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Abstract: Background: Serine peptidase inhibitor Kazal type 2 (SPINK2) has been reported to be involved in certain
cancers. We conducted an in-depth investigation on the role and mechanism of SPINK2 in acute myeloid leukemia
(AML). Methods: The relationship between SPINK2 expression and AML clinicopathologic characteristics was deter-
mined using The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) database. Concomitantly, we
used Kaplan-Meier survival analysis, as well as univariate and multivariate regression analyses to evaluate SPINK2
as a prognostic marker of AML. Additionally, we annotated the enrichment and function of SPINK2 using Gene
Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and Gene Sets Enrichment Analysis (GSEA). The
CIBERSORT algorithm was used to analyze the relationship between SPINK2 expression and immune infiltration.
Results: SPINK2 expression was significantly higher in AML patients compared to healthy individuals (P<0.001).
The area under receiver operating characteristic curve in the GSEQ476 dataset was 0.660, whereas that in the
Genotype-Tissue Expression (GTEx) and TCGA datasets was 0.935. In addition, GSEA also showed that several path-
ways were enriched in the group with high SPINK2 expression, such as PI3K-AKT signaling, PD-L1 expression, and
checkpoint pathways. Analysis of immune infiltration showed that SPINK2 expression was correlated with certain
immune infiltrating cells. Cox multivariate analysis revealed that the level of SPINK2 was an independent risk factor
for the progression of AML (P<0.001). Moreover, age, M1, M5, M6, and CytoRisk-Poor also affected the progression
of AML (P<0.05). The C-index of the nomogram in our internal validation was 0.702. Conclusion: The high expres-
sion of SPINK2 in AML suggests that SPINK2 may play an important role in the immune microenvironment and thus
could be a biomarker for diagnosis and prognosis of AML.
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Introduction

Acute myeloid leukemia (AML) is a myeloid pre-
cursor-derived hematopoietic malignancy and
the most common acute leukemia in adults
[1]. AML is known to usually impair normal
hematopoietic function, leading to severe in-
fections, anemia, and hemorrhage. Some
patients also present with extramedullary dis-
ease with involvement of the central nervous
system [2]. In recent years, immunotherapy has
been considered a promising treatment for
hematologic malignancies and solid tumors
[3]. However, the prognosis for AML patients
remains poor, with over half of patients dying
from the disease due to the lack of high speci-

ficity of the target antigen and the heterogene-
ity of AML [4]. The pathogenesis of AML is com-
plicated. Current research has shown that the
most important causative factors are environ-
mental influences and genetic factors [5, 6].
However, the molecular mechanisms involved
in the development of AML remain largely
unclear, further obstructing early diagnosis.
Therefore, we need to explore the underlying
molecular mechanisms and identify new bio-
markers to halt or slow disease progression.

Serine peptidase inhibitor Kazal type 2 (SPI-
NK2) is a member of the family of Kazal-type
serine protease inhibitors. These inhibitors
include at least one Kazal domain and six cyste-
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ine residues for the formation of three inter-
linked disulfide bonds connected together in a
1-4, 2-5, and 3-6 pattern [7]. In particular,
SPINK2 is a typical trypsin inhibitor that was
originally identified and purified from human
sperm. It is mainly synthesized in the testis,
epididymis, and seminal vesicle, and its anti-
bacterial activity has been suggested to be
involved in fertility [8].

There have only been a few studies on the role
of SPINK2 in tumors so far. For instance,
Hoefnagel et al. [9] found that SPINK2 was
highly expressed in primary cutaneous follicle
center cell lymphomas. Interestingly, the ex-
pression of SPINK2 was absent or very low in
other primary cutaneous large B-cell lympho-
mas. Nonetheless, some other studies have
shown large differences in the expression
of SPINK2 in CD34+ and CD133+ primitive
hematopoietic stem/progenitor cells, indicat-
ing that SPINK2 might play important roles in
stem cell function [10]. In a recent study of
AML, researchers used bioinformatics meth-
ods to analyze the differentially-expressed
genes (DEGs) data retrieved from the Gene
Expression Omnibus (GEO) and the Gene
Expression Profile Interactive Analysis data-
base and confirmed that the high expression
of SPINK2 in AML might be related to the
poor prognosis [11]. However, the molecular
mechanism(s) by which SPINK2 influences AML
remains unknown.

