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Methyltransferases are enzymes fundamental to a wide range of normal

biological activities that can become dysregulated during oncogenesis. For

instance, the recent description of the methyltransferase-like (METTL) family of

enzymes, has demonstrated the importance of the N6-adenosine-

methyltransferase (m6A) modification in transcripts in the context of malignant

transformation. Because of their importance, numerous METTL family members

have been biochemically characterized to identify their cellular substrates,

however some members such as METTL7B, recently renamed TMT1B and

which is the subject of this review, remain enigmatic. First identified in the

stacked Golgi, TMT1B is also localized to the endoplasmic reticulum as well as

lipid droplets and has been reported as being upregulated in a wide range of

cancer types including lung cancer, gliomas, and leukemia. Interestingly, despite

evidence that TMT1B might act on protein substrates, it has also been shown to

act on small molecule alkyl thiol substrates such as hydrogen sulfide, and its loss

has been found to affect cellular proliferation and migration. Here we review the

current evidence for TMT1B’s activity, localization, and potential biological role in

the context of both normal and cancerous cell types.
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Introduction: methyltransferases and the
METTL family

Methyltransferases are a critical class of highly evolutionarily conserved enzymes

capable of exerting a wide range of regulatory effects through their ability to transfer a

methyl group onto a substrate. The human genome is estimated to contain 208 genes

encoding methyltransferases (1) where the majority of these contain the canonical

Rossmann-fold S-adenosyl-L-methionine (SAM) binding domain (2, 3). The activity of

methyltransferases has been demonstrated against a broad range of substrates including
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nucleic acids (DNA/RNA), proteins, lipids, and small molecules (4–

6). Arguably the most researched form of methylation is performed

by DNA methyltransferases. Both the enzymes that methylate the

DNA and the proteins that recognize this modification play critical

roles in normal development through their ability to modulate

transcriptional activity (e.g., gene silencing through the

hypermethylation of gene promoter regions) (5). The methylation

of protein substrates, notably histone tails, has also been

investigated extensively and been shown to play an equally

important role to DNA methylation in maintaining epigenetic

regulation of genomes through a complex network of enzymatic

“writers” and “readers”. Together, DNA and histone methylation

provide a highly integrated system to functionalize genomes by

controlling accessibility of the DNA for transcription that in turn

influence cell fate and development through coordinated gene

expression programs. More recently, another layer of methylation

control over the transcriptome has been uncovered, namely RNA

methylation. These base modifications, many of which are still

being characterized, have been shown to have an equally broad

range of impacts on mRNAs including their splicing, nuclear

export, translation, and degradation (7). Given their diverse range

of normal activities, it is perhaps not surprising that

methyltransferase genes have been reported to have potential

roles in many different cancers when dysregulated or mutated (4,

8, 9). In the context of malignancies, the identification of the

substrate specificity of each enzyme is obviously of great interest,

however current predictive methods are insufficiently accurate for

this task for several reasons (3, 8). For instance, generating accurate

protein structures where multiple subunits are involved in order to

predict substrates remains challenging. In addition, the large degree

of sequence variation in methyltransferase domains that target the

same substrate means that there is a limited degree of certainty with

respect to predicted substrates. As a result, the mechanistic activity

of many methyltransferase enzymes in cancers remains unknown.

Within the SAM-dependent methyltransferases, one sub-group

of enzymes whose importance in cancer has recently been

elucidated are those encoded by the methyltransferase-like

(METTL) genes. This family of enzymes contains 33 members

which share little sequence conservation at the protein level outside

of their SAM binding domain (8, 10, 11). The best-characterized

members of the METTL family are METTL3 and METTL14, which

form a heterodimer capable of catalyzing the N6-methyladenosine

modification (m6A) on adenosine residues in RNA molecules (12).

This modification can in turn be recognized by a wide range of

modification “readers” that can influence transcript splicing,

transport, stability, and translation (6). Other members of the

METTL family have subsequently been shown to catalyze not

only other nucleotide modifications such as N4-methylcytidine

(METTL15) or O2-methyluracil (METTL19) but to also methylate
Abbreviations: TMT1B, thiol methyltransferase 1B; SAM, S-adenosyl-

methionine; METTL, methyltransferase-like; m6A, N6-methyladenosine

modification; ER, endoplasmic reticulum; LD, lipid droplet; TNM, tumour-

node-metastasis; H2S, hydrogen sulfide; TKI, tyrosine kinase inhibitor; CDS,

coding sequence; ROS, reactive oxygen species; EMT, endothelial-mesenchymal

transition; FA, fatty acid.
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protein substrates on different residues (METTL10, METTL11A/B,

METTL20) (8, 11). The substrate and activity of other family

members however, including Thiol Methyltransferase 1B

(TMT1B, also known as Associated with Lipid Droplets 1; ALDI,

and Methyltransferase-Like 7B; METTL7B), the focus of this

review, remain poorly defined.

