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Background: Acute myeloid leukemia (AML) is a highly heterogeneous cluster of hematologic
malignancies. Leukemic stem cells (LSCs) are one of the culprits for the persistence and relapse of AML.
The discovery of copper-induced cell death, namely cuproptosis, gives bright insights into the treatment
of AML. Analogous to copper ions, long non-coding RNAs (IncRNAs) are not bystanders for AML
progression, especially for LSC physiology. Uncovering the involvement of cuproptosis-related IncRNAs in
AML will benefit clinical management.

Methods: Detection of prognostic relevant cuproptosis-related IncRNAs are carried out by Pearson
correlation analysis and univariate Cox analysis with RNA sequencing data of The Cancer Genome
Atlas-Acute Myeloid Leukemia (TCGA-LAML) cohort. After the least absolute shrinkage and selection
operator (LASSO) regression and the subsequent multivariate Cox analysis, a cuproptosis-related risk score
(CuRS) system was derived to weigh the risk of AML patients. Thereafter, AML patients were classified
into two groups by their risk property which was validated with principal component analysis (PCA), risk
curves, Kaplan-Meier survival analysis, the combined receiver operating characteristic (ROC) curves, and
nomogram. Variations in biological pathways and divergences in immune infiltration and immune-related
processes between groups were resolved by GSEA and CIBERSORT algorism, respectively. Response to
chemotherapies were scrutinized as well. The expression profiles of the candidate IncRNAs were examined
by real-time quantitative polymerase chain reaction (RT-qPCR) and the specific mechanisms of IncRNA
FAM30A were determined by transcriptomic analysis.

Results: We fabricated an efficient prognostic signature named CuRS incorporating 4 IncRNAs
(TRAF3IP2-AS1, NBR2, TP53TGI, and FAM30A) relevant to immune environment and chemotherapy
responsiveness. The relevance of IncRNA FAM30A with proliferation, migration ability, Daunorubicin
resistance and its reciprocal action with AUFI were demonstrated in an LSC cell line. Transcriptomic
analysis suggested correlations between FAM30A4 and T cell differentiation and signaling, intercellular
junction genes.

Conclusions: The prognostic signature CuRS can guide prognostic stratification and personalized AML
therapy. Analysis of FAM30A offers a foundation for investigating LSC-targeted therapies.
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Introduction

Acute myeloid leukemia (AML), the most prevalent type
of leukemia in adults, is a malignant clonal disease derived
from hematopoietic progenitor cells (1). The occurrence
and development of AML are often accompanied by a
variety of genetic abnormalities, including chromosomal
abnormalities such as t [8; 21], inv [16], t [15; 17],
abnormalities in genes such as FLT3, PDGFB, RUNXI,
NPM1, CEBPA, ASXLI (2). In recent years, clinicians
appreciate the applications of targeted small-molecule
inhibitors, such as IDHI/IDH?2 inhibitors, FLT3 inhibitors,
BCL2 inhibitors, and Hedgehog pathway inhibitors in
addition to intensive chemotherapy (3). Emerging chimeric
antigen receptor-1" cell (CAR-T) therapies, antibody-based
therapies, and natural killer (NK) cell therapies also deliver
encouragement (1,4,5). However, off-target effects, immune
escape, and drug resistance are still inevitable (6). The
remission rate for high-risk refractory patients remains less
than 35% (7). The prognosis of elder patients, who account
for the majority of emerging cases, remains poor (8,9). One
non-negligible reason is the presence of leukemic stem cells
(LSCs) (10). As the origin of leukemia, LSCs are capable
of self-renewal and differentiation. Most of them are in the
quiescent phase and show abnormality in survival signaling
pathways, which enable their escape from conventional
chemotherapeutics that mainly target rapidly proliferating
cells. Therefore, exploring LSC-targeting therapeutics that
do not damage normal hematopoietic cells should be an
effective strategy (11).

Limitations of current chemotherapy and pharmaceutical
research are reflected in their narrow-mindedness of
several already-known forms of cell death, such as
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apoptosis and ferroptosis, which hastens us to seek
solutions in distinctive cell death pathways. Recently,
Tsvetkov et al. demonstrated an exclusive mode of cell
death, namely cuprotosis (copper-induced cell death) (12).
Copper is essential for all organisms, but can be toxic
when its concentration exceeds the threshold maintained
by evolutionarily conserved internal homeostatic
mechanisms (13). Tsvetkov ez /. found that copper ions
cause cell death by proteotoxic stress. Specifically, copper
ions directly bind to lipoylation proteins in the tricarboxylic
acid (T'CA) cycle, leading to abnormal aggregation of
lipoylation proteins and interference with iron-sulfur cluster
proteins in the mitochondrial respiratory chain complex.
In this process, genes involved in protein lipoylation such
as FDX1, which are critical for mitochondrial aerobic
metabolism, are key genes in promoting cuproptosis.
Tsvetkov claimed that cells that rely on mitochondrial
respiration were extremely more sensitive to copper ions
than those that undergo glycolysis. Intriguingly, LSCs are
characterized by an entire dependence on mitochondrial
oxidative phosphorylation (OXPHOS) instead of
glycolysis (14). Besides, Singh er a/. have previously
discovered the capacity of copper ions in regulating
epigenetics and affecting differentiation in LSCs (15).
Moreover, the treatment of LSCs with disulfiram (a copper
ion carrier) in combination with copper ions renders them
capable of complementing their respective drawbacks in
terms of cancer-suppressing (16). A cohort study revealed a
significant upregulation in the level of serum copper among
leukemia patients as well (17). Nanoscale therapeutic anti-
cancer agents that specifically target copper death have been
demonstrated with promising outcomes in the management
of bladder cancer (18). Thus, delving into the significance
of cuproptosis in AML may delivering new insights into
disease interpretation and blaze the trail for promising
therapeutic options.

LncRNAs are transcripts of more than 200 bp in
length possessing considerable portrayals on the map of
oncology. Many studies confirmed IncRNA's pivotal role
in cell differentiation and metabolism by forming complex
secondary or tertiary structures. Published studies have
endorsed the persuasiveness of IncRNAs in the prophecy
of the prognosis of AML patients (19-22). For instance,
deletion of IncRNA HOTTIP was found to inhibit AML
cell proliferation by regulating hematopoietic chromatin
and transcriptional program in an epigenetic manner (23).
LncRNA HOXB-AS3 promotes the transcription of
ribosomal RNA by binding to transcription factor EBPI,
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thus maintaining the malignant proliferation of AML
cells (24). The TET2-WTI1-IncRNA MEG3 signal
transduction pathway has been reported as a main
pathway to inhibit the progress of AML (25). The highly
expressed IncRNA ANRIL and IncRNA HOTAIRM1I
affect the proliferation of AML cells and the sensitivity to
chemotherapy drugs by participating in metabolic pathways
(26,27). Albeit extant reports on cuproptosis-associated
IncRNAs in AML and other malignancies (28-30), their
profiles in drug resistance and specific roles in AML
remain poorly documented. To compensate for the above
deficiencies, guide the imminent renewal of AML treatment
and the precise stratification of AML sufferers, we made an
earnest endeavor to draw up a list of practical prognostic
factors intertwined with cuproptosis. We present the this in
accordance with the TRIPOD reporting checklist (available
at https://tcr.amegroups.com/article/view/10.21037/ter-22-
2526/rc).

