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Brief Communication
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Abstract: Acute myeloid leukemia (AML), a malignant clonal disease, is the most prevalent form of leukemia, and it 
is associated with a poor prognosis and unfavorable treatment outcomes in both pediatric and adult populations. 
Accordingly, enhancing anti-tumor responses using immunomodulators is a promising therapeutic strategy and 
a new avenue for treating AML. In this study, we used publicly available data from The Cancer Genome Atlas and 
Genotype-Tissue Expression databases to investigate the correlation between SAM and SH3 domain-containing 3 
(SASH3) and AML, and we performed Cox regression and Kaplan-Meier analyses to assess the clinical characteris-
tics associated with overall survival among patients with AML. Additionally, we analyzed the relationship between 
immune infiltration and SASH3. Compared with that in the normal group, patients with AML were characterized 
by significantly higher levels of SASH3 expression (P = 3.05e-34), which was strongly associated with survival out-
comes. We observed a significant correlation between SASH3 expression and the expression of cancer-related 
genes (HCK, SYK, FYN, ITGB2, PIK3CD, FGR, PIK3R5, VAV1, LCP2, and GRB2) and pathways. Our findings in this 
study indicate that SASH3 plays a key role in AML development and survival outcomes and in the regulation of 
small GTPase-mediated signal transduction and immune-related pathways. Accordingly, targeting SASH3 may offer 
a promising approach for the treatment of AML and may potentially influence the progression of other cancers via 
multiple immune pathways.
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Introduction

Although external environmental factors play a 
prominent role in the development of acute 
myeloid leukemia (AML), the disease is charac-
terized by significant genetic heterogeneity [1]. 
AML is the most prevalent type of leukemia, 
arising from hematopoietic stem and progeni-
tor cells. By inducing similar changes in periph-
eral blood, the malignant cells of AML can sup-
press normal hematopoiesis. Regardless of the 
treatment method employed, AML manage-
ment entails a high economic burden and 
necessitates a complex treatment process. In 
the United States alone, there are approximate-
ly 19,000 new cases of AML annually, with 
10,000 deaths resulting from AML-associated 
complications [2]. Additionally, AML has a high 

recurrence rate, which further compounds the 
disease burden [3]. Although over the past 
three decades, the prognosis for children with 
AML has undergone a significant improvement; 
however, up to 30% of patients in pediatric out-
patient clinics remain unhealed. Moreover, the 
cure rate for patients with AML above 60 years 
of age is between only 5% and 15%, and infec-
tious events due to weakened immunity are dif-
ficult to prevent [4, 5]. Although the etiology of 
AML, as a specific type of cancer without para-
neoplastic tissues, has yet to be sufficiently 
clarified, the development of new treatments 
for AML is imminent.

Sterile alpha motif (SAM) and Src homology-3 
(SH3) domain-containing 3 (SASH3), referred to 
as SLY, is a putative adaptor protein postulated 
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to play an important role in the organization of 
signaling complexes and propagation of signal 
transduction cascades in lymphocytes [6]. 
SASH3 was initially identified based on an 
adhesion assay screen utilizing a T-cell lympho-
ma complementary DNA library [7], and an 
independent study subsequently identified 
SASH3 as a protein phosphorylated at the 
Ser27 residue following T-cell receptor ligation 
and activation of protein kinase C. More recent-
ly, it has been discovered that mutations in 
SASH3 can lead to a novel X-linked congenital 
immunodeficiency disorder [8]. The occurrence 
of this disease may be closely associated with 
the effects of SASH3 on T cell receptor (TCR) 
signaling. Furthermore, it has been established 
that T-cell progenitors derived from bone mar-
row CD34 cells with SASH3 deficiencies are 
less likely to survive [6]. In different cancer 
studies, such as those focusing on lung and 
breast cancer, SASH3 has been observed to 
show differences in expression and to be close-
ly linked with disease diagnosis and prognosis. 
However, the expression of SASH3 is higher in 
the breast tissues of patient with breast cancer 
than in controls and paraneoplastic tissues. In 
contrast, the opposite has been observed in 
patients with lung cancer, in whom SASH3 
expression is significantly higher in both normal 
and paracancerous tissues [9, 10]. Although 
much of the research on SASH3 has focused 
on cancer and immunodeficiency diseases, the 
extent of this research is limited, and there are 
few studies specifically investigating the over-
expression of SASH3.

