
Stress and Brain 2023, 3(4): 147–158
https://doi.org/10.26599/SAB.2023.9060003 ISSN 2709-1325
REVIEW ARTICLE

Tet2-mediated responses to environmental stress 

Woo Seok Song1, Meiling Xia1 () 

1 Department of Physiology and Biomedical Sciences, Seoul National University College of Medicine, Seoul 03080, South Korea 

ARTICLE INFO  ABSTRACT 

Received: 25 March 2023 

Revised: 17 July 2023 

Accepted: 18 August 2023 

© The Author(s) 2023 

Creative Commons Non Commercial CC BY- 

NC: This article is distributed under the terms of the 

Creative Commons Attributtion-NonCommercial 4.0 License 

(http://www.creativecommons.org/licenses/by-nc/4.0/) 

which permits non-commercial use, reproduction and 

distribution of the work without further permission. 

KEYWORDS 

ten-eleven translocation 2; stress; psychiatric 

disorders; epigenetics 

The ten-eleven translocation 2 (Tet2) protein, a member of the Tet 

family, acts as an α-ketoglutarate- and Fe2+-dependent dioxygenase 

that catalyzes the iterative oxidation of 5-methylcytosine. Tet2 is 

widely recognized for its involvement in diverse physiological

and pathological processes. Herein, we focused on Tet2 changes

in stress-related disease models, behavioral changes in response to 

mutant forms of Tet2, and potential mechanisms underlying the

involvement of Tet2 in psychiatric symptoms. This information

can contribute to the comprehensive understanding of the role of

Tet2 in stress-related disorders and its potential as a therapeutic 

target. 

1 Introduction 

The old proverb “the straw that broke the 

camel’s back” signifies that things have reached 

a threshold limit and any increase in factors will 

lead to their collapse. Nowadays, in a pathological 

context, stress can often be considered that 

“straw”. According to the World Health 

Organization, the number of patients with 

stress-related disorders, such as major depressive 

disorder (MDD), has surpassed 340 million [1], 

thus making such disorders a substantial 

contributor to the global disease burden [2]. 

MDD represented the second greatest cause of 

disability in the 2010 “Global Burden of Disease” 

report and is anticipated to become the leading 

cause by 2030 [3]. Furthermore, psychiatric 

symptoms have been commonly observed in 

numerous diseases, including Parkinson’s disease 

[4], Alzheimer’s disease [5], coronavirus disease 

2019 [6], and even acne [7]. These associations 

underscore an urgent requirement for effective 

interventions targeting stress-related disorders 

and the associated psychiatric symptoms. 

Thus, the effects of diagnosis, prevention, and 

treatment of stress-related disorders or psychiatric 

symptoms are inadequate owing to the 

complexities of their underlying causes and 

mechanisms. Analyses of epigenetic processes 

offer a promising avenue for better understanding 

the development of stress-related disorders 

through their ability to epigenetically alter gene 
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expression [8]. Such an approach may help gain 

insights into the mechanisms contributing to 

stress-related disorders and develop more effective 

interventions that can mitigate the impact of this 

global health burden. 
DNA methylation, the most typical epigenetic 

modification, plays a crucial role in transcriptional 

silencing and genomic stability. This modification 

is accomplished via the enzymatic transfer of 

methyl groups to the 5´-carbon atom of cytosine 

to form 5-methylcytosine (5-mC) [9]. Among the 

chromosomal translocation partners originally 

identified in leukemia [10], the ten-eleven 

translocation (Tet) family members Tet1, Tet2, and 

Tet3 serve as key regulators of DNA demethylation 

owing to their dioxygenase activity [11, 12]. For 

example, Tet2 serves as an important regulator of 

normal hematopoiesis, particularly myelopoiesis 

[13]. Recent studies have reported that changes 

in Tet2 in the brain of stress-model animals and 

Tet2 mutations cause stress-related phenotypes. 

This review focused on the contribution of 

Tet2, a critical epigenetic protein, to stress-related 

disorders and explored its potential role in 

diagnosing, preventing, and treating psychiatric 

conditions. 

 

2 Structure and function of Tet2 
 

The Tet family includes the isoforms Tet1, Tet2, 

and Tet3 that are involved in DNA demethylation 

by catalyzing the conversion of 5-methylcytosine 

to 5-hydroxymethylcytosine [12]. Tet2, similar to 

Tet1 and Tet3, contains an N-terminal domain 

and a C-terminal catalytic domain that comprises 

a cysteine-rich region and a double-stranded  

β helix (DSBH) with a large low-complexity 

insertion. Tet1 and Tet3 contain CXXC zinc 

finger domains in the N-terminal region that 

recognize unmodified cytosine, 5mC, and 

5-hydroxymethylcytosine (5-mC) in DNA. 

