
The Cancer Stem Cell Marker CD44 Play Key Roles in Immune Suppression/Evasion, 
Drug Resistance, Epithelial-Mesenchymal Transition, and Metastasis in several human 

cancers 

Kevin Dzobo1,2* and Musalula Sinkala3, 4  
1International Centre for Genetic Engineering and Biotechnology (ICGEB), Cape Town 
Component, Wernher and Beit Building (South), UCT Medical Campus, Anzio Road, 
Observatory 7925, Cape Town, South Africa. kdzobosnr@yahoo.com (K.D) 
2Division of Medical Biochemistry and Institute of Infectious Disease and Molecular Medicine, 
Department of Integrative Biomedical Sciences, Faculty of Health Sciences, University of Cape 
Town, Cape Town, South Africa 
3University of Cape Town, Faculty of Health Sciences, Institute of Infectious Disease and 
Molecular Medicine, Computational Biology Division, Anzio Rd, Observatory, 7925, Cape 
Town, South Africa. musalula.sinkala@uct.ac.za (M.S) 
4University of Zambia, School of Health Sciences, Department of Biomedical Sciences, P.O. Box 
50110, Nationalist Road, Lusaka, Zambia 
 
*Correspondence: kdzobosnr@yahoo.com; Tel: +27 842953708 
 

Abstract: One of the most used markers of cancer stem cells in several cancers, including 
colorectal cancer and breast cancer, is CD44. CD44 is a glycoprotein that traverses the cell 
membrane and binds to many ligands including hyaluronan resulting in activation of signaling 
cascades. Several reports have shown conflicting data on the expression of CD44 and that the 
expression depends on modes of investigations and subtypes of cancers. In addition, the 
correlation between CD44 expression and drug resistance, immune infiltration, EMT, metastasis 
and patients prognosis in several cancer types remains unclear. This study investigated CD44 
expression in several cancers and explored its relationship with tumorigenesis using various 
publicly available databases, including The Cancer Genome Atlas, GEPIA, Oncomine, 
Genomics of Drug Sensitivity in Cancer and Tumor Immune Estimation Resource. Our analysis 
reveals that CD44 is differentially expressed in different cancers. CD44 expression is significantly 
associated with cancer patients’ survival in gastric, pancreatic and colorectal cancers. In addition, 
CD44 expression is closely linked with immune infiltration and immune suppressive features in 
pancreatic, colon adenocarcinoma and stomach cancer. High CD44 expression was significantly 
correlated with the expression of drug resistance-, EMT- and metastasis- linked genes.  Tumors 
expressing high CD44 have higher mutation burden and afflict older patients than tumors 
expressing low CD44. Cell lines expressing high CD44 are more resistant to anti-cancer drugs 
compared to those expressing low CD44. Protein-protein interaction investigations and 
functional enrichment analysis showed that CD44 interacts with gene products related to cell-
substrate adhesion, migration, platelet activation, and cellular response to stress. KEGG pathway 
analysis revealed that these genes play key roles in biological adhesion, cell component 
organization, locomotion, G-α-signaling and the response to stimulus. Overall, this investigation 
reveals that CD44 play significant roles in tumorigenesis, can be used as a prognostic biomarker 
in several cancers and can be therapeutically targeted in cancer therapy.  
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Introduction 

Tumors are a mass of cancer cells, stromal cells, and the extracellular matrix (ECM), forming a 
heterogeneous mixture of cells from multiple sources [1-4]. Several reports have shown that 
tumor cells, stromal cells and the ECM change during the different stages of cancer development 
[5-10]. The main contributors to tumor heterogeneity are tumor cell evolution, stromal 
component contribution, and spatial differences occurring during tumor cell differentiation [11-
16]. Based on the hierarchical organization of tumor cells, cancer stem cells are tumor-initiating 
cells capable of self-renewing and differentiating into non-tumorigenic cells [14, 17, 18]. Thus, 
cancer stem cells propel tumor formation, its progression, and the formation of secondary 
tumors [19-21]. In addition, cancer stem cells have been implicated in drug resistance and cancer 
relapse [14, 18, 20]. Various reports have demonstrated the presence of CSCs in many tumors, 
including those of the colon, brain, esophageal, cervix and skin [22-25]. While investigations are 
continuing on the role of CSCs, recent reports demonstrate that they are linked to poor 
prognosis in several cancers [14, 17, 18, 26]. We recently demonstrated that isolated CSC-like 
cells via the side population technique formed more colonies on ECMs compared to normal 
cancer cells, even when they are both challenged with drugs [1]. Thus, CSCs display drug 
resistance properties when challenged with commonly used drugs, including cisplatin and 5-
fluorouracil [1]. Other studies have shown that while drugs destroy cancer cells, CSCs remain 
and may re-form the tumors or form tumors in other body regions [27-31]. The targeting of 
CSCs with therapeutic agents is gaining ground and, together with cytotoxic drugs, will usher in 
novel strategies to treat and manage cancers. The characterization of CSCs and their properties is 
of paramount importance in the treatment of cancer.  

 

The characterization of CSCs entails the identification of several cell surface markers, including 
CD44, CD133, and ALDH1 [17-19]. Many studies have shown that CD44, for example, is 
expressed highly in many cancers, coupled with low expression of CD24 [14, 17, 18, 32-35]. In 
addition, CD133 is a well-known marker of colorectal CSCs [36, 37]. As recently reviewed by 
Dzobo and colleagues, other markers used to characterize CSCs in different cancers are CK17, 
CD105, ABCG2, EpCAM, and BCRP1 [18]. One limitation of using CSC markers is that 
markers are not universal, and the expression of different markers cannot be correlated with 
each other. Furthermore, subtypes of the same cancer may also express CSC markers differently. 
Overall, there are limitations on using CSC markers in different cancers, making further studies 
on CSCs and their properties warranted.  

 

CD44 belongs to a family of transmembrane glycoproteins expressed by various cells, including 
stem cells [38, 39]. CD44 is a CSC marker and exists in several isoforms [40-42]. The standard 
form of CD44 is referred to as CD44s. The binding of CD44 to its main ligand, hyaluronic acid, 
through the ligand-binding domain causes structural changes leading to many signaling cascades 
being activated, with many cascades involved in cellular proliferation, adhesion, and migration 
(Figure 1) [43, 44]. Besides binding to its ligands, CD44 has been shown to sequester growth 
factors and thereby participates in growth factor signaling [45]. CD44 has been implicated in 
various processes in cancer cells, such as epithelial to mesenchymal transition, drug resistance, 
and metastasis [46, 47].  

By playing key roles, including maintenance of stemness and promotion of tumorigenesis, CD44 
has been suggested to be a relevant diagnostic and prognostic biomarker in several cancers.  
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Figure 1. CD44 glycoprotein contains the ligand-attaching domain, the membrane-proximal domain, the 
transmembrane section as well as the cytoplasmic tail. The binding of its ligand, for example, hyaluronic 
acid, results in the activation of various downstream signaling cascades involved in cellular proliferation, 
migration, invasion, and metastasis. The figure is adapted from [48]. 

 

Several studies have shown that the expression of CSC markers can be linked to properties of 
tumors such as invasiveness and metastatic behavior. For example, Abraham and colleagues 
demonstrated that the expression of CD44 is associated with the formation of distant metastases 
by breast cancer cells [49]. Several other studies demonstrated similar results, clearly proving that 
CD44 expression can be linked to certain properties of a sub-population of cancer cells [50-52]. 
However, a more in-depth and systemic analysis of the relationship between CSC markers and 
the properties of cancer cells are needed. In addition, studies on the relationship between CSC 
markers expression and tumorigenesis can be limited due to the lack of tumor samples for 
certain cancers. 