In the human genome, the TMT1B gene encodes a 244 amino

acid protein that is most closely related to its putative paralog

TMT1A, with the encoded proteins sharing 59% residue identity

(13). However, despite the identical size of both proteins, and

similar predicted localization to the endoplasmic reticulum (ER),

the fact that TMT1B and TMT1A show greater similarity to their

mouse orthologs (84% and 85% respectively) than to each other

argue their functions have likely diverged over time. This argument

is supported both by the biochemical studies discussed later and the

divergent expression of both genes in normal tissue. While TMT1A

is highly and ubiquitously expressed, TMT1B’s expression is largely

restricted to the heart, liver, and colon (14). Given these differences,

it is not possible to infer the function of TMT1B from its closest

gene family relatives.

TMT1B was first identified in 2004 and characterized as a

putative methyltransferase localized to the perinuclear face of the

Golgi body in rat kidney cells (15). Later functional studies with

purified proteins confirmed that TMT1B’s methyltransferase

activity is SAM-dependent (13, 16, 17), while microscopy studies

with cultured cells refined its subcellular localisation to the

perinuclear face of the ER (13, 17, 18), and the surface of lipid

droplets (LD) (18, 19), rather than the Golgi body (18, 20).

Differential expression of TMT1B has been found to occur within

several cancer types (4), including gliomas (21–25), non-small cell

lung cancer (16, 23, 26–29), and acute myeloid leukemia (30, 31).

TMT1B has been proposed as a biomarker for many of these

cancers since its increased transcription and protein abundance is

frequently correlated with an advanced TNM (Tumour, Node,

Metastasis) stage of tumour development and poor patient overall

survival (21–27, 29, 31–36), risk of recurrence (35) and drug

resistance (16, 37). Despite these characterizations, the exact

substrate of TMT1B, and its role in the various cancers where it

is highly expressed, have not yet been defined. In this review we

summarize the findings of several functional and biochemical

studies of TMT1B to provide a comprehensive view of its activity

and potential insight into its role in different cancers.
The putative substrates of TMT1B

TMT1B as a thiol methyltransferase

Perhaps the strongest evidence to date of TMT1B’s potential

substrate was collected using in vitro methyltransferase assays with

a purified His-GST tagged version of the enzyme (13). The results

showed that while TMT1B had no activity against a range of

commonly methylated metabolites including cysteine, glutathione,

histamine, and 6-mercaptopurine, it could efficiently methylate

other substrates such as dithiothreitol, 7a-thiospironolactone and

hydrogen sulfide (H2S). The dependence of TMT1B on SAM for
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this methylation reaction was further validated through the

introduction of a D98A mutation within its methyltransferase

domain which effectively abolished its methyltransferase activity.

Based on these results, the authors concluded that TMT1B acts as

an alkyl thiol methyltransferase but not a thiopurine

methyltransferase. While the biochemical evidence presented is

clear, no measurements were performed in vivo, leaving open the

possibility of other cellular ligands for TMT1B. Nevertheless, while

the authors note physiological levels of hydrogen sulfide are

disputed, their Km measured for H2S is compatible with estimated

cellular ranges (38). In addition, hydrogen sulfide’s connection to

mitochondrial biogenesis and activity (39–44) could connect the

function of TMT1B to cellular phenotypes when it is lost, however a

precise role for H2S remain ambiguous. In mammalian cells, H2S

can be produced by three enzymes including cystathionine g-lyase,
3-mercaptopyruvate sulfur transferase, and cystathionine b-
synthase and has been described as a gasotransmitter (45).

Although toxic at high concentrations, at physiological

concentrations, H2S can interact with DNA, protein and ROS

metabolites thereby affecting a host of regulatory pathways

involved in gene transcription and translation, as well as

bioenergetics (44, 46). As noted, the effects of H2S on these

pathways are largely dependent on its concentration, with excess

H2S concentrations correlating with a decrease in ATP synthesis

and an increase in cell death while cells with balanced H2S

concentrations have increased proliferative and migratory abilities

(44) as well as demonstrate antioxidant properties (42, 43). Finally,

with respect to the methylation of H2S and the physiological

importance of this molecule, this remains even more enigmatic

with very little published work available to even guide speculation.
TMT1B as a protein methyltransferase

Although TMT1B has only low levels of sequence conservation

with other METTL family members that function as protein

methyltransferases such as METTL10 (47) and METTL21B (48),

evidence linking protein substrates to TMT1B has been reported.