Methods
Acquisition of IncRNASs related to cuproptosis

RNA-sequencing material of 151 AML patients (TCGA-
LAML . htseq_fpkm, version 07-19-2019) and their matching
clinical characteristics (TCGA-LAML.survival, version 07-
19-2019 and TCGA-LAML.GDC_phenotype, version 08-
07-2019) were retrieved in the University of California Santa
Cruz (UCSC) database (31). The dataset used to validate
the relationship between FAM30A and the prognosis
of AML was obtained from Gene Expression Omnibus
(GEO) cohort GSE12417-GPL96 and GSE114868. All
patients enrolled were initially diagnosed by bone marrow
biopsy. Expression volumes were processed by log,(x+1)
and samples lacking survival time and survival status
data were removed. An expression-survival data matrix
consisting of 140 AML cases was operated. Genes relevant
to cuproptosis were picked up in the study of Tsvetkov
et al. (Table S1). Pearson correlation analysis was conducted
on the expression data of IncRNAs and cuproptosis-related
genes using the limma R package (threshold P value <0.001,
correlation coefficient >0.4) to screen out cuproptosis-
related IncRNAs.

Constructing a cuproptosis-related risk scove (CuRS)
system

The prognosis of patients was assessed by the length of
overall survival (OS) incorporated in the file TCGA-
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LAML.survival, version 07-19-2019. The TCGA-LAML
cohort was classified into a training set and a testing set
through a thousand times of the caret R package random
cycling. Between-set discrepancies were investigated by
the chi-square test. Univariate Cox analysis was applied to
select specific IncRNAs associated with OS (P<0.05) with
the survival R package. The least absolute shrinkage and
selection operator (LASSO) regression analysis was for the
prevention of overfitting by the glnmet R package (32). After
the final multivariate Cox analysis, our signature named
CuRS was fabricated and the formula is:

CuRS = z::l (coefficient, x express in level of incRNA,)  [1]

By arranging the midpoint of the CuRS in the training
set as borderline, each patient was endowed with a CuRS
property and was assigned to the corresponding group of
high- or low-risk.

Verifying the prognostic signature CuRS

Principal components analysis (PCA) plots and risk survival
curves were worked out by the ggplot and pheatmap R
packages, respectively. Kaplan-Meier curve analysis for
revealing variation in OS was executed by the survminer
R package. The survivalROC R package supported the
conduction of the time-dependent receiver operating
characteristic (ROC) curves and the calculation of the area
under the ROC curve (AUC).

Nomogram and clinical correlation beatmap

A nomogram based on the CuRS signature was created
for individualized prognosis prophecy by the usage of the
rms R package. The corresponding calibration curves were
designed for accuracy estimation. The heatmap of clinical
correlation was performed by the limma R package and

pheatmap R package.

Gene Set Enrichment Analysis (GSEA) and analysis in

sensitivity of chemotherapeutics

Between-group divergence in biological pathways was
investigated by GSEA software (version 4.2.1). Significant
thresholds were considered as P<0.05, Inormalized
enrichment score (NES)| >1.5 and false discovery rate

(FDR) <0.20. The CIBERSORT algorithm was used for the
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differential analysis of immune cells and immune-related
processes. With the pRRophetic R package, individual
sensitivity to chemotherapeutics in Genomics of Drug
Sensitivity in Cancer (GDSC) was determined by their half-
maximal inhibitory concentration (IC50).

Agents and antibodies

HRP Goat Anti-Rabbit IgG (H+L) (AS014), AUF1
Rabbit pAb (A15679), GAPDH Rabbit mAb (A19056),
and LCK Rabbit pAb (A2177) were bought from Abclonal.
Primary antibodies and secondary antibodies were diluted
in QuickBlock™ Primary Antibody Dilution Buffer for
Western Blot (Beyotime) and QuickBlock™ Secondary
Antibody Dilution Buffer for Western Blot respectively
(Beyotime).

Cell culture and RNAi

Leukemia cell lines including KG1a, K562, THP-1,
and HL-60 stored at the Department of Hematology of
Wuhan Union Hospital were selected for the subsequent
experiments. KGla cells were cultured in Roswell Park
Memorial Institute (RPMI) 1640 (Gibco), 1% penicillin-
streptomycin (Procell), and 20% fetal bovine serum
(FBS) (Gibco) while K562 and THP-1 were in 10% FBS.
HL-60 cells were fostered in Iscove’s Modified Dulbecco
Medium (IMDM) (Gibco) with 1% penicillin-streptomycin
and 10% FBS. All cell lines were offered an atmosphere of
37°C, 5% CO,.

Lentiviruses with short hairpin RNA (shRNA) sequences
for FAM30A and empty vector lentiviruses expressing green
fluorescent protein (GFP) were designed and synthesized
by Genomeditech. KG1la cells were cultured until the
logarithmic growth period and infected with lentivirus with
polybrene at 5 pg/mL and multiplicity of infection (MOI)
at 100. Cells with a stably knocked-down expression of
FAM30A were used for subsequent experiments.

RNA extraction and quantification

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). It was approved
by the ethics committee of Wuhan Union Hospital [No.
(2020) IEC-J (320)]. Written consent was obtained from
patients for acquisition of all clinical samples. Clinical
peripheral blood samples were obtained from three healthy
controllers and unmedicated patients who presented to
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Wauhan Union Medical College Hospital in August 2022
with a primary diagnosis of AML. Fresh blood samples
were equiproportionally diluted with phosphate buffered
saline (PBS) (Gibco) and then added on top of an equal
amount of Ficoll paque (cytiva). After centrifuging at 300xg
for 20 minutes with no break, the cloudy layer between the
Ficoll layer and the plasma layer, namely peripheral blood
mononuclear cells (PBMCs), was aspirated using a pipette.
Cells were fully lysed by 1 mL of TRIzol (Takara) and
shaken thoroughly after adding 200 pL of chloroform.
The mixtures were centrifuged at 12,000xg for 20 min at
4 °C. The supernatant was extracted and an equal volume
of isopropanol was added for the subsequent mixing.
After centrifuging at 12,000xg for 15 min at 4 °C, the
supernatant was discarded and the precipitate was washed
twice with pre-cooled 75% ethanol and then dried at
room temperature. Twenty pL. of diethyl-pyrocarbonate-
treated (DEPC) water (Beyotime) was added to dissolve the
precipitate and 1 pL. end product was used in the Nanodrop
system to detect the purity and concentration of RNA.
Real-time quantitative polymerase chain reaction (RT-
qPCR) were carried out with the instructions of HiScript®
III RT SuperMix for qPCR (+ gDNA wiper) (Vazyme) with
Veriti 96 well Thermal Cycler (Applied Biosystems) and
ChamQ Universal SYBR qPCR Master Mix (Vazyme) with
7500 Fast Real-Time PCR System (Applied Biosystems).
Primers used: human B-ACTIN: F: AGCGAGCATCCCCC
AAAGTT, R: GGGCACGAAGGCTCATCATT;
human FAM30A: F: TGGCAAAGGCAAGTGAC, R:
GGCAGAAGGATGAACCC.

