAG in Neurodegenerative Diseases
The 14-3-3 protein family was originally named in 1967 during the classification of brain protein systems[47], and it accounts for a 
large proportion of the soluble proteins in brain tissue[48]. YWHAG can bind to a variety of proteins, such as activity-dependent 
neuroprotective protein (ADNP), to regulate the formation, maturation, and functional cortical connections of neurites[49]. It also 
binds to proteins that are closely related to neurodegenerative diseases, including Alzheimer’s disease and Parkinson’s syndrome.

Alzheimer’s disease is one of the most common forms of dementia, characterized by cognitive decline. Its typical pathological 
features include hippocampal and cerebral cortex atrophy due to neuronal loss[50,51]. Researchers conducted proteomic sequencing of 
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cerebrospinal fluid obtained from patients with AD. The protein YWHAG exhibited significant differences in expression levels between 
AD patients and control subjects, with the most pronounced upregulation observed in the former group[8,52]. YWHAG may serve as a 
hub for protein-protein interactions in Alzheimer’s disease and demonstrated strong accuracy in combined predictive diagnostic 
tests for Alzheimer’s disease, indicating that YWHAG could serve as a novel diagnostic biomarker for Alzheimer’s disease[52,53]. The 
possible mechanism is that high YWHAG expression increases tau protein phosphorylation (p-tau), leading to tau protein 
neurofibrillary tangles and ultimately inducing cognitive impairment[54].

Parkinson’s syndrome is characterized by memory decline and impaired mobility[55]. In the brains of Parkinson’s patients, 
dopaminergic neurons contain a large number of Lewy bodies and Lewy neurites, whose fibrillar aggregates, primarily composed of 
α-synuclein (aSyn), are considered one of the pathological hallmarks of the disease. As early as 1999, Ostrerova et al. first reported the 
co-immunoprecipitation of α-synuclein and 14-3-3 protein in mammalian brain, suggesting a direct physical interaction between the 
two[56]. Subsequent studies by Kawamoto et al. and Berg et al. confirmed that 14-3-3 protein coexists with α-synuclein in Lewy bodies 
in the substantia nigra and brainstem regions of PD patients, suggesting that 14-3-3 protein may be involved in the pathological 
process of PD[47,57]. Studies have shown that soluble 14-3-3 protein levels are decreased in the brain tissue of PD patients, while 
phosphorylation levels of 14-3-3 proteins in the insoluble fraction are increased[58]. This alteration in post-translational modification 
may affect the normal function of 14-3-3 proteins, possibly because α-synuclein binds to 14-3-3, preventing 14-3-3 from interacting 
with its normal substrates, thereby weakening the neuroprotective function of 14-3-3 proteins and contributing to 
neurodegenerative processes.

As the isoform of 14-3-3 protein with the largest binding spectrum, the binding of YWHAG to key proteins in PD has also attracted 
much attention[3]. For example, LRRK2 is the most common autosomal dominant causative gene for PD, and various PD-associated 
LRRK2 mutations (such as G2019S, R1441G/C/H, Y1699C, etc.) can disrupt the binding between YWHAG proteins and LRRK2. This 
disruption of interaction leads to abnormal accumulation of LRRK2 in the cytoplasm, dysregulation of kinase activity, and 
consequently promotes neurodegeneration[59,60].

Additionally, a study measured plasma YWHAG levels in both healthy individuals and Parkinson’s disease patients. The results showed 
that plasma YWHAG was significantly elevated in Parkinson’s patients. Furthermore, diagnostic prediction of Parkinson’s disease was 
performed based on cognitive impairment scores and YWHAG levels, with prediction results demonstrating the powerful efficacy of 
YWHAG in distinguishing Parkinson’s patients. These findings suggest that YWHAG may serve as a promising biomarker for cognitive 
impairment in PD[9,61].

