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Abstract. This retrospective study analyzed peripheral
blood mononuclear cell samples from 34 patients with acute
leukemia [26 with acute myeloid leukemia (AML) and 8 with
acute lymphoblastic leukemia (ALL)] and 15 healthy controls
to investigate olfactomedin-like 2A (OLFML2A) expression
and its potential clinical significance. OLFML2A mRNA
expression was significantly higher in the patient cohort than
in the control group, and expression was higher in AML
than in ALL. In the institutional cohort, elevated OLFML2A
expression in AML was associated with fusion-gene posi-
tivity, chromosomal abnormalities and adverse-risk disease.
Findings in ALL were based on a small sample (n=8) and
should therefore be regarded as exploratory. Although a
possible subtype-dependent difference between AML and
ALL was considered, the ALL subgroup was too small to
support a definitive directional conclusion. This observation
should therefore be regarded as hypothesis-generating and
may further support disease-specific OLFML2A biology.
Receiver operating characteristic analysis in the local cohort
suggested preliminary diagnostic discrimination, particu-
larly for AML, although no independent external diagnostic
validation cohort was available. In the combined local
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cohort, higher OLFML2A expression was associated with
shorter progression-free survival, whereas overall survival
did not differ significantly. Because the TCGA validation
cohort consisted of AML cases only, all public-database
survival analyses were restricted to AML and supported
OLFML2A as an adverse prognostic factor in that disease.
Re-analysis of public single-cell transcriptomic datasets
detected OLFML2A expression in natural killer cells,
monocytes/macrophages, endothelial cells, hematopoietic
progenitor-related populations and malignant cells, providing
supportive transcriptomic context rather than direct mecha-
nistic validation. Overall, these findings support OLFML2A
as a candidate biomarker in AML, whereas the observations
in ALL remain preliminary and require validation in larger
cohorts.

Introduction

Acute leukemia (AL) comprises biologically distinct hemato-
logic malignancies, primarily acute myeloid leukemia (AML)
and acute lymphoblastic leukemia (ALL), which differ in
cellular origin, molecular drivers, treatment strategies and
clinical behavior (1-3). AML arises from myeloid progenitors
and is increasingly classified according to integrated morpho-
logical, immunophenotypical, cytogenetic and molecular
features, whereas ALL originates from lymphoid progenitors
and is further divided into B-cell and T-cell lineages (2,3).
The global age-standardized incidence and mortality rates of
leukemia in 2022 were 5.3 and 3.1 per 100,000 individuals,
respectively. In China, a nationwide study estimated 43,275
new AL cases and 27,049 deaths in 2019, with an age-standard-
ized incidence of 2.83 per 100,000 individuals. AML accounts
for ~70% of AL cases in China, representing the predominant
disease burden (4,5). These epidemiological data further
support the clinical need for subtype-specific biomarker
evaluation, particularly in AML. Although both diseases may
present with increased blast burden in peripheral blood (PB)
and bone marrow, biomarkers identified in one subtype cannot
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be assumed to apply equally to the other. Accordingly, studies
evaluating candidate biomarkers across AL subtypes should
clearly distinguish AML-specific findings from exploratory
observations in ALL.

The olfactomedin-like 2A (OLFML2A) gene encodes an
extracellular matrix-associated glycoprotein that belongs to the
olfactomedin family (6-11). Olfactomedin-domain-containing
proteins have been implicated in extracellular matrix organi-
zation, cell adhesion, tissue development and tumor-associated
signaling. Previous studies have suggested that OLFML2A may
contribute to tumor progression through pathways related to cell
proliferation, migration and Wnt/f-catenin signaling (12-15).
Of note, our group previously reported that OLFML2A
overexpression was associated with unfavorable prognosis in
AML, based mainly on bioinformatic analyses (16). However,
PBMC-based expression validation, exploratory comparison
with ALL and cell-type-level transcriptomic context had
not been comprehensively described. This is relevant as
OLFML2A expression measured in PBMCs may reflect not
only leukemic blasts but also non-malignant immune-cell
and progenitor-related components. The present study was
therefore designed not to introduce a completely new AML
biomarker, but to extend that earlier observation by adding
an independent institutional PB mononuclear cell (PBMC)
quantitative (q)PCR cohort, comparing AML with a small
exploratory ALL subgroup, and re-analyzing public single-cell
datasets to describe the cellular distribution of OLFML2A
transcripts. Public single-cell transcriptomic resources,
including TISCH2, provide useful platforms for examining
gene-expression patterns across annotated cell populations
and may help contextualize PBMC-based findings (17).