 

Furthermore, extensive studies have shown that stromal cells such as CAFs, CAMs, and ECM, 
impact tumor cells' response to therapy, including chemotherapy [1, 53]. Stromal components 
regulate cancer cell behavior, including CSCs properties via mutual interactions [11, 13, 18, 30]. 
In this study, we utilized publicly available databases and bioinformatic techniques to analyze the 
possible role of CSC markers in tumorigenesis and drug resistance. This study investigated the 
link between CSC markers expression and markers of inflammation, stromal, and immune 
infiltration as well as drug resistance markers. Our data show that CD44 expression is closely 
linked with immune infiltration and immune suppressive features in pancreatic, colon 
adenocarcinoma and stomach cancer and high CD44 expression was significantly correlated with 
the expression of drug resistance-, EMT- and metastasis- linked genes. 
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Materials and Methods 

Databases and RNA-seq /Gene Expression Analysis  

This study utilized datasets from publicly available databases including TCGA 
(http://cancergenome.nih.gov), GEPIA (http://gepia.cancerpku.cn ) [54], Oncomine database 
(https://www.oncomine.org ), PrognoScan database (http://www.abren.net/PrognoScan ), 
Tumor Immune Estimation Resource (TIMER) database (http://cistrome.org/TIMER/ ) and 
The Human Protein Atlas (www.proteinatlas.org ), as previously described and did not involve 
human subject recruitment or animal studies. Whole-genome messenger RNA expression levels 
of several genes involved in inflammation, drug resistance, metastasis, CAF, EMT, and immune 
markers were examined in tumor and normal adjacent tissues (Match TCGA normal data) in 
relation to CD44 gene expression as well as patients’ survival outcomes. Databases were accessed 
for different cancers in 2020 through the respective portals.  

 

RNA-seq and Correlation Analysis 

Three databases namely: GEPIA (http://gepia.cancer-pku.cn), Oncomine 
(https://www.oncomine.org), and the PrognoScan databases 
(http://www.abren.net/PrognoScan ), were used for mRNA/gene expression analysis in normal 
versus tumor tissues in several cancers. Furthermore, these same databases were also used to 
study CD44 expression’s correlation with patients’ prognosis in several cancers [55-59]. 
Parameters were set as fold change required: >1.5; Gene rank: 10%; p < 0.001 for Oncomine 
analysis. For correlation analysis using the PrognoScan analysis, the threshold for p-value was set 
at p < 0.05. 

 

Kaplan-Meier Plot 

This study utilized the Kaplan-Meier survival analysis method to associate gene expression with 
survival data in several cancers (https://kmplot.com/) [60]. Survival graphs (overall and Disease-
free) were generated for cancer patients displaying low and high CD44 gene expression. P values 
(Log-rank) were used to evaluate statistical significance.  

 

Tumor Infiltration Analysis 

To investigate immune cell infiltration into tumors, the TIMER database 
(http://cistrome.org/TIMER/) [61] was used. The TIMER database uses cancer data from the 
TCGA and calculates gene expression association with immune infiltration. In this study, CD44 
was correlated with immune cell gene markers as indicated. Spearman’s correlation was used to 
calculate correlation coefficients with gene expression shown as log2 RSEM. 

 

Cancer Cell Lines Dose Responses  

Dose responses of cancer cell lines was obtained from the Genomics of Drug Sensitivity in 
Cancer (GDSC) database (https://www.cancerrxgene.org/) [62]. Messenger RNA transcription 
levels of CD44 in cancer cell lines were obtained from the Cancer Cell Line Encyclopaedia 
(CCLE) (https://portals.broadinstitute.org/ccle)  [63]. Cancer cell lines were grouped into low 
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and high CD44 expression and the Welch test was used to compare average differences in the z-
score transformed IC50 values between the two groups for the anti-cancer drugs. 

 

Protein-Protein Interaction Networks  

The GeneMANIA database (http://genemania.org ) [64] was utilized for protein-protein 
networks construction and investigate the functions of interactive genes. GeneMANIA displays 
genes that are co-expressed, co-localized and physically interact with CD44.   

 

Gene Functional Enrichment Analysis 

Metascape (https://metascape.org ) was used to delineate pathway enrichment and to annotate 
biological processes associated with CD44. This website integrates data from different sources 
such as Kyoto Encyclopaedia of Genes and Genomes and Gene Ontology to provide a 
comprehensive data analysis on enrichment and biological processes.  

 

Data Availability 

Data used for the analysis shown in this study are available from the following databases: The 
Cancer Genome Atlas (TCGA) (https://www.cancer.gov/) ; Gene Expression Profiling 
Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/index.html); GeneMANIA 
(https://genemania.org/); Tumor IMmune Estimation Resource (TIMER) 
(https://cistrome.shinyapps.io/timer/); Genomics of Drug Sensitivity in Cancer (GDSC) 
(https://www.cancerrxgene.org/); Cancer Cell Line Encyclopaedia (CCLE) 
(https://portals.broadinstitute.org/ccle), and PrognoScan 
(http://dna00.bio.kyutech.ac.jp/PrognoScan/).  

 

Statistical Analysis 

GraphPad was used for all statistical analyses (GraphPad version 6). All survival curves were 
displayed with HR and p-values (log-rank test). Spearman’s correlation was utilized for the 
comparison between CD44 and all other genes, including data from GEPIA and TIMER. For 
the Welch test was used to compare variables for normally distributed data. Statistical 
significance was considered significant when p <0.05 or as indicated with data.  

 

Results  

The role of CD44 in tumorigenesis and as a prognostic marker in human cancers 

Many reports have revealed differential expression of CD44 in different cancers. In this study, 
we determined CD44 mRNA expression in normal and in tumor tissues for several cancers via 
the use of the Oncomine database. Our analysis shows that CD44 expression was significantly 
higher in brain, CNS, colorectal, gastric, head and neck (HNSC) and kidney cancers, melanoma, 
and sarcoma tissues in comparison to adjacent normal tissues (Figure 2 A). Further analysis of 
RNA-seq data via the use of TIMER showed significantly higher CD44 expression levels in 
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tumor tissues compared to normal tissues in several cancers, including cholangiocarcinoma, 
colorectal, HNSC, esophageal carcinoma and stomach adenocarcinoma (Figure 2 B). Protein 
expression data based on The Human Protein Atlas database (http://www.proteinatlas.org/) [65, 
66] mostly agree with RNA-seq data. For example, 10 out of 12 colorectal patients show medium 
to high CD44 protein expression, while 11 out of 11 melanoma patients show medium to high 
CD44 protein expression based on immunohistochemistry data. One of the most lethal cancers 
is pancreatic cancer, and protein data based on The Human Protein Atlas database show that 6 
out of 10 pancreatic cancer patients have medium to high CD44 protein expression.  

 

Figure 2. CD44 expression in different types of human cancers. (A) CD44 expression in tumors and 
normal tissues based on data from Oncomine database. P value was set as: p value < 0.0001; Only fold 
change > 2 was considered; Gene rank was set at 10%. (B) CD44 expression in tumors and adjacent 
normal tissues based on data from TIMER database (p: 0 ≤ *** < 0.001 ≤ ** < 0.01 ≤ * < 0.05 ≤ . < 
0.1). 

 