Cell migration assays

Two hundred pL of serum-free cell suspension was added
to the upper chamber of Transwell and 600 pL of complete
medium was added to the lower chamber. After 36 h of
incubation, the cells in the lower chambers were added
with 60 pL. CCK-8 solution and incubated at 37 °C for
60 min, 200 pL of which was transferred to a 96-well
plate and the absorbance value at 450nm was read in the
MicroplateReader.

Cell proliferation assays

The cells were calculated with a Bio-Rad cell counting
plate and fabricated into cell suspensions (2x10*/mL) with
concentrations of Daunorubicin (DNR) at 8, 6, 4, 2, 0.8,
0.4, 0 pM, then inoculated into 96-well plates at 200 pL. per
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well with 4 replicate wells. CCK-8 solution (20 pL/well)
was added and incubated at 37 °C for 60 min. Subsequently,
the absorbance value at 450 nm was measured with a
MicroplateReader, and the growth curves were plotted
based on the recorded values.

RNA fluorescence in situ bybridization (FISH)

RNA FISH was conducted with the FISH kit from
GenePharma. Cy3-labeled FISH probes for FAM30A, 18S,
and U6 were ordered from RiboBio. The cell suspension
was dropped evenly onto a polylysine-treated slide (Boster
Bio) and baked to dry on the flame of an alcohol lamp.
Cells on the slides were permeabilized with buffer A, and
the probes were diluted by buffer E and denatured at 73 °C.
Slides are spiked with a denatured probe mixture, protected
from light, and placed in a 37 °C incubator overnight. After
washing the slides with buffer F and buffer C, DAPI working
solution was added dropwise to stain for 20 minutes. Slides
were washed with PBS, then observed under a fluorescent

microscope (OLYMPUS), and photographed.

RNA pull-down (RPD)

Briefly, cell lysates were incubated with streptavidin
magnetic beads (MedChemExpress) and biotinylated
probes for FAM30A or scramble probes (RiboBio). Part
of the beads were incubated in the SDS-PAGE Sample
Loading Buffer (2x, Beyotime) at 95 °C for 10 min for SDS
PAGE silver stain with Fast Silver Stain Kit (Beyotime)
and Western blot. The remaining magnetic beads were
subjected to mass spectrometry detection.

Western blot

After quantification with Bicinchoninic Acid Protein Assay
Kit (Pierce) and high-temperature denaturation, protein
samples with the same concentration were added to the
wells of FuturePAGE 4-20% performed gel (12 Wells,
ACE) and electrophoresis was performed following the
manufacturer’s instructions. A gel, a methanol-soaked
PVDF membrane (Millipore), and filter papers were
placed on the membrane transfer device in a reasonable
order for transfer at a constant current in the transfer
buffer (Sevicebio). After transfer, membrane blocking with
QuickBlock™ Blocking Buffer for Western Blot (Beyotime)
and incubation of primary and secondary antibodies
were performed. Finally, the bands were observed by the
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Molecular Imager ChemiDoc XRS+ (BIORAD) after the
addition of NemECL Ultra Reagent A/B (NCM). Image]
software favors the quantitative analysis of bands.

Mass spectrometry (MS) detection

The MS detection was performed by Novogene. In brief,
protein denaturation, reduction, and alkylation were
conducted by the incubation of magnetic beads with a
reaction solution. An equal volume of water, and trypsin
at a mass ratio of 1:50 enzyme to protein were added at
37 °C for overnight shaking for digestion. To terminate the
digestion, trifluoroacetic acid (TFA) was added the next
day. The supernatant was desalted by centrifugation at
16000 g then dried and stored at =20 °C. Mass spectrometry
data were gathered by the Q Exactive HF-X mass
spectrometer in tandem with an EASY-nLC 1200 liquid
phase LC system (Thermo Scientific).

RNA immunoprecipitation (RIP)

The RIP assay was conducted with the guidance of the RIP
kit (BerSinBio). In brief, the RIP lysing buffer participated
in the lysing of 2x10” cells. Lysates were incubated with 5ug
primary antibody of AUF1 or Rabbit control IgG, together
with protein A/G magnetic beads. The immunoprecipitated
RNA is reverse transcribed and fluorescently quantified by
the above-mentioned steps.

Transcriptomic analysis

Cell line samples from the knock-down and control groups
were centrifuged and lysed in TRIZOL and delivered to the
Beijing Genomics Institute for RNA-Seq (Quantification).
SOAPnuke (v1.5.2) assisted in the filtering of the sequencing
data. The subsequent analyses were performed on Dr. Tom
Multi-omics Data mining system (https://biosys.bgi.com). The
significance threshold of the differential genes was set to |log,
fold change (FC)I >0 and q<0.05. The outcome of Kyoto
Encyclopedia of Genes and Genomes (KEGG) and Gene
Ontology (GO) enrichment analysis was screened with q<0.05
and an enrichment number greater than 1. Protein-protein
interaction networks (PPI) results were obtained by scoring
the transcript mapping relationships using the STRINGI11
database and the National Center for Biotechnology
Information (NCBI) Reference on a scale of 0 to 1000. The
higher the score, the more accurate the PPI relationships are
likely to be and the fewer the associated mRINAs.
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Statistical analyses

R software (version 4.1.1) was applied in all bioinformatic
statistical analyses with P<0.05 as acceptable unless
otherwise stated. Data normalization to the fold change
over the median of the control was carried out in the
quantitative analysis of immunoblotting and mRNA
expression to decrease benchmark discrepancy between
separate experiments. Comparisons between the two groups
were checked by a 2-tailed Student’s 7-test. Statistical
analyses of experimental data were conducted by Graphpad
Prism 8.0.