6. Strategies of Pharmacological Targeting of YWHAG
In the preceding discussion, we examined the roles of YWHAG in tumors and neurodegenerative diseases, highlighting its potential as 
a therapeutic target for these conditions. This section will summarize the current strategies aimed at targeting YWHAG, which 
encompass natural products, miRNA, molecular glue, and various other approaches.

6.1 Natural products
Natural products and their derivatives play an important role in the treatment of diseases such as cancer. However, research on 
natural products targeting YWHAG is relatively limited[62].

Curcumol, a sesquiterpene natural product from the family of ginger plants[63], has been shown to reduce YWHAG expression in 
human cervical cancer cells, thereby inhibiting their proliferation. Moreover, curcumol can significantly enhance the sensitivity of 
human cervical cancer cells to apoptosis induced by cisplatin chemotherapy[64]. This combined treatment may address the problem of 
chemotherapy resistance in clinical practice. However, so far, curcumol has only been tested for drug activity in cells and animal 
models. There is still a gap in its systematic pharmacokinetics and clinical validation, and further research is needed.

Existing literature shows that corn silk has a significant effect in the treatment of gout caused by hyperuricemia[65]. Ethyl linoleate is 
an active product identified from corn silk. Studies using molecular docking have shown that ethyl linoleate can bind significantly 
with YWHAG[66], suggesting that YWHAG may be a target for the treatment of gout by ethyl linoleate.

6.2 miRNA
As small non-coding RNAs, miRNAs can regulate protein-coding genes post-transcriptionally, thereby increasing or decreasing the 
expression levels of proteins[67].

The abnormal expression of miRNAs in various diseases also makes it possible to treat related diseases by supplementing or removing 
the crucial miRNAs for the diseases[68]. Currently, the number of miRNAs or miRNA mimics that have been included in clinical trials is 
still very limited, which may be due to the difficulty in resolving off-target effects[67]. Similarly, miRNAs targeting YWHAG have been 
even less studied, but there are still some miRNAs targeting YWHAG that may become strong candidates for treating YWHAG - related 
diseases (Table 1).
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Table 1. Some miRNAs targeting YWHAG other 14-3-3 subtypes in different diseases.

miRNA Bckground disease
Supplement

/Remove

Affect the 

expression of 

YWHAG

Therapeutic effect Refs

miR-222 Osteosarcoma supplement Down-regulation Inhibit cell proliferation and invasion [37]

miR-182 Esophageal squamous cell 

carcinoma

remove Up-regulation Suppressive cell growth and metastasis. [93]

miR-199a-3p Hepatocellular carcinoma Supplement Down-regulation Suppressed HCC progression [94]

miR-509-5p non-small lung cancer supplement Down-regulation Inhibited the proliferation, migration, 

invasion

[95]

miR-181b-3p Breast cancer remove Up-regulation Promotes EMT [96]

miR-217 Glioma remove Up-regulation Suppressed the viability and mitosis [38]

miR-200c Alzheimer supplement Down-regulation Inhibit cognitive impairment. [54]

miR-30-5p Cerebral 

ischemia/reperfusion injury

remove Up-regulation Protective neural injury [97]

miR-217-5p Pancreatic cancer Supplement Down-regulation Inhibited proliferation and metastasis [40]

Some miRNAs targeting other 14-3-3 subtypes in different diseases

miR-217-5p14-

3-3ζ

Pancreatic cancer Supplement Down-regulation Inhibited proliferation and metastasis [40]

miR-

200cYWHAZ

Pan-cancer supplement Down-regulation promotes epithelial gene expression and 

suppresses cell invasion

[98]

miRNAs: microRNAs; HCC: hepatocellular carcinoma; EMT: epithelial-mesenchymal transition.