Given the absence of a comparable The Cancer Genome
Atlas (TCGA) cohort for ALL and the limited size of the present
ALL subgroup, the main inferential focus of the current study
is AML. The ALL-related findings are presented as prelimi-
nary observations only. By integrating local PBMC expression
data, AML-focused TCGA validation and re-analysis of public
single-cell transcriptomic datasets, the present study sought
to refine the clinical context of OLFML2A expression and to
determine whether OLFML2A warrants further investigation
as a candidate biomarker, particularly in AML.

Patients and methods

Study population. This retrospective cohort study enrolled
34 patients with AL who were admitted to the Second
People's Hospital of Lianyungang City (Lianyungang, China)
between January 2019 and March 2023. AML and ALL
were diagnosed on the basis of bone marrow morphology,
histochemical examination, immunophenotyping and routine
clinical diagnostic work-up in accordance with the relevant
Chinese guidelines for adult AML and ALL (18,19), and all
patients received guideline-based chemotherapy. PB samples
for qPCR were collected at admission, before treatment was
initiated for the current disease episode. Fusion-gene status
was determined using the institutional leukemia fusion-gene
assay panel performed during routine diagnosis, and cyto-
genetic status was assessed by conventional chromosome
analysis with adjunct fluorescence in situ hybridization when
clinically indicated (20,21). Because PBMC-based expression

can be influenced by leukemic burden and cellular composi-
tion, the institutional findings were interpreted cautiously.
The inclusion criteria were as follows: i) Confirmed AML
or ALL; ii) complete clinical data; and iii) signed informed
consent from patients or their families. The exclusion criteria
were as follows: i) Concomitant myelodysplastic syndromes;
ii) other active malignancies; iii) systemic infectious
diseases; iv) inability to complete follow-up; v) autoimmune
diseases; vi) acute promyelocytic leukemia; and vii) prior
antitumor treatment before admission. In addition, 15 healthy
individuals who underwent a routine physical examination at
the same hospital during the same period were consecutively
recruited as controls. The healthy controls had no known
hematological malignancy, active infection, autoimmune
disease or other active malignancy and were not individu-
ally matched to the leukemia cohort. Among the AML cases,
26 patients were included, comprising 18 males (69.2%) and
8 females (30.8%); 5 patients (19.2%) had relapsed disease
and the median age was 58.8 years (range, 32-80 years).
AML risk stratification was performed according to the
National Comprehensive Cancer Network AML Guidelines,
version 3.2019 (22). Among the ALL cases, 8 patients were
included, comprising 4 males (50.0%) and 4 females (50.0%);
1 patient (12.5%) had relapsed disease and the median age
was 37.8 years (range, 14-78 years). Given the small size of
the ALL subgroup, clinicopathologic and prognostic analyses
in ALL were considered exploratory. The clinicopathological
characteristics of the AML and ALL cohorts are summa-
rized in Table I. The age and sex distributions of the AML,
ALL and healthy control groups are summarized in Table II.
This study was approved by the Ethics Committee of the
Second People's Hospital of Lianyungang City (approval no.
2023-064). Written informed consent for the research use of
de-identified clinical information and biological samples was
obtained at the time of sample collection or hospital admis-
sion. For participants younger than the legal age of consent,
written informed consent was obtained from a parent or legal
guardian.