Results

Construction of a prognostic signature related to
cuproptosis

Figure 14 displays the flowchart of the bioinformatics
research. A total of 140 AML cases with pathological
diagnosis as AML from 2001 to 2010 were enrolled and
their clinical characteristics are presented in 7Table 1. Two
hundred and forty-four IncRNAs relevant to cuproptosis
were initially identified. Patients’ survival time and
survival status data with their IncRNA expression level
information were combined into a matrix. One thousand
times of caret package randomly assigned patients in the
matrix to a training set with 72 cases and a testing set with
68 cases. Patients’ clinical characteristics in the two sets
were matched and are shown in 7able 2. Subsequently, 9
prognosis-associated IncRNAs (TRAF3IP2-AS1, MAN1B1-
DT, EP300-AS1, PSMD6-AS2, NBR2, NADK2-AS1,
TP53TG1, FAM30A, and PSMA3-ASI) were sorted by
univariate Cox analysis. LASSO regression was utilized for
the prevention of overfitting (Figure 1B,1C). Eventually,
by multivariate Cox analysis, we developed a prognostic
signature containing 4 IncRNAs named CuRS (7zble 3).
The formula is: CuRS = (-1.106242875) x expression level
of TRAF3IP2-AS1 + (-0.214435146) x expression level
of NBR2 + 0.414597295 x expression level of TPS3TG1
+ 0.035357611 x expression level of FAM30A. LncRNAs
with a coefficient greater than zero (TP53TGI and
FAM30A) were risk-increasing factors and those less than
zero (TRAF3IP2-AS1 and NBR2) were protective factors.
The regulatory patterns of the CuRS IncRNAs with the
cuproptosis-linked genes are exhibited in 7able 4. Patients
with CuRS greater than the median value of the training
set were bestowed a high-risk property, and those otherwise
were considered low-risk.
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Verification of the accuracy and independence of the
prognostic signature

PCA plots approved the above division of high- and low-risk
sets (Figure 2A4,2B). The risk diagrams presented that the
CuRS and the survival time, the number of survivors were
inversely related (Figure 2C,2D). Kaplan-Meier analyses
confirmed the high-risk population with significantly poorer
prognosis manifested by shorter OS time (Figure 2E,2F). In
the training set, the AUC of the 1-year, 3-year, and 5-year
predicted OS was 0.833, 0.833, 0.943, while in the testing
set, was correspondingly 0.756, 0.733, 0.779. AUC values
greater than 0.7 rendered the CuRS signature plausible
(Figure 2G,2H). The autonomy of age, cytogenetic risk,
and CuRS in prognostic provision were affirmed through
univariate and multivariate Cox analysis (Figure S1). As the
factor with the largest AUC in the combined ROC curve,
the persuasive power of our CuRS signature was certified
once again (Figure 2I).

Nomogram and clinical corrvelation

A nomogram was fabricated to render the CuRS signature
credible in personalized prognostication (C-index
=0.7203595) (Figure 3A). The association between higher
expression of TRAF3IP2-AS1 and NBR2 and the better
prognosis was confirmed again, while the opposite effect
was present in TP53TG1 and FAM30A. The calibration
curve plots approved the accountability of the CuRS
signature for 1-, 3-, and 5-year forecasting of chances of
survival (Figure 3B-3D). By ranking each individual in the
cohort by risk score, we plotted a heatmap of the association
between CuRS IncRNA expression and each clinical trait
(Figure S2). It can be seen that as the CuRS increases, the
expression of TP53TGI1 and FAM30A was heightened, while
the opposite is true for TRAF3IP2-AS1 and NBR2. We also
found significant distinctions in CALGB cytogenetics risk,
age and FAB type of patients between different risk groups.

Biological significance research

We performed a GSEA analysis to explore the biological
significance of this signature and noticed that the natural
killer (NK) cell-mediated cytotoxicity pathway and ATP-
binding cassette (ABC) transporters pathway were enriched
in the high-risk group (Table S2). Variations in NK cell
toxicity prompted us to conduct studies on the association
of this model with the immune environment. Through the
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Figure 1 Flow gram and LASSO regression. A flow gram of the bioinformatic research (A). LASSO regression was performed to identify
cuproptosis-related IncRNAs closely associated with the prognosis of AML (B,C). RNA-seq, RNA sequence; AML, acute myeloid leukemia;
LASSO, the least absolute shrinkage and selection operator; GSEA, Gene Set Enrichment Analysis; TCGA-LAML, The Cancer Genome
Atlas-Acute Myeloid Leukemia.
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Table 1 Summary descriptive table of all cases in the TCGA-

LAML cohort

Characteristics

N=140, n (%)

Set
Testing
Training
Cytogenetics risk category
Unknow
Favorable
Intermediate/normal
Poor
Age (years old)
<65
=65
History of neoadjuvant treatment
No
Yes
FAB type
MO undifferentiated
M1
M2
M3
M4
M5
M6
M7
Not classified
Ethnicity
Hispanic or latino
Not hispanic or latino
Not reported
Gender
Female
Male
Survival state
Alive

Dead

68 (48.6)
72 (51.4)

2(1.43)
31 (22.1)
76 (54.3)
31 (22.1)

97 (69.3)
43 (30.7)

107 (76.4)
33 (23.6)

14 (10.0)
30 (21.4)
34 (24.3)
15 (10.7)
28 (20.0)
15 (10.7)
2(1.43)
1(0.71)
1(0.71)

1(0.71)
136 (97.1)
3(2.14)

63 (45.0)
77 (55.0)

53 (37.9)
87 (62.1)

TCGA-LAML, The Cancer Genome Atlas-Acute Myeloid

Leukemia.
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CIBERSORT algorithm, we found that mast cells resting
showed a relatively higher content in low-risk patients
(Figure 4A4,4B). Analysis of immune function also validated
the discrepancy related to the immune environment
(Figure 4C,4D). We also examined the between-group
divergence in immune checkpoint genes and found
relatively intense expression of CTLA4, CD276, TNFSFI5,
PDCDI, TNFRSF8, and TNFRSFY in the high-risk group
(Figure 4E,4F), which reflects that patients in different
risk groups may react differently to immune checkpoint
inhibitor therapy. ABC transporter proteins have been
adopted as multidrug resistance inhibition targets in
oncology clinical treatment because of their capacity to
excrete tumor therapeutic drugs from tumor cells (33).
Therefore, we speculated on the existence of between-
group disparity in the sensitivity of chemotherapeutic
drugs and conducted a drug sensitivity assessment. The
results indicated higher application values of 12 kinds of
drugs including BMS.536924, Bortezomib, CGP.60474,
CGP.082996, JW.7.52.1, KIN001.135, MG.132, NVP.
TAE684, Paclitaxel, Rapamycin, Roscovitine, WZ.1.84
in high-risk groups, and 18 kinds of drugs with higher
sensitivity in the low-risk group (Table 5).