Indeed, when TMT1B was first identified as a substituent of the

stacked Golgi fraction in rat liver cells, mass-spec analysis after

incubation of this Golgi fraction with SAM detected di-methylation

of arginine residues, although this activity could not be directly

linked to TMT1B (15). In more recent studies examining neuronal

development across multiple species using scRNA-seq, TMT1B was

identified as a primate specific transcript expressed in a subset of

neurons and subsequently performed unbiased proteomic studies to

identify protein interaction partners of TMT1B (17). Four of these

validated TMT1B interacting proteins (RTN3, RTN4, LRP1, and

APP) were then purified and incubated with purified TMT1B and

SAM to test for methyltransferase activity. Interestingly, all four

proteins showed significant increases in methylation,

demonstrating that a wide range of TMT1B interacting proteins

can function as substrates for this enzyme. It is also worth noting

that the study also found TMT1B-mediated methylation was

modulated in the presence of a high lipid concentration due to
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the re-localization of TMT1B from the ER to LDs (17). In a similar

finding, purified TMT1B exhibited little activity without being

solubilized in 20% glycerol with the addition of dimyristoyl-sn-

g l y c e ro -3 -PG l ipo somes , sugge s t ing tha t the l i p id

microenvironment may modulate TMT1B activity regardless of

its substrate (13).
TMT1B as an RNA methyltransferase

Given the well-characterized activity of different RNA-methylating

METTL family members that have low sequence conservation, the

possibility that TMT1B could also use RNA as a substrate is not

implausible. This possibility has been investigated as part of a study of

tyrosine kinase inhibitor (TKI) resistance in lung adenocarcinoma cells

(16), however the evidence is somewhat circumstantial.

In this study the expression of TMT1B was found to be

significantly higher in TKI-resistant cells along with the levels of

m6A modification in the CDS and 3’-UTR of the transcripts of three

ROS scavenging genes (HMOX1, SOD1, GPX4). Furthermore, the

global levels of m6A, including on the HMOX1, SOD1, and GPX4

transcripts, were significantly decreased when resistant cells were

treated with 3-Deazadenosine, an S-adenosyl-homocysteine

hydrolase inhibitor. The correlated loss of m6A and resistance to

gefitinib treatment therefore supports a link between mRNA

methylation and TKI sensitivity. In addition, directly

downregulating TMT1B levels with siRNAs also demonstrated a

correlation between the loss TMT1B expression and the loss of drug

resistance, which was independent of the levels of NRF2, an upstream

regulator of ROS metabolic genes that are linked to drug resistance.

Despite the clear differences in m6A levels when TMT1B levels were

modulated, the expression levels of the other METTL members were

not assessed during treatments with 3-Deazadenosine or siRNAs

against TMT1B. This leaves open the possibility that the changes seen

are not the direct consequence of TMT1B, but rather other METTL

family members, a hypothesis supported by the observations that

other METTL protein can add m6A modifications to the same ROS

transcripts [e.g. METTL3 and GPX4 (49)].
Functional role of TMT1B in cancer

Given the in vitro biochemical evidence for different potential

substrates for TMT1B, the question arises whether any of the

functional studies of TMT1B might provide further insight into

its substrate, and therefore biological role. While more detailed

studies would be required to precisely define its role, TMT1B

activity could potentially touch on multiple cellular functions

recognized as “hallmarks of cancer” such as involvement in

proliferation, migration and invasion, the tumour immune

microenvironment (22, 24), as well as cellular metabolism (13,

16). Because of its overexpression in a wide range of cancers, most

of the published functional data is in this context and is broadly

summarized in Table 1 and briefly discussed here.
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Cellular proliferation

Several studies investigating TMT1B’s effects have highlighted a role

in the regulation of cell proliferation in cancer cells. Following the loss of

TMT1B expression in thyroid cancer cells, a significant decrease in

proliferation was found, similar to effects seen in non-small cell lung

cancer, clear cell renal cancer, and glioma cells (4, 21–23, 26–29, 32, 33,

50). Conversely, overexpression of TMT1B in thyroid cancer and lung

adenocarcinoma cells significantly promoted cell proliferation (29, 50).