6.3 Molecular glue
Molecular glues, initially considered as small molecules that can induce new binding interactions between proteins[69]. Nowadays, 
molecular glues can also be regarded as small molecule compounds that bind at the protein-protein interface to stabilize or enhance 
binding, and may become a powerful approach to addressing the issue of “undruggable” targets[70]. The 14-3-3 protein does not have 
the traditional enzyme activity and relies solely on its interaction with target proteins to regulate their localization and activity. 
When the binding of 14-3-3 protein to target proteins is conducive to the treatment of certain diseases, molecular glues may 
represent a novel approach to targeting proteins that interact with the 14-3-3 protein.

For example, the treatment of estrogen receptor alpha (ERα)-positive breast cancer primarily utilizes tamoxifen to inhibit tumor 
progression by suppressing the transcriptional activity of ERα. Studies have shown that the 14-3-3 protein can interact with the 
phosphorylated threonine (p-Thr594) at the C-terminus of the dimerized ERα receptor, leading to the sequestration of the ERα 
receptor and the inhibition of its transcriptional function[71]. Markella et al. exploited this unique regulatory mechanism and 
developed a scaffold-hopping approach for optimizing small-molecule compounds based on the Groebke-Blackburn-Bienaymé multi- 
component reaction. They optimized the known compound 127, which binds at the interface of the two proteins, and the optimized 
compound significantly stabilized the binding of the 14-3-3 protein and the ERα receptor at lower concentrations[70]. Such molecular 
glues can provide a new therapeutic approach for breast cancer. However, further validation of the compound is still needed at the 
cellular level and even in vivo.

In addition, Liora et al. based their work on the carbohydrate response element binding protein alpha (ChREBPα), a 
glucose-responsive transcription factor that, when bound to 14-3-3 protein, is sequestered in the cytoplasm and unable to enter the 
nucleus to perform its transcriptional function, namely, inducing the expression of another splice variant, ChREBPβ, which leads to 
the death of insulin-secreting β-cells. They carried out structural optimization of compound “1”, which stabilizes the 14-3-3/ChREBPα 
complex, resulting in a potent stabilizer of the ChREBPα/14-3-3 protein interaction. This compound was validated in cells and 
effectively protected pancreatic β-cells from the effects of glucolipotoxicity. This work provides a foundation for the treatment of 
type 2 diabetes[72].
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As a scaffold protein, YWHAG features a flat and highly dynamic interface with its client proteins, making it difficult to optimize 
through traditional structure-activity relationship approaches[73]. Additionally, the 14-3-3 family is highly homologous, making 
molecular glues prone to cross-reactivity with other isoforms and leading to off-target effects[70]. YWHAG has hundreds of client 
proteins, and non-selective stabilization may simultaneously activate multiple pathways, causing toxicity. Pathogenic mutations in 
YWHAG alter protein surface charge and conformation, rendering wild-type molecular glues potentially ineffective against mutant 
variants, necessitating the development of “personalized” molecular glues targeting specific mutations[74]. Diseases associated with 
YWHAG require drugs to effectively penetrate the blood-brain barrier; although molecular glues have relatively small molecular 
weights, their polarity is often high, and central nervous system (CNS) permeability still needs optimization[75]. Long-term inhibition of 
YWHAG function may lead to compensatory pathway activation, and differences in E3 ligase expression levels across tissues may 
affect degradation efficiency[53]. Molecular glues may become a powerful regulatory tool for the unique target of 14-3-3 protein, but it 
is still necessary to comprehensively evaluate the feasibility and biosafety of molecular glues in vivo.

7. Discussion
The role of YWHAG in tumors exhibits significant tissue-specific duality, and this dual role provides important clues for understanding 
tumor heterogeneity and developing precision treatment strategies. In most solid tumors, YWHAG expression is upregulated and 
positively correlated with tumor malignancy, metastasis, and poor prognosis[76,77]. YWHAG promotes tumor cell progression by 
participating in the activation of multiple pro-oncogenic signaling pathways. However, in other tumors, YWHAG exhibits tumor 
suppressor functions. This diametrically opposite effect suggests that the function of YWHAG is highly dependent on tissue-specific 
contexts. Future research needs to deeply analyze the differences in YWHAG interactomes across different tumor types and truly 
understand the biological functions of YWHAG and other 14-3-3 proteins in different tissues, rather than focusing solely on this single 
but uncertain binding function.