In this study, we sought to evaluate the diag-
nostic and prognostic values of SASH3 in 
human AML using data obtained from The 
Cancer Genome Atlas (TCGA) and Genotype-
Tissue Expression (GTEx) databases. To better 
understand the potential pathophysiological 
pathways associated with AML pathogenesis 
and their associations with SASH3, we per-
formed Gene Ontology (GO) functional and 
Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analyses. In addition, we ana-
lyzed immune cell infiltration. The results of this 
study provide new insights into the underlying 
mechanisms of AML and indicate that SASH3 
may have potential applications as a diagnostic 
and prognostic biomarker.

Materials and methods

Bioinformatic mining to determine the expres-
sion of SASH3 in AML

The Gene Expression Profiling Interactive 
Analysis (GEPIA) data referenced in this study 
are available in a public repository at the GEPIA 
website (http://gepia2.cancer-pku.cn). GEPIA is 
a powerful web server for analyzing and visual-
izing RNA sequence expression data. In this 
study, normal (GTEx) and tumor (TCGA) tissue 
samples were compared using the resources 
provided in GEPIA, as no paracancerous tis-
sues were available.

Genes co-expressed with SASH3

In this study, we evaluated the genes co-
expressed with SASH3 in AML using data 
obtained from the UALCAN (http://ualcan.path.
uab.edu/) and GEPIA websites. The web tool 
(http://bioinformatics.psb.ugent.be/webtools/
Venn/) extracted the top 500 genes most 
closely co-expressed with SASH3 from each 
database. We obtained a final set of 380 com-
monly co-expressed genes based on the inter-
section of these gene sets.

GO functional and KEGG pathway enrichment 
analyses 

To identify gene functions and pathways perti-
nent to this study, we performed GO and  
KEGG enrichment analyses conducted using 
WebGestalt (http://www.webgestalt.org/). This 
website provides a range of powerful analytical 
tools for studying biological functions. GO anno-
tations can be categorized into three functional 
categories based on common genes, namely, 
biological processes (BP), cellular components 
(CC), and molecular functions (MF). KEGG path-
way enrichment results were obtained using 
the clusterProfiler package in R version 4.2.1. 
We used the default WebGestalt settings to cal-
culate enrichment and corrected p-values using 
the Benjamini-Hochberg False Discovery Rate 
(FDR) method, with an FDR-corrected p-value < 
0.05 employed as the threshold for defining 
significance.

Immune infiltration analysis

Single-sample gene set enrichment analysis is 
a commonly used method for assessing the 
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extent of immune cell infiltration in tumors [11]. 
In this study, we used the GSVA package to ana-
lyze the relationship between SASH3 and 24 
different types of immune-infiltrating cells. 
Spearman correlation analysis was used to 
examine the relationship between the levels of 
SASH3 expression and immune cell enrichment 
scores.

Construction of protein-protein interaction net-
works and identification of hub genes

To examine the roles of associated proteins for 
different molecular functions and biological 
pathways, protein-protein interactions (PPIs) 
can be represented in terms of networks. In 
this study, we performed protein interaction 
analysis for SASH3 by searching for protein-
protein interaction networks in the STRING 
database (https://string-db.org/). The resulting 
genes were displayed using Cytoscape (version 
3.8.0), and we used the Maximal Clique 
Centrality method to rank genes and identify 
the top 10 genes as hub genes.

Nomogram model analysis

Cox proportional hazards regression was used 
to perform both univariate and multivariate 
analyses. We used the Wilcoxon signed-rank 
test and logistic regression to analyze the rela-
tionships between clinical pathological fea-
tures and SASH3 expression. We identified 
independent prognostic predictors using a Cox 
proportional hazards regression model based 
on the “Enter” method. A nomogram was then 
designed to predict the 1-, 3-, and 5-year prog-
nosis based on the multivariable Cox regres-
sion model results. Finally, we estimated the 
probability of event occurrence based on an 
alignment chart and compared this with the 
actual percentage of event occurrence. In this 
regard, a curve that plots close to the reference 
line indicates a high degree of calibration.

Statistical analysis

For all statistical analyses, we used the R sta-
tistical package. The Wilcoxon rank-sum and 
paired sample t-test were applied to assess the 
statistical significance of SASH3 expression in 
the non-paired and paired tissues, respectively. 
Correlations between clinical characteristics 
and SASH3 expression were assessed using 
the Wilcoxon rank-sum test and logistic regres-
sion, and Spearman correlation analysis was 

performed to analyze the immunological data. 
For this study, statistical significance was set at 
the P < 0.05 level.

