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Abstract: Head and neck squamous carcinoma (HNSCC) affects more than half a million individuals and ranks 
the ninth leading cause of death globally each year. Many patients develop treatment resistance leading to poor 
clinical outcomes. The poor treatment responses are in part due to the heterogeneity of HNSCC tumor and tumor 
microenvironment (TME). The interaction of tumor cells with their TME has been studied vigorously in recent years 
because of their pivotal roles in tumorigenesis and determining the treatment response. Cancer-associated fibro-
blasts (CAFs) are one of the most abundant tumor-infiltrating cells, which have been shown to associate with the 
aggressive behavior of HNSCC. Hence, targeting and disrupting the tumor-CAFs interactions represents a rational 
therapeutic approach. To develop targeted therapeutic drugs against CAFs, the identification of CAF-associated 
gene signature is essential. Here, we analyzed multiple sequencing databases including microarrays and single-cell 
RNA-sequencing databases and identified SPARC/MMP9/CD44 as HNSCC targetable gene signatures encompass-
ing cancer-associated fibroblasts (CAFs). We found SPARC/MMP9CD44 signature was highly expressed in HNSC 
tissues compared to adjacent normal tissues. Increased SPARC/MMP9/CD44 signature levels strongly correlated 
with tumor-infiltrating CAFs, suggesting the functional importance of this signature for HNSCC-CAFs interaction and 
progression. Subsequently, we utilized a genomics approach and identified midostaurin as the top-ranking drug can-
didate for targeting SPARC/MMP9/CD44 signature. For validation, we performed molecular docking of midostaurin 
in complex with SPARC/MMP9/CD44 and demonstrated midostaurin’s high binding affinities compared to their 
respective standard inhibitors. In summary, our study provided a rapid genomics approach for identifying targetable 
gene signature and drug candidate for HNSCC. 

Keywords: Head and neck squamous cancers (HNSCC), cancer-associated fibroblasts (CAFs), drug resistance, 
midostaurin, molecular docking

Introduction

Head and neck squamous cell carcinoma 
(HNSCC) is a heterogeneous disease and the 

9th most common malignancy with high morbid-
ity and mortality rates globally, constituting 
almost 90% of all head and neck cancers [1, 2]. 
More than half a million new cases have been 
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reported, and approximately 400,000 deaths 
are reported annually globally [3]. Current treat-
ments include surgery, radiotherapy, chemo-
therapy, or chemo-radiotherapy, and they are 
decided based on the cancer stage and ana-
tomic location [4-6]. However, despite these 
conventional treatment modalities, up to 40% 
of patients develop resistance to treatment 
due to local and distant metastasis post-sur-
gery [7, 8]. Thus, a better understanding of the 
molecular mechanism which promotes HNSCC 
development and progression is urgently need-
ed for early diagnosis and development of per-
sonalized treatment for patients. The immune 
system plays a significant role in HNSC. Re- 
cent studies indicate that HNSCC is among the 
most highly immune infiltrated cancer types [9, 
10]. Moreover, current research has mainly 
focused on the HNSC tumor cells, with only a 
few studies on the interactions that occur with 
the tumor microenvironment (TME) [11-13]. A 
better understanding of the interactions be- 
tween TME is vital as it will improve the treat-
ment outcome for HNSCC. The TME consists of 
various cellular subsets, and these include  
cancer-associated fibroblasts (CAFs), macro-
phages, T cells, B cells, and natural killer (NK) 
cells, amongst others [14-17]. CAFs are hetero-
geneous stromal cells and the most abundant 
cells within the TME [18, 19]. CAFs secret vari-
ous immune-modulating and oncogenic cyto-
kines and chemokines that contribute signifi-
cantly toward tumor progression, therapy resis-
tance, and metastasis [20]. In addition, overex-
pression CAFs markers and associated genes 
have been reported in HNSCC and participate 
in all stages of cancer progression [21, 22]. 
Secreted protein acid and rich in cysteine 
(SPARC) is secreted by the fibroblasts, and its 
dysregulation has been reported to promote 
tumor growth, progression, and poor prognosis 
[23-26]. SPARC has been shown to induce the 
expression of MMP9 in the TME [27]. Matrix 
metalloproteinase-9 (MMP9) is a member of 
matrix metalloproteinases (MMPs) proteins, a 
family of highly homologous extracellular zinc- 
and calcium-dependent endopeptidases [28]. 
Overexpression of MMP9 has been reported to 
promote HNSCC progression, metastasis, and 
escape immune surveillance. Increased expres-
sion of SPARC and MMP9 have been shown to 
promote HNSCC progression [29], making them 
both targets for drug development.