The role of YWHAG in neurodegenerative diseases also exhibits complexity and diversity. In Parkinson’s disease, insufficient YWHAG 
function can lead to dopaminergic system dysfunction and PD-like phenotypes, suggesting a neuroprotective role for YWHAG[78,79]. 
However, in the cerebrospinal fluid of Alzheimer’s disease patients, YWHAG expression levels increase with cognitive decline, and the 
YWHAG:NPTX2 ratio may serve as a novel biomarker for predicting cognitive deterioration[80]. These differential expression patterns 
may reflect the unique pathological mechanisms of different neurodegenerative diseases, or may indicate distinct roles of YWHAG at 
different disease stages. Future research should systematically investigate the effects of altered YWHAG expression on neuronal 
development, synapse formation, and functional maintenance, and to precisely elucidate its physiological and pathological functions.

Cancer neuroscience is an emerging frontier interdisciplinary field in recent years, investigating the bidirectional interactions 
between the nervous system and tumors. Accumulating evidence indicates that neural signals can promote tumor growth, invasion, 
and metastasis, while tumors can also remodel neural circuits, forming a vicious cycle[81-84]. YWHAG plays important roles in both 
tumors and the nervous system, raising the question of whether YWHAG also plays a significant role in tumor-associated 
neurogenesis. For example, the LRRK2 protein plays a crucial role in exosome secretion[84-86]; whether YWHAG in tumors could 
influence exosome secretion by regulating LRRK2 to induce tumor neurogenesis remains to be explored[84]. However, the field faces 
significant research bottlenecks, including the extreme complexity of neural-tumor interactions where different nerve types may 
exert opposite effects depending on tumor type and disease stage, as well as technical limitations due to insufficient spatiotemporal 
resolution and loss of electrophysiological activity information during sample preparation, making it difficult to capture dynamic 
interactions. Additionally, challenges in translating findings from animal models to humans are hindered by species differences in 
neural subtype distribution and neurotransmitter receptor expression patterns[89-91]. Clinical translation is further impeded by lagging 
biomarker development, as parameters such as nerve invasion burden, innervation density, and tissue or serum norepinephrine 
concentrations lack standardized detection methods and prospective validation in large cohorts. The dynamic plasticity of neural and 
immune components during treatment further complicates biomarker development, and patient heterogeneity means that even 
within the same tumor type, individuals exhibit significant differences in innervation patterns and immune microenvironment 
characteristics[90].

Due to the lack of enzymatic active sites in YWHAG, traditional enzyme inhibitor design strategies are not applicable. RNA 
technologies such as microRNA provide effective means to directly reduce YWHAG expression. Key challenges for microRNA-based 
therapeutic strategies targeting YWHAG include developing efficient in vivo delivery systems to ensure effective accumulation of RNA 
molecules in target tissues, optimizing miRNA sequences, designing tissue-specific delivery strategies to achieve specific silencing of 
YWHAG, and avoiding off-target effects.

Molecular glues are also an effective means of intervention for proteins like 14-3-3 that primarily function through interactions. In 
some diseases, it is precisely because the binding of 14-3-3 proteins to disease-related proteins is unstable or lost that the structure, 
localization, and activity of disease-related proteins become unstable, ultimately leading to the onset of disease[60,70]. For example, the 
instability of cystic fibrosis transmembrane conductance regulator (CFTR) activity is the main cause of cystic fibrosis, and the binding 
of 14-3-3 proteins can stabilize its activity. Loes and colleagues reported that a macrocycle can stabilize the 14-3-3/CFTR complex, 
thereby improving cystic fibrosis[91,92]. Finding or synthesizing molecular glues that can enhance the binding strength between 14-3-3 
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proteins and client proteins is a direction for future research.
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