Detection of OLFML2A mRNA. A total of 3 ml of peripheral
venous blood were collected from patients with AML or ALL
at admission and from healthy controls during routine physical
examination. PBMCs were isolated by density-gradient
centrifugation. Total RNA was extracted from PBMCs
using the Total RNA Extraction Kit (cat. no. DP419; Tiangen
Biotech Co., Ltd.) with a TRIzol-based protocol. according
to the manufacturer's instructions. Reverse transcription and
real-time qPCR were performed using the Toyobo ReverIra
Ace qPCR Master Mix cDNA First-Strand Synthesis Kit
(cat.no. FSQ-101; Toyobo Life Science) according to the manu-
facturer's instructions. Briefly, cDNA was synthesized from
total RNA by reverse transcription at 37°C for 15 min, 50°C
for 5 min and 98°C for 5 min. gPCR was performed on an ABI
7500 gPCR instrument (Thermo Fisher Scientific, Inc.) using
2X TSINGKE Master qPCR Mix (Tsingke Biotechnology
Co., Ltd.) according to the manufacturer's instructions. cDNA
was synthesized from total RNA by reverse transcription. The
forward primer for OLFML2A was 5'-CACGCCTACGTC
CACAAGG-3' and the reverse primer was 5-TCATAGTGC
CTCAACTGCTCA-3'". The forward primer for the internal
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Table I. Association of olfactomedin-like 2A expression with clinicopathological features in AML and exploratory ALL.
Number Number
Clinicopathological of cases of cases
characteristic (n=26) AML group F/z P-value (n=8) ALL group F/zZ P-value
Sex 0.50 0.617 0.29 0.773
Male 18 4.92 (8.50) 4 2.11 (3.90)
Female 8 5.57 (34.33) 4 0.69 (4.89)
Age, years 0.10 0918 1.50 0.184
<60 12 4.92 (8.89) 6 1.54 (2.03)
=60 14 441 (13.02) 2 4.27 (3.06)
White blood cell 1.27 0.205 1.05 0.335
count, x10%/1
<20 17 7.44 (10.10) 7 545 (4.69)
=20 9 2.98(9.33) 1 0.19
Hemoglobin, g/l 0.39 0.697 0.30 0.773
<75 15 5.00 (8.13) 4 3.69 (3.27)
=75 11 3.70 (15.25) 4 0.69 (4.89)
Platelet count, 1.27 0.205 0.66 0.531
x10°/1
<50 9 4.84 (8.50) 2 1.19 (1.30)
=50 17 8.13(28.92) 6 2.56 (2.71)
Proportion of 1.18 0.237 0.02 0.982
primitive cells, %
<60 12 6.28 (7.06) 3 225 (2.74)
=60 14 3.53(13.56) 5 221 (2.55)
AML FAB 0.05 0.959 - -
classification
M1-M2 14 4.98 (7.99) - -
M4-M6 12 4.35(13.70) - -
ALL immune typing - - 0.74 0.488
T cell - - 2 3.36 (4.36)
B cell - - 6 1.84 (1.93)
Prognostic risk 345 0.005 8.04 0.007
stratification
Good 9 2.87 (748) 3 0.86 (1.09)
Secondary 10 3.534.71) 3 1.13 (0.96)
Poor quality 7 14.64 (29.63) 2 5.90 (0.75)
Extramedullary 0.82 0411 0.03 0.974
lesions
Yes 12 2.92(13.75) 4 2.25(2.93)
No 14 6.28 (7.06) 4 2.19 (2.27)
Fusion gene 2.67 0.008 6.65 0.001
Positive 15 9.57 (12.70) 2 5.19 (0.75)
Negative 11 2.15(4.79) 6 0.99 (0.93)
Chromosome 2.37 0.018 3.60 0.011
abnormality
Yes 10 9.83 (9.81) 3 4.64 (2.25)
No 16 2.92(6.35) 5 0.77 (0.85)
Blood transfusion 1.64 0.102 0.25 0.808
dependence, times
<27 15 3.70 (7.94) 4 246 (2.77)
=27 11 8.13 (20.90) 4 1.99 (2.43)
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Table I. Continued.

Number Number

Clinicopathological of cases of cases
characteristic (n=26) AML group F/z P-value (n=8) ALL group F/zZ P-value
Hospitalization 0.26 0.792 1.03 0.343
time, days

<130 16 4.27 (13.70) 6 1.71 (2.43)

=130 10 5.06 (6.46) 2 3.74 (2.31)
Daily average 0.22 0.031 1.25 0.257
hospitalization
cost, yuan

<2,500 14 2.92 (7.24) 5 1.42 (2.24)

>2,500 12 9.21 (18.42) 3 3.55 (2.50)

Values are presented as the median (interquartile range) OLFML2A expression values. AML, acute myeloid leukemia; ALL, acute lympho-
blastic leukemia; FAB, French-American-British; PBMCs, peripheral blood mononuclear cells; RT-qPCR, reverse transcription quantitative

PCR.

Table II. Age and sex distribution of patients with AML (n=26) or ALL (n=8) and healthy controls (n=15).