Association of CD44 expression and the prognosis of cancer patients revealed contrasting data 
of the patients’ survival between patients: (i) those with tumors displaying high CD44 expression 
and (ii) those with tumors displaying low CD44 expression (Figure 3 A-H; Figure 4 A-F). Three 
different databases were used to cater to different cancers. Through the use of the Kaplan-Meier 
plotter, significant association between gastric cancer patients’ survival and high CD44 
expression was observed. Specifically, gastric patients with tumor displaying enhanced CD44 
expression were associated with significantly low overall survival (HR = 1.79; 95% confidence 
interval = 1.44-2.21; p = 6.5 x 10-8) and disease-free survival (HR = 1.62; 95% confidence 
interval = 1.32-2.0; p = 3.6 x 10-6) compared to patients with tumors displaying low CD44 
expression (Figure 3 A-B). In lung cancer, patients with tumors displaying enhanced CD44 
expression had significantly lower disease-free survival (HR = 1.37; 95% confidence interval = 
1.13-1.65); p = 0.0014) compared to those with low CD44 expression, with the overall survival 
(HR = 1.11; 95% confidence interval = 0.98- 1.26; p = 0.1) being similar for patients with high 
and low CD44 expression (Figure 3 C-D). Liver cancer analysis revealed interesting results, with 
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those showing high CD44 expression having significantly prolonged disease-free survival 
compared to those with low CD44 expression (HR = 0.71; 95% confidence interval = 0.51-0.99; 
p = 0.042) (Figure 3 F). Overall survival of liver cancer patients was similar regardless of level of 
CD44 expression (HR = 1.42; 95% confidence interval = 0.97 – 2.07; p = 0.069) (Figure 3 E). 
Through the use of GEPIA database, our analysis showed that both breast cancer and 
esophageal cancer patients show similar survival (Overall, Disease-free) regardless of CD44 
expression levels (Figure 3 G-H; Figure 4 A-B). Pancreatic cancer patients with tumors 
displaying low and high CD44 expression showed significant differences in overall survival. 
Specifically, pancreatic cancer patients with tumors displaying enhanced expression of CD44 
were linked to poor overall survival (HR = 1.8; p = 0.0045) (Figure 4 C-D). CD44 expression 
and disease-free survival in pancreatic cancer patients showed no significant association. Lastly, 
using the PrognoScan analysis, our data show that colorectal cancer patients with tumors 
displaying enhanced CD44 expression had significantly reduced overall survival compared to 
those with low CD44 expression (HR = 7.20; Cox p = 0.038) (Figure 4 E). Disease-free survival 
was not significantly different between colorectal patients with tumors displaying low and high 
CD44 expression (Figure 4 F).  
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Figure 3 (A-B). Correlation between expression of CD44 and survival of gastric cancer patients based on 
data from Kaplan-Meier plotter. (C-D). Correlation between expression of CD44 and survival of lung 
cancer patients based on data from Kaplan-Meier plotter. (E-H). Correlation between expression of 
CD44 and survival of liver cancer patients based on data from Kaplan-Meier plotter. (G-H). Correlation 
between expression of CD44 and survival of breast cancer patients based on data from GEPIA plotter. 
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Figure 4 (A-B) Correlation between expression of CD44 and survival of esophageal cancer patients based 
on data from GEPIA plotter. (C-D) Correlation between expression of CD44 and survival of pancreatic 
cancer patients based on data from GEPIA plotter. (E-F) Correlation between expression of CD44 and 
survival of colorectal cancer patients based on data from PrognoScan plotter. 

 

Overall, our analysis revealed that colorectal and pancreatic cancer patients with tumors 
displaying enhanced CD44 expression were linked to poor overall survival, and its expression 
may be useful as a biomarker for prognosis prediction.  

 

CD44 expression is linked to infiltration of immune cells and immunosuppression in human cancers 

Several studies have demonstrated the link between cancer stem cells, tumors, immune 
suppression, and evasion [67-70]. Therefore, this study investigated the link between the 
expression of CD44, immune cell infiltration into tumors, and immune markers using TIMER. 
Our data show that tumor purity and CD44 expression were positively correlated in COAD and 
ESCA (p < 0.05) (Figure 5 A-B). The expression of CD44 was significantly correlated (p < 0.05) 
with infiltration of all immune cells used in the analysis (B cell, CD8+ T cell, CD4+ T cell, 
macrophage, neutrophil and dendritic cell) in COAD (Figure 5 A). In ESCA, CD44 was 
significantly correlated (p < 0.05) with B cell, CD4+ T cell and dendritic cell infiltration (Figure 5 
B). In HNSC, CD44 expression was significantly correlated (p < 0.05) with infiltration of all 
immune cells used in the analysis except macrophages (B cell, CD8+ T cell, CD4+ T cell, 
neutrophil and dendritic cell) (Figure 5 C). CD44 expression was significantly correlated (p < 
0.05) with B cell, CD8+ T cell, macrophage, neutrophil and dendritic cell infiltration in 
pancreatic adenocarcinoma (Figure 5 D).  

 

Immune cells infiltrating into tumors have been linked to various pro-tumorigenic processes 
including aiding tumor cells to evade immune detection. The link between CD44 expression and 
immune suppressive features in human cancers was investigated via correlation analysis between 
CD44 expression and immune cell markers' expression (Figure 6, Table 1, 2, 3). For this analysis, 
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pancreatic adenocarcinoma, colon adenocarcinoma, and stomach adenocarcinoma were chosen 
and analyzed used the TIMER database. Correlation analysis was performed with adjustment for 
tumor purity. CD44 expression was significantly correlated with FOXP3, a Treg marker, in 
PAAD, COAD, and STAD (p < 0.05) (Figure 6 A). In addition, CD44 was significantly 
correlated with MRC1 expression, a myeloid cell marker, in PAAD, COAD, and STAD (p < 
0.05) (Figure 6 B). Finally, CD44 expression was significantly correlated with the expression of  

 

Figure 5 (A-D). Correlation of expression of CD44 with immune infiltration level in several tumors as 
analyzed using TIMER. (A) Colon adenocarcinoma (COAD), (B) Esophageal carcinoma (ESCA), (C) 
Head and Neck cancer (HNSC), (D) Pancreatic adenocarcinoma (PAAD). 

 

immune regulatory factors CTLA4 and CCL2 expression in PAAD, COAD, and STAD (p < 
0.05) (Figure 6 C-D). This study investigated the link between forms of CD44 copy number and 
immune cells in several cancers and this was shown to be significant. In PAAD, CD44 arm-level 
deletion was significantly correlated with CD4+ T cell (p < 0.0001) and neutrophil (p < 0.01) 
infiltration (Figure 7 A). In COAD, CD44 arm-level gain was significantly correlated with CD8+ 
T cell (p < 0.0001) and neutrophil (p < 0.01) infiltration (Figure 7 B). In STAD, CD44 arm-level 
deletion, and arm-level gain were significantly correlated with immune cell infiltration (Figure 7 
C). This study also investigated the link between the age of patients and the mutation load of 
tumors afflicting them and found a significant positive correlation (Figure 7 D). This means 
tumors expressing high CD44 afflict, mostly older patients than those expressing low CD44, and 
the high CD44 tumors have a higher mutation burden than low expressing tumors (Figure 7 D).  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202101.0490.v1

https://doi.org/10.20944/preprints202101.0490.v1


 

 

Figure 6. Correlation analysis between expression of CD44 and immune markers in PAAD, COAD and 
STAD using TIMER. (A) Correlations between CD44 expression and FOXP3 expression in PAAD, 
COAD and STAD (B) Correlations between CD44 expression and MRC1 expression in PAAD, COAD 
and STAD (C) Correlations between CD44 expression and CTLA4 expression in PAAD, COAD and 
STAD (D) Correlations between CD44 expression and CCL2 expression in PAAD, COAD and STAD. 

 

In summary, our data show that CD44 expression was significantly correlated with immune cell 
infiltration into tumors and immune markers’ expression (Figures 5, 6; Tables 1, 2, 3). Overall, 
these data show that CD44 expression is closely linked with immune infiltration and immune 
suppressive features of human tumors, promoting tumorigenesis.  
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Table 1. Correlation analysis between CD44 and immune cell marker gene expression in PAAD based 
on data from TIMER.  

Gene Gene Marker Correlation conditioned on tumor purity p  
CD44 CD19 0.061 0.429 
CD44 CD68 0.387 *** 
CD44 CD86 0.392 *** 
CD44 IL10 0.204 * 
CD44 COX2 (PTGS2) 0.388 *** 
CD44 CD163 0.369 *** 
CD44 CCR7 0.169 * 
CD44 CCR8 0.395 *** 
CD44 CD8A 0.235 ** 
CD44 GATA3 0.31 *** 
CD44 PDCD1 0.201 * 
CD44 IL2RA 0.452 *** 
CD44 STAT1 0.502 *** 
CD44 STAT3 0.468 *** 
CD44 STAT4 0.171 * 
CD44 STAT6 0.298 *** 
CD44 TGFB1 0.297 *** 
CD44 KIR2DL3 0.226 ** 
CD44 KIR3DL1 0.077 0.316 
CD44 HLA-DRA 0.349 *** 
*P <0.05; **<0.005; ***P<0.0005 

Table 2. Correlation analysis between CD44 and immune cell marker gene expression in COAD based on data 
from TIMER 