However, Tet2 requires the interaction with the 

IDAX gene product (also known as CXXC4), 

which is involved in the binding of unmethylated 

CpG, to catalyze hydroxymethylation [14]. After 

Tet2 specifically recognizes CpG dinucleotides, 

5-mC is inserted into the catalytic cavity owing 

to the substrate preference of Tet2 for 5-mC, 

allowing the oxidation of 5-mC to 5-hmC [15]. 

Recent studies have reported that 5-hmC is 

present at appreciable levels (~1 per 5000 5-mC 

residues) in the RNA of mammalian cells and  

in tissues that express the three Tet enzymes, 

which catalyze the formation of 5-hmC in RNA 

[16, 17]. These findings identified Tet2 as an 

RNA-binding protein with considerable regulatory 

functions. Specifically, Tet2 hydroxymethylates 

coding or noncoding RNA. For example, 

PSPC1 recruits Tet2 transcriptionally active loci, 

including endogenous retroviruses (ERVs) 

whose long terminal repeats have been co-opted 

by mammalian genomes as stage- and tissue- 

specific transcriptional regulatory modules [18]. 

Furthermore, Tet2 contributes to myelopoiesiscss 

remain unclear, these findings offer promising 

clues regarding the multifaceted roles of Tet2 in 

the regulation of the epigenetic modifications of 

diverse molecular targets [19, 20]. 

 

3 Functional analysis of Tet2 
 

To identify the functional implications of Tet2, 

we conducted an analysis of Tet2 expression in 

diverse cell lines based on the RNA-Seq data 

obtained from the Human Protein Atlas (HPA) 

database. The analysis shows that Tet2 mRNA 

expression levels were higher in cell lines 

representing the hematopoietic and nervous 

systems compared with those of other systems 

(Figure 1a). Numerous studies have reported that 

the Tet2 gene frequently undergoes microdeletions 

and copy number–neutral loss-of-heterozygosity 

and leading to aberrant DNA methylation in 

diverse hematological malignancies [13, 21].  



Stress and Brain 

https://mc03.manuscriptcentral.com/sab | Stress and Brain 
 
 

149

However, the role of Tet2 in central nervous 

system (CNS) disorders, particularly those of 

psychiatric origin, appears to be underestimated 

because of the abnormal expression of 5hmC 

in the brain of patients with psychiatric 

disorders [22–24]. 

Furthermore, we identified the Tet2-interacting 

proteins described in published studies in the 

NCBI database and identified the functions    

of these 124 interacting proteins (Supplemental 

material) using the METASCAPE database.  

The top 20 clusters of enriched sets are shown  

in Figure 1b. The interacting proteins of Tet2 

mediate pathways such as cellular responses  

to stress and signaling through Rho GTPases. 

Notably, the METASCAPE database was also 

enriched with possible transcription factors   

or regulators of Tet2 among these validated 

interacting proteins (Figure 1c), including stimulus- 

responsive transcription factors such as JUN, 

FOS, EGR1 [25]. HIF1A [26], NF1 [27], SP1 [28], 

LEF1 [29], ESR1 [30], SIRT1 [31], TP53 [32], WT1 

[33], E2F1 [34], and YY1 [35], which participate 

in psychiatric disorders such as depression, 

schizophrenia, or bipolar disorder. It will be 

interesting to identify the transcription factors 

that act in concert with Tet2 to contribute to 

the development and progression of psychiatric 

disorders. 

 

4 Tet2-mediated responses after stress 
 

4.1 Tet2 expression after environmental stress 

As the most well-established animal models   

of depression, chronic unpredictable mild stress 

(CUMS) models reproduce classic symptoms of 

depression such as anhedonia and social deficit 

[36]. Mice subjected to CUMS exhibit increased 

Tet2 expression levels in the hippocampus and, 

in contrast, decreased global 5hmC expression 

levels [37]. Furthermore, Tet2 and 5hmC levels 

in mice subjected to chronic social defeat stress 

(CSDS) exhibit similar responses [37]. Moreover, 

the induction of these stresses leads to the 

accumulation of Tet2 in the cytoplasm[37], and 

the decreased expression of Tet2 in the nucleus 

explains these contradictory findings. 