Accumulating studies have shown that CAFs 
are crucial in promoting cell growth, metasta-
sis, and resistance to therapy [30], also in  

facilitating the generation of cancer stem cells 
(CSC) [31]. One of the stemness markers, 
Cluster of Differentiation 44 (CD44), a cell sur-
face receptor for hyaluronic acid, is overex-
pressed in HNSCC and correlated with poor 
prognosis [32, 33]. Reportedly, CD44 provides 
cell surface receptor docking for MMP9 and 
promotes MMP9-mediated tumor invasion [34, 
35]. These findings strongly suggest crosstalk 
among SPARC/MMP9/CD44 oncogenes. In  
the present study, we explored bioinformatics 
analysis, to identify targetable oncogenic  
signatures of CAFs in HNSCC. Interestingly, 
from the Single cell RNA-seq analysis obtained 
from the gene expression omnibus (GEO) data-
set; GSE103322 and GSE83519, we identifi- 
ed the overexpression of SPARC/MMP9/CD44 
in HNSCC, and further used different web-tools 
to validate their upregulation. Moreover, we 
applied molecular docking to predict the inter-
actions of midostaurin with SPARC/MMP9/
CD44 oncogenic signatures. Midostaurin, pre-
viously known as PKC412, is a multi-kinase 
inhibitor that was originally developed for treat-
ment of patients with solid malignancy [36], 
has already been approved by the FDA for  
treatment of acute myelocytic leukemia (AML) 
[36-41]. Here, we provide further mechanistic 
insights into midostaurin’s potential to inhibit 
SPARC/MMP9/CD44 in HNSCC.

Material and methods

Microarray data analysis 

Differential expressed genes (DEGs) from 
HNSC patient samples were downloaded from 
the Gene Expression Omnibus (GEO) database 
(http://www.ncbi.nlm.nih.gov/gds) [42]. Two  
(2) datasets were obtained which included 
GSE103322 and GSE83519, and further anal-
ysed using GEO2R (https://www.ncbi.nlm.nih.
gov/geo/geo2) [43]. which was used to identify 
DEGs between HNSC tumor samples and nor-
mal samples. The fold-change (FC) threshold 
was set to 2 and P < 0.05 was considered sta-
tistically significant. Futhermore, Bioinformatics 
& Evolutionary Genomics (BEG) online tool 
(http://bioinformatics.psb.ugent.be/webtools/
Venn/), was utilized to construct venn dia- 
gram.

Validation of SPARC/MMP9/CD44 expression 
levels in HNSCC

Expression levels of the SPARC/MMP9/CD44 
oncogenes were analyzed with GEPIA 2 online 
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web-tool (http://gepia2.cancer-pku.cn/). Ex- 
pression levels of SPARC/MMP9/CD44 in 
HNSCC samples (red) were compared to adja-
cent normal samples (green), with P < 0.05 
indicating statistical significance. Further- 
more, we used UALCAN (http://ualcan.path.
uab.edu/), an open-access public online tool 
for analysis of The Cancer Genome Atlas  
(TCGA) [44]. To analyze the tumor stages when 
SPARC/MMP9/CD44 genes are expressed in 
HNSCC. To Validate the overexpression and 
overall survival of these oncogenes, we used 
independent tool; online survival differentially 
expressed recurrence and metastasis (OS- 
dream) and human protein atlas (https://www.
proteinatlas.org/) [45]. P < 0.05 as statistically 
significant.

Protein-Protein Interaction (PPI) Network, Gene 
Ontology (GO), and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway analy-
ses

Protein interactions were analyzed using the 
STRING tool (https://string-db.org/) to con-
struct a PPI clustering network [46]. The inter-
actions had an initial of 3 nodes, 3 edges, 2 
average node degree and were increased to 18 
nodes, 18 edges, and 4.5 average node de- 
gree. Moreover, the interactions also had an 
enrichment enrichment average local cluster-
ing coefficient of 0.85, PPI enrichment P-value 
of 6.71 × 10-4 and and the confidence cutoff 
value representing the interaction links was 
adjusted to 0.700 as the highest scoring link. 
Moreover, For the enrichment analysis, we 
explored Network Analyst tool (https://www.
networkanalyst.ca/) using the SIGnaling Net- 
work Open Resource (SIGNOR 2.0) and select-
ed the KEGGs database to analyze enriched  
co-expressed genes. The database for annota-
tion, visualization, and integrated discovery 
(DAVID), (https://david.ncifcrf.gov/.jsp), was us- 
ed to analyze enriched GO including biological 
processes and molecular functions involved, 
with the criterion set to P < 0.05.

Relations between abundance of tumor-infil-
trating lymphocytes (TILs) and SPARC/MMP9/
CD44 expression

The interaction between tumor and immune 
system plays a crucial role in both cancer devel-
opment and treatment response. To investigate 
the correlation between HNSCC and the 
immune system, we used TISIDB (http://cis.

hku.hk/TISIDB), an integrated repository portal 
for tumor-immune system interactions [47]. 
Herein, we used the GSEA method to character-
ize 28 subpopulations tumor-infiltrating lym-
phocytes (TILs), which displayed the prognostic 
cell type of HNSCC. Moreover, we analyzed the 
association of SPARC/MMP9/CD44 expres-
sion across the immune subtype which includ-
ed; wound healing, IFN-gamma dominant, 
inflammatory, lymphocyte depleted, immuno-
logically quiet and TGF-b dominant.