Gene Gene Marker Correlation conditioned on tumor purity p  
CD44 CD19 0.107 * 
CD44 CD68 0.141 ** 
CD44 CD86 0.248 *** 
CD44 IL10 0.177 *** 
CD44 COX2 (PTGS2) 0.228 *** 
CD44 CD163 0.235 *** 
CD44 CCR7 0.116 * 
CD44 CCR8 0.171 ** 
CD44 CD8A 0.176 *** 
CD44 GATA3 0.11 * 
CD44 PDCD1 0.163 ** 
CD44 IL2RA 0.259 *** 
CD44 STAT1 0.234 *** 
CD44 STAT3 0.369 *** 
CD44 STAT4 0.256 *** 
CD44 STAT6 0.103 * 
CD44 TGFB1 0.113 * 
CD44 KIR2DL3 0.045 0.368 
CD44 KIR3DL1 -0.003 0.959 
CD44 HLA-DRA 0.248 *** 
*P <0.05; **<0.005; ***P<0.0005 
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Table 3. Correlation analysis between CD44 and immune cell marker gene expression in STAD based on data 
from TIMER 

Gene Gene Marker Correlation conditioned on tumor purity p  
CD44 CD19 0.137 * 
CD44 CD68 0.226 *** 
CD44 CD86 0.311 *** 
CD44 IL10 0.219 *** 
CD44 COX2 (PTGS2) 0.146 ** 
CD44 CD163 0.323 *** 
CD44 CCR7 0.233 *** 
CD44 CCR8 0.332 *** 
CD44 CD8A 0.228 *** 
CD44 GATA3 0.145 ** 
CD44 PDCD1 0.168 ** 
CD44 IL2RA 0.333 *** 
CD44 STAT1 0.21 *** 
CD44 STAT3 0.393 *** 
CD44 STAT4 0.273 *** 
CD44 STAT6 0.338 *** 
CD44 TGFB1 0.251 *** 
CD44 KIR2DL3 0.142 * 
CD44 KIR3DL1 0.176 ** 
CD44 HLA-DRA 0.284 *** 
*P <0.05; **<0.005; ***P<0.0005 
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Figure 7. A-C Association between CD44 copy number variation and immune cells infiltration in PAAD, 
COAD and STAD. P: ***: < 0.0001; **: 0.001; * < 0.01. (D) Pearson’s linear correlation between age of 
patients and mutations revealed in tumors of patients shown as a binned scatter plot. 

 

CD44 correlation with Drug Resistance, EMT, and Metastasis 

We further investigated the association between CD44 expression and drug resistance and 
metastasis. Through the use of the TIMER database, our analysis revealed a significant positive 
correlation between CD44 expression and ABCC1, ABCC2, ABCC3, and ABCB1 expression in 
PAAD (p < 0.05) (Figure 8 A).  In COAD, a significant positive correlation was observed 
between CD44 expression and ABCC1 gene expression only (p < 0.05) (Figure 8 B). Our 
analysis shows a significant positive correlation between CD44 expression and ABCC1, ABCC3, 
and ABCB1 expression in STAD (p < 0.05) (Figure 8 C). Further analysis of the response of 
different cell lines expressing both low and high CD44 expression show that those expressing 
high CD44 mostly have high IC50 compared to those with low IC50, confirming the association 
between high CD44 expression and drug resistance (Figure 8 D and E). Specifically, dose-
responses of cancer cells from the GDSC database to small molecule inhibitors in combination 
with CD44 mRNA transcription from the CCLE database was used to examine how CD44 
transcript levels in cancer patients’ tumors could influence anti-cancer drug effectiveness. Cancer 
cells expressing high CD44 were more resistant to anti-cancer drugs than those expressing low 
CD44 (Figure 8 D). In addition, high CD44 expressing cancer cells were mostly resistant to top 
30-ranked drugs (Figure 8 E). CD44 expression may be important in predicting response of 
patients’ tumors to therapeutic drugs. The acquisition of the EMT phenotype results in cancer 
cells with enhanced invasive abilities and being metastatic. Data from many research 
investigations point to the association between CSCs and epithelial to mesenchymal transition 
(EMT). Also, reports indicate that acquisition of the EMT phenotype is linked to drug resistance. 
We, therefore, investigated the correlation between CD44 expression and EMT markers. Our 
investigations showed a significant positive correlation (p < 0.05) between CD44 expression and 
TGF-B1, TWIST1, VIMENTIN, and ZEB1 expression in PAAD and STAD (Figure 9 A, C). In 
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COAD, a significant positive correlation (p < 0.05) was observed between CD44 expression and 
TGF-B1 and VIMENTIN expression only (Figure 9 B). 
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Figure 8.  A-C Correlation between CD44 expression and Drug resistance genes in PAAD, COAD and 
STAD using TIMER. (A) Correlations between CD44 expression and ABCC1, ABCC2, ABCC3 and 
ABCB1 expression in PAAD (B) Correlation between CD44 expression and ABCC1, ABCC2, ABCC3 
and ABCB1 expression in COAD (C) Correlation between CD44 expression and ABCC1, ABCC2, 
ABCC3 and ABCB1 expression in STAD. (D) Data from GDSC cancer cell lines showing dose-
responses between cells expressing high and low CD44. Top panel show IC50 values for cells expressing 
high CD44 (red) and those expressing low CD44 (green). Bottom panel show Welch test for t-value for 
anti-cancer drugs used in the dose-response analysis. Drugs shown in bottom panel are matched to 
columns in the top panel. High-CD44 cancer cells lines respond more to drugs indicated in orange whilst 
low CD44 cancer cells lines respond more to drugs indicated in blue. Grey is used to indicate drugs to 
which both high- and low-CD44 cancer cells do not respond. (E) Top 30 drugs demonstrating enhanced 
significant differences in dose response between low- and high-CD44 cancer cell lines. Standard error of 
median logarithm IC50 for cancer drugs is shown as error bars. *** p < 0.001. 

 

It is known that many proteins that are characteristic of highly metastatic tumors play crucial 
roles during tumorigenesis and dissemination of tumor cells. Our analysis shows a significant 
positive correlation between CD44 and SNED1, MMP1, S100A2, and EGLN1 expression in 
PAAD as well as in STAD (p < 0.05) (Figure 10 A, C). In COAD, a significant positive 
correlation between CD44 expression and SNED1, MMP1, and EGLN1 expression (p < 0.05) 
(Figure 10 B). Thus, these identified biomarkers can serve as prognostic as well as diagnostic 
tools in these cancers. 
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Figure 9.  A-C Correlation analysis between CD44 expression and EMT-linked genes in PAAD, COAD 
and STAD using TIMER. (A) Correlations between CD44 expression and TGFB1, TWIST1, 
VIMENTIN and ZEB1 expression in PAAD (B) Correlations between CD44 expression and TGFB1, 
TWIST1, VIMENTIN and ZEB1 expression in COAD (C) Correlations between CD44 expression and 
TGFB1, TWIST1, VIMENTIN and ZEB1 expression in STAD. 

 

Figure 10. A-C Correlation analysis between CD44 expression and metastasis-linked genes in PAAD, 
COAD and STAD using TIMER. (A) Correlations between CD44 expression and SNED1, MMP1, 
S100A2 and EGLN1 expression in PAAD (B) Correlations between CD44 expression and SNED1, 
MMP1, S100A2 and EGLN1 expression in COAD (C) Correlations between CD44 expression and 
SNED1, MMP1, S100A2 and EGLN1 expression in STAD. 
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CD44 Protein-Protein Interaction Network and Functional Enrichment 

It is important to identify proteins interacting with CD44 and the functional information of 
genes interacting with CD44. The protein-protein interaction network of CD44 was analyzed 
using GeneMANIA. Our analysis shows that CD44 interacts with ROCK2, NFS1, SLC3A2, 
DPP8, CD9, BAG1, TIAM1, PHRF1, DMP1, ITGA4, SLC7A11, COL14A1, ITGB7, COL6A6, 
VCAN, MMP15, TIAM2, ACAN, VAV2, and AIM1 (Figure 11 A). Functional enrichment 
analysis was performed using GO and KEGG pathway analysis via MetaScape. Based on Gene 
Ontology analysis, CD44 interacts with gene products related to cell-substrate adhesion, 
migration, platelet activation, and cellular response to stress (Figure 11 B). KEGG pathway 
analysis revealed that these genes are involved/play key roles in biological adhesion, cell 
component organization, locomotion, G-α-signaling, regulation of biological processes, and the 
response to stimulus (Figure 11 B). Network diagrams were also built based on the enriched 
terms (Figure 11 C).  