Characteristic AML group ALL group Healthy controls P-value
Sex, n 0.585
Male 18 4 9
Female 8 4 6
Mean age + SD, years 58.8+13.5 37.8+240 53.13+14.25 0.008

Values are presented as n or mean =+ standard deviation. Sex distribution was compared using the 2 test, and age was compared using one-way
analysis of variance. AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia.

control GAPDH was 5'-CATCGCTCAGACACCATGGGG
AAGG-3' and the reverse primer was 5'-ATCTCGGGCGGG
AGTAG-3'". The total reaction volume was 20 ul and consisted
of 2 ul cDNA, 0.8 pl each of the forward and reverse primers,
10 u1 2X TSINGKE Master qPCR Mix (Tsingke Biotechnology
Co., Ltd.), 6 ul RNase-free ddH,O and 0.4 ul 50X ROX
Reference Dye II (Low). The thermal cycling conditions were
95°C for 1 min, followed by 40 cycles of 95°C for 15 sec and
60°C for 40 sec. Each qPCR assay was performed in triplicate
for each sample. Relative OLFML2A mRNA expression was
calculated using the 2244 method (23).

Follow-up and prognostic indicators. Patients were followed
through outpatient visits or telephone interviews from the
date of diagnosis until June 30, 2023. Survival analyses in the
local cohort were considered exploratory because of the small
sample size and the inclusion of both AML and ALL. Patients
with AL were divided into high- and low-OLFML2A expres-
sion groups using the median relative expression value as the
cutoff (high expression, = median; low expression, < median).
Progression-free survival (PFS) was defined as the interval from
the start of treatment to disease recurrence, progression or last
follow-up. Overall survival (OS) was defined as the interval from
the start of treatment to death from any cause or last follow-up.

Data acquisition. RNA-sequencing (RNA-seq) data from
The Cancer Genome Atlas-Acute Myeloid Leukemia
(TCGA-LAML) project, processed through the STAR
pipeline, were downloaded from the Genomic Data
Commons portal (https://portal.gdc.cancer.gov; accessed
January 2024) and organized for analysis. Because this
public cohort represents AML rather than ALL, all
TCGA-based survival analyses, Cox regression analyses,
Lasso modeling and clinicopathologic validation analyses
were restricted to AML and were not used to validate
findings in ALL. Transcripts per million (TPM)-formatted
expression data and corresponding clinical data were
extracted and transformed using log2(TPM+1) normaliza-
tion. After samples lacking either RNA-seq or clinical
information were excluded, 147 samples were retained
for subsequent analyses. The R package survival (version
3.5-5) was used to test proportional-hazards assumptions
and fit survival models, and the results were visualized with
the survminer (version 0.4.9) and ggplot2 (version 3.4.4)
packages (24-26). Survival differences between groups in
Kaplan-Meier analyses were compared with the log-rank
test. For Kaplan-Meier curves, P-values and hazard ratios
(HRs) with 95% confidence intervals (Cls) were obtained
from log-rank tests and univariate Cox regression.
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Figure 1. Comparison of OLFML2A expression levels in AML, exploratory ALL and healthy controls. OLFML2A mRNA expression in peripheral blood
mononuclear cells was measured by reverse transcription quantitative PCR. Relative expression values are presented as 2-AACq values, normalized to
GAPDH and calibrated to the control sample. Data are shown as violin plots, with dashed lines indicating the median and interquartile range. (A) Comparison
between healthy controls and patients with ALL. (B) Comparison patients with ALL and AML. (C) Comparison between healthy controls and all AL cases.
(D) Comparison between healthy controls and patients with AML. AL, acute leukemia; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia;

OLFML2A, olfactomedin-like 2A.

Single-cell data analysis. To provide transcriptomic context
rather than direct sequencing data from the study cohort,
publicly available single-cell datasets with detailed annota-
tions from the Tumor Immune Single-cell Hub 2 (TISCH
https://tisch.compbio.cn; accessed January 2024) database
were re-analyzed. Data processing and downstream analyses
were performed in R using the MAESTRO (version 1.5.1) and
Seurat (version 4.3.0) packages (27,28). The preprocessing
workflow included quality control, SCTransform normaliza-
tion, a variance-stabilizing normalization method implemented
in Seurat, followed by feature selection and scaling (29). Cells

were then clustered using the dimensionality-reduction and
clustering functions implemented in Seurat. Finally, Seurat
visualization tools were used to generate plots showing cell
relationships and OLFML2A expression patterns. These
analyses were intended to provide supportive transcriptomic
evidence and did not constitute direct mechanistic validation
in patient-derived samples.