TMT1B’s effect on proliferation has been seen in mouse models as well,

with decreases in size and weight of xenograft tumours in BALB/c nude

mice following subcutaneous implementation of TMT1B-silenced cells

(16, 21, 26, 28, 32). Despite the data supporting TMT1B’s importance for

cell proliferation, the mechanism by which it affects this process remains

unclear. Experimental evidence shows that when TMT1B expression is

lost or inhibited, cells enter cell-cycle arrest, with significant decreases of

cells in both the S and G2/M phases (21, 26, 28, 32). Gene expression

analysis in these studies noted a downregulation of cyclins (CCND1,

CCNB1, CCNB2) and upregulation of cyclin-dependent kinase

inhibitors (CDKN2C, CDKN2D) (26, 32). Similarly, in TMT1B-

ablated lung adenocarcinoma cells, other proliferation-related genes

such as PCLAF, CDC20, CDC25B, AURKB, MKI67, BIRC5 and

HMGA1/2 were found to be downregulated (26). Finally, whether the

loss of TMT1B leads to an increase in the rates of apoptosis remains

unclear, with groups reporting both unchanged (26, 51) or increased

apoptotic marker levels correlated with TMT1B expression.
Frontiers in Oncology 04
Migration and invasion

TMT1B activity in tumours is also linked to the cell’s ability to

migrate and invade surrounding tissues. Following TMT1B ablation,

trans-well cell migration assays in multiple solid cancer types

demonstrated a decrease in motility and invasion (22, 23, 27–29, 32,

33). Wound healing assays in cells depleted of TMT1B showed a

profound impairment in cell migration relative to control cells in both

lung adenocarcinomas and gliomas (23, 27). Conversely, overexpression

of TMT1B in thyroid cancer and lung adenocarcinoma significantly

facilitated both migration and invasion (29, 33, 50).

TMT1B co-expression data shows enrichment in pathways

involved in vasculogenesis (24, 25, 35) and cell migration (notably

pathways related to the endothelial-mesenchymal transition; EMT)

(23–26, 35). TMT1B ablation was found to inhibit the pro-

migratory activity of TGF-b in thyroid cancer cells, where loss of

TMT1B inhibited the decrease of E-cadherin and increase of N-

cadherin typically seen during TGF-b-induced EMT (33).

Additionally, protein and gene expression analysis of TMT1B-

ablated cells highlighted an increase in E-cadherin (26, 32, 33)

and decreases in Slug (32), Vimentin (23, 32), and N-cadherin (23,

32, 33) compared to wildtype cells. These observations therefore

support the hypothesis that TMT1B plays a role in migration and

invasion in cancer cells by modulating the expression of EMT-

related genes. However, this hypothesis may depend on the level of

TMT1B expression; while migration and invasion decrease
TABLE 1 A summary of cancers in which TMT1B activity is investigated with an interest in the effects of TMT1B expression on proliferation and migration.

Tissue Type TMT1B
Expression

Reference Proliferation Migration

Clear cell renal cell
carcinoma

High Li W, et al. (2021) (32) Decrease (KD) Decrease (KD)

High Xiong Y, et al. (2021) (22) Decrease (KD) Decrease (KD)

High Jiang Z, et al. (2021) (23) Decrease (KD) Decrease (KD)

High Xu L, et al. (2022) (21) Decrease (KD) –

Non-small cell lung
cancer

High Liu D, et al. (2020) (26) Decrease (KD) –

High Ali J, et al. (2020) (27) Decrease (KD) Decrease (KD)

High Li R, et al. (2022) (29) Decrease (KD); Increase (OE) Decrease (KD); Increase (OE)

High Li N, et al. (2022) (28) Decrease (miRNA); Increase (OE) Decrease (miRNA); Increase (OE)

Papillary thyroid
cancer

High Ye D, et al. (2019) (33) Decrease (siRNA); Increase (OE) Decrease (siRNA); Increase (OE)

High Zhu J, et al. (2022) (50) Decrease (miRNA); Increase (OE) Decrease (miRNA); Increase (OE)

Glioma High Chen X, et al. (2021) (24) – –

Esophageal
adenocarcinoma

High Dong Z, et al. (2019) (35) – –

Endometrial
carcinoma

High Wang A, Guo H, & Long Z (2021) (36) – –

Acute myeloid
leukemia

High Barabé F, et al. (2017) (30) – –

Breast cancer Low McKinnon CM & Mellor H (2017) (20) – No effect (OE)
Results from TMT1B-loss experiments with shRNA knockdown (KD), miRNA silencing (miRNA) or siRNA silencing (siRNA) are compared with those overexpressing TMT1B (OE). No data
provided (–).
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following loss in cancers with high TMT1B expression, cancers with

low TMT1B expression (e.g. breast cancer) actually show the

opposite effect. In a series of knockdown and rescue experiments

in HeLa and T47D cells, RhoBTB1, a Rho family GTPase, was found

to regulate TMT1B expression (20). When either is depleted, cells

developed Golgi fragmentation and the inability to polarize the

Golgi to the leading edge of the cell, causing increased invasion,

although no change in 2D migration was seen when TMT1B

expression was increased (20).
Localization of TMT1B

A further avenue through which to try and gain insight into the

activity of TMT1B is through its sub-cellular localization. TMT1B was

originally identified as a constituent of the Golgi complex and while

later studies have linked its expression to the maintenance of Golgi

integrity (20) this same study in HeLa cells found that TMT1B (and

TMT1A) was localized to the ER, and not the Golgi. This discrepancy

led the authors to speculate that the target of TMT1B might be a

protein which shuttles between the Golgi and ER. It has been

suggested that the largely hydrophobic N-terminus of TMT1B

might play a role in directing its localization specifically to LDs.

This view is supported by experiments with a GFP-tagged version of

TMT1B expressed in COS cells where the protein was either in the

membrane of the ER when cells were serum starved or in LDs when

cells were pre-treated with fatty acids (FA) (18). As noted earlier,

similar observations were made in neuronal cells (17), where TMT1B

also translocated from the ER to LDs under high lipid conditions. LDs

are thought to function as transport or communication hubs between

organelles, including mitochondria (52, 53), through their transport of

associated proteins (54). It is therefore possible to speculate that in the

case of TMT1B, LDs might provide a mechanism for the enzyme to

move to different subcellular locations. In this context, it is interesting

that a mass-spectrometry based study looking at interacting proteins

of METTL family members in HeLa cells only detected robust

interaction between TMT1B and TMEM126A, an uncharacterized

transmembrane mitochondrial protein (10). In the context of

cancerous cells, where TMT1B often shows increased expression,

lipid metabolism shows a definitive shift towards de novo FA

synthesis—leading to a higher number of LDs (55)—as compared to

exogenous accumulation of FAs in non-tumour cells in order to

compensate for its higher energy consumption and increased cell

division (56). Together, these observations suggest that the subcellular

movement of TMT1B could potentially be linked to its possibly

diverse substrates. At the same time, very few studies have

conducted detailed studies of the subcellular movement of TMT1B,

and none have been performed in the context of normal versus

cancerous cells to elucidate whether its overexpression might lead to

an aberrant localization and function specific to tumours.
Discussion and conclusions

Despite the relatively sparse information on its biochemical

substrates, functional studies characterizing the impact of the loss of
Frontiers in Oncology 05
expression of TMT1B have demonstrated its ability to impact

multiple oncogenic pathways and play a role in cancer

progression (8, 20). Overall, TMT1B expression in cancer is tied

to pro-proliferation pathways, pro-migratory and pro-invasion

functions, and finally to ROS scavenging and H2S metabolism.

The question is therefore raised about whether TMT1B directly

affects all these pathways (either alone or in a complex) or which of

these effects may be indirect consequences. The answer to this

question is likely linked to both its location in the cell as well as its

interactions, whether with alkyl thiol molecules or proteins, in these

subcellular locations.

There are at least two potential scenarios that could integrate

the published data on TMT1B activity in cells and the phenotypes

of its loss (see Figure 1). In the first case, its primary activity may

be through the regulation of H2S metabolism, the direct

methylation of which has been demonstrated. Through the

maintenance of a balanced H2S environment, TMT1B could

indirectly modulate ROS (42) and lipid (57) levels thus allowing

for indirect regulation of cellular growth, migration and invasion

(56, 58, 59). TMT1B’s role in H2S metabolism would provide an

advantage to cancer cells when upregulated and could explain the

protein interaction with mitochondrial membrane protein

TMEM126A (10). The second possibility by which TMT1B can

have such a range of impacts would be through its role as a protein

methyltransferase. In this case, TMT1B could be shuttled between

the Golgi complex, the ER and LDs (as previously shown)

depending on the metabolic state of the cell, allowing for it to

methylate a wide range of proteins depending on its current

localization. These proteins could then, in turn, affect pathways

involved in proliferation, migration and invasion, and ROS

metabolism. It is important to note that these two scenarios are

not mutually exclusive but rather TMT1B may methylate both

thiol and protein substrates depending on circumstance. Given the

divergent in vitro data published on its activity, additional in vivo

targeted studies would be required to confirm published in

vitro observations.

Regardless of its direct activity, it is clear that patients with

TMT1B-high cancers generally show significant decreases in overall

and disease-free survival (22–24). Additionally, regardless of if this

is a direct cause or simply an effect of TMT1B expression, tyrosine

kinase inhibitor resistance in lung adenocarcinoma patients was

identified and the authors concluded that the resistance was due to

TMT1B’s increased expression (16). The authors suggest that this

might be due to TMT1B’s ties to an antioxidative pathway, although

independent of its canonical regulator NRF2, since sensitivity to

TKIs was reversed when cells were treated with ROS-scavenging

inhibitors or TMT1B expression was ablated (16). This study

suggests that from a therapeutic viewpoint of TMT1B over-

expressing cancers, combinatory therapies would likely be

required to block targets downstream of aberrant growth signals

(e.g., tyrosine kinase receptor activation) such as ROS

scavenging targets.

In conclusion, the identification of TMT1B as a biomarker in an

increasing number of poor prognostic cancers recognizes this

methyltransferase to be of importance in cancer progression.

Continued comprehensive characterization of TMT1B’s activity,
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and the identification of its methylation targets will provide a better

understanding of how this methyltransferase can impact such

diverse and key pathways involved in cancers, and potentially

provide mechanisms of inhibition for TMT1B-high cancers.
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FIGURE 1

Known biochemical activities and sub-cellular localization of TMT1B. Shown is a cartoon summarizing current published data regarding the physical
localization and enzymatic activities of TMT1B (shown as a pink circle). The sub-cellular movement of TMT1B, including its relocalization from
endoplasmic reticulum to lipid droplets, is depicted with black arrows, however it is unknown whether lipid droplets facilitate the movement of
TMT1B elsewhere in the cell (e.g. the Golgi apparatus where it was originally identified). Green boxes indicate the in vitro validated substrates of
TMT1B published to date described in the main text. In the case of the Golgi apparatus, although methyltransferase activity was described in TMT1B
fraction, the activity was not definitively connected to TMT1B.
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Wang L, et al. The methyltransferases METTL7A and METTL7B confer resistance to thiol-
based histone deacetylase inhibitors. bioRxiv (2022) 2022:10. doi: 10.1101/2022.10.07.511310

38. Furne J, Saeed A, Levitt MD. Whole tissue hydrogen sulfide concentrations are
orders of magnitude lower than presently accepted values. Am J Physiol Regul Integr
Comp Physiol (2008) 295:R1479–85. doi: 10.1152/ajpregu.90566.2008

39. Fu M, Zhang W, Wu L, Yang G, Li H, Wang R. Hydrogen sulfide (H2S)
metabolism in mitochondria and its regulatory role in energy production. Proc Natl
Acad Sci U.S.A. (2012) 109:2943–8. doi: 10.1073/pnas.1115634109

40. Wu D, Li M, Tian W, Wang S, Cui L, Li H, et al. Hydrogen sulfide acts as a
double-edged sword in human hepatocellular carcinoma cells through EGFR/ERK/
MMP-2 and PTEN/AKT signaling pathways. Sci Rep (2017) 7:5134. doi: 10.1038/
s41598-017-05457-z

41. Wang M, Yan J, Cao X, Hua P, Li Z. Hydrogen sulfide modulates epithelial-
mesenchymal transition and angiogenesis in non-small cell lung cancer via HIF-1a
activation. Biochem Pharmacol (2020) 172:113775. doi: 10.1016/j.bcp.2019.113775

42. Spassov SG, Donus R, Ihle PM, Engelstaedter H, Hoetzel A, Faller S. Hydrogen
sulfide prevents formation of reactive oxygen species through PI3K/Akt signaling and
limits ventilator-induced lung injury. Oxid Med Cell Longev (2017) 2017:3715037. doi:
10.1155/2017/3715037

43. Shefa U, KimM-S, Jeong NY, Jung J. Antioxidant and cell-signaling functions of
hydrogen sulfide in the central nervous system. Oxid Med Cell Longev (2018)
2018:1873962. doi: 10.1155/2018/1873962

44. Cirino G, Szabo C, Papapetropoulos A. Physiological roles of hydrogen sulfide in
mammalian cells, tissues, and organs. Physiol Rev (2023) 103:31–276. doi: 10.1152/
physrev.00028.2021