In this study, we analyzed the gene expression
profiles of AML patients in the Genotype-Tissue
Expression (GTEx), The Cancer Genome Atlas
(TCGA), and GEO datasets, respectively. We
screened out DEGs and then performed func-
tional analyses. In addition, we also con-
structed a protein-protein interaction (PPI) and
ceRNA network, assessed immune cell infiltra-
tion, and performed correlation analyses using
diagnostic markers. Finally, we also addressed
the relevance of SPINK2 expression with
respect to patient prognosis. Our results might
provide novel insights into the mechanisms of
leukemogenesis and reveal a diagnostic and
prognostic value of SPINK2.

Materials and methods
Data download and data preprocessing

Both the entire RNA-sequencing profile data
and corresponding clinical information of 151
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AML patients were downloaded from TCGA
database (https://portal.gdc.cancer.gov/). The
755 blood sample data of the normal group
was downloaded from the GTEx database. The
AML expression profiling dataset (GSE9476)
was downloaded from the GEO (https://www.
ncbi.nim.nih.gov/geo/) database using the R/
Bioconductor package GEOquery [12] (version
4.1.0, http://r-project.org/). All samples in the
dataset were derived from Homo sapiens,
based on the GPL96 Affymetrix Human Geno-
me U133A Array platform (Affymetrix; Thermo
Fisher Scientific, Inc.). Blood samples from 26
patients in the AML group and 38 healthy
donors were selected for further analyses. The
HTSeq_counts in TCGA_LB and GTEx datasets
were used to remove batch effects and stan-
dardization disposal and were then converted
to TPM standardized data. The gene expression
matrix in the GSE9476 dataset was also
standardized.

Differentially expressed single gene and organ
distribution

We compared the expression of SPINK2 be-
tween normal and AML in the GTEx, TCGA, and
GSE9476 datasets. To construct a receiver
operating characteristic (ROC) prediction model
for the normal and AML groups using the pROC
package [13], we employed the GTEx_TCGA
and GSE9476 dataset to distinguish the differ-
ent status between the normal and the AML
groups. We used the GTEx data to extract the
level of SPINGK2 expression in each organ.

Screening of DEGs and functional analyses

Patients were divided into two groups accord-
ing to the level of SPINK2 expression. The
groups were filtered for the identification of
DEGs in the GTEX_TCGA and GSE9476 datas-
ets using the limma package [14]. We also
generated volcano plots of DEGs using the
ggplot2 package [15]. Filtration conditions
were as follows: [log2FC| >0.3 and P-value
<0.05. We accordingly identified common
DEGs by taking the intersection of the two
groups of DEGs. We then used the cluster pro-
filer package for Gene Ontology (GO) and Kyoto
Encyclopedia of genes and genomes (KEGG)
enrichment analysis [16], in which differences
with P<0.05 were considered statistically sig-
nificant. The gene expression matrix was used
to conduct gene sets enrichment analysis
(GSEA) using the clusterProfiler package. We
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selected msigdb.v7.0.entrez.gmt (Download it
from http://www.gsea-msigdb.org/gsea/msig-
db/collections.jsp) as the reference gene set,
and values with a false discovery rate (FDR)
<0.25 and P<0.05 were considered as signifi-
cantly enriched.

Construction of a PPl network

The PPl network was constructed using the
STRING database [17] (version 11.0; http://
string-db.org). We selected an interaction with
a confidence score greater than 0.4 to con-
struct the PPl network and analyze the re-
lationship between each DEG. Cytoscape soft-
ware [18] was used for visualizing the molecu-
lar interaction networks. The top 10 hub genes
of the gene-gene interaction network were
extracted by analyzing the networks using the
Cytoscape plugin cytoHubba [19].

Construction of ceRNA network

We constructed the miRNA-mRNA interaction
network by selecting the 79 identified DEGs
from the luciferase reporter assay and western
blot analyses, based on the miRTarBase data-
base (http://mirtarbase.mbc.nctu.edu.tw/php/
index.php) using the multiMiR package [20].
The LncRNA-miRNA interaction network was
based on the starBase V3 database (http://
starbase.sysu.edu.cn/), using the following
thresholds: pancancerNun >5, clipExpNum
>12. The IncRNA-miRNA-mRNA regulatory net-
work was Vvisualized using the ggalluvial
package.