Statistical analysis. Bioinformatic analyses were performed
with R software (version 4.0.3; R Foundation for Statistical
Computing). Statistical analyses of clinical data were
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Figure 2. ROC curves for the diagnosis of AML and ALL based on relative OLFML2A mRNA expression levels in the peripheral blood. ROC curves for the
local cohort. ROC curves showing the diagnostic performance of relative olfactomedin-like 2A mRNA expression in the local institutional cohort. (A) ROC
curve for distinguishing patients with AML from healthy controls. (B) ROC curve for distinguishing patients with ALL from healthy controls. ROC, receiver

operating characteristic; AUC, area under the ROC curve.

conducted using SPSS 28.0 (IBM Corp.), and GraphPad
Prism Version 9 (Dotmatics) was used for visualization.
Continuous variables with skewed distributions are presented
as the median (interquartile range) and were compared using
the Mann-Whitney U-test. Ranked variables were compared
using the Wilcoxon rank-sum test. PFS and OS curves were
generated using the Kaplan-Meier method and compared
with the log-rank test. Bone marrow smear cytology or
bone marrow biopsy pathology served as the reference
standard, and receiver operating characteristic (ROC) curve
analysis was used to assess the diagnostic performance of
relative OLFML2A mRNA expression for AML and ALL.
Given the small and heterogeneous local cohort, especially
the ALL subgroup (n=8), ALL subgroup analyses were
considered exploratory and descriptive. ROC analyses were
performed only within the local cohort and should therefore
be interpreted as preliminary because no external diagnostic
validation cohort or disease-control cohort was available.
A two-sided P<0.05 was considered to indicate statistical
significance.

Results

Comparison of OLFML2A expression levels in AML, explor-
atory ALL and healthy controls. In the subgroup comparisons,
OLFML2A mRNA expression was higher in ALL than in
healthy controls (Z=2.07, P=0.040; Fig. 1A), and the expres-
sion in AML was significantly higher than that in ALL
(Z=2.07,P=0.039; Fig. 1B). When all AL cases were compared
with healthy controls, the median relative OLFML2A mRNA
expression level was significantly higher in the leukemia group
(Z=4.38, P<0.001; Fig. 1C). OLFML2A mRNA expression
was also significantly higher in AML than in healthy controls

(Z=4.66, P<0.001; Fig. 1D). Among these comparisons, the
AML vs. healthy control result was considered the most reli-
able as it was based on a larger AML subgroup and showed
the strongest statistical signal. As PBMC-based expression
is influenced by sample composition and the ALL subgroup
was small, the ALL-related findings should be regarded as
preliminary.

Diagnostic performance of OLFML2A expression in the local
cohort. ROC curve analysis in the local institutional cohort
showed that the area under the curve (AUC) for diagnosing
AML on the basis of relative OLFML2A mRNA expression
was 0.936 (95% CI,0.8615-1.000), with an optimal cutoff value
of 0.780. For ALL, the AUC was 0.767 (95% CI,0.5352-0.9982),
with an optimal cutoff value of 0.558 (Fig. 2). These estimates
suggest preliminary diagnostic discrimination, particularly
for AML; however, they should be interpreted with caution
because the analysis was derived from the same small cohort,
lacked external validation and compared patients only with
healthy controls rather than with other hematologic disorders
encountered in routine practice.

Exploratory correlation between relative OLFML2A
expression and prognosis in the local cohort. The median
follow-up duration for the 34 patients was 15 months (range,
4-67 months), and no patients were lost to follow-up. During
follow-up, 17 patients experienced disease progression and
12 died. Kaplan-Meier analysis showed that the 3-year PFS
rate in the overall cohort was 26.7% (Fig. 3A), whereas the
3-year OS rate was 35.8% (Fig. 3B). Using the median relative
OLFML2A mRNA expression level as the cutoff, the cohort
was divided into high-expression and low-expression groups,
with 17 patients in each group. Kaplan-Meier analysis showed
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Figure 4. Independent prognostic analysis of related genes. (A) Univariate Cox regression analysis. (B) Multivariate Cox regression analysis. Each line segment
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significantly shorter PFS in the high-expression group than
in the low-expression group (y2=4.64, P=0.031, HR=2.840;
Fig. 3C). By contrast, OS did not differ significantly between
the two groups (%2=1.55,P=0.213, HR=2.023; Fig. 3D). Because
this analysis combined biologically distinct diseases and

included only 8 ALL cases, these findings should be viewed as
exploratory and hypothesis-generating rather than definitive.