Results

Relationships between SASH3 expression and 
clinicopathological variables

Analysis of the Timer 2.0 database (http://
timer.comp-genomics.org/) revealed that SA- 
SH3 is differentially expressed in various  
cancers and is particularly evident in AML 
(Figure 1A). Our combined analysis of the  
TCGA (https://cancergenome.nih.gov/) and 
GTEx (https://www.gtexportal.org/) databases 
revealed that the expression of SASH3 was  
significantly higher in patients with AML (P = 
3.05e-34) (Figure 1B). The Kaplan-Meier sur-
vival curve shown in Figure 1C indicates that 
patients with AML characterized by high SASH3 
expression had a worse prognosis and higher 
mortality rates than those with low SASH3 
expression (P = 0.002). Moreover, when used 
as the sole determinant, SASH3 was observed 
to have predictive value regarding the survival 
of patients with AML at the 1-, 3-, and 5-year 
stages (Figure 1D).

GO and KEGG pathway enrichment analyses

Based on a comparison of the two co-expres-
sion datasets, we identified 380 commonly co-
expressed genes (Figure 2A), for which we per-
formed functional and pathway enrichment 
analyses using the WebGestalt web tool based 
on three functional categories: Molecular 
Function (MF), Cellular Component (CC), and 
Biological Process (BP). Figure 2B displays the 
results of the BP analysis, which revealed sig-
nificant enrichment in the biological regulation, 
response to stimulus, and metabolic process 
categories. For CC, we identified membrane, 
cytosol, and vesicle as the top three enriched 
categories. In contrast, MF analysis revealed 
the importance of protein binding, ion binding, 
and transferase activity. KEGG analysis 
revealed that the top three enriched pathways 
were mast cell-mediated immunity, tolerance 
induction, and response to lipoprotein particles 
(Figure 2C).

Prognostic performance of SASH3 in AML

Cox univariate regression analysis revealed a 
significant correlation between SASH3 expres-
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sion and the overall survival of patients with 
AML (hazard ratio [HR]: 2.033; 95% confidence 
interval (CI): 1.314-3.145; P = 0.001) (Figure 
3A). Cox multifactorial regression analysis 
yielded similar results, identifying significant 
associations between overall survival and  
age, cytogenetic risk, and SASH3 (HR: 1.671; 
95% CI: 1.028-2.715; P = 0.038) (Figure 3B). 
Additionally, we constructed a survival-validat-
ed nomogram plot based on this information 
(Figure 3C), which can contribute to an accu-
rate prediction of survival among patients with 
AML (Figure 3D). Furthermore, classical univar-
iate receiver operating characteristic (ROC) 
curve analysis revealed that this scoring crite-
rion had a high area under the curve (AUC) of 
0.807 (Figure 3E).

SASH3 and related hub genes may regulate 
AML via immune pathways

We used the 380 identified co-expressed 
genes from patients with AML to construct a 
protein-protein interaction network based on 
reference to the STRING database. To identify 
the most abundant interacting genes, we used 

Maximal Clique Centrality scores generated 
using the CytoHubba plugin and selected the 
top 10 genes, as shown in Figure 4A. These 10 
genes (VAV1, SYK, FYN, ITGB2, PIK3CD, FGR, 
PIK3R5, HCK, LCP2, and GRB2) were identified 
as potential key regulators of the SASH3 net-
work. We further analyzed the KEGG pathway of 
the central gene using WebGestalt, focusing 
mostly on immune and cellular material trans-
port pathways, and the results were consistent 
with the findings of previous analyses (Figure 
4B). To determine the levels of immune cell infil-
tration, we performed single-sample gene set 
enrichment analysis and Spearman analysis to 
assess the association between SASH3 and 
immune cell infiltration. SASH3 expression was 
accordingly observed to be positively correlat-
ed with the infiltration of iDC (R = 0.387, P < 
0.001), TReg (R = 0.418, P < 0.001), and Th17 
(R = 0.388, P < 0.001) cells, totaling 16 types 
of immune cells (Figure 4C).