Exploration of the biological function of FAM30A

Survival analysis by the Gene Expression Profiling
Interactive Analysis (GEPIA) website and the GEO cohort
GSE12417-GPL96 revealed the significance of FAM30A4
in prognostic forecasting (Figure 5A-5C). A comparison
of bone marrow mononuclear cells of AML patients
and disease-free controls in the GSE114868 population
detected remarkable variation in FAM30A expression
(Figure 5D). The RT-qPCR analysis of peripheral blood
samples from our collection of three primary cases of
AML and two healthy individuals demonstrated that AML
patients presented with significantly higher expression
levels of FAM30A (Figure SE). KGla cell line, well
known as LSCs, were found to express the highest level
of FAM30A among the cell lines we selected (Figure 5F).
Therefore, the knockdown of FAM30A and the subsequent
in vitro and in vivo experiments were performed on KGla
cells. Through RNA FISH, we found that FAM30A4 was
mainly expressed in the cytoplasm (Figure S3). Given the
property that IncRNAs often function in combination
with proteins, we entered the full-length sequence of
FAM30A in the catRAPID database for prediction and
obtained a bunch of results. Thus, we performed RPD

Transl Cancer Res 2023;12(5):1175-1195 | https://dx.doi.org/10.21037/ter-22-2526
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Table 2 Summary descriptive table of testing and training sets

1183

Characteristics Testing (N=68), n (%) Training (N=72), n (%) P value
Cytogenetics risk category 0.780
Unknow 1(1.47) 1(1.39)
Favorable 14 (20.6) 17 (23.6)
Intermediate/normal 40 (58.8) 36 (50.0)
Poor 13 (19.1) 18 (25.0)
Age (years) 0.091
<65 42 (61.8) 55 (76.4)
>65 26 (38.2) 17 (23.6)
FAB type 0.778
MO undifferentiated 6 (8.82) 8 (11.1)
M1 16 (23.5) 14 (19.4)
M2 15 (22.1) 19 (26.4)
M3 9(13.2) 6 (8.33)
M4 11 (16.2) 17 (23.6)
M5 9(13.2) 6 (8.33)
M6 1(1.47) 1(1.39)
M7 0 (0.00) 1(1.39)
Not classified 1(1.47) 0 (0.00)
Ethnicity 0.802
Hispanic or latino 0 (0.00) 1(1.39)
Not hispanic or latino 66 (97.1) 70 (97.2)
Not reported 2 (2.94) 1(1.39)
Gender 0.185
Female 35 (51.5) 28 (38.9)
Male 33 (48.5) 44 (61.1)
Survival state 0.258
Alive 22 (32.4) 31 (43.1)
Dead 46 (67.6) 41 (56.9)
Table 3 The coefficient of the 4 IncRNAs involved in the prognostic signature
LncRNA Coefficient HR 95% Cl P value
TRAF3IP2-AS1 -1.10624 0.330799 0.145099-0.754164 0.008513
NBR2 -0.21444 0.806997 0.612119-1.063917 0.128358
TP53TG1 0.414597 1.513761 1.039186-2.205065 0.030754
FAM30A 0.035358 1.03599 1.017854-1.05445 8.72E-05

HR value greater than one indicates that the INcRNA is a risk-increasing factor. IncRNA, long non-coding RNA; HR, hazard ratio; Cl, confi-

dence interval.

© Translational Cancer Research. All rights reserved.
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Table 4 LncRNAs involved in the signature and cuproptosis genes predicted to be regulated by them

Cuproptosis gene LncRNA Correlation coefficient P value Regulation
SLC31A1 TRAF3IP2-AS1 -0.52124 6.81E-12 Negative
SLC31A1 NBR2 —-0.42555 5.12E-08 Negative
GCSH TP53TG1 0.409028 1.84E-07 Positive
PDHB FAM30A -0.40661 2.21E-07 Negative

IncRNAs, long non-coding RNAs.

experiments and examined the beads by mass spectrometry.
Several proteins that diverged most referring to the
value of 1log2FCI between the probe group and the NC
group were selected for validation. Western blot results
suggested the combination of AUFI and FAM30A, which
was subsequently proved by RIP experiments (Figure S4,
Figure 5G-5I). No changes in RNA expression of AUFI
were found by RT-qPCR performed on the knock-
down and the natural control groups prompting a
physical combination. However, the knock-down
group was characterized by poorer migration ability,
slower proliferation rate and higher sensitivity to DNR
(Figure 57-5L).

Furthermore, we carried out a transcriptomic analysis
of empty vector-infected and shRINA-sequence-containing
lentivirus-infected KG1a cells and identified 54 differential
genes among the two groups, including 23 upregulated
genes and 31 downregulated genes in the knock-down
group (Figure 64). Consistent with the outcome of KEGG
enrichment analysis (namely the enrichment of differential
genes in Thl cell, Th2 cell, Th17 cell differentiation, and T
cell receptor signaling), GO enrichment analysis illustrated
their engagement in the T cell receptor complex, and its
binding, differentiation, and signaling (Figure 6B-6E). The
involvement of differential genes in PD-L1 expression and
PD-1 checkpoint pathway demonstrated the possibility of its
participation in cancer immune therapy (34). PPI network
interaction analysis identified a group of highly correlated
genes, of which LCK featured the maximum number of
connections (Figure 6F). The validation of the differential
expression of LCK (Lymphocyte Cell-Specific Protein-
Tyrosine Kinase) was performed through a Western blot
(Figure S5).

Discussion

Great progress has been achieved in the treatment of AML
in recent years. For AML patients able to accept intensive

© Translational Cancer Research. All rights reserved.

treatments, cytarabine for seven days and anthracyclines
for three days (the “7+3” regimen) in combination
with sequential allogeneic hematopoietic stem cell
transplantation is still the primary choice. Small molecule
targeted drugs, antibody-based drugs, CAR-T therapy, or
NK cell therapy in combination with traditional cytotoxic
regimens generate more opportunities for transplantation
for all AML sufferers, especially those who cannot endure
high-dose chemotherapy. However, drug resistance and
relapse always bother clinical disposition, mostly due to
the presence of CD34+CD38-CD123+ LSCs that cannot
be cleared by chemotherapy (35). This phenomenon can
attribute to their mostly being in the quiescence of the cell
cycle, enhanced DNA repair and scavenging of reactive
oxygen species (ROS), and the prioritized expression of
multiple drug-resistant proteins, such as P-glycoprotein
and BCL2 (36). Phenotypes of LSCs distinct from
hematopoietic stem cells (HSCs) and bulk cancer cells
render the exploitation of LSCs-targeted treatments
feasible. As is known to all, the linkage of the TCA cycle
and OXPHOS is indispensable for the production of
ATPs in cells. The purpose of the ‘reverse Warburg effect’
enabled us to be aware of the more intense reliance of LSCs
on mitochondrial respiration instead of glycolysis compared
to mature cancer cells (14,37,38). By depletion of glucose,
Jones ez al. found out that LSCs from de novo AML patients
survive on amino acid-promoted OXPHOS (39). Multiple
works have demonstrated the practicability of attacking the
mitochondrial OXPHOS pathway to restrain LSCs as well
(40,41). Tsvetkov et al. also emphasized the indispensable
contribution of mitochondrial respiration in cuproptosis by
increased lipoylated TCA enzymes in T'CA-cycle rushing
cells (12). The integration of copper ions and lipoylated
components in the TCA cycle results in the aggregation
of the lipoylated protein, missing Fe-S cluster-containing
proteins, intense proteotoxic stress, and eventually cell
death. Coadministration of copper ions and their vehicles
has demonstrated a favorable cancer suppressive effect in
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Figure 2 Verification of accuracy and independence. The PCA diagrams in the training set (A) and testing set (B) showed there is a clear
trend of differentiation between high- and low-risk groups, with red and blue dots representing the individuals of the high-risk group and
the low-risk group, respectively. The risk curve took the increased risk score as the abscissa and the survival time as the ordinate and divides
the high- and low-risk groups by the median value of the risk score in the training set. The diagram of the training set is on the left (C) and
the testing set is on the right (D). The red dots represent the survival state as dead, and the blue dots represent the survival state as alive.
It can be seen that with the increase in the risk score, the shorter the survival time of the patients, the higher the number of patients who
died. Survival curves exhibit that high-risk patients have poorer outcomes in both training (E) and testing sets (F). The AUC value of the
model is greater than 0.7 in both training (G) and testing sets (H), indicating the convincing efficacy of the model. The combined ROC
curve demonstrated the ability of the risk score calculated by the signature to predict risk independent of other clinical features including
cytogenetics risk, age, FAB typing, and gender (I). PCA, principal component analysis; ROC curve, receiver operating characteristic curve;
AUC, the area under the ROC curve; FAB, an acute leukemia staging criteria developed by France, American and Britain.
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Figure 3 A nomogram and calibration curves of the signature. A nomogram based on the CuRS signature (A). The line corresponding to
each IncRNA involved in CuRS is marked with a scale, which represents the range of values available for that IncRNA, while the length of
the line segment reflects the size of the contribution of that IncRNA to the ending event. The corresponding scores of the IncRNAs, i.e., the
points at the top of the graph, indicate the scores corresponding to each IncRINA at different values, and the individual scores corresponding
to all variables taken together add up to total points. The prediction ability of the above nomogram was evaluated with a graphical