The correlation between SPARC/MMP9/
CD44- and infiltrating immune cells in HNSCC 
patients

Correlations between SPARC/MMP9/CD44 
expressions and tumor infiltration levels were 
analyzed with the Tumor Immune Estimation 
Resource (TIMER) (http://timer.cistrome.org/) 
an online computational tool used to analyze 
the nature of tumor immune interactions across 
a variety of cancers [48]. Herein, the gene DE 
sub-tool of TIMER to further investigate the 
expression of SPARC/MMP9/CD44 in HNSCCs 
compared to normal tissues. Distributions of 
gene expression levels are displayed using box 
plots. The statistical significance computed by 
the Wilcoxon test is annotated by the number  
of stars (*: P-value < 0.05; **: P-value < 0.01; 
***: P-value < 0.001). To further analyze, we 
determined correlations of SPARC, MMP9, and 
CD44 with a set of gene markers of immune 
infiltration cells, particularly the cancer associ-
ated fibroblast (CAFs). The infiltration level  
was compared to the normal level using a two-
sided Wilcoxon rank-sum test. In addition, we 
explored the online consensus survival an- 
alysis webserver for tumor microenvironment 
(OStme), a sub-tool from the biomedical in- 
formatics institute database (https://bioinfo.
henu.edu.cn/), to identify abundance of macro-
phages, CAFs, NK cells and B cells in the TME 
as compared to other cells in HNSCC. 

Drug sensitivity analysis of SPARC/MMP9/
CD44 oncogenes

To determine the correlation between SPARC/
MMP9/CD44 oncogenes and drug sensitivity  
of the genomics of drug sensitivity in cancer 
(GDSC) top 30 drugs in pancancer, we used the 
Gene Set Cancer Analysis (http://bioinfo.life.
hust.edu.cn/web/%20GSCALite) [49], a web-
based tool used to analyze differentially 
expressed genes (DEGs) and correlation to 
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drug sensitivity. All the drugs approved by the 
Food and Drug Administration (FDA) were dis-
played. Moreover, we evaluated the evaluate 
the response of HNSCC cell lines, when treated 
with midostaurin, by using the GDSC dataset 
from the sanger institute (https://www.sanger.
ac.uk/). 

Molecular docking of protein-ligand interac-
tions

In order to evaluate the strength of interactions 
of midostaurin with SPARC/MMP9/CD44 sig-
nature, we performed molecular docking an- 
alysis. Frirst, the crystal structures of SPARC 
(PDB:2V53), MMP9 (PDB:1I6J), and CD44 
(1UUH), were downloaded from the Protein 
Data Bank (PDB) (https://www.rcsb.org/). The 
3D structure of midostautin (CID:9829523) 
was retrieved from (https://pubchem.ncbi.nlm.
nih.gov/compound/9829523). The 3D struc-
tures of established inhibitor for SPARC,  
mitomycin (CID:5746, molecular weight (MW: 
334.53 g/mol), MMP9-illomastat (CID:132519, 
MW:388.5 g/mol) and CD44, sorafenib (CID: 
216239, MW:464.8 g/mol), were all download-
ed from PubChem as SDF files. For further pro-
cessing, we used PyMol software (https://
pymol.org/2/) to visualize the ligands and con-
vert them into PDB file format; these files were 
subsequently converted into PDBQT format 
using autodock (http://autodock.scripps.edu/
resources/adt). For visualization and interpre-
tation of the docking results, we used Discovery 
Studio software [50].

Statistical analysis

Pearson’s correlations were used to assess 
correlations of SPARC/MMP9/CD44 expres-
sions in HNSCC database. The statistical sig-
nificance of differentially expressed genes 
(DEGs) was evaluated using theWilcoxon test. 
*P < 0.05 was accepted as being statistically 
significant.

Results

Identification of DEGs in HNSC

Gene expression genes from HNSC samples 
were extracted from the microarray dataset 
compared to normal samples from different 
studies. Results were analyzed from two (2)  
different datasets, i.e., GSE103322 and 

GSE83519. The volcano plots represent upreg-
ulated genes (red) as compared to downregu-
lated (green) genes (Figure 1A, 1B). Moreover, 
the heatmap in (Figure 1C), shows overex-
pressed genes obtained from GSE103322 and 
GSE83519 datasets. P-value < 0.05 was con-
sidered statistically significant. 

Identification of differential expression genes 
(DEGs) linked to cancer-associated fibroblasts 
in HNSCC

We utilized the Bioinformatics & Evolutionary 
Genomics (BEG) online tool to construct the 
Venn diagram, which displayed the overex-
pressed overlapping genes in HNSCC. Two  
overlapping genes were identified: SPARC and 
MMP9 (Figure 2A). Next, we incorporated 
CD44, an established marker for cancer stem 
cells, and epithelial-to-mesenchymal transition 
(EMT) [51] into the analysis of SPARC and 
MMP9 in the HNSCC database. Analyses per-
formed using the GEPIA2 web tool revealed 
that the SPARC/MMP9/CD44 expressions 
were significantly higher in HNSCC tissues  
than their normal counterparts (Figure 2B). To 
further investigate whether these genes are 
associated with HNSCC progression, we ana-
lyzed their expression level through the tumor 
stages using the limma method from the 
GEPIA2 tool. The SPARC/MMP9/CD44 expres-
sion in stage 1 samples was lower than in  
stages 2, 3, and 4. These findings suggest  
that SPARC/MMP9/CD44 oncogenes may be 
involved in the progression of HNSCC (Figure 
2C-E). The UALCAN algorithm using the TCGA 
samples also demonstrated that SPARC/
MMP9/CD44 gene expression levels were sig-
nificantly higher tumor grade (G). Interestingly, 
the expression of these oncogenes was lower 
in G1 and compared to G2 and G3 samples. 
Notably, G4 samples were also significantly 
lower, and this might have been due to insuffi-
cient number of samples (Figure 2F-H).