Immune cell infiltration and biomarker correla-
tion analyses

CIBERSORT is a deconvolution tool of the
transcriptome expression matrix based on the
principle of linear support vector regression,
which is used to estimate the composition and
abundance of immune cells in mixed cell popu-
lations [21]. To evaluate the immune cell infil-
trate matrix, we uploaded the gene expression
matrix data to CIBERPORT and set P values
<0.05 as the screening condition. The distribu-
tion of the infiltration of the 22 immune cell
types in each sample was plotted into bar
charts using a graphics package. We next drew
the relevant heatmap using the corrplot pack-
age, which showed the correlation of the 22
types of immune cell infiltration [22]. The violin
diagram was drawn using the ggplot2 package,
revealing the differences in the expression of
the 22 types of immune cells.
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Clinical correlation analysis

To investigative the prognostic value of SPINK2
and its correlation to clinical factors, we per-
formed survival analysis and timeROC analysis
based on TCGA_AML data using the survival
and survminer packages. Clinical factors were
selected using univariate and multivariate Cox
regression analyses by forest plot. To predict
the survival of AML patients, a nomogram was
constructed based on the multivariable logistic
model. The accuracy and clarity of the nomo-
gram were evaluated using a correction curve.

Results

SPINK2 is highly expressed in AML

We extracted the SPINK2 expression values of
the AML and normal groups in the GSE9476
and GTEx_TCGA datasets separately and per-
formed the Wilcoxon-test to detect differenc-
es between the two groups. We accordingly
found that the expression of SPINK2 was high-
er in the AML group compared with that in the
normal group (Figure 1A, 1B). In the GSE9476
dataset, we observed that the corresponding
area under the ROC curve (AUC) for distin-
guishing between the AML and normal groups
was 0.660 (Figure 1C). However, in the GTEx_
TCGA dataset, the AUC was demonstrated to
be 0.935 (Figure 1D). Therefore, we concluded
that SPINK2 expression could be used to sig-
nificantly distinguish the AML from normal
groups. We further noted that the distribution
of SPINK2 also differed across the whole body;
the highest expression was found in the testis,
whereas the lowest was in the bladder (Figure
1E).

Analysis of DEGs grouped according to SPINK2
expression

Differential gene analysis was performed by
fold change method. We respectively analyzed
the data from each dataset to screen for DEGs
(P<0.05, and |log2FC| >3). We accordingly
identified a total of 114 upregulated and 288
downregulated genes in GSE9476 and 1139
upregulated and 1102 downregulated genes in
TCGA (Figure 2).

Functional enrichment analysis of SPINK2-
related genes

To examine the functional roles of the SPINK2-
related differentially expressed genes, we first
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Figure 1. Expression of SPINK2. A and B: The level of SPINK2 expression was higher in AML compared with
healthy individuals in different datasets ("P<0.05, **P<0.001). C: Diagnostic value of SPINK2 expression in AML in
GSE30219, AUC=0.660. D: Diagnostic value of SPINK2 expression in AML in GTEx_TCGA, AUC=0.9350. E: SPINK2
expression in the whole body.

took the intersection of 135 DEGs within the TCGA, obtaining 79 intersection genes (Figure
AML subset in GSE9476 and 2162 DEGs in 3A). We then performed GO and KEGG analysis
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Figure 2. Differentially-expressed genes (DEGs) between high and low SPINK2 expression groups. A: Volcanic map
of the DEGs between the high and low SPINK2 expression groups of the AML subset in GSE9476; red dots indicate
high expression, whereas blue dots indicate low expression. B: Volcanic map of DEGs between the high and low
SPINK2 expression groups in TCGA; red dots indicate high expression, whereas blue dots indicate low expression.
C: Heatmap of the DEGs in different SPINK2 groups within the AML subset in GSE9476. D: Heatmap of DEGs in

different SPINK2 groups in TCGA.

on the 79 intersection genes. KEGG analysis
showed that these genes were related to com-
plement and coagulation cascades, rheuma-
toid arthritis, phagosome, leishmaniasis, and
the Staphylococcus aureus infection signaling
pathway. GO analysis showed that they were
associated with neutrophil degranulation that
is related to neutrophil activation, which partici-
pates in the immune response, positively re-
gulating the macrophage colony stimulating
factor response, detection of external biotic
stimulus, and the regulation of macrophage
colony stimulating factor response (Figure 3C).
Pathway enrichment analysis also showed a
significant correlation of the gene expression

201

with the PI3K-AKT pathway (Figure S1), expres-
sion of PD-L1, and checkpoint pathway (Eigure
S2).