Furthermore, other studies suggest that 

reduced Tet2 expression levels serve as a major 

contributor to stress-related disorders. Poststroke 

depression (PSD) is a common complication of 

stroke [38, 39], and decreased Tet2 reduced the 

5hmC modification of the inflammatory regulator 

LEF1 to influence the secretion of IL-18 in mouse  

 

Figure 1 Functional analysis of Tet2. (a) Cell lines that express Tet2 were analyzed using the HPA database. (b, c) Analysis of GO and

KEGG pathways (b) and transcription factors (c) associated with Tet2-interacting proteins were analyzed using the NCBI and METASCAPE

databases. 
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models of PSD [40]. Moreover, Tet2 expression 

decreases in the hippocampus of socially isolated 

mice [41]. These findings highlight the importance 

of Tet2 in stress-related disorders and suggest 

that targeting Tet2 serves as a potential therapeutic 

strategy for such conditions. Further research  

is required to fully identify the mechanisms 

underlying the role of Tet2 in stress and related 

disorders. 

4.2 Behavioral changes in Tet2-deficient mice 

Most studies on Tet2 mutants focus on diseases 

such as hematopathy and tumors. The established 

association of epigenetic changes caused by 

environmental stress includes Tet2 mutations 

that cause alterations in psychiatric symptoms. 

Deficiency of Tet2 in the CNS leads to 

depression-like behaviors, including increased 

immobility time in the forced swim and tail 

suspension tests and increased latency to feed in 

the novelty-suppressed feeding test (NSFT) [37]. 

Furthermore, Tet2 knockout is associated with 

increased susceptibility to chronic restraint stress, 

and these stress-related phenotypes are observed 

before exposure to the stressor [42]. 

There has been evidence indicating that 

stress-related behavioral changes are caused  

by Tet2 mutations. For example, brain-specific 

deletion of Wt1 leads to depressive-like behaviors, 

including immobility, despair, and anhedonia, 

in mice via the recruitment of Tet2 to modulate 

erythropoietin expression [33]. RNA-seq analysis 

identified 703 genes in neural stem cells that are 

significantly upregulated and 979 genes that are 

downregulated because of Tet2 depletion [43]. 

Gene ontology (GO) analysis revealed specific 

enrichment of upregulated genes involved in 

the cell cycle and DNA replication pathways. 

Conversely, downregulated genes were highly 

enriched in GO terms related to ion channel 

changes, synaptic plasticity such as sodium ion 

transmembrane transport, synaptic assembly, 

and dendrite morphogenesis [43]. The expression 

levels of the gene which participates in psychiatric 

disorders (including depression and other 

stress-related illnesses) [44–46] are downregulated 

after Tet2 deletion and therefore these genes may 

serve as targets of hydroxymethylation by Tet2. 

 

5 Activities of Tet2 in stress responses 
 

5.1 Tet2 catalyzes hydroxymethylation of DNA 

and RNA 

Tet2 plays a crucial role in 5hmC dynamics 

(Figure 2). Among the 1,251 stress-induced 

hydroxymethylation genes, 630 were identified 

in Tet2 KO mice, suggesting that Tet2 is more 

likely to cause the stress-induced loss of the 

5-hmC loci [42] as revealed by high-throughput 

sequencing of 5-hmC modified genes [47]. 

Specifically, decreased Tet2 levels lead to the 

hypermethylation of PPAR-α in the hippocampus 

of mice exposed to social isolation–induced 

stress [41]. Decreased Tet2 levels result in   

the decreased abundance of differentially 

hydroxymethylated regions in Wnt signaling 

pathway genes in PSD mice [40]. In addition, 

Tet2-modulated DNA demethylation is involved 

in potential antidepressant therapy in animal 

models of depression. Caffeic acid regulates  

the ratio of 5-mC/5-hmC at the promoter regions 

of the bone-derived neurotrophic factor and 

catechol-O-methyltransferase (COMT) genes 

associated with depression-like behaviors in  

rats [48]. Metformin increases the expression of 

bone-derived neurotrophic factor to ameliorate 

depression through the AMPK/Tet2 pathway 

[49]. Furthermore, Tet2 participates in brain- 

related traits such as social interaction and 

risk-taking behavior related to histone H3-K4 

methylation [50]. 
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5.2 Tet2-interacting proteins in response to 

stress 

In the CUMS model, Tet2 accumulates in the 

neuronal cytoplasm through interaction with a 

cellular trafficking protein (Fig. 2) known as 

Abelson helper integration site-1 (Ahi1), thus 

preventing Tet2 from entering the nucleus and 

hydroxymethylating 5mC of DNA [37]. The 

exact role of Tet2 accumulation in the neuronal 

cytoplasm and its potential “cytoplasmic toxicity” 

remain unclear, although these studies demonstrate 

that regulating the nuclear translocation of  

Tet2 serves as a key to treating depression-like 

behaviors. 