calibration method (B-D). The closer the calibration curve is to the standard curve, the better the predictive power of the nomogram. OS,

overall survival.

in vivo and in vitro trials (16). Thus, it is reasonable to
inquire into the relationship between cuproptosis and AML.

In our study, we initially broke the TCGA-LAML
cohort into a training set and a testing set randomly with
no significant difference in clinical tendencies. A risk-
scoring signature CuRS containing four cuproptosis-
related IncRNAs (TRAF3IP2-AS1, NBR2, TP53TG1, and
FAM30A) was created. The effectiveness of the signature in
prognostication was demonstrated by PCA analysis, Kaplan-
Meier survival analysis, and ROC curves. Its prognostic
autonomy was authenticated by univariate and multivariate
Cox analysis and combined ROC curves. To further
investigate the biological connotation of CuRS, we executed
a GSEA analysis on KEGG pathways. The NK cell-
mediated cytotoxicity pathway was enriched in the high-risk
group, implying the relevance of the CuRS signature and
the immune environment of AML. The CIBERSORT is an

© Translational Cancer Research. All rights reserved.

analytical algorithm that assesses the relative plenty of each
cell type, by which we found that resting mast cells showed
a relatively elevated abundance in the high-risk group.
Almost universally enhanced immune-related processes
in the high-risk populations were detected as well. The
specific mechanism of cuproptosis in the AML immune
environment requires further exploration. Since the ABC
transporter pathway enriched in the high-risk group was
highly corroborated with the chemoresistance of cancer
cells, we undertook a variational analysis of chemotherapy
sensitivity in populations with diverse risk properties and
obtained promising results, which serves as a basis for
the subsequent application of this signature in directing
individualized regimens. Compared to other prognostic
signatures, our CuRS system delivers a refreshing approach
for risk profiling and demonstrates sound predictive efficacy.

With the continuous research on IncRNAs, more and

Transl Cancer Res 2023;12(5):1175-1195 | https://dx.doi.org/10.21037/ter-22-2526
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Figure 4 Immune environment analysis. Using the CIBERSORT algorithm, the discrepancy in immune cells and immune-related processes

was revealed in the training set (A,C) and the testing set (B,D). The expression level of checkpoint genes was investigated between different
risk groups in the training set (E) and the testing set (F). *, P<0.05; **, P<0.01; ***, P<0.001. NK cells, natural killer cells; CCR, chemokine
receptors; DCs, dendritic cells; aDCs, activated DCs; iDCs, immature DCs; pDCs, plasmacytoid DCs; HLA, human leukocyte antigen;

MHC, major histocompatibility complex; Tth, follicular helper T cell; Thl, helper T cell 1; Th2, helper T cell 2; IFN, interferon.
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Table 5 Twelve kinds of chemotherapies with higher sensitivity in more IncRNAs have been discovered in hematological
the high-risk group and 18 kinds in the low-risk group cancers, and their mechanisms of action are gradually
Chemotherapy with higher sensitivity P value being explored. LncRNAs play important roles as signaling
High-risk group molecules, decoy molecules, guidance molecules, or
BMS.536924 4.30E-06 scaffolding molecules in the occurrence, development,
and prognosis of AML, and also offer fresh ideas for
Bortezomib 4.60E-06 clinical diagnosis and treatment (42). TRAF3IP2-AS1 was
CGP.60474 3.40E-04 previously screened as a protective IncRNA associated
CGP.082996 4.40E-06 with N6-methyladenosine in AML and a related pair with
JW.7.52.1 2 30E-05 SRSFI10 that has been regarded as an appealing target of
anti-cancer therapeutic, such as hepatocellular carcinoma,

KINO01.135 1.00E-04 .
rectal cancer, head and neck cancer (43-45). NBR2 is also
MG.132 2.10E-05 a regulator in multiple cancers and has been suggested to
NVP.TAE684 4.60E-04 be involved in cancer cell sensitivity to some therapeutics
Paclitaxel 2 50E-04 such as biguanides (which has been documented to exhibit
. amelioration of chemo-resistance in AML) (46-49). In our
Raparmyein 3-60E-06 study, TRAF3IP2-AS1 and NBR2 were regarded to be risk-

Roscovitine 7.80E-08

decreasing and negatively related to SLC31A1 (also known

WZz.1.84 7.20E-06 as copper importer CTRI). TP53TG1, namely tumor protein
Low-risk group 53 target gene 1, is a risk-increasing factor and has been
proven to be correlated with the etiology of various cancers

ABT.263 1.90E-12

(50-52). Albeit the role of p53 as a therapeutic target,
AKT.inhibitor.VIll 2.40E-05 functions of TP53TGI in AML have not been researched
AP24534 6.00E-06 yet (53). FAM30A, also named IncRNA KIAA0125, has
AZD.2281 8.50E-04 been selected as a risk-raising element in AML and was
AZD7762 5 30E-05 assumed to be negatlvel}f related' to PDHB acco.rdmg to our

research (54). A relatively higher expression level of
BIBW2992 9.50E-07 FAM30A in B cells is positively correlated with after-
BX.795 1.80E-08 vaccination antibody levels, recommending that FAM30A4
CCT007093 1.80E-09 is engaged in human immune-associated events (55). We
CCTo18159 9.50E-07 carried out separate survival analyse.s of .four IncRNAs in

the GEPIA database and the results implied that FAM30A
GDC0941 8.90E-10 . . .

