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tumor necrosis factor alpha; JNK, jun n-terminal kinase

Introduction
CD44, also known as lymphocyte homing receptor, HUTCH-1, 

Hermes, H-CAM, and Ly-24, is a glycoprotein involved in cell to 
extra cellular matrix (ECM) interaction, cell to cell interaction, in cell 
signaling and migration of tumor cells. In humans, it is encoded by the 
gene located on chromosome 11p13.1. CD44 gene consists of 20 exons, 
of which 10 flanking exons (5 each side) are known as standard (or 
constant) exons and 10 central exons as variable exons which undergo 
extensive splicing (Figure 1). Isoforms containing  CD44v  exons 
are found to be expressed in various cancers.2  Protein expressed 
by CD44 gene has the molecular weight of around 85-200 kDa and 
contains three functional domains: extracellular, transmembrane and 
intracellular domain. The amino-terminal domain coded by the first 
five exons of CD44s isoform is connected with the plasma membrane 
by a short stem structure, containing proteolytic cleavage sites.3 

This extracellular domain is found to be the most diverse region. 
Sequences encoded by alternative splicing of exons v1-v10 are 
inserted at stem region which acts as ligand binding site.1  CD44 is the 
best characterized Hyaluronic acid (HA) receptor and is the principal 
mediator of HA signaling. Differing HA levels are found in different 
cancers and they also correlate with CD44 expression.4,5 Osteopontin, 
laminin, collagen, integrin, MMPs (matrix metalloproteinase), and 
other components of ECM also act as CD44 ligands.6 

Role of CD44 in cancer proliferation

Expression of CD44 is associated with an augmented potential 
for tumor initiation and progression as shown in the gastric cancer 
mouse model where CD44+/+ animals developed large gastric tumors 
in around 30-50 weeks of age, whereas, CD44-/- mouse developed 
smaller tumors. In CD44+/+ mouse gene expression analysis 
revealed elevated expression of CD44v8-10 variant isoforms.7 A 
similar finding was also observed in glioma mouse model suggesting 
the importance of CD44 in cancer stemness.8 Some recent studies 
have exhibited CD44 as cancer stem cell marker in breast, gastric, 
pancreatic, colorectal and other cancers.9-17 Different tumor types 
and their associated cells in the microenvironment express probably 

different sets of CD44 isoforms with a varied combination of variants. 
TNF-α has been found to upregulate CD44v3 and CD44v6 expression 
through the JNK or p38 pathway resulting in increased migration 
capacity of breast cancer cells  in vitro.18 CD44v6 is suggested to be 
involved in breast and colorectal cancers and also contributes in the 
aggressiveness of non-Hodgkin’s lymphomas.19CD44v6 has been 
observed to function as the coreceptor for EGF (Epidermal growth 
factor) and HGF (Hepatocyte growth factor), in addition CD44v3 also 
functions as the coreceptor for VEGF (Vascular endothelial growth 
factor) and FGF (Fibroblast growth factor) to form a complex with 
associated receptors enhancing receptor tyrosine kinase activity and 
in turn mediating CD44 signaling critical for stemness property of 
cancer cells.6,20 Overall, literature confirms that there is a cancer-
specific expression of CD44 variants.

Figure 1 Schematic diagram of CD44 gene assembly. There are 10 standard 
exons (s1-5 and s16-20) that codes for CD44s protein. There are 10 variable 
exons (6-15 or v1-v10) that codes for the CD44v protein and undergo 
alternate splicing.

TM, transmembrane; ICD, intracellular domain

CD44 promotes migration, invasion, and angiogenesis 
of tumor

There are numerous studies that focus on the mechanism by 
which CD44 mediate migration, proliferation, and invasion of tumor 
cells. By dynamic regulation of actin cytoskeleton that attaches 
with the cytoplasmic domain of CD44 receptor, formation of cell’s 
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Abstract

CD44, a single pass transmembrane glycoprotein, initially characterized as lymphocyte 
homing receptor, has now been implicated in various stages of cancer development. The 
Anomaly in CD44 expression distinguishes most human cancers. CD44 is also identified 
as cancer stem cell marker. This review will comprehend the versatile role of CD44 during 
cancer initiation, proliferation, invasion, metastasis and as the regulator of cancer cell 
metabolism.
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adhesive structure is regulated. Specialized structural dynamics 
for migration of a cell is regulated by a temporal organization 
of actin-binding proteins.21,22 Interaction of CD44 receptor with 
matrix metalloproteinase 9 (MMP9) causes secretion of MMP9, 
promoting migration and invasion of PC3 (Prostate cancer) cells.23 

Furthermore, CD44v3 upregulates cytoskeleton functions through 
ankyrin by activating the actomyosin contractile complex that 
facilitates migration in head and neck squamous carcinoma cell line.24  
Angiogenic potential of CD44 has been established by using CD44-
null mice to study angiogenic responses where wound healing and 
vascularization both were found to be impaired in matrigel implants. 
This suggests that tumor cells facilitate its extravasation by vascular 
adhesion and augmented CD44 expression by angiogenic factors (eg. 
VEGF).25 

CD44 Acts as a transcription factor in cancer

There is another functional importance of CD44 as a transcription 
factor. The 12 kDa intracellular domain generated by sequential 
cleavage of CD44 by membrane type 1 matrix metalloproteinase 
(MT1-MMP) and presenilin-1/γ-secretase enzyme translocates to 
the nucleus to activate transcription of numerous proteins including 
CD44. Expression of these proteins ultimately helps cancer cell 
adhesion, proliferation, migration, and invasion.26,27 

Regulation of cancer cell metabolism by CD44

Most of the cancer cells specifically those having aggressive 
properties develