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The m1A modification of tRNAs: a translational accelerator of
T-cell activation
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Upon antigen stimulation, naïve T cells exit the quiescent state
and undergo rapid clonal expansion and differentiation [1]. This
cell fate transition requires accelerated protein synthesis, which is
regulated at both the transcriptional and translational levels [2, 3].
Compared with well-documented transcriptional regulatory
mechanisms, the translational regulation of T-cell activation has
not been fully elucidated. A recent study by Liu et al. published in
Nature Immunology suggested that the tRNA m1A58 modification
is an important regulatory mechanism of T-cell activation [4].
During translation, tRNAs play important roles in decodingmRNA.

In addition to their abundance, the modification and aminoacyla-
tion (charge) status of tRNAs is essential to ensure translation
efficiency and fidelity [5, 6]. To date, more than 170 RNA
modifications have been documented, and most of them have
been identified in tRNAs [7]. On average, one tRNA molecule
harbors 13 modifications that affect protein synthesis through
several mechanisms, including tRNA stability, codon recognition,
and aminoacylation capability [5]. Among these modifications, N1-
methyladenosine (m1A), which is typically found at position 58 in
cytoplasmic tRNA and is catalyzed by the TRMT6/61 A complex to
enhance translation initiation and elongation, is among the most
conserved [8]. A recent study reported that tRNA m1A58 methyla-
tion was required for liver tumorigenesis, but its physiological roles
in T-cell activation remained to be investigated [9].
Upon T-cell activation, a large number of functional proteins are

rapidly synthesized to drive T cells into mitosis and accelerate
their proliferation [2]. To elucidate the translational control
mechanisms, Liu et al. first performed tRNA sequencing to
measure tRNA pool (abundance) changes at several timepoints
after antigen stimulation. Interestingly, these tRNA transcripts are
sequentially increased, and differential tRNA transcripts display
distinct dynamic patterns. To further explore the molecular
mechanisms, the mRNA expression levels at these timepoints
were profiled. Notably, the number of transcripts involved in tRNA
processing and tRNA modification are increased at an early stage.
Since tRNA modifications are essential to ensure proper tRNA
decoding and translation efficiency, the authors of the aforemen-
tioned study hypothesized that these modifications may play
important regulatory roles during translation in T cells undergoing
activation and proliferation. Therefore, they hypothesized that
tRNA m1A58, one of the most abundant and prevalent tRNA
modifications, may play a profound role in these T-cell processes.
To study the role of tRNA m1A58 methylation in T-cell

activation, the authors first generated conditional Trmt61a-

knockout mice. Trmt61a encodes the methyltransferase critical
for the tRNA m1A58 modification. Upon Trmt61a depletion, the
global m1A methylation level of activated CD4+ T cells decreased
markedly. tRNA-m1A-seq further substantiated that the methyla-
tion levels of most tRNAs were reduced in Trmt61a-KO CD4+

T cells after antigen stimulation, although the magnitudes of the
decrease in m1A methylation level differed among the modified
tRNA transcripts. Furthermore, using an adoptive transfer model of
colitis, the authors of this study revealed that the in vivo immune
functions of CD4+ T cells were profoundly impaired after Trmt61a
depletion. Potential causes of the attenuated immunologic
function of Trmt61a-deficient CD4+ T cells were determined
ex vivo; they included possible defective activation, compromised
proliferation, aggravated apoptosis, and abnormal differentiation
of CD4+ T cells. Using a CellTrace labeling assay combined with an
in vitro T-cell differentiation system, the authors revealed that the
proliferation and differentiation capacity of Trmt61a-deficient
CD4+ T cells was impaired. Moreover, they confirmed that
Trmt61a deficiency led to impaired proliferation and arrested cell
cycle progression of CD4+ T cells in vivo. To determine whether
the effects of Trmt61a on CD4+ T cells are dependent on tRNA
m1A58 methylation, the authors introduced wild-type (WT)
Trmt61a and m1A58 catalytically dead Trmt61a into Trmt61a-
deficient CD4+ T cells. They found that the wild-type (WT)
Trmt61a, but not m1A58 catalytically dead Trmt61a, restored the
proliferation of these cells, as indicated by CellTrace labeling assay
with the adoptive transfer model, confirming that the tRNA m1A58
modification is vital to restoring CD4+ T-cell immune function.
To explore the molecular mechanisms by which Trmt61a ensures

normal T-cell homeostasis and proliferation, the TCR signaling
pathway and IL-2 signaling pathway were first evaluated [10]. After
in vitro stimulation, the activation of neither pathway was affected by
Trmt61a deficiency. Furthermore, the authors found that the protein
level of Myc, which can promote cell proliferation and is rapidly
increased upon T-cell activation, was significantly increased in the
early stage of CD4+ T-cell activation. Further investigations revealed
that Trmt61a deficiency impaired the protein synthesis of Myc;
however, it exerted no effect on its transcript level, indicating that
Trmt61a regulates Myc expression at the translational level.
Systematic analysis showed that the coding sequence of MYC is
enriched with serine and leucine codons and that the m1A58
modification levels of the corresponding tRNAs were markedly
decreased after Trmt61a deficiency. Thus, the authors hypothesized
that the tRNA m1A58 modification modulatesMyc protein expression
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in a codon-biased manner. Therefore, they constructed a mutantMyc
sequence using the codon-switching method, in which the most
abundant serine and leucine codons were replaced by respective
synonymous codons, to render the corresponding tRNAs insensitive
to TRMT61A deletion. Notably, the protein expression level of mutant
Myc was not affected by TRMT61A deletion. Moreover, an in vivo
hematopoietic stem cell (HSC) rescue assay showed that over-
expressed MYC protein restored the proliferation of Trmt61a-KO
CD4+ T cells. Collectively, the results of this study showed that the
efficient translation of Myc was essential for CD4+ T-cell activation,
which was precisely regulated by tRNA m1A58 modification (Fig. 1).
To systematically study the regulatory roles of the tRNA m1A58

modification during CD4+ T-cell activation at the translational
level, RiboTag-Seq was performed to identify the genes exhibiting
decreased translation efficiency (TE) after TRMT61A deletion. An
integrated analysis of RiboTag-Seq data and published T-cell
proteomics data [2] revealed that TE-downregulated genes were
significantly abundant among genes encoding functional proteins
essential to early activation of CD4+ T cells. To elucidate the
molecular mechanism of tRNA m1A58-mediated translational
regulation, two properties of tRNAs involved in mRNA decoding
were considered, including tRNA abundance and m1A58 methyla-
tion level changes. Considering the results of these analyses, the
authors reported that TE-downregulated genes were enriched
with codons encoding proteins with tRNAs that were upregulated
early in translation. In addition, TRMT61A was associated with the
preferential modification of these early-upregulated tRNAs,
ensuring the normal decoding capability of these tRNAs.
In summary, this study proposes a new working model showing

that tRNA abundance and modifications are orchestrated to
maximize translation efficiency for the rapid synthesis of key
functional proteins during CD4+ T-cell activation. In this process,
the tRNA m1A58 modification is as an important epigenetic
regulator for CD4+ T-cell activation, making it a potential
therapeutic target for immunotherapy. In addition, this study also
raises several open questions and suggests implications. For
instance, in addition to Trmt61a-mediated tRNA m1A58 modifica-
tion, other processes and modifications may be involved in this
process. Moreover, the charge status of tRNAs can affect
translation efficiency and can be rapidly changed, and the

determination of whether a change in charge is involved in
T-cell activation warrants further investigation.
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Fig. 1 TRMT6/61A-mediated CD4+ T-cell activation through MYC synthesis. Upon CD4+ T-cell activation, Trmt61a is upregulated, leading to an
increase tRNA-m1 A58modification abundance, thus ensuringMyc translation, which is critical formitosis and cell cycle progression. Myc also initiates
the adaptive immune response, including clonal expansion, differentiation and effector functions. Specific deletion of Trmt61a in CD4+ T cells
disrupted tRNA-m1 A58 modification and inhibited MYC translation, downregulating CDK2 and Cyclin-E1 and thus arresting the cell cycle.
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