Elevated SPARC/MMP9/CD44 expression is 
associated with distant metastasis in HNSCC 

Tumor metastasis and recurrence are the  
major clinical challenges in cancer treatment; 
herein, we explored the online survival differen-
tially expressed recurrence and metastasis 
(OSdream) database in determining the asso-
ciation of clinical characteristics between 
SPARC/MMP9/CD44 oncogenes in HNSCC 
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Figure 1. Differentially-expressed genes (DEGs) in head and neck extracted from GSE103322 and GSE83519 microarray datasets. A, B. Volcano plots of DEGs from 
the two datasets with red and blue dots represent upregulated and downregulated genes (P < 0.05). C. The heatmap of overexpressed overlapping genes. 
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patients. Notably, a significantly higher expres-
sion of SPARC/MMP9/CD44 was identified in 
patients with lymph node metastasis (Figure 
3A-C). Subsequently, we queried the Human 
Protein Atlas (HPA) database and found that 
the protein expression levels of SPARC, MMP9, 
and CD44 were significantly higher in HNSCC 
tissues compared to those in normal tissues 
(Figure 3D-I), which was consistent with the 
mRNA and gene expression level results. 
Accordingly, SPARC showed moderate staining, 
moderate intensity, and high staining quantity 
> 75%. MMP9 exhibited low staining, with mod-
erate intensity and a lower staining quantity of 
less than 25%. In contrast, CD44 expression 
exhibited high intensity and a higher staining 
quantity of > 75%. To verify the expression lev-
els of SPARC/MMP9/CD44 in HNSCC, we used 
GEPIA2 software, which supported the above 
findings (Figure 3J). Based on the results, 
SPARC and MMP9 were more upregulated as 
compared to CD44, thus suggesting their asso-
ciation with cancer progression and metasta-
sis. We then explored metastasis-free survival 
(MFS), a sub-tool of the OSdream, to analyze 
the survival probability of HNSCC patients har-
boring different risk factors. Patients with a 
high expression level of SPARC/MMP9/CD44 
signature showed a shorter survival probability 
and disease-specific survival (DSS) time than 
those with lower expression, hence showing 
that SPARC/MMP9/CD44 signature might be 
associated with HNSCC recurrence and pro-
gression (Figure 3K-M).

The protein-protein interaction network and 
enrichment analysis SPARC/MMP9/CD44 sig-
natures 

SPARC/MMP9/CD44-proteins interaction net-
works were constructed STRING. After consid-
ering the gene neighborhood, gene co-occur-
rence, and coexpression, as anticipated, inter-
actions were identified between SPARC with 
MMP9, SPARC with CD44, and MMP9 with 

CD44 within network clustering. The interac-
tions had an initial of 3 nodes, 3 edges, 2 aver-
age node degrees and were increased to 18 
nodes, 18 edges, and 4.5 average node 
degrees. Moreover, the interactions also had 
an average local clustering coefficient of 0.85, 
a PPI enrichment P-value of 6.71 × 10-4, and 
the confidence cutoff value representing the 
interaction links was adjusted to 0.700 as the 
highest scoring link (Figure 4A). For the en- 
richment analysis, we explored the Network 
Analyst tool using the SIGnaling Network Open 
Resource (SIGNOR 2.0) and selected the 
KEGGs database to analyze enriched co-ex- 
pressed genes (Figure 4B). The signaling net-
work analysis of KEGG pathway enrichment 
showed MMP9/CD44/STAT3/TIMP1 oncogen- 
es coexpressions in the same network cluster. 
Subsequently, we utilized DAVID database to 
analyze the enriched biological processes and 
KEGG pathways, and further used the FunRich 
software to construct the sets (threshold set at 
P < 0.05). The enriched pathways included 
cMYC, integrins in angiogenesis, validated tar-
gets of c-MYC transcriptional activation mTOR 
signaling pathway, and Urokines e-type plas-
minogen activator mediated signaling (Figure 
4C, 4D).

The correlation between SPARC/MMP9/CD44 
and immunomodulators in HNSCC patients

The interplay between tumor cells and their 
ability to infiltrate the immune system plays a 
vital role in tumorigenesis, progression, and  
the effectiveness of treatment. Herein we 
explored the TISIDB web portal to identify the 
correlation between SPARC/MMP9/CD44 ac- 
ross human cancers, particularly HNSCC. 
These immunomodulators were obtained from 
the study conducted previously [52]. Inter- 
estingly, among these immunomodulators were 
cancer-associated fibroblasts (CAF) derived 
cytokines and chemokines, including tumor 
necrosis factor (TNFs), Interleukin 6 (IL6), and 

Figure 2. SPARC/MMP9/CD44 signature is overexpressed in HNSCC and linked to progression. Expression levels 
of (A) Venn diagram of 3 selected overexpressed overlapping DEGs. (B) Overexpression of SPARC/MMP9/CD44 on-
cogenes in tumor tissues compared to normal tissues. (C-E) SPARC/MMP9/CD44 were more expressed in stage II 
to stage IV on HNSCC than in stage I. The transcript levels of (F) SPARC, (G) MMP9, and (H) CD44 were significantly 
overexpressed in tumors starting from grade 1 to grade 4 as compared to normal tissue. The numbers in parenthe-
sis in (F-H) indicate sample numbers, and a P-value less than 0.05 is considered statistically significant SPARC (G1: 
P = 1.62 × 10-6, G2: P = 1.60 × 10-7, G3: P = 1.15 × 10-8 and G4: P = 1.62 × 10-12). MMP9: (G1: P = 2.31 × 10-5, G2: 
P = 2.51 × 10-6, G3: P = 1.98 × 10-7 and G4: P = 1.62 × 10-12) CD44: (G1: P = 1.16 × 10-7, G2: P = 2.55 × 10-10, G3: 
P = 1.76 × 10-10 and G4: P = 1 × 10-12).
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C-X-C motif chemokine ligand 12 (CXCL12), 
which correlated with high SPARC/MMP9/