 

  

 

Figure 11. CD44 PPI networks and functional enrichment analysis; (A) PPI network of CD44 as depicted 
in GeneMANIA. (B) Gene Ontology and KEGG analysis of CD44 and its interactive genes. Enrichment 
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terms were coloured orange based on p values; (C-D) Interactive network showing top enrichment terms 
coloured by cluster ID. 

 

Discussion 

CD44 has been linked with pleiotropic functions in cancer. For example, in breast cancer, CD44 
has been implicated as a ligand for P-selectin ligand and a receptor for fibrin in colon carcinoma 
cell adhesion [71]. While much information on CD44 is being revealed, several studies have 
associated enhanced CD44 expression with poor prognosis in several cancer types, including 
breast and colorectal cancers [35, 72-76]. In this study, we employed public databases to 
determine CD44 expression levels in different cancers and correlate its expression to 
tumorigenesis, immunosuppression, drug resistance, and metastasis. Overall, our analysis shows 
that CD44 is highly expressed in several cancers (tumors versus adjacent normal tissues), and its 
expression is associated with patient prognosis and, therefore, can serve as a prognostic 
biomarker in some cancers. Specifically, high CD44 expression was linked to worse overall 
survival in gastric, pancreatic, and colorectal cancers. Given the revealed role of CD44 in several 
cancer cell strategies to avoid death, targeting this cancer stem cell marker may reverse tumor 
immune resistance mechanisms. Other studies have shown that immune proteins, including PD-
L1, are associated with CSC markers’ expression in resistant colorectal cancer tissues [77]. In 
addition, several studies have shown that CD44 plays a key role in cytokine synthesis and 
secretion in LUAD [78]. Other CSC markers, such as Oct4 and Nanog, have been associated 
with drug resistance in cancers, including oral squamous cell carcinoma [79]. This study is the 
first of its kind to link CD44 expression in several cancers to cancer patients’ prognosis as well as 
patients’ tumor responses to therapeutic drugs.  

 

Recent studies, including several of our own, have shown that tumors contain several stromal 
cells, including fibroblasts, macrophages, dendritic, and neutrophils [1, 2, 11, 13, 16, 80-83]. 
Importantly, recent reports indicate that several immune cells play key roles in tumorigenesis, 
drug resistance, and metastasis [84-87]. For example, regulatory T cells or Tregs have been 
shown to prevent the activation of CD4+ and CD8+ T cells and thus result in the suppression 
of anti-cancer cell immunity [88]. Our studies have shown that it is important to study the 
microenvironment surrounding tumor cells to understand tumorigenesis and drug resistance [1, 
2]. This study therefore investigated the link between CD44 expression and immune cell 
infiltration and the expression of immune markers, with our analysis adjusted by tumor purity. 
Using COAD, ESCA, HNSC, and PAAD as our model cancers, our analysis reveals a significant 
positive correlation between CD44 expression and infiltration levels for several immune cells, 
including B cell, CD4+ T cell, CD8+ T cell, macrophage, and neutrophil. Furthermore, using 
PAAD, COAD, and STAD as examples of cancers, this study investigated the relationship 
between CD44 expression and immune markers such as FOXP3, MRC1, and CTLA4. Our data 
show a significant positive correlation between CD44 expression and FOXP3, MRC1, CTLA4, 
and CCL2 expression in PAAD, COAD, and STAD. As reviewed by Morath and colleagues, 
CD44 is more than a CSC marker as it is involved in several cancer cell processes such as 
migration and signaling [89]. Furthermore, it has been revealed that CSCs interact with immune 
cells via the release of cytokines and growth factors [90, 91]. Overall, our analysis shows a link 
between the expression of CD44 and immune cell tumor infiltration and the expression of 
immune markers. This may show that CD44 expression is linked to the recruitment of immune 
cells to tumors and the development of immunosuppression.  
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Cancer patients with high expression of CD44 have been associated with a worse prognosis 
before [92-95]. By being linked with a poor prognosis in several cancers, CD44 may therefore 
play key roles in several cancer processes such as EMT, cancer cell invasion, and metastasis. This 
study confirms this notion. Cancer cells achieve cellular plasticity via the process of epithelial and 
mesenchymal transition. Cancer cells transition from epithelial phenotype to a mesenchymal 
phenotype, allowing them to achieve enhanced migratory and invasive behavior [46, 96]. Also, 
cells undergoing EMT display stem-cell like properties, including chemoresistance [97-99]. Once 
cancer cells reach new sites, they become less migratory and invasive through the process of 
mesenchymal to epithelial transition (MET), allowing cancer cells to establish secondary tumors 
[100-102]. An increase in CD44 expression has been linked with a mesenchymal phenotype in 
several cancer cells, including colon and breast cancer cells [103-105]. Furthermore, CD44 
knockdown has been associated with reduced expression of occluding and E-cadherin and the 
ability to migrate and invade surrounding tissues [106-108]. Some studies have shown that cancer 
cell treatment with drugs induce EMT, with the cells expressing high levels of CD44 and being 
drug-resistant (Figure 12) [109-112]. Knockdown of CD44 has been associated with reduced 
drug resistance and fewer cells expressing drug resistance genes such as ABCB1 [113-115].  

                         

Figure 12. CD44 plays key roles in tumorigenesis through influencing cellular processes such as 
migration, invasion, epithelial to mesenchymal transition, chemoresistance, and metastasis.  

 

This study provides insights into further work that may require CD44 knockdowns and animal 
studies. As demonstrated by the PPI network analysis, CD44 and its interacting proteins play key 
roles in ECM organization, cell-substrate adhesion, and cellular response to stress and signaling. 
CD44 may, therefore, be involved in cellular positioning, attachment, migration, and signaling. 
Therefore, patients with high CD44 expression may have high immune infiltration, leading to the 
expression of immune markers involved in immunosuppression and evasion. CD44 may aid in 
immune evasion and suppression through its interaction with immune cells and, therefore, 
promote tumor growth and metastasis. Several strategies have been developed to target CD44 
and its ligands, including hyaluronic acid. For example, neutralizing antibodies to CD44 are being 
developed and under different stages of clinical trials. Bivatuzumab, KM201, U36, RG7356, and 
VFF18 are some of the antibodies against CD44 being studied. Several peptides and aptamers 
have been made with the ability to block the interaction between CD44 and its ligand, 
Hyaluronic acid, and these include PEP-1 and EphA2, respectively. In addition, pharmacological 
inhibitors of CD44 include Silibinin and Zerumbone. Naturally-derived compounds such as 
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curcumin and EGCG have also shown inhibiting activity against CD44. Lastly, CD44-
Hyaluronic acid interaction can be blocked via the use of CD44 decoys.  

 

Conclusion 

This analysis shows that CD44 expression is upregulated in many cancers, and it may be used as 
a diagnostic and prognostic biomarker in several cancers such as PAAD, COAD, and STAD. In 
addition, CD44 may play key roles in immune evasion and suppression, EMT, drug resistance 
and metastasis. The specific mechanisms through which CD44 influences immune cells require 
further studies. The clinical relevance of our analysis lies in the targeting of CSCs in general and 
CD44 in particular in many cancers. With the introduction of immunotherapy, it will be 
important to develop therapeutic strategies targeting CD44 and immune markers to prevent 
immunosuppression and evasion.  