Independent prognostic analysis of OLFML2A in the TCGA
AML cohort using Cox regression. Using the TCGA-LAML
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coefficients shown are the regression coefficients used to calculate the risk score. (D) Heatmap of the expression levels of the four genes. (E) Distribution of
risk scores in the high-risk and low-risk groups. (F) Distribution of survival status according to increasing risk score. AML, acute myeloid leukemia; LASSO,
least absolute shrinkage and selection operator; Coef, coefficient.
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Figure 6. Relationship between OLFML2A expression and prognosis in The Cancer Genome Atlas AML cohort. (A) Differential OLFML2A expression between
relapsed and non-relapsed AML cases. ““P<0.0001. (B) Kaplan-Meier survival analysis of OS according to high and low OLFML2A expression. (C) Kaplan-Meier
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teristic; OS, overall survival; AML, acute myeloid leukemia; AUC, area under the ROC curve; HR, hazard ratio; OLFML2A, olfactomedin-like 2A.
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Table III. Clinicopathological characteristics of the low- and high-OLFML2A expression groups in The Cancer Genome Atlas

acute myeloid leukemia cohort.

Low OLFML2A High OLFML2A
Characteristic expression (n=74) expression (n=73) P-value
Sex 0.795
Female 33 (22.4) 31 (21.1)
Male 41 (27.9) 42 (28.6)
Age, years 0.082
=60 48 (32.7) 37(25.2)
>60 26 (17.7) 36 (24.5)
WBC count, x10%/1 0217
=20 42 (28.6) 34 (23.1)
>20 32 (21.8) 39 (26.5)
BM blasts, % 0.281
=20 26 (17.7) 32 (21.8)
>20 48 (32.7) 41 (27.9)
PB blasts, % 0.280
=70 38 (25.9) 31 (21.1)
>70 36 (24.5) 42 (28.6)
Cytogenetic risk 0.040
Favorable 20 (13.6) 9(6.1)
Intermediate/normal 40 (27.2) 42 (28.6)
Poor 14 (9.5) 22 (15)
OS status <0.001
Alive 37 (25.2) 15 (10.2)
Dead 37(25.2) 58 (39.5)

Values are expressed as n (%). WBC, white blood cell; BM, bone marrow; PB, peripheral blood; OS, overall survival; OLFML2A, olfacto-

medin-like 2A.

AML cohort,clinical variables and gene-expression profiles were
analyzed to evaluate the prognostic relevance of OLFML2A. In
the univariate Cox regression analysis, OLFML2A expression
was significantly associated with prognosis, suggesting that
OLFML2A may represent an important prognostic gene in
AML (Fig. 4A). Multivariate Cox regression analysis further
supported OLFML2A as an independent prognostic factor
within this AML cohort (Fig. 4B). These public-database find-
ings apply to AML and should not be generalized to ALL.

Screening of AML-related prognostic genes using Lasso
regression. To further identify independent prognostic genes,
Lasso regression analysis was performed in the TCGA-LAML
AML cohort. Based on the coefficient trajectories and the
corresponding Lasso model selection results, four genes
were retained as independent prognostic genes in AML
(Fig. 5A and B). CPE, GSTA1 and OLFML2A were associated
with adverse disease biology, whereas APCDD appeared to be
protective (Fig. 5C). A prognostic model based on these four
genes showed that OLFML2A was more highly expressed in
the high-risk group than in the low-risk group (Fig. 5D). As
the risk score increased, both disease risk and the number of
deaths also increased (Fig. 5E and F).

Relationship between OLFML2A expression and prognosis
in the TCGA AML cohort. In the TCGA-LAML AML cohort,
OLFML2A expression was higher in relapsed patients than in
non-relapsed patients (Fig. 6A). Additional analyses showed
that the OLFML2A high-expression group had worse OS than
the low-expression group (Fig. 6B). Kaplan-Meier analysis
based on the prognostic risk model also showed poorer OS
in the high-risk group than in the low-risk group (Fig. 6C).
When cases were ordered according to the model risk score,
the distribution of risk type and survival events suggested an
increase in high-risk classification and deaths, together with
a shortening of survival time, as the risk score increased
(Fig. 6C and D). Consistent with this pattern, the gene-expres-
sion heatmap supported OLFML2A as a risk factor within the
TCGA-LAML AML cohort (Fig. 6E), and the time-dependent
ROC curve indicated acceptable predictive performance
for 1-, 3- and 5-year OS (Fig. 6F). Comparisons of clinical
characteristics between the high- and low-expression groups
in the TCGA cohort further showed significant differences in
cytogenetic risk and OS status (Table I1I).