seems to be capable of impacting prognosis autonomously.
Gefitinib 1.40E-04 Wang et al. have portrayed the distinctive properties
JINJ.26854165 2.10E-04 of AML sufferers with higher expression of IncRNA
Midostaurin 4.80E-04 FAM3O0A (56). By mediation analysis, Hornung er al.

announced FAM30A associated with t [8; 21] and RUNX1
SB.216763 1.10E-05 mutation (57). FAM30A was also utilized as a risk
Tw.37 1.50E-05 contributor in a 17-gene stemness scoring signature for
Vorinostat 2.00E-05 ascertaining the risk of AML patients (58). In our research,
VX702 1 40E-07 elevated expression of FAM30A was found in the KGla

cell line, which has been generally applied as LSCs in
ZM.447439 7.70E-05

previous research. Further, we identified the combination of

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2023;12(5):1175-1195 | https://dx.doi.org/10.21037/ter-22-2526



Translational Cancer Research, Vol 12, No 5 May 2023 1189

A B Overall survival C GSE12417-GPL96
104 —+— 1.0 .- —— Low FAM30ATPM FAMB30A level == High == Low
T —— High FAM30A TPM 1.00
H Logrank P=0.0045
‘-:. HR(high) =2.2 2>
8 b3 0.8 gl el p(HR) =0.0058 3 0.75 1
4 “nhighy=53" T S
n(low) =53 g
64 06 & 0.50
= ©
g | ahThe. %
e | h s 0.25 1
4l 2 (?) 044 o i UD) P<0.001
e
i 0.00 A
B T T T T
54 t 0.2 4 _ 0 1 2 3
} ~~~~~~~~~ [ Time, years
A | T PP 3
=+ . g High 4 81 21 15 9
01 _—— 0.0 @ Low 4 81 45 31 22
T T T T T = T T ! T
LAML 0 20 40 60 80 = 1Time ears
(num()=173; num(N)=70) Months Y
Probe scramble input
G H Probe scramble input
GSE114868 1.57 =)
(a2} 1 -
8 6007 C # =15
c ~ 5 f 1 S« - b
S < gl 2 S 2 8 1.0 - 5
28 8 2 400 o= 60kD B 104
oS 52 o= 8
%E 44 s . "._45 kD g
= © © 2 2054 kel
g0 2 g 200 RS : 35kD @ 0.54
5 2 24 5% o8 g
= 0 O = o Q
€= T &
0 0. 0.0- o
AML NC AML NC AZAL YN O £ 00-
49'49@\’{1’3&*23 A 2 Input 1gG  IP
Y i
J K L
v 25 m f 1 2 5} —— 1.5
§ 2.0 4 *g 2.0 B=IsH -e- NC24h
'»%15_ _§1_5_ %1.0 & SH24h
5 s 3 —— NC36h
L 2
€10 = 1.0 s ¥ SH36h
o < 5 0.5
2 o )
T 0.5+ = 0.5+
& &)
0.0+ 0.0 0.0 = T T T T 1
NC  SH 24h 36h 0 2 4 6 8 10

DNR concentration, uM

Figure 5 Bioinformatic validation and iz vitro experimental validation of FAM30A function. The analysis in the GEPIA database showed a
significantly enhanced expression of FAM30A in the AML population (left) compared to normal subjects (right) (A). Survival analysis of the
AML cohort in the GEPIA database (B) and GSE12417-GPL96 in the GEO database (C) exhibited that higher expression of FAM30A was
associated with a poorer prognosis. Analysis of the GEO cohort GSE114868 (D) and clinical samples (E) also revealed that AML patients have
relatively higher FAM30A expression. qPCR analysis of several AML cell lines revealed that the KGla cell line possessed the highest Z4M30A4
expression (F). RNA pull-down was performed in the KGla cell line using a probe for Z4M30A. The protein-bound magnetic beads and input
sample were silver-stained after SDS-PAGE electrophoresis (G). The results show the difference between the probe and scramble group around
45 kD (indicated by arrow). Mass spectrometry analysis of the protein binding-magnetic beads revealed the presence of elevated AUFI protein
in the probe group relative to the NC group. This conclusion was confirmed by a subsequent Western blot (H) and RNA-binding protein
immunoprecipitation (I). In the SH group, poorer migration ability (J), weaker proliferation ability (K), and higher DNR sensitivity (L) were
uncovered by CCKS8 assays. *, P<0.05; **, P<0.01; ***, P<0.001. GEPIA, Gene Expression Profiling Interactive Analysis; NC group, natural
control group, cells infected with a lentivirus containing scramble sequences; SH group, cells infected with a lentivirus containing shRNA

sequences; DNR, Daunorubicin; AML, acute myeloid leukemia; gPCR, quantitative polymerase chain reaction.
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Figure 6 Comparative transcriptomic study of KGI1A cell line after Z4M30A knockdown. (A) Differential expression analysis was performed
using the DESeq2(v1.4.5) with q<0.05. Green dots represent genes down-regulated in the knock-down group and red dots represent genes
up-regulated in the knock-down group. To take an insight into the change of phenotype, GO (http://www.geneontology.org/) and KEGG
(https://www.kegg.jp/) enrichment analysis of annotated different expression genes was performed by Phyper (https://en.wikipedia.org/wiki/
Hypergeometric_distribution) based on Hypergeometric test (B-E). The significant levels of terms and pathways were corrected by q value with
a rigorous threshold (q<0.05). PPI network analysis of the differential genes was performed and LCK was selected as a hub gene (F). DEGs,
differential expressed genes; KD, knock-down group; NC, natural control; Thl, helper T cell 1; Th2, helper T cell 2; Th17, helper T cell 17;
GTP, uridine triphosphate; PPI, protein-protein interaction; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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FAM30A4 and AUF1. AUFI, namely heterogeneous nuclear
ribonucleoprotein D (hnRNP D), is the first purified and
cloned AU-rich element-binding protein (ARE-BP) with
four types of isoforms (p45, p42, p40, and p37). Researchers
have found that ARE-like sequences are present in as
many as 5% to 8% of genes (59). ARE-BPs such as AUF1
recruit and incorporate AREs at the 3'-untranslated
regions of mRNAs, thereby positively or negatively
modulating their degradation or translation (60,61). The
versatile characteristics of AUFI have been documented
in various cancers (62-65). The mRNAs affected by AUF1
include regulators in the cell cycle, apoptosis, metastasis,
inflammation, DNA repair and replication (66-74).
AUF1 was documented to be involved in the translational
regulation of the MYC mRNA in two leukemia cell lines
(K562 and THP1) (66) and in connection with the stability
of BCL2 mRNA in MV-4-11 cells (75). The biological
significance of its binding to FAM30A in KGla cells still
requires more experimental explorations.