 

Abbreviations 

ALDH1 Aldehyde dehydrogenase 1 

CAF  Cancer-associated Fibroblasts 

CD44  Cluster of Differentiation 44 

CI  Confidence interval 

CNS  Central Nervous System 

COAD  Colon adenocarcinoma 

CSC  Cancer stem cells 

DFS  Disease-free survival 

ECM  Extracellular Matrix 

EMT  Epithelial to mesenchymal Transition 

ESCA  Esophageal carcinoma 

GEPIA2 Gene expression profiling interactive analysis 2 

GO  Gene ontology 

HA  Hyaluronic acid 

HNSC  Head and Neck Squamous Cell carcinoma 

HR  Hazard ratio 

KEGG  Kyoto encyclopaedia of genes and genomes 

LIHC  Liver hepatocellular carcinoma 

LUAD  Lung Adenocarcinoma 

MET  Mesenchymal to Epithelial transition 

OS  Overall survival 

PAAD  Pancreatic adenocarcinoma  

PPI  Protein-protein interaction 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202101.0490.v1

https://doi.org/10.20944/preprints202101.0490.v1


STAD  Stomach adenocarcinoma 

TCGA  The cancer genome atlas 

TIMER Tumor Immune Estimation Resource 

TME  tumor microenvironment 

 

Author Contributions 

The study was conceptualized by K.D, and M.S. K.D and M.S performed the formal analysis of 
the data. K.D and M.S drafted the manuscript. K.D and M.S edited and reviewed the 
manuscript. All the authors approved the final draft manuscript.  

 

Acknowledgments 

None 

 

Competing interests 

The authors declare that they have no competing interests 

 

Ethics Approval 

This work is based on data from publicly available datasets and does not require ethical approval.  

 

References  

1. Senthebane, D., et al., The role of tumor microenvironment in chemoresistance: 3D 
extracellular matrices as accomplices. International journal of molecular sciences, 2018. 
19(10): p. 2861. 

2. Senthebane, D.A., et al., The role of tumor microenvironment in chemoresistance: to survive, 
keep your enemies closer. International journal of molecular sciences, 2017. 18(7): p. 1586. 

3. Shackleton, M., et al., Heterogeneity in cancer: cancer stem cells versus clonal evolution. Cell, 
2009. 138(5): p. 822-829. 

4. Vong, S. and R. Kalluri, The role of stromal myofibroblast and extracellular matrix in tumor 
angiogenesis. Genes & cancer, 2011. 2(12): p. 1139-1145. 

5. Tian, C., et al., Proteomic analyses of ECM during pancreatic ductal adenocarcinoma 
progression reveal different contributions by tumor and stromal cells. Proceedings of the 
National Academy of Sciences, 2019. 116(39): p. 19609-19618. 

6. Pupa, S.M., et al., New insights into the role of extracellular matrix during tumor onset and 
progression. Journal of cellular physiology, 2002. 192(3): p. 259-267. 

7. Fang, M., et al., Collagen as a double-edged sword in tumor progression. Tumor Biology, 
2014. 35(4): p. 2871-2882. 

8. Giussani, M., et al. Tumor-extracellular matrix interactions: Identification of tools associated 
with breast cancer progression. in Seminars in cancer biology. 2015. Elsevier. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202101.0490.v1

https://doi.org/10.20944/preprints202101.0490.v1


9. Casey, T., et al., Molecular signatures suggest a major role for stromal cells in development 
of invasive breast cancer. Breast cancer research and treatment, 2009. 114(1): p. 47-62. 

10. Orimo, A. and R.A. Weinberg, Stromal fibroblasts in cancer: a novel tumor-promoting cell 
type. Cell cycle, 2006. 5(15): p. 1597-1601. 

11. Dzobo, K., Taking a Full Snapshot of Cancer Biology: Deciphering the Tumor 
Microenvironment for Effective Cancer Therapy in the Oncology Clinic. Omics, 2020. 

12. Dzobo, K. and C. Dandara, Broadening Drug Design and Targets to Tumor 
Microenvironment? Cancer-Associated Fibroblast Marker Expression in Cancers and 
Relevance for Survival Outcomes. Omics, 2020. 24(6): p. 340-351. 

13. Dzobo, K. and C. Dandara, Architecture of Cancer-Associated Fibroblasts in Tumor 
Microenvironment: Mapping Their Origins, Heterogeneity, and Role in Cancer Therapy 
Resistance. Omics, 2020. 24(6): p. 314-339. 

14. Dzobo, K., et al., Cancer Stem Cell Hypothesis for Therapeutic Innovation in Clinical 
Oncology? Taking the Root Out, Not Chopping the Leaf. Omics, 2016. 20(12): p. 681-691. 

15. Dzobo, K., et al., Not Everyone Fits the Mold: Intratumor and Intertumor Heterogeneity and 
Innovative Cancer Drug Design and Development. Omics, 2018. 22(1): p. 17-34. 

16. Meacham, C.E. and S.J. Morrison, Tumour heterogeneity and cancer cell plasticity. Nature, 
2013. 501(7467): p. 328-337. 

17. Dzobo, K., et al., Cancer Stem Cell Markers in Relation to Patient Survival Outcomes: Lessons 
for Integrative Diagnostics and Next-Generation Anticancer Drug Development. Omics, 2020. 

18. Dzobo, K., et al., Advances in Therapeutic Targeting of Cancer Stem Cells within the Tumor 
Microenvironment: An Updated Review. Cells, 2020. 9(8). 

19. Jordan, C.T., M.L. Guzman, and M. Noble, Cancer stem cells. New England Journal of 
Medicine, 2006. 355(12): p. 1253-1261. 

20. Clarke, M.F. and M. Fuller, Stem cells and cancer: two faces of eve. Cell, 2006. 124(6): p. 
1111-1115. 

21. Dalerba, P., R.W. Cho, and M.F. Clarke, Cancer stem cells: models and concepts. Annu. Rev. 
Med., 2007. 58: p. 267-284. 

22. Bonnet, D. and J.E. Dick, Human acute myeloid leukemia is organized as a hierarchy that 
originates from a primitive hematopoietic cell. Nature medicine, 1997. 3(7): p. 730-737. 

23. O’Brien, C.A., et al., A human colon cancer cell capable of initiating tumour growth in 
immunodeficient mice. Nature, 2007. 445(7123): p. 106-110. 

24. Schatton, T., et al., Identification of cells initiating human melanomas. Nature, 2008. 
451(7176): p. 345-349. 

25. Feng, D., et al., Identification and characterization of cancer stem-like cells from primary 
carcinoma of the cervix uteri. Oncology reports, 2009. 22(5): p. 1129-1134. 

26. Glinsky, G.V., O. Berezovska, and A.B. Glinskii, Microarray analysis identifies a death-from-
cancer signature predicting therapy failure in patients with multiple types of cancer. The 
Journal of clinical investigation, 2005. 115(6): p. 1503-1521. 

27. Reya, T., et al., Stem cells, cancer, and cancer stem cells. nature, 2001. 414(6859): p. 105-
111. 

28. Al-Hajj, M., et al., Prospective identification of tumorigenic breast cancer cells. Proceedings 
of the National Academy of Sciences, 2003. 100(7): p. 3983-3988. 

29. Singh, S.K., et al., Identification of human brain tumour initiating cells. nature, 2004. 
432(7015): p. 396-401. 

30. Donnenberg, V.S. and A.D. Donnenberg, Multiple drug resistance in cancer revisited: the 
cancer stem cell hypothesis. The Journal of Clinical Pharmacology, 2005. 45(8): p. 872-877. 

31. Kozovska, Z., V. Gabrisova, and L. Kucerova, Colon cancer: cancer stem cells markers, drug 
resistance and treatment. Biomedicine & Pharmacotherapy, 2014. 68(8): p. 911-916. 

32. de Beça, F.F., et al., Cancer stem cells markers CD44, CD24 and ALDH1 in breast cancer 
special histological types. Journal of clinical pathology, 2013. 66(3): p. 187-191. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202101.0490.v1

https://doi.org/10.20944/preprints202101.0490.v1


33. Zhang, C., et al., Identification of CD44+ CD24+ gastric cancer stem cells. Journal of cancer 
research and clinical oncology, 2011. 137(11): p. 1679. 

34. Li, C., et al., Identification of pancreatic cancer stem cells. Cancer research, 2007. 67(3): p. 
1030-1037. 

35. Yeung, T.M., et al., Cancer stem cells from colorectal cancer-derived cell lines. Proceedings of 
the National Academy of Sciences, 2010. 107(8): p. 3722-3727. 

36. Ren, F., W.-Q. Sheng, and X. Du, CD133: a cancer stem cells marker, is used in colorectal 
cancers. World Journal of Gastroenterology: WJG, 2013. 19(17): p. 2603. 