To avoid the bias of simply attaining an inter-
section gene enrichment, we performed GSEA
using the msigdb.v7.0.entrez.gmt reference
gene set to analyze all DEGs related to SPINK2
in TCGA. Our results revealed an associa-
tion with the following terms: “alcalay AML by
npml localization up”, “boquest stem cell up”,
“GO collagen containing extracellular matrix”,
“GO extracellular matrix”, “GO extracellular
structure organization”, “GSE10325 lupus B
cell vs lupus myeloid dn”, and “GSE29618 B

Am J Transl Res 2022;14(1):197-210
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Figure 3. Significantly enriched GO annotations and KEGG pathways of SPINK2-related genes in AML. A: Venn
diagram with the intersection of differentially-expressed genes in the AML subset within GSE9476 and TCGA. B:

Intersection genes in KEGG analysis. C: Intersection genes in GO analysis.

cell vs monocyte day7 flu vaccine dn” dataset
(Figure 4A-H).

Constructed PPl and ceRNA networks

To further explore the underlying mechanisms,
we constructed a PPl network based on the
STRING database using the Cytoscape soft-
ware. We used a total of 79 intersection genes
(Figure 5A), and then screened the top 10 hub
genes and extensions using the cytoHubba
plug-in. The top 10 genes were TLR4, TLR2,
CD69, SERPINB2, SERPINB8, FCGR2A, CC-
R2, HLA-DQB1, F13A1, and PPBP. To further
explore the upstream regulatory relationship,
we constructed the mMRNA-miRNA interac-
tion network using the same 79 intersection
genes in the multiMiR database, selected for
luciferase reporter assay and western blot evi-
dence, and identified interactions between 8
MRNAs and 11 miRNAs. For these 11 mRNAs,
we predicted the interaction with 10 IncRNAs
using the pancancerNun >5 and clipExp-
Num >12 settings on the starBase V3 data-
base. The identified IncRNAs, miRNAs, and
mMRNAs constituted the ceRNA network (Figure
5D).
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Immune cell infiltration analysis

To further confirm the correlation between
SPINK2 expression and the immune microenvi-
ronment and to analyze the ratio of tumor
immune infiltrating subgroups, we constructed
a map of 22 immune cell types in the AML
group (Figure 6A) and evaluated the correla-
tion among them (Figure 6B). Pearson correla-
tion analysis revealed an association between
the three Tics and SPINK2 (Figure 6C-E). In
addition, we found that eosinophils and plas-
ma cells were positively correlated with the
three Tics and SPINK2 expression, whereas
resting mast cells were shown to be negatively
correlated with the three Tics and SPINK2
expression. According to the correlation analy-
sis between the level of immune cell infiltration
in the SPINK2 high expression profile and
SPINK2 low expression profile, a significant cor-
relation was also observed between eosino-
phils, plasma cells, as well as resting mast cells
and immune cells with the three Tics and
SPINK2 (Figure 6F). These results further sup-
ported the existence of a correlation between
the three Tics and the levels of SPINK2 expres-
sion that affect the activity of immune cells.

Am J Transl Res 2022;14(1):197-210
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Figure 4. Gene set enrichment analysis (GSEA) plots. (A) TCGA differentially-expressed genes in GSEA; the seven
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Clinical correlation analysis

To validate the clinical relevance of the correla-
tion analysis between the three Tics and
SPINK2, we constructed 1-year, 3-year, and
5-year survival ROC curves. We observed that
the 1-year, 3-year, and 5-year AUCs were 0.617,
0.614, and 0.705, respectively. In particular,
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the 5-year survival AUC was the highest and
was evidently associated with survival (Figure
TA). We used Kaplan-Meier survival analysis,
as well as univariate and multivariate regres-
sion analyses to evaluate SPINK2 as a pro-
gnostic indicator of AML. We further noted that
the overall survival curves were statistically sig-
nificant (Figure 7B). To identify any correlation

Am J Transl Res 2022;14(1):197-210
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Figure 6. Evaluation of immune cell infiltration and correlation analysis. A: Bar plot showing the ratio of 22 immune
cell types in TCGA_AML samples. Samples are shown in columns. B: Heatmap of the infiltration of the 22 immune
cell types; blue indicates positive correlation, red indicates negative correlation; the darker the color, the stronger
the correlation. C: Correlation between eosinophils and the three Tics and SPINK2 as dot plots, r=0.3, P=0.00016.
D: Correlation between resting mast cells and the three Tics and SPINK2 as dot plots, r=0.27, P=0.00068. E: Cor-
relation between plasma cells and the three Tics and SPINK2 as dot plots, r=0.23, P=0.0039. F: Comparison of the
level of the 22 infiltrating immune cell types and the three Tics and SPINK2 between the high- and low-expression
groups; red reflects high expression, whereas blue reflects low expression.