Through the knockdown of FAM30A, we found
alterations in proliferation, migration, and drug resistance.
Subsequent transcriptomic studies revealed remarkable
enrichment of differential genes in T cell differentiation and
signaling. LCK, an Src family tyrosine kinase, was screened
as a focal point (76,77). Mutations and overexpression of
LCK were previously observed to be capable of driving
the proliferation of an AML cell line (78). In a high-risk
AML type, i.e., patients with coexistence of NUP98-NSD1
and FLT3-ITD, a relatively higher expression of LCK was
found (79). Its relationship with CEBPA has been
demonstrated as well (80). Notably, one of its transcripts
showed a markable increase in the immature AML type
(MO and M1) (81). We hypothesize that the high presence
of LSCs may result in a relative increase in FAM30A
expression, which in turn elevates LCK expression and
ultimately increases the malignancy of leukemia. In
the GO enrichment analysis of cellular components,
we discovered significantly varied genes in the cell-cell
junction. Thus, we propose that the upregulated expression
of FAM30A in LSCs enhances its crosstalk with the bone
marrow microenvironment by increasing the expression of
intercellular molecules, which may subsequently lead to the
occurrence of immune escape (82,83).

However, there are remaining imperfections in our
study. We only trained and validated the CuRS signature
in the TCGA-LAML cohort. The consequential effects
of the conjugation of FAM30A with AUFI have not been
well investigated. Our hypothesis based on transcriptomic
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evidence still demands further in vivo and in vitro
explorations and validation.

Conclusions

Above all, our CuRS signature related to cuproptosis and
the immune environment sheds light on risk stratification
for AML. The research of between-group divergences
in chemotherapeutic drug sensitivity puts forward
innovative personalized treatment ideas. In particular, we
confirmed that the expression of FAM30A solely impacts
AML prognosis. The binding of FAM30A to AUFI was
discovered and illustrated for the first time.
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Supplementary

Table S1 Cuproptosis-related genes
according to the study of Tsvetkov et 4.
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Figure S1 Univariate and multivariate Cox analysis of CuRS and other clinical characteristics. The impact on survival due to continuous

variables can be analyzed using Cox proportional risk regression models, as well as multivariate analysis of the impact on survival. The

univariate Cox analysis showed that age, risk, and CuRS were associated with patient prognosis in both the training and testing sets (P<0.05)

(A,B). The subsequent multivariate Cox analysis proved that age and CuRS could predict prognosis independently of other factors (C,D).
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Figure S2 A heatmap displaying the expression of CuRS IncRNA in each individual with different clinical traits. The horizontal coordinates
from left to right represent a progressive increase in the patient’s risk. Blue indicates low expression and red indicates high expression of

CuRS IncRNAs. There was a variance in the calgb cytogenetics risk, age, and FAB type of patients between the high and low-risk groups.
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Table S2 Results of GSEA enrichment analysis of between-group differential genes

GS DETAILS Size ES NES NOM P value FDR g value
KEGG_SPHINGOLIPID_METABOLISM 39 0.57 1.99 0 0.051
KEGG_GLYCEROLIPID_METABOLISM 49 0.49 1.74 0 0.164
KEGG_ABC_TRANSPORTERS 44 0.53 1.79 0 0.17
KEGG_GLYCOSPHINGOLIPID_BIOSYNTHESIS_GANGLIO_SERIES 15 0.63 1.76 0 0.199
KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 54 0.47 1.72 0.002 0.183
KEGG_ENDOCYTOSIS 181 0.41 1.67 0.006 0.22
KEGG_PANTOTHENATE_AND_COA_BIOSYNTHESIS 16 0.68 1.83 0.008 0.162
KEGG_GLYCEROPHOSPHOLIPID_METABOLISM 76 0.44 1.64 0.008 0.165
KEGG_FRUCTOSE_AND_MANNOSE_METABOLISM 32 0.53 1.65 0.008 0.18
KEGG_PEROXISOME 78 0.5 1.75 0.008 0.183
KEGG_MELANOGENESIS 101 0.42 1.62 0.01 0.152
KEGG_PRION_DISEASES 35 0.56 1.65 0.012 0.193
KEGG_GLYCOLYSIS_GLUCONEOGENESIS 61 0.49 1.69 0.015 0.196
KEGG_CHEMOKINE_SIGNALING_PATHWAY 188 0.46 1.65 0.018 0.2
KEGG_PROTEASOME 46 0.65 1.84 0.02 0.22
KEGG_AMYOTROPHIC_LATERAL_SCLEROSIS_ALS 52 0.4 1.47 0.022 0.208
KEGG_ADIPOCYTOKINE_SIGNALING_PATHWAY 66 0.45 1.57 0.025 0.143
KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 263 0.39 1.51 0.026 0.176
KEGG_PATHOGENIC_ESCHERICHIA_COLI_INFECTION 56 0.47 1.62 0.03 0.146
KEGG_LONG_TERM_DEPRESSION 70 0.37 1.46 0.033 0.206
KEGG_PPAR_SIGNALING_PATHWAY 69 0.43 1.58 0.034 0.144
KEGG_AXON_GUIDANCE 129 0.38 1.44 0.034 0.217
KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 102 0.48 1.63 0.035 0.174
KEGG_BIOSYNTHESIS_OF_UNSATURATED_FATTY_ACIDS 22 0.62 1.66 0.035 0.209
KEGG_FC_GAMMA_R_MEDIATED_PHAGOCYTOSIS 96 0.46 1.6 0.04 0.142
KEGG_TYPE_I_DIABETES_MELLITUS 41 0.58 1.62 0.04 0.171
KEGG_PHENYLALANINE_METABOLISM 18 0.59 1.58 0.041 0.145
KEGG_EPITHELIAL_CELL_SIGNALING_IN_HELICOBACTER_ 68 0.46 1.6 0.041 0.146
PYLORI_INFECTION

KEGG_NOTCH_SIGNALING_PATHWAY 47 0.46 1.53 0.041 0.168
KEGG_VIBRIO_CHOLERAE_INFECTION 54 0.43 1.54 0.042 0.169
KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY 132 0.46 1.62 0.043 0.16
KEGG_VEGF_SIGNALING_PATHWAY 76 0.37 1.43 0.044 0.219
KEGG_FC_EPSILON_RI_SIGNALING_PATHWAY 79 0.38 1.46 0.046 0.209
KEGG_ANTIGEN_PROCESSING_AND_PRESENTATION 81 0.49 1.62 0.048 0.142
KEGG_GRAFT_VERSUS_HOST_DISEASE 37 0.65 1.62 0.048 0.167

The filter condition is [normalized enrichment score (NES)| >1.5, P<0.05 and false discovery rate (FDR) <0.20.
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Figure S3 The intracellular localization of FAM30A4 by RNA FISH. 18S is a reference in the cytoplasm, while U6 is an intranuclear

reference. The figure shows that most FAM30A is distributed in the cytoplasm.
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Figure S5 The presence of AUFI in protein-bound magnetic beads detected by mass spectrometry. The specific detection sequence is
EYFGGFGEVESIELPMDNK.
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Figure S5 Expression of LCK protein in knockdown cells and control cells. Proteins were extracted in the KGla cell line and FAM30A
knockdown KGla cell line and detected using a western blot. GAPDH was selected as a quantitative reference. It can be seen that in the

knock-down group, the LCK is expressed at a lower level.
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