CD44 oncogenic signature expression (Figure 
5A).To further analyze, we explored spearman’s 

Figure 3. High expression levels of SPARC/MMP9/CD44 are associated with poor clinical outcomes in HNSCC. (A-C) 
Relative SPARC/MMP9/CD44 gene expression levels in normal tissue, primary tissue, and lymph node metastasis. 
Immunohistochemistry (IHC) analysis obtained from the HPA database revealed high protein expression levels of 
SPARC/MMP9/CD44 oncogenes in HNSCC tissues compared to those in normal tissues [52]. (D-I) Higher staining 
intensity of SPARC, MMP9, and CD44 in HNSCC tissues (lower panels) than the normal tissues (upper panels). (J) 
Bar graph showing significant upregulation of SPARC and MMP9, as compared to CD44 in HNSCC, suggesting their 
association with cancer metastasis. (K-M) Kaplan Meier survival curves revealed that a high expression level of 
SPARC/MMP9/CD44 signature was associated with shorter survival probability and disease-specific survival (DSS) 
time compared to those with lower expression.

Figure 4. SPARC/MMP9/CD44-proteins interaction networks and enrichment analysis. A. PPI network in the STRING 
dataset with network clustering. B. Signaling network analysis of the KEGG pathway enrichment analysis showing 
coexpression of MMP9/CD44/STAT3/TIMP1 oncogenes in the same network cluster. C. Six major biological pro-
cesses associated with SPARC/MMP9/CD44 signatures correlated gene clusters. D. KEGG pathway showing six 
affected pathways by SPARC/MMP9/CD44 oncogenic signature, with the criterion set to P < 0.05 in each panel.
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Figure 5. SPARC/MMP9/CD44 expression correlated with immunomodulators in HNSCC patients (A) Heatmap showing immunomodulators, including cytokines 
(TNF) and IL6, and chemokine (CXCL12), secreted by CAFs. HR > 1 shows poor prognosis, while HR < 1 blue shows better prognosis. (B-D) expression of TNF, IL6, 
and CXCL12 positively correlated with CAF marker SPARC in HNSCC samples, with p < 0.05 considered statistically significant.
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correlation analysis. Based on the results, 
expression of TNF, IL6, and CXCL12 positively 
correlated with CAF marker SPARC in HNSCC 
samples, with P < 0.05 considered statistically 
significant (Figure 5B). 

Single-cell RNA sequencing revealed abundant 
infiltrating immune cells in HNSCC samples

For further analysis, we explored the CIBE- 
RSORTx to profile the abundance of immune 
cell type profiling in HNSCC. Based on the ana-
lyzed results, NHSCC samples positively corre-
lated with the abundance of T Cells CD8, T  
Cells CD4, malignant cells, and dendritic cells. 
Interestingly, the fibroblasts were more abun-
dant than other HNSCC cells (Figure 6A). 
Moreover, we analyzed the association of 
SPARC/MMP9/CD44 expression across the 
immune subtype, which included; C1 (wound 
healing); C2 (IFN-gamma dominant); C3 (in- 
flammatory); C4 (lymphocyte depleted); C5 
(immunologically quiet); C6 (TGF-b dominant). 
Interestingly, SPARC/MMP9/CD44 oncogenes 
were expressed more in C1, C2 and C6 im- 
mune subtypes, however, the genes were not 
expressed in wound healing subtype, as shown 
in boxplot (Figure 6B-D).

The correlation between SPARC/MMP9/CD44 
and infiltrating immune cells in HNSCC pa-
tients

The tumor microenvironment plays a crucial 
role in cancer initiation and progression. 
However, the association between TME and 
tumor prognosis remains elusive. Herein, we 
utilized a web-based program (OStme) to 
explore our target genes’ correlation with the 
tumor microenvironment in HNSCC. Accord- 
ingly, we explored the TIMER database analysis 
to determine the correlation between SPARC, 
MMP9, and CD44 and infiltrating immune  
cells. Firstly, we applied the gene differential 
expression (DE) module within the TIMER data-
base. Based on the results, we identified upreg-
ulation messenger (m)RNA levels of SPARC/
MMP9/CD44 in HNSCC tumors compared to 
adjacent normal tissues. Distributions of gene 
expression levels are displayed using box plots 
(Figure 7A-C). HNSCC sample mixtures based 
on relative percentage fractions were com-
pared using Pearson’s correlation coefficient 
(R). Based on the results, endothelial, myocyte, 
dendritic, mast, malignant, B cell, fibroblasts, 

and macrophages strongly correlated with 
HNSCC samples by displaying high relative per-
centage, as compared to T cell CD4 and T cell 
CD8, which showed lower relative percentage, 
indicating exhausted T cells (Figure 7D). To 
identify relations of SPARC/MMP9/CD44 ex- 
pressions with selected immune cells, we 
applied a correlation analysis between the 
oncogenes mentioned above, and CAFs mark-
ers were adjusted by purity. As expected, the 
results showed correlations of SPARC/MMP9/
CD44 with CAFs in HNSCC (Figure 7E-G). 