with other clinical factors, we performed uni-
variate and multivariate Cox regression analy-
ses for a number of factors, such as age, gen-
der, leukemia, French American British mor-
phology code (FAB) grade, AML cytogenetics
risk category, previous administration of hy-
droxyurea, and SPINK2 expression (Table 1).
Multivariate Cox regression analysis revealed
that age, M1, M5, M6, CytoRisk Poor, and
SPINK2 were significantly associated with sur-
vival (Figure 7C). To investigate the prediction
of survival using clinical factors, we construct-
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ed a nomogram model based on the multivari-
ate Cox regression analyses (Figure 7D). We
further plotted the 1-year, 3-year, and 5-year
survival calibration curve, and the C-index was
0.702; the calibration curve also confirmed the
validity of the model.

Discussion
AML is a heterogeneous hematological malig-
nancy [23]. The accumulation of myeloid pre-

cursor cells in the bone marrow, peripheral

Am J Transl Res 2022;14(1):197-210
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Figure 7. Clinical correlation analysis. A: Time-dependent ROC curves of SPINK2. B: Kaplan-Meier survival curves
of different levels of SPINK2 expression. C: Forest plot of the results of the multivariate Cox regression analysis. D:
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Table 1. Univariate and multivariate Cox regression analyses for clinical factors

id Univariate Multivariate
HR (95% CL) P value HR (95% CL) P value
Age 2.4542 (1.6125-3.7353) <0.001 2.5296 (1.5912-4.0214) <0.001
Gender 1.0151 (0.6755-1.5255) 0.942 0.8495 (0.5501-1.3120) 0.462
FAB
M1 1.1513 (0.5474-2.4212) 0.710 2.7511 (1.1755-6.4383) 0.020
M2 1.0360 (0.4923-2.1805) 0.926 1.9656 (0.8510-4.5403) 0.114
M3 0.2718 (0.0847-0.8714) 0.028 1.3006 (0.3131-5.4022) 0.717
M4 1.1070 (0.5205-2.3544) 0.792 2.3889 (0.9966-5.7259) 0.051
M5 1.5970 (0.6593-3.8684) 0.300 3.6969 (1.3472-10.144) 0.011
M6 2.2385 (0.4844-10.345) 0.302 7.4704 (1.4394-38.771) 0.017
M7 2.0494 (0.2597-16.169) 0.496 5.4943 (0.6173-48.897) 0.127
CytoRisk
Intermediate 3.1205 (1.5885-6.1298) 0.001 1.5123 (0.6443-3.5497) 0.342
Poor 4.6596 (2.2189-9.7848) <0.001 2.6143 (1.0440-6.5465) 0.040
HydrTreat 1.5350 (0.9705-2.4278) 0.067 1.3186 (0.8140-2.1361) 0.261
SPINK2 1.8745 (1.2367-2.8412) 0.003 2.2610 (1.3726-3.7245) 0.001

blood, and organs can lead to systemic symp-
toms and death within weeks or months, if
the disease is not treated [24]. Currently, the
evaluation of molecular genetic damage as a
predictor and the identification of prognostic
markers is a relatively active research area
[25]. In particular, increased focus has been
given to the study of epigenetic mutations in
DNMT3A, TET2, and ASXL1 [26]; however, the
detailed immunological mechanism behind
the development of AML remains unclear.
Here, we reported that high SPINK2 expression
could serve as a prognostic factor of AML.
Furthermore, our analyses showed that the
expression level of SPINK2 affected the ac-
tivity of immune cells. Therefore, our study pro-
vided novel insights for understanding the role
of SPINK2 in AML and its potential application
as a biomarker.