As a target for potential antidepressants    

[51, 52], AMP-activated protein kinase (APMK) 

phosphorylates and thus stabilizes Tet2 [53]; and  

 

Figure 2 Mechanisms of stress-related behavioral changes induced by Tet2. Tet2 participates in stress-related behavioral changes through 

demethylation, molecular interaction, and neuronal activity. 
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14-3-3 proteins bind Tet2 when phosphorylated 

at Ser-99 to protect the latter from PP2A-mediated 

dephosphorylation [54]. Wt1 recruits Tet2 to the 

promoter of the gene encoding erythropoietin 

to ameliorate depressive-like behavior in mice 

[33]. Furthermore, Tet2 interacts with the key 

nonsense-mediated mRNA decay factor Upf1 to 

regulate the stability of stress-related genes such 

as Unc5b mRNA [55]. 

Significantly more Tet2-interacting partners [56] 

associated with stress-related disorders were 

identified, including PU.1 [57], Klf4 [58], Ikzf1 

[59], Atrx [60], Cux1 [61], Yy2 [62], Snip1 [63], 

P300/CBP [64], Hdac1 [65], Hdac2 [66], Phf2 [67], 

Trrap [68], Chd8 [69], and Runx1 [70]. However, 

the roles these molecules play in the stress 

response through Tet2 require further investigation 

(Table 1). 

5.3 Tet2 is involved in the regulation of 

neuronal activity and neurogenesis 

Certain mental state changes are often 

accompanied by changes in neuronal activity  

[71, 72]. Although only a few studies have 

definitively reported the effect of Tet on the 

electrical activity of neurons, some evidence also 

pointed to this association (Fig. 2). For example, 

at least 88% of 5hmC immunostaining–positive 

cells colocalize with calcium/calmodulin dependent 

protein kinase II (CaMK II, a marker for excitatory  

Table 1 Stress-related Tet2-interacting proteins 

Interacting 
protein 

Mechanism Reference

Ahi1 Ahi1 mediates the nuclear translocation 
of Tet2 

[37] 

AMPK APMK phosphorylates and stabilizes 
Tet2 

[53] 

14-3-3 14-3-3 proteins protect the Ser-99 
phosphorylation of Tet2 and stabilize 
Tet2 

[54] 

Wt1 Wt1 recruits Tet2 to the promoter of 
the gene encoding erythropoietin 

[33] 

Upf1 Tet2 interacts with Upf1 to regulate 
the stabilities of stress-related genes 

[55] 

neurons)-labeled neurons [73]. Neurons express 

high levels of the three Tet family isoforms   

[43, 74, 75]. However, the effect of Tet catalytic 

activity on synaptic transmission in neurons 

remains unknown. 

One study suggests that Tet2 upregulation in 

neuropathic pain promotes Nfat1 promoter 

demethylation, resulting in the reprogramming 

of microglia gene expression while promoting 

the proliferation of microglia [76]. The activated 

microglia release more cytokines such as 

TNF‐α and IL‐1β and induce an inflammatory 

microenvironment that enhances excitatory 

synaptic transmission [76]. Noticeably, a recent 

study found that increased Tet2 expression 

levels in adult hippocampal neurons alter the 

hydroxymethylation of genes related to synaptic 

transmission and signaling [77]. Whether the 

depression-like phenotype induced by Tet2 

deficiency or changes in the expression levels of 

Tet2 in the stress models is related to synaptic 

transmission or neuronal activity remains to be 

explored. 

 

6 Conclusions and prospects 
 

Increasing evidence suggests that epigenetic 

mechanisms offer promising avenues for the 

study of psychiatric syndromes that arise   

from the interplay between genetic factors and 

environmental exposures [78, 79]. As the most 

studied form of epigenetic modifications,  

DNA methylation persists throughout life, and 

demethylation of DNA by Tet2 plays an integral 

role in stress-induced psychiatric disorders.  

This review aimed to explore the latest findings 

regarding Tet2 and its impact on stress 

responses. Tet2 mutations are present in many 

patients with cancer, and the role of Tet2 in 

tumors is well-investigated. Although still in 

their relatively early stages, recent investigations 

have revealed that Tet2 expression levels are 
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altered in different stress-induced animals   

and that animals with Tet2 mutations exhibit 

stress-related behaviors. Furthermore, the 

hydroxylmethylation modifications of DNA 

and RNA, regulation of RNA stability, and 

regulation of Tet2 expression are being increasing 

researched. Considering the heterogeneous 

causes and pathophysiologies of neuropsychiatric 

disorders, more sophisticated techniques are 

required to investigate the role of Tet2 in 

stress-related disorders. 
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