45. Giuffrè A, Vicente JB. Hydrogen sulfide biochemistry and interplay with other
gaseous mediators in mammalian physiology. Oxid Med Cell Longev (2018)
2018:6290931. doi: 10.1155/2018/6290931

46. Stein A, Bailey SM. Redox biology of hydrogen sulfide: implications for
physiology, pathophysiology, and pharmacology. Redox Biol (2013) 1:32–9. doi:
10.1016/j.redox.2012.11.006

47. Shimazu T, Barjau J, Sohtome Y, Sodeoka M, Shinkai Y. Selenium-based s-
adenosylmethionine analog reveals the mammalian seven-beta-strand
methyltransferase METTL10 to be an EF1A1 lysine methyltransferase. PloS One
(2014) 9:e105394. doi: 10.1371/journal.pone.0105394
frontiersin.org

https://doi.org/10.1074/mcp.M110.000976
https://doi.org/10.1016/j.apsb.2020.08.011
https://doi.org/10.1016/j.apsb.2020.08.011
https://doi.org/10.1021/acschembio.5b00781
https://doi.org/10.1038/s41598-021-94019-5
https://doi.org/10.1038/s41598-021-94019-5
https://doi.org/10.1038/sj.onc.1204341
https://doi.org/10.1016/S0968-0004(03)00090-2
https://doi.org/10.1016/S0968-0004(03)00090-2
https://doi.org/10.1038/s41580-019-0168-5
https://doi.org/10.1007/s12015-022-10444-7
https://doi.org/10.1111/j.1747-0285.2011.01135.x
https://doi.org/10.1038/s41598-019-43010-2
https://doi.org/10.1093/molbev/msab267
https://doi.org/10.1093/molbev/msab267
https://doi.org/10.1261/rna.064063.117
https://doi.org/10.1038/s41598-021-84218-5
https://doi.org/10.1093/nar/gkv1045
https://doi.org/10.1093/nar/gkv1045
https://doi.org/10.1091/mbc.e04-02-0101
https://doi.org/10.1186/s12943-022-01519-7
https://doi.org/10.1016/j.neuron.2021.10.036
https://doi.org/10.1016/j.neuron.2021.10.036
https://doi.org/10.1111/j.1600-0854.2006.00465.x
https://doi.org/10.1016/j.jprot.2012.12.027
https://doi.org/10.1016/j.jprot.2012.12.027
https://doi.org/10.1186/s12885-017-3138-3
https://doi.org/10.1007/s11011-022-00925-6
https://doi.org/10.3389/fonc.2021.650534
https://doi.org/10.1186/s12935-021-02087-4
https://doi.org/10.3389/fmolb.2021.727481
https://doi.org/10.3389/fimmu.2022.909189
https://doi.org/10.3389/fimmu.2022.909189
https://doi.org/10.3389/fphar.2020.00178
https://doi.org/10.21037/atm-20-4574
https://doi.org/10.1155/2022/6883140
https://doi.org/10.21037/atm-22-3849
https://doi.org/10.1038/leu.2016.302
https://doi.org/10.1038/leu.2016.302
https://doi.org/10.1016/j.imbio.2023.152355
https://doi.org/10.3389/fonc.2021.634542
https://doi.org/10.1530/JME-18-0261
https://doi.org/10.1002/jcb.26836
https://doi.org/10.3892/etm.2019.7973
https://doi.org/10.1155/2021/4804694
https://doi.org/10.1101/2022.10.07.511310
https://doi.org/10.1152/ajpregu.90566.2008
https://doi.org/10.1073/pnas.1115634109
https://doi.org/10.1038/s41598-017-05457-z
https://doi.org/10.1038/s41598-017-05457-z
https://doi.org/10.1016/j.bcp.2019.113775
https://doi.org/10.1155/2017/3715037
https://doi.org/10.1155/2018/1873962
https://doi.org/10.1152/physrev.00028.2021
https://doi.org/10.1152/physrev.00028.2021
https://doi.org/10.1155/2018/6290931
https://doi.org/10.1016/j.redox.2012.11.006
https://doi.org/10.1371/journal.pone.0105394
https://doi.org/10.3389/fonc.2023.1211540
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Denford and Wilhelm 10.3389/fonc.2023.1211540
48. Hamey JJ, Wienert B, Quinlan KGR, Wilkins MR. METTL21B is a novel human
lysine methyltransferase of translation elongation factor 1A: discovery by CRISPR/Cas9
knockout. Mol Cell Proteomics (2017) 16:2229–42. doi: 10.1074/mcp.M116.066308