The family of SPINK proteins is comprised of
serine protease inhibitors that contain one or
more Kazal domains and directly interact with
the catalytic domain of proteases, blocking
their activity. The Kazal domain contains three
highly conserved disulfide bonds [27]. Differ-
ent SPINK proteins are specifically expressed
in different tissues and inhibit many serine pro-
teases, such as pancreatic trypsin or sperm
acrosin or kallikrein in the skin [28]. It is well
known that the imbalance of a protein can led
to serious diseases. For instance, SPINK5
knockout mice showed premature hydrolysis of
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the keratin connective tissue protein, resulting
in Nertherton syndrome [29, 30]. Similarly, a
human SPINK1 gene mutation has been asso-
ciated with chronic pancreatitis [31]. Mice
lacking SPINK3 (a direct homologue of human
SPINK1) showed autophagic cell death and
impaired pancreatic acinar cell regeneration
due to increased trypsin activity [32]. Import-
antly, recent studies have shown that the
upregulation of SPINK1 could lead to the resis-
tance of cells to serine protease dependent
apoptosis [33, 34].

Previous studies have shown that SPINK2 is
highly expressed in testicular tissues. Deletion
of the SPINK2 gene was reported to lead
to nonobstructive azoospermia (NOA) [35].
SPINK2 is known to control intracellular pro-
teolytic events in apoptosis. Another study
revealed that SPINK2 interacted with tazaro-
tene-induced gene 1 to inhibit the cellular inva-
sion of testicular carcinoma cells [36]. In this
study, we found that SPINK2 expression was
increased in AML, and was clearly correlated
with the AML FAB-type, CytoRisk, and survival
time, consistent with the studies of Xue et al.
[11].

To further investigate the role of SPINK2 in
AML, we conducted GO and KEGG analyses
and GSEA. We demonstrated that the highly
expressed SPINK2 protein exhibited rich bio-
logical functions and interactions with signal
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pathways and was related to PD-L1-associat-
ed tumorigenesis and the PI3K-Akt signal
pathway. Programmed death-ligand 1 (PD-L1;
encoded by the CD274 gene) is known to be
involved in the maintenance of the complex
regulation of the activity of T-cells under nor-
mal physiological conditions [37]. In many
human cancers, the high expression of PD-L1
has been associated with poor prognosis [38].
In addition to cancer cells, other cells present
in the tumor microenvironment and lymph
nodes, such as dendritic cells, macrophages,
fibroblasts, and T-cells, are also known to
express PD-L1 [39]. These cells can cause the
lack of antitumor immunity in the body. Based
on these findings, therapeutic antibodies have
been developed against PD-L1 and used in var-
ious AML cases [40]. The PI3K-AKT signaling
pathway, which is involved in cell differentia-
tion, proliferation, migration, and apoptosis is
one of the most frequently dysregulated path-
ways in human cancers [41]. Therefore, many
inhibitors targeting the pathway have been
developed for the treatment of AML; however,
the antileukemic effect was not as robust as
expected [42].

In addition, the cellular immune microenviron-
ment plays a very important role in the occur-
rence and development of tumors. To assess
the correlation between SPINK2 expression
and immune cell populations, we constructed
a map of the 22 immune cell types using the
CIBERSORT algorithm. We accordingly identi-
fied a correlation between SPINK2 and eosino-
phils, plasma cells, mast cells. These immune
cells are known to be the key factors involved
in tumorigenesis and development. As such,
SPINK2 was suggested to affect the occur-
rence of AML through the immune infiltration
mechanism.

Although we further revealed the mechanism of
action of SPINK2 in AML, our study had still
some limitations. To comprehensively analyze
the specific roles of SPINK2 in the develop-
ment of AML, we still need to consider other
clinical factors, such as the treatment regimen
of the patient. Second, the use of many datas-
ets might lead to inter-batch differences that
cannot be avoided or eliminated in the analysis
process. Conclusively, although a multicenter
study of public databases aims to compensate
for the shortcomings of a single center study, a
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retrospective study also has its limitations,
especially the inconsistent intervention mea-
sures and the lack of information. Therefore, a
prospective study should be carried out in the
future to balance out the bias caused by retro-
spective studies.

In summary, our study showed that SPINK2
was significantly upregulated in AML, and its
high expression was related to the progression
of AML and poor survival. We also reported the
mechanism of action of SPINK2 in the tumor
immune microenvironment. Our results indi-
cated that SPINK2 might promote tumorigene-
sis through the occurrence of abnormal inflam-
mation and immune response. This study pro-
vides new insights for further elucidating the
pathogenesis and molecular targets of AML.
However, the specific pathogenesis and molec-
ular events during the progression of AML still
require further exploration.
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Figure S2. Intersection genes in enriched PD-L1 expression and checkpoint pathway.