Single-cell RNA sequencing (scRNA-seq) re-
veals an immunosuppressive role of SPARC/
MMP9/CD44 oncogenic signature within 
HNSCC TME

We explore the tumor immune single-cell hub 
(TISCH) datasets of HNSCC (GSE103322), 
which consists of scRNA-seq from primary 
HNSCC patients. The cell types obtained includ-
ed CD4, CD8 T cells, endothelial, fibroblasts, 
malignant, mast, mono/macro, myocyte, myofi-
broblast and plasma (Figure 8A). Interestingly, 
we found that SPARC is overexpressed in en- 
dothelial cells, firoblasts, macrophages and 
malignant cells (Figure 8B). MMP9 is overex-
pressed in fibroblasts (Figure 8C). CD44 is 
highly expressed in endothelial cells, exhaust-
ed CD8 T cells, firoblasts, macrophages and 
malignant cells (Figure 8D). Thus suggesting 
that SPARC/MMP9/CD44 oncogenic signature 
is overexpressed in fibroblast with the HNSCC 
TME.

Drug sensitivity analysis of SPARC/MMP9/
CD44 oncogenes

To determine the drug sensitivity of SPARC, 
MMP9 and CD44, we used the GSCA tool to 
analyze the drug response. The correlation 
coefficients analysis, shows that upregulated 
gene expression is associated with drug resis-
tance. From our analysis of results, we identi-
fied increased mRNA expression levels of 
SPARC, MMP9, and CD44 (indicated in orange 
bubbles), to be less sensitive to the drugs. 
While blue bubbles indicated the sensitivity of 
SPARC, MMP9, and CD44 to the drugs, includ-
ing bleomycin, docetaxel, dasatinib, and pazo-
panib, and interestingly, midostaurin was 
shown to be more effective as a potential drug 
target of SPARC, MMP9 and CD44 as com-
pared to all the other FDA approved drugs men-
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Figure 6. Single-cell RNA sequencing shows the abundance of infiltrating immune cells in HNSCC. (A) NHSCC samples positively correlated with the abundance of T 
Cells CD8, T Cells CD4, fibroblasts, malignant cells, and dendritic cells. Notably, fibroblasts were the most significantly correlated (B-D) SPARC/MMP9/CD44 were 
more expressed in C2 (IFN-gamma dominant); C3 (inflammatory); C4 (lymphocyte depleted); C5 (immunologically quiet); C6 (TGF-b dominant), as compared to the 
wound healing, thus suggesting that the overexpression of SPARC/MMP9/CD44 signature promotes tumor invasiveness, progression, and metastasis in HNSCC 
samples. P-value < 0.05 was considered statistically significant.
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Figure 7. The correlation between SPARC/MMP9/CD44- and infiltrating immune cells in HNSCC patients (A-C) upregulated (m)RNA levels of SPARC/MMP9/CD44 
in HNSCC tumor as compared to adjacent normal tissues. (D) HNSCC sample mixtures show a relatively high percentage of endothelial, myocyte, dendritic, mast, 
malignant, B cell, fibroblasts, and macrophages as compared to T cells. (E-G) SPARC/MMP9/CD44 expression level significantly correlates with CAF infiltration in 
HNSCC, where SPARC and MMP9 expression was the predominant determinant.
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tioned above (Figure 9A). To further analyze, we 
explored the GDSC database to evaluate the 
response of different HNSCC cell lines obtained 
from the catalog of somatic mutations in can-
cer (COSMIC) project and identified with specif-
ic COSMIC ID. These included; PCI-30 (COSS- 
1298529), JHU-022 (COSS1240162), PCI-6A 
(COSS1240206), SKN-3 (COSS1299059), JHU-
001 (COSS1240161), SAT (COSS1299050), 
PCI-4B (COSS1298531), PCI-38 (COSS1240- 
205) [53], Interestingly, most of the cell lines 
responded to midostaurin treatment with low 
concentration IC50 (Figure 9B).

In silico molecular docking analysis exhibited 
unique binding affinities between midostaurin 
and the SPARC/MMP9/CD44 signature

Docking results revealed potential inhibitory 
effects of midostaurin when bound to SPARC/
MMP9/CD44 oncogenic signature. The binding 
affinity results of midostaurin in complex with 
SPARC, MMP9, and CD44 were much higher, 
with Gibbs free energies (ΔG) of (-9.8 kcal/mol, 
-10.2 kcal/mol, and -8.1 kcal/mol), respectively 
as compared with their standard inhibitors 
mitomycin C (SPARC), ilomastat (MMP9), and 
sorafenib (CD44) which exhibited lower binding 
energies (ΔG) of (-8.2 kcal/mol, -7.4 kcal/mol 
and 7.4 kcal/mol) respectively (Figure 10A-F). 
Subsequently, we used PyMol software and the 
discovery studio web tool for visualization to 
interpret the acquired results. Accordingly, sev-
eral interactions were shown to stabilize the 
protein-ligand interactions, including a high 
number of conventional hydrogen bonds, van 
der Waals forces, carbon-hydrogen bonds, Pi 
anions, Pi-sigma, Pi-Pi stacked, and amide 
Pi-stacked, with their respective amino acids as 
shown in Table 1.