37. Grosse-Gehling, P., et al., CD133 as a biomarker for putative cancer stem cells in solid 
tumours: limitations, problems and challenges. The Journal of pathology, 2013. 229(3): p. 
355-378. 

38. Gronthos, S., et al., Surface protein characterization of human adipose tissue-derived stromal 
cells. Journal of cellular physiology, 2001. 189(1): p. 54-63. 

39. Domev, H., et al., Efficient engineering of vascularized ectopic bone from human embryonic 
stem cell–derived mesenchymal stem cells. Tissue Engineering Part A, 2012. 18(21-22): p. 
2290-2302. 

40. Yin, T., et al., Human cancer cells with stem cell-like phenotype exhibit enhanced sensitivity 
to the cytotoxicity of IL-2 and IL-15 activated natural killer cells. Cellular immunology, 2016. 
300: p. 41-45. 

41. Screaton, G.R., et al., The identification of a new alternative exon with highly restricted tissue 
expression in transcripts encoding the mouse Pgp-1 (CD44) homing receptor. Comparison of 
all 10 variable exons between mouse, human, and rat. Journal of Biological Chemistry, 1993. 
268(17): p. 12235-12238. 

42. Prochazka, L., R. Tesarik, and J. Turanek, Regulation of alternative splicing of CD44 in cancer. 
Cellular signalling, 2014. 26(10): p. 2234-2239. 

43. Ponta, H., L. Sherman, and P.A. Herrlich, CD44: from adhesion molecules to signalling 
regulators. Nature reviews Molecular cell biology, 2003. 4(1): p. 33-45. 

44. Zöller, M., CD44: can a cancer-initiating cell profit from an abundantly expressed molecule? 
Nature Reviews Cancer, 2011. 11(4): p. 254-267. 

45. Orian-Rousseau, V., et al., CD44 is required for two consecutive steps in HGF/c-Met signaling. 
Genes & development, 2002. 16(23): p. 3074-3086. 

46. Mani, S.A., et al., The epithelial-mesenchymal transition generates cells with properties of 
stem cells. Cell, 2008. 133(4): p. 704-715. 

47. Zhao, S., et al., CD44 expression level and isoform contributes to pancreatic cancer cell 
plasticity, invasiveness, and response to therapy. Clinical Cancer Research, 2016. 22(22): p. 
5592-5604. 

48. Dzobo, K., Integrins within the Tumor Microenvironment: Biological Functions and Advances 
in Therapeutic Targeting. 2020. 

49. Abraham, B.K., et al., Prevalence of CD44+/CD24−/low cells in breast cancer may not be 
associated with clinical outcome but may favor distant metastasis. Clinical cancer research, 
2005. 11(3): p. 1154-1159. 

50. Mylona, E., et al., The clinicopathologic and prognostic significance of CD44+/CD24−/low and 
CD44−/CD24+ tumor cells in invasive breast carcinomas. Human pathology, 2008. 39(7): p. 
1096-1102. 

51. Balic, M., et al., Most early disseminated cancer cells detected in bone marrow of breast 
cancer patients have a putative breast cancer stem cell phenotype. Clinical cancer research, 
2006. 12(19): p. 5615-5621. 

52. Sheridan, C., et al., CD44+/CD24-breast cancer cells exhibit enhanced invasive properties: an 
early step necessary for metastasis. Breast Cancer Research, 2006. 8(5): p. 1-13. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202101.0490.v1

https://doi.org/10.20944/preprints202101.0490.v1


53. Hu, J., et al., CAFs secreted exosomes promote metastasis and chemotherapy resistance by 
enhancing cell stemness and epithelial-mesenchymal transition in colorectal cancer. 
Molecular cancer, 2019. 18(1): p. 91. 

54. Tang, Z., et al., GEPIA: a web server for cancer and normal gene expression profiling and 
interactive analyses. Nucleic Acids Res, 2017. 45(W1): p. W98-w102. 

55. Tang, Z., et al., GEPIA2: an enhanced web server for large-scale expression profiling and 
interactive analysis. Nucleic acids research, 2019. 47(W1): p. W556-W560. 

56. Tang, Z., et al., GEPIA: a web server for cancer and normal gene expression profiling and 
interactive analyses. Nucleic acids research, 2017. 45(W1): p. W98-W102. 

57. Rhodes, D.R., et al., Oncomine 3.0: genes, pathways, and networks in a collection of 18,000 
cancer gene expression profiles. Neoplasia (New York, NY), 2007. 9(2): p. 166. 

58. Rhodes, D.R., et al., ONCOMINE: a cancer microarray database and integrated data-mining 
platform. Neoplasia (New York, NY), 2004. 6(1): p. 1. 

59. Mizuno, H., et al., PrognoScan: a new database for meta-analysis of the prognostic value of 
genes. BMC medical genomics, 2009. 2(1): p. 18. 

60. Lánczky, A., et al., miRpower: a web-tool to validate survival-associated miRNAs utilizing 
expression data from 2178 breast cancer patients. Breast cancer research and treatment, 
2016. 160(3): p. 439-446. 

61. Li, T., et al., TIMER: a web server for comprehensive analysis of tumor-infiltrating immune 
cells. Cancer research, 2017. 77(21): p. e108-e110. 

62. Yang, W., et al., Genomics of Drug Sensitivity in Cancer (GDSC): a resource for therapeutic 
biomarker discovery in cancer cells. Nucleic acids research, 2012. 41(D1): p. D955-D961. 

63. Barretina, J., et al., The Cancer Cell Line Encyclopedia enables predictive modelling of 
anticancer drug sensitivity. Nature, 2012. 483(7391): p. 603-607. 

64. Warde-Farley, D., et al., The GeneMANIA prediction server: biological network integration for 
gene prioritization and predicting gene function. Nucleic acids research, 2010. 38(suppl_2): 
p. W214-W220. 

65. Uhlén, M., et al., Proteomics. Tissue-based map of the human proteome. Science, 2015. 
347(6220): p. 1260419. 

66. Uhlen, M., et al., A pathology atlas of the human cancer transcriptome. Science, 2017. 
357(6352). 

67. Hsu, J.-M., et al., STT3-dependent PD-L1 accumulation on cancer stem cells promotes 
immune evasion. Nature communications, 2018. 9(1): p. 1-17. 

68. Schatton, T. and M.H. Frank, Antitumor immunity and cancer stem cells. Annals of the New 
York Academy of Sciences, 2009. 1176: p. 154. 

69. Otvos, B., et al., Cancer stem cell-secreted macrophage migration inhibitory factor stimulates 
myeloid derived suppressor cell function and facilitates glioblastoma immune evasion. Stem 
Cells, 2016. 34(8): p. 2026-2039. 

70. Vahidian, F., et al., Interactions between cancer stem cells, immune system and some 
environmental components: friends or foes? Immunology letters, 2019. 208: p. 19-29. 

71. Alves, C.S., et al., The dual role of CD44 as a functional P-selectin ligand and fibrin receptor in 
colon carcinoma cell adhesion. American Journal of Physiology-Cell Physiology, 2008. 294(4): 
p. C907-C916. 

72. Louderbough, J.M. and J.A. Schroeder, Understanding the dual nature of CD44 in breast 
cancer progression. Molecular Cancer Research, 2011. 9(12): p. 1573-1586. 

73. Götte, M. and G.W. Yip, Heparanase, hyaluronan, and CD44 in cancers: a breast carcinoma 
perspective. Cancer research, 2006. 66(21): p. 10233-10237. 

74. Ricardo, S., et al., Breast cancer stem cell markers CD44, CD24 and ALDH1: expression 
distribution within intrinsic molecular subtype. Journal of clinical pathology, 2011. 64(11): p. 
937-946. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202101.0490.v1

https://doi.org/10.20944/preprints202101.0490.v1


75. Li, W., et al., Unraveling the roles of CD44/CD24 and ALDH1 as cancer stem cell markers in 
tumorigenesis and metastasis. Scientific reports, 2017. 7(1): p. 1-15. 