OLFML2A expression patterns across cell types in public
single-cell datasets. Re-analysis of public single-cell
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Figure 7. (A) Representative t-SNE plots showing cell-type major-lineage annotation, OLFML2A expression distribution and mean OLFML2A expression
across malignant cells, monocytes/macrophages, NK cells and plasma cells. (B) Representative t-SNE plots showing cell-type major-lineage annotation,
OLFML2A expression distribution and mean OLFML2A expression across B cells, CDST cells, erythroid progenitor cells, malignant cells, monocytes/macro-
phages and NK cells. (C) Representative t-SNE plots showing cell-type major-lineage annotation, OLFML2A expression distribution and mean OLFML2A
expression across B cells, CD8T cells, exhausted CD8T cells, erythroid progenitor cells, malignant cells and monocytes/macrophages. In each row, the left
panel shows major cell-lineage clustering, the middle panel shows OLFML2A expression intensity and the right panel shows mean OLFML2A expression by
annotated cell type. The tSNE_1 and tSNE_2 axes represent unitless t-SNE embedding coordinates. Different colors indicate distinct cell types or relative
expression levels, as indicated. B, B cell; CD8T, CD8* T cell; CD8Tex, exhausted CD8* T cell; EryPro, erythroid progenitor cell; Mono/Macro, mono-
cyte/macrophage; NK, natural killer cell; OLFML2A, olfactomedin-like 2A; t-SNE, t-distributed stochastic neighbor embedding.

datasets related to AL showed that OLFML2A transcripts
were detectable across multiple cell types (Figs. 7 and 8).
Relatively higher expression was observed in natural killer
cells, monocytes/macrophages, malignant cells, endothelial
cells, hematopoietic stem/progenitor-related populations and
erythroid progenitor cells (Figs. 7A-C, and 8A and B). In addi-
tion, correlation analysis showed that OLFML2A expression

was positively correlated with several immune-cell-related
populations, including Thl cells, NK CD56dim cells, TFH
cells and macrophages, whereas a negative correlation was
observed for mast cells (Fig. 8C). These findings provide
supportive transcriptomic context for the cellular distribution
of OLFML2A, but they do not constitute direct mechanistic
validation in the present study cohort.
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Figure 8. Additional public single-cell transcriptomic re-analysis and correlation analysis of OLFML2A expression in acute leukemia-related datasets.
(A) Representative t-SNE plots from a public dataset showing hematopoietic stem cell annotation, OLFML2A expression distribution and mean OLFML2A
expression in hematopoietic stem cells. (B) Representative t-SNE plots from another public dataset showing cell-type major-lineage annotation, OLFML2A
expression distribution and mean OLFML2A expression across CD8T cells, endothelial cells, malignant cells, mast cells and monocytes/macrophages.
(C) Correlation analysis showing associations between OLFML2A expression and immune-cell-related populations. In panels A and B, the left panel shows
major cell-lineage clustering, the middle panel shows OLFML2A expression intensity and the right panel shows mean OLFML2A expression by annotated
cell type. The tSNE_1 and tSNE_2 axes represent unitless t-SNE embedding coordinates. In panel C, the x-axis represents the correlation coefficient. Dot size
indicates the absolute correlation coefficient, and color indicates the P-value. "P<0.05, “P<0.01 and "“P<0.001. aDC, activated dendritic cell; CD8T, CD8+
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Discussion

The present study was designed to extend, rather than dupli-
cate, previous work by our group showing that OLFML2A
overexpression is associated with unfavorable prognosis in
AML (16). That previous study, which was based mainly on
public transcriptomic datasets and bioinformatic analyses,
suggested that OLFML2A may have diagnostic, prognostic and
immune-related relevance in AML. The current institutional
PBMC-qPCR cohort provides additional clinical-sample-based
support for this AML-focused observation, although the
small sample size and PBMC-based design require cautious
interpretation. The principal added value of the current manu-
script lies in three aspects: The inclusion of an independent
institutional PBMC qPCR cohort, the reporting of preliminary
observations in a small ALL subgroup and the re-analysis of
public single-cell datasets to describe the cellular distribu-
tion of OLFML2A transcripts. This manuscript is therefore
intentionally positioned as a primarily AML-focused study
with exploratory ALL findings, rather than as evidence for a
universal biomarker across all forms of AL.