Discussion

The current multimodal strategies for the treat-
ment of head and neck squamous (HNSCC) cell 
carcinoma, including surgical resection, radio-
therapy and chemotherapy, have increased the 
overall survival of patients, however many 
patients still become resistant to therapy [54]. 
Most patients with recurrent or metastatic dis-
ease have poor clinical outcomes [12, 55-57]. 
Moreover, HNSCCs are mostly heterogeneous, 
hence making it difficult to classify and deve- 
lop personalized targeted therapy [9]. Thus, 
there is an urgent need for identification of 

novel biomarkers for the development of 
improved therapeutics. The tumor microenvi-
ronment (TME) of HNSCC consists of various 
cells that infiltrate the tumor cells [11, 57-61]. 
Cancer-associated fibroblasts (CAFs) being the 
most abundant subsets of the TME, and have 
been associated with the aggressive nature of 
head and neck cancers (HNCs). In the present 
study, we explored bioinformatics analysis, to 
identify targetable oncogenic signatures of 
CAFs in HNSCC. Accordingly, we explored the 
NCBI-GEO database using two datasets; 
GSE103322 and GSE83519, and identify over-
expression of CAFs targetable gene in HNSCC. 
These upregulated genes included SPARC, 
MMP9 and CD44. 

To further analyze, we explored GEPIA and 
ULCAN online bioinformatics web tools, which 
verify the overexpression of SPARC/MMP9/
CD44 messenger RNA (mRNA) expression in 
HNSCC. Interestingly, we also found that the 
expression of these oncogenes in HNSCC  
stage 1 and normal grade was lower than in 
stages 2-3 and grade 1-4. These findings sug-
gested that SPARC/MMP9/CD44 oncogenes 
could be involved in cancer initiation and pro-
gression. To further analyze, we explored the 
metastasis-free survival (MFS) sub-tool of the 
OSdream, to analyze the survival probability of 
HNSCC patients harboring numerous risk  
factors. Based on the results, patients with 
high expression levels of SPARC/MMP9/CD44 
oncogenes showed a shorter survival probabil-
ity and disease-specific survival (DSS) time 
than those with lower expression, showing that 
SPARC/MMP9/CD44 signatures might be 
associated with HNSCC recurrence and pro-
gression. The protein-protein interactions (PPI) 
revealed coexpression of SPARC, MMP9, and 
CD44 with the same cluster, moreover the 
coexpression of these oncogenes enriched sev-
eral biological pathways, including cMYC, integ-
rins in angiogenesis, validated targets of c-MYC 
transcriptional activation mTOR signaling path-
way, and Urokines e-type plasminogen activa-
tor mediated signaling, which was previously 
shown to associate with HNSCC metastasis 
and cancer stemness [62-64].

The interplay between tumors and their ability 
to evade the immune system plays a vital role 
in tumorigenesis, progression, and the effec-
tiveness of treatment. We explored the single-
cell RNA sequencing analysis obtained from the 
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Figure 8. Single-cell RNA sequencing (scRNA-seq) profiling shows that SPARC, MMP9 and CD44 oncogenic signature is associated with an immunosuppressive 
HNSCC TME. (A) UMAP projections of eleven major lineage cell types from single-cell RNA-sequencing data from GSE103322 datasets (B-D) UMAP plots showing 
expression distribution of SPARC/MMP9/CD44 oncogenic signature in single cell clusters.
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CIBERSORTx database, which revealed an 
abundance of immune cells, including T Cells, 
CD8, T Cells CD4, fibroblast cells, and dendritic 
cells. Interestingly, fibroblasts were the most 
significantly correlated to HNSCC samples, 
potentially promoting tumorigenesis [18, 65, 
66]. The interaction between tumors and the 
immune system plays a crucial role in cancer 
development and treatment response [47]. We 
further profiled the tumor heterogeneity land-
scape and identified different types of cancer-
associated fibroblasts (CAFs) involved, using 
the integrated repository portal for tumor-
immune system interactions (TISI) database 
[67]. Our analysis revealed that the expression 

of SPARC/MMP9/CD44 oncogenic signatures 
was associated with myofibroblast-like cells 
(myoCAFs), including wound healing denoted as 
(C1) (Figure 5B-D). Moreover, we identified 
inflammatory - CAFs (iCAFs) related to immune 
inflammation. For instance, iCAFs included the 
expression of (C2)-IFN-γ (C3) inflammatory,  
and (C6) TGF-b dominant, which correlated to 
SPARC/MMP9/CD44 expression, suggesting 
the involvement of this signature in HNSCC 
tumor invasiveness, progression and metasta-
sis [68-70]; this finding is in line with the study 
by Bello et al., which demonstrated that the 
infiltration of CAFs was associated with HNSCC 
aggressiveness and poor clinical outcome [71].