Discussion

To the best of our knowledge, this study repre-
sents the first investigation of SASH3 mRNA 

Figure 1. Expression of SASH3 is strongly associated with acute myelocytic leukemia (AML). A. SASH3 mRNA expres-
sion levels in different tumor types from the TIMER database. B. SASH3 is differentially expressed in normal and 
tumor patients. C. KM (Kaplan-Meier) survival curves based on SASH3 expression levels. D. Time-dependent ROC 
curves for survival prediction.
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expression and prognosis in AML. Previous 
studies have reported the associations be- 
tween SASH3 and proliferative diseases and 
cancer in humans [12]. Emerging evidence indi-
cates that SASH3, a key bridging protein, is a 
positive regulator of tumor immune responses 
[13]. SASH3 is involved in immune pathways in 

lung cancer, such as those associated with nat-
ural killer cell-mediated cytotoxicity, PD-L1 
expression, and the PD-1 checkpoint pathway 
[9, 14, 15]. SASH3 promotes the immune 
response against lung tumor invasion, as evi-
denced by its low expression in normal and 
paracancerous tissues. Conversely, in patients 

Figure 2. Enrichment analysis of KEGG and GO for genes co-expressed with SASH3 in acute myelocytic leukemia 
(AML). A. The Venn diagram represents the intersection of the top 500 positively corrected genes between the GEPIA 
and UALCAN databases. B. GO enrichment of co-expressed genes in biological processes, cellular components, and 
molecular functions. C. KEGG analysis based on SASH3 co-expressed genes.



New therapeutic targets for AML

6863	 Am J Transl Res 2023;15(12):6858-6866

with breast cancer, the expression of SASH3 is 
higher in cancerous tissues and normal and 

paraneoplastic tissues [16]. These findings 
indicate that SASH3 may be activated and play 

Figure 3. SASH3 could be an independent prognostic marker for acute myelocytic leukemia (AML). A. Univariate Cox 
regression analysis of SASH3 expression and clinicopathologic characteristics. B. Multivariate Cox regression analy-
sis of SASH3 expression and clinicopathologic characteristics. C. Nomogram of SASH3 expression and clinicopatho-
logic characteristics. D. Prognostic Calibration: the horizontal coordinate is the probability of survival predicted by 
the model; the vertical coordinate is the actual observed probability of survival. E. Receiver Operating Characteristic 
(ROC) Curve for Prognostic Scoring Incorporating important Factors.
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Figure 4. Protein-protein interaction (PPI) network of related genes reveals the correlation between immune cell infil-
tration and SASH3 expression in Acute Myelocytic Leukemia (AML) patients. A. The CytoHubba toolbox in Cytoscape 



New therapeutic targets for AML

6865	 Am J Transl Res 2023;15(12):6858-6866

a pivotal immune role in defending against 
invasive breast tumors. The findings of relevant 
prognostic studies indicate that higher SASH3 
expression may be associated with more effi-
cient clearance by the immune system and lon-
ger survival periods.

Our findings in this study have revealed that 
SASH3 is overexpressed in AML and that high 
SASH3 expression is strongly associated with a 
poor prognosis, thereby indicating its potential 
application value as a prognostic marker in 
AML, a disease characterized by abnormal pro-
liferation, clonal expansion, abnormal differen-
tiation, and reduced apoptosis of myeloid 
hematopoietic progenitors [17, 18]. Although a 
robust immune response is typically anticipat-
ed when aberrantly differentiated, long-lived 
myeloid hematopoietic progenitors undergo 
malignant transformation and uncontrollable 
proliferation, our findings indicate that despite 
the increased degree of immune cell infiltra-
tion, which SASH3 probably induces, the 
immune response fails to prevent tumorigene-
sis and spread, and instead contributes to an 
elevated cytogenetic risk. Given that high 
peripheral blood leukocyte count, and neutro-
penia are key characteristics of AML, it would 
be worth investigating whether SASH3 is asso-
ciated with excess immunity or immune disor-
ders and whether it can trigger the excessive 
elimination of defective neutrophils and normal 
cells by immune cells. However, few studies 
have examined the potential role of SASH3 in 
the development of the immune system and 
the signaling events involved in immune 
responses.

The findings of our pathway analysis revealed 
that the molecular pathways linked to SASH3 
encompass immune, cellular bio-transport, and 
the regulation of small GTPase-mediated signal 
transduction. GTPase binding is implicated in 
numerous intracellular processes, including 
cytoskeletal dynamics, signal transduction, 
and membrane trafficking [19, 20]. Dysregu- 
lated expression of SASH3 is hypothesized to 
be associated with the pathogenesis of various 
cancer types, and this could be a plausible 
mechanism, whereas SASH3 influences the 
progression of AML.

In conclusion, our findings in this study provide 
preliminary insights into the potential role of 
SASH3 as a prognostic marker and therapeutic 
target in AML. However, it is important to note 
that these findings are based primarily on bioin-
formatics analyses and have yet to be experi-
mentally validated through biochemical and 
animal studies. Accordingly, further research is 
required to verify our findings, elucidate the 
underlying mechanisms, and evaluate the ther-
apeutic potential of targeting SASH3 in AML 
treatment.
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