49. Zhang L, Wang X, Che W, Yi Y, Zhou S, Feng Y. Methyltransferase-like 3
silenced inhibited the ferroptosis development via regulating the glutathione
peroxidase 4 levels in the intracerebral hemorrhage progression. Bioengineered
(2022) 13:14215–26. doi: 10.1080/21655979.2022.2084494

50. Zhu J, Wang Y, Yang C, Feng Z, Huang Y, Liu P, et al. Circ-PSD3 promoted
proliferation and invasion of papillary thyroid cancer cells via regulating the miR-7-5p/
METTL7B axis. J Recept Signal Transduct Res (2022) 42:251–60. doi: 10.1080/
10799893.2021.1910706

51. Lei J, Li G, Yu H, An T. Potent necrosis effect of methanethiol mediated by
METTL7B enzyme bioactivation mechanism in 16HBE cell. Ecotoxicol Environ Saf
(2022) 236:113486. doi: 10.1016/j.ecoenv.2022.113486

52. Benador IY, Veliova M, Liesa M, Shirihai OS. Mitochondria bound to lipid
droplets: where mitochondrial dynamics regulate lipid storage and utilization.
Cell Metab (2019) 29:827–35. doi: 10.1016/j.cmet.2019.02.011

53. Benador IY, Veliova M, Mahdaviani K, Petcherski A, Wikstrom JD, Assali EA,
et al. Mitochondria bound to lipid droplets have unique bioenergetics, composition,
Frontiers in Oncology 08
and dynamics that support lipid droplet expansion. Cell Metab (2018) 27:869–885.e6.
doi: 10.1016/j.cmet.2018.03.003

54. Olzmann JA, Carvalho P. Dynamics and functions of lipid droplets.Nat Rev Mol
Cell Biol (2019) 20:137–55. doi: 10.1038/s41580-018-0085-z

55. Antunes P, Cruz A, Barbosa J, Bonifácio VDB, Pinto SN. Lipid droplets in
cancer: from composition and role to imaging and therapeutics. Molecules (2022) 27
(3):991. doi: 10.3390/molecules27030991

56. Currie E, Schulze A, Zechner R, Walther TC, Farese RVJr. Cellular fatty
acid metabolism and cancer. Cell Metab (2013) 18:153–61. doi: 10.1016/
j.cmet.2013.05.017

57. Loiselle JJ, Yang G,Wu L. Hydrogen sulfide and hepatic lipid metabolism - a critical
pairing for liver health. Br J Pharmacol (2020) 177:757–68. doi: 10.1111/bph.14556

58. Ludin A, Gur-Cohen S, Golan K, Kaufmann KB, Itkin T, Medaglia C, et al.
Reactive oxygen species regulate hematopoietic stem cell self-renewal, migration and
development, as well as their bone marrow microenvironment. Antioxid Redox Signal
(2014) 21:1605–19. doi: 10.1089/ars.2014.5941

59. Wang J, Sun D, Huang L, Wang S, Jin Y. Targeting reactive oxygen species
capacity of tumor cells with repurposed drug as an anticancer therapy. Oxid Med Cell
Longev (2021) 2021:8532940. doi: 10.1155/2021/8532940
frontiersin.org

https://doi.org/10.1074/mcp.M116.066308
https://doi.org/10.1080/21655979.2022.2084494
https://doi.org/10.1080/10799893.2021.1910706
https://doi.org/10.1080/10799893.2021.1910706
https://doi.org/10.1016/j.ecoenv.2022.113486
https://doi.org/10.1016/j.cmet.2019.02.011
https://doi.org/10.1016/j.cmet.2018.03.003
https://doi.org/10.1038/s41580-018-0085-z
https://doi.org/10.3390/molecules27030991
https://doi.org/10.1016/j.cmet.2013.05.017
https://doi.org/10.1016/j.cmet.2013.05.017
https://doi.org/10.1111/bph.14556
https://doi.org/10.1089/ars.2014.5941
https://doi.org/10.1155/2021/8532940
https://doi.org/10.3389/fonc.2023.1211540
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Defining the elusive oncogenic role of the methyltransferase TMT1B
	Introduction: methyltransferases and the METTL family
	The putative substrates of TMT1B
	TMT1B as a thiol methyltransferase
	TMT1B as a protein methyltransferase
	TMT1B as an RNA methyltransferase

	Functional role of TMT1B in cancer
	Cellular proliferation
	Migration and invasion

	Localization of TMT1B
	Discussion and conclusions
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