Figure 9. Drug response of SPARC/MMP9/CD44 Oncogenes to midostaurin in HNSCC cell lines.
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Furthermore, we identified the correlation 
between SPARC/MMP9/CD44 across human 
cancers, particularly HNSCC. Interestingly, 
among these immunomodulators were CAFs 
secreted cytokines and chemokines, including 
Tumor necrosis factor (TNFs), Interleukin 6 
(IL6), and C-X-C motif chemokine ligand 12 
(CXCL12), which correlated with high expres-
sions SPARC/MMP9/CD44 oncogenic signa-
tures. Moreover, we identified correlations of 
SPARC/MMP9/CD44 expressions with cancer-
associated fibroblasts (CAFs) within the TME; 
this suggests its role in cancer initiation and 
progression. Thus, SPARC/MMP9/CD44 re- 
presents potential prognostic markers in 
HNSCC with high CAF infiltration. After explor-
ing the Genomics of Drug Sensitivity in Cancer 
(GDSC), we identified midostaurin, a multi-

kinase inhibitor initially developed for treating 
patients with other solid malignancies [36, 38, 
72-74], as a sensitive drug for SPARC/MMP9/
CD44 in HNSCC. We performed in silico molec-
ular docking analysis to validate this finding by 
determining the protein-ligand interactions. 
Based on the docking results, we found 
midostaurin bound to SPARC, MMP9, and 
CD44, with high binding energies (ΔG, -9.8 
kcal/mol, -10.2 kcal/mol, and -8.1 kcal/mol), 
respectively. Midostaurin showed higher bind-
ing affinities to SPARC/MMP9/CD44 than the 
standard inhibitors, mitomycin C (SPARC),  
ilomastat (MMP9), and sorafenib (CD44), ΔG: 
-8.2 kcal/mol, -7.4 kcal/mol and 7.4 kcal/mol, 
respectively. Our findings strongly suggested 
that midostaurin could function as an inhibitor 
of SPARC/MMP9/CD44 oncogenic signature  

Figure 10. Docking profiles of the SPARC/MMP9/CD44 oncogenes in complex midostaurin.

Table 1. Analytical summary table showing interactions of midostaurin with the SPARC/MMP9/CD44 
oncogenic signatures compared the standard inhibitors of these genes
Midostaurin Standard inhibitotrs
Midostaurin - SPARC Complex
(ΔG = -9.8 Kcal/mol)

Mitomycin C - SPARC Complex 
(ΔG = -8.2 Kcal/mol)

Type of interactions and number 
of bonds

distance of interacting 
Amino acids

Type of interactions and 
number of bonds

distance of interacting 
Amino acid

Conventional Hydrogen bond (1) GLN217 (1.94 Å) Conventional Hydrogen 
bond (1)

GLU92 (2.82 Å)

Carbon Hydrogen bond PRO237 Pi-Sigma PRO241
Pi-Sigma ILE 122 Alkyl ILE129, ALA248, 

MET121 VA20
Pi-Alkyl VAL28, MET21 Pi-Alkyl VAL20
Midostaurin - MMP9 Complex 
(ΔG = -10.2 Kcal/mol)

Ilomastat - MMP9 Complex
(ΔG = -7.4 Kcal/mol)

Type of interactions and number 
of bonds

distance of interacting 
Amino acids

Type of interactions and 
number of bonds

distance of interacting 
Amino acids

Conventional Hydrogen bond (1)
Carbon Hydrogen Bond 
Pi-sigma
Pi-alkyl

THR96 (2.15 Å)
ASP182, ASP185, ARG51
LEU44
LEU39

Conventional Hydrogen 
Bonds (5)

Pi-Pi-T-shaped

ARG95 (2.64 Å), HIS35 
(2.57 Å), LYS184 (2.51 
Å), GLY186 (2.41 Å), 
ASP185 (2.78 Å)
TRY48

Midostaurin - CD44 Complex 
(ΔG = -8.2 Kcal/mol)

Sorafenib - CD44 Complex 
(ΔG = -7.5 Kcal/mol)

Type of interactions and number 
of bonds

distance of interacting 
Amino acids

Type of interactions and 
number of bonds

distance of interacting 
Amino acids

Conventional Hydrogen bond (1)
Carbon Hydrogen bond 
Pi-sulfur
Pi-Pi-T-shaped
Pi-alkyl 

THR27 (3.02 Å)
ARG150, GLU37
CYS28, CYS129
HIS35
ARG78

Conventional Hydrogen 
bond (4)

Carbon Hydrogen Bonds
Halogen 
Pi-Alkyl

THR27 (3.02 Å), THR27 
(3.02 Å), ARG78 (3.41 
Å), TRY42 (32.27 Å)
GLU75
SER71, CYS77
TYR79
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in HNSCC. These results prompt us to access 
the therapeutic potential of midostaurin in 
HNSCC. The preclinical studies of midostaurin 
are currently undertaken in our laboratory.

Conclusions 

In conclusion, we identified SPARC/MMP9/
CD44 as a targetable signature correlated with 
infiltrating cancer-associated fibroblasts (CAF) 
in HNSCC. We found that the upregulation of 
these oncogenes promoted cancer initiation, 
invasion, progression, stemness, drug resis-
tance, metastasis, and poor clinical outcome in 
HNSCC patients. Moreover, molecular docking 
of midostaurin in complex SPARC/MMP9/
CD44 revealed putative binding affinities com-
pared to their standard inhibitors. These find-
ings strongly implicated midostaurin as a 
potential inhibitor of SPARC/MMP9/CD44 on- 
cogenic signature in HNSCC and its potential 
for future investigation. 
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