76. Wang, C., et al., Evaluation of CD44 and CD133 as cancer stem cell markers for colorectal 
cancer. Oncology reports, 2012. 28(4): p. 1301-1308. 

77. Wei, F., et al., PD-L1 promotes colorectal cancer stem cell expansion by activating HMGA1-
dependent signaling pathways. Cancer letters, 2019. 450: p. 1-13. 

78. Nishino, M., et al., Variant CD44 expression is enriching for a cell population with cancer 
stem cell-like characteristics in human lung adenocarcinoma. Journal of Cancer, 2017. 8(10): 
p. 1774. 

79. Tsai, L.L., et al., Markedly increased Oct4 and Nanog expression correlates with cisplatin 
resistance in oral squamous cell carcinoma. Journal of Oral Pathology & Medicine, 2011. 
40(8): p. 621-628. 

80. Mao, Y., et al., Stromal cells in tumor microenvironment and breast cancer. Cancer and 
Metastasis Reviews, 2013. 32(1-2): p. 303-315. 

81. Bussard, K.M., et al., Tumor-associated stromal cells as key contributors to the tumor 
microenvironment. Breast Cancer Research, 2016. 18(1): p. 1-11. 

82. Castells, M., et al., Implication of tumor microenvironment in chemoresistance: tumor-
associated stromal cells protect tumor cells from cell death. International journal of 
molecular sciences, 2012. 13(8): p. 9545-9571. 

83. Hanahan, D. and L.M. Coussens, Accessories to the crime: functions of cells recruited to the 
tumor microenvironment. Cancer cell, 2012. 21(3): p. 309-322. 

84. Upadhyay, S., et al., Role of immune system in tumor progression and carcinogenesis. Journal 
of cellular biochemistry, 2018. 119(7): p. 5028-5042. 

85. Principe, D.R., et al., TGFβ signaling in the pancreatic tumor microenvironment promotes 
fibrosis and immune evasion to facilitate tumorigenesis. Cancer research, 2016. 76(9): p. 
2525-2539. 

86. de Visser, K.E. and L.M. Coussens, The inflammatory tumor microenvironment and its impact 
on cancer development, in Infection and Inflammation: Impacts on Oncogenesis. 2006, 
Karger Publishers. p. 118-137. 

87. Zamarron, B.F. and W. Chen, Dual roles of immune cells and their factors in cancer 
development and progression. International journal of biological sciences, 2011. 7(5): p. 651. 

88. Zamarron, B.F. and W. Chen, Dual roles of immune cells and their factors in cancer 
development and progression. Int J Biol Sci, 2011. 7(5): p. 651-8. 

89. Morath, I., T. Hartmann, and V. Orian-Rousseau, CD44: More than a mere stem cell marker. 
The international journal of biochemistry & cell biology, 2016. 81: p. 166-173. 

90. Xu, Q., et al., Antigen-specific T-cell response from dendritic cell vaccination using cancer 
stem-like cell-associated antigens. Stem cells, 2009. 27(8): p. 1734-1740. 

91. Tel, J., et al., Natural human plasmacytoid dendritic cells induce antigen-specific T-cell 
responses in melanoma patients. Cancer research, 2013. 73(3): p. 1063-1075. 

92. Mayer, B., et al., De-novo expression of CD44 and survival in gastric cancer. The Lancet, 
1993. 342(8878): p. 1019-1022. 

93. Luo, Y. and Y. Tan, Prognostic value of CD44 expression in patients with hepatocellular 
carcinoma: meta-analysis. Cancer cell international, 2016. 16(1): p. 1-9. 

94. Kokko, L.-L., et al., Significance of site-specific prognosis of cancer stem cell marker CD44 in 
head and neck squamous-cell carcinoma. Oral oncology, 2011. 47(6): p. 510-516. 

95. Orian-Rousseau, V., CD44, a therapeutic target for metastasising tumours. European journal 
of cancer, 2010. 46(7): p. 1271-1277. 

96. Morel, A.-P., et al., Generation of breast cancer stem cells through epithelial-mesenchymal 
transition. PloS one, 2008. 3(8): p. e2888. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202101.0490.v1

https://doi.org/10.20944/preprints202101.0490.v1


97. Huang, M., et al., Wnt-mediated endothelial transformation into mesenchymal stem cell–like 
cells induces chemoresistance in glioblastoma. Science Translational Medicine, 2020. 
12(532). 

98. Ahmed, N., et al., Epithelial mesenchymal transition and cancer stem cell-like phenotypes 
facilitate chemoresistance in recurrent ovarian cancer. Current cancer drug targets, 2010. 
10(3): p. 268-278. 

99. Izumiya, M., et al., Chemoresistance is associated with cancer stem cell-like properties and 
epithelial-to-mesenchymal transition in pancreatic cancer cells. Anticancer research, 2012. 
32(9): p. 3847-3853. 

100. Brabletz, T., EMT and MET in metastasis: where are the cancer stem cells? Cancer cell, 2012. 
22(6): p. 699-701. 

101. Liska, D., et al., HGF rescues colorectal cancer cells from EGFR inhibition via MET activation. 
Clinical Cancer Research, 2011. 17(3): p. 472-482. 

102. Gunasinghe, N.D., et al., Mesenchymal–epithelial transition (MET) as a mechanism for 
metastatic colonisation in breast cancer. Cancer and Metastasis Reviews, 2012. 31(3-4): p. 
469-478. 

103. Kövecsi, A., et al., Paradoxical expression pattern of the epithelial mesenchymal transition-
related biomarkers CD44, SLUG, N-cadherin and VSIG1/Glycoprotein A34 in gastrointestinal 
stromal tumors. World journal of gastrointestinal oncology, 2017. 9(11): p. 436. 

104. Cho, S.H., et al., CD44 enhances the epithelial-mesenchymal transition in association with 
colon cancer invasion. International journal of oncology, 2012. 41(1): p. 211-218. 

105. Brown, R.L., et al., CD44 splice isoform switching in human and mouse epithelium is essential 
for epithelial-mesenchymal transition and breast cancer progression. The Journal of clinical 
investigation, 2011. 121(3): p. 1064-1074. 

106. Nam, K., et al., CD44 regulates cell proliferation, migration, and invasion via modulation of c-
Src transcription in human breast cancer cells. Cellular Signalling, 2015. 27(9): p. 1882-1894. 

107. Paulis, Y.W., et al., CD44 enhances tumor aggressiveness by promoting tumor cell plasticity. 
Oncotarget, 2015. 6(23): p. 19634. 

108. Li, W., et al., CD44 regulates prostate cancer proliferation, invasion and migration via PDK1 
and PFKFB4. Oncotarget, 2017. 8(39): p. 65143. 

109. Park, Y.S., et al., shRNA against CD44 inhibits cell proliferation, invasion and migration, and 
promotes apoptosis of colon carcinoma cells. Oncology reports, 2012. 27(2): p. 339-346. 

110. Lai, C.-J., et al., CD44 promotes migration and invasion of docetaxel-resistant prostate cancer 
cells likely via induction of hippo-yap signaling. Cells, 2019. 8(4): p. 295. 

111. Miyazaki, H., et al., CD44 exerts a functional role during EMT induction in cisplatin-resistant 
head and neck cancer cells. Oncotarget, 2018. 9(11): p. 10029. 

112. Li, J. and B.P. Zhou, Activation of β-catenin and Akt pathways by Twist are critical for the 
maintenance of EMT associated cancer stem cell-like characters. BMC cancer, 2011. 11(1): p. 
49. 

113. Liu, C.-M., et al., Hyaluronan substratum induces multidrug resistance in human 
mesenchymal stem cells via CD44 signaling. Cell and tissue research, 2009. 336(3): p. 465-
475. 

114. Lakshman, M., et al., CD44 promotes resistance to apoptosis in human colon cancer cells. 
Experimental and molecular pathology, 2004. 77(1): p. 18-25. 

115. Bates, R.C., et al., A CD44 survival pathway triggers chemoresistance via lyn kinase and 
phosphoinositide 3-kinase/Akt in colon carcinoma cells. Cancer research, 2001. 61(13): p. 
5275-5283. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202101.0490.v1

https://doi.org/10.20944/preprints202101.0490.v1