In the local cohort, OLFML2A expression was higher
in both AML and exploratory ALL samples than in healthy
controls, with the most prominent signal observed in AML.
However, AML and ALL are biologically distinct diseases
and should not be interpreted as a single entity for biomarker
inference (1-3,18,19). This distinction is also supported the
data of the present study: Higher OLFML2A expression was
associated with adverse clinicopathologic features in AML,
whereas the limited ALL observations were insufficient to
support a similar interpretation. As the TCGA validation
dataset was restricted to AML, the strongest evidence from
the present study supports a role for OLFML2A in AML
rather than in AL broadly defined (30). In the broader cancer
context, OLFML2A has been implicated in malignant pheno-
types in several solid tumors (12-15). For example, OLFML2A
downregulation was reported to inhibit glioma proliferation
through suppression of Wnt/B-catenin signaling, and studies
in triple-negative breast cancer suggested that OLFML2A may
be involved in tumor-cell proliferation, migration, invasion and
treatment-related biological responses (12-14). These findings
are generally consistent with the concept that OLFML2A may
participate in cancer-related processes, but they also empha-
size that its biological significance may be context-dependent
and should not be extrapolated directly across tumor types or
leukemia subtypes.

The ALL subgroup in the institutional series of the
present study was small (n=8) and included few outcome
events. Accordingly, any clinicopathologic associations
or prognostic inferences in ALL should be regarded as
preliminary. Rather than supporting OLFML2A as a
universal AL biomarker, the current data may point to
subtype-specific biology that requires validation in larger,
well-defined cohorts. In the present institutional cohort, the
subtype-specific patterns were further examined and it was
found that OLFML2A showed a more consistent adverse
association in AML, whereas the ALL subgroup was too
small to support a reliable directional conclusion; therefore,
the ALL findings should not be interpreted as evidence of
a favorable association, but rather as hypothesis-generating

observations that further support the possibility that
OLFML2A biology may be disease-specific. Similarly, the
diagnostic performance reported here is likely optimistic
because ROC analysis was performed in the same small
institutional cohort and used healthy controls instead of
clinically relevant disease controls.

Another important limitation is that OLFML2A expres-
sion was measured in PBMCs rather than in purified leukemic
cells. Although the samples were collected at admission
before treatment for the current disease episode, PBMC-based
measurements can still be influenced by blast percentage,
leukocyte subset composition and overall disease burden.
Because the cohort size was limited, it was not possible to
perform a robust adjustment for cellular composition. The
PBMC findings should therefore be interpreted as clinically
associated expression signals rather than as proof of leukemia
cell-intrinsic upregulation.

The prognostic results also require cautious interpretation.
In the local cohort, higher OLFML2A expression was associ-
ated with shorter PFS, whereas OS did not differ significantly
between expression groups. These findings do not justify
describing OLFML2A as a strong prognostic marker for all
AL. The AML-focused TCGA analyses provide additional
support for an adverse association in AML, but these analyses
remain observational and cannot establish causality. Likewise,
the public single-cell component provides supportive localiza-
tion of OLFML2A transcripts across several cell populations,
but it should not be interpreted as a direct mechanistic valida-
tion.

In summary, the current findings support OLFML2A
as a candidate biomarker worthy of further investigation in
AML. Larger multicenter studies, subtype-specific valida-
tion cohorts, adjustment for disease burden and cellular
composition, and functional experiments will be necessary to
determine whether OLFML2A has true diagnostic, prognostic
or therapeutic relevance.

Several limitations should be emphasized. First, this was
a single-center retrospective study with a small and hetero-
geneous cohort, especially in the ALL subgroup (n=8), which
limited statistical power and precluded robust subtype-specific
prognostic inference. Second, in the present cohort, OLFML2A
expression was measured in PBMCs rather than in puri-
fied leukemic cells; therefore, variation in blast percentage,
leukocyte subset composition and disease burden may have
influenced the measured signal. Third, the TCGA validation
dataset corresponded to AML only and could not validate
the ALL findings. Fourth, the ROC analysis was based on the
same small cohort and compared patients only with healthy
controls, which likely overestimated diagnostic performance
in real-world clinical settings. Fifth, the public single-cell
component consisted of re-analysis of external datasets and
provided supportive transcriptomic localization rather than
direct experimental or mechanistic validation. Finally, the
absence of functional experiments limited causal inference.

In conclusion, the present data support increased
OLFML2A expression in PBMCs from patients with AL, with
the most consistent evidence indicating a potential adverse
association in AML. In the local cohort, higher expression
was associated with shorter PFS, whereas OS did not differ
significantly. TCGA-LAML analyses further support the
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prognostic relevance of OLFML2A in AML. By contrast,
the findings in ALL are preliminary and should not be inter-
preted as evidence of a universal AL biomarker. Additional
subtype-specific, multicenter and mechanistic studies are
required before clinical application can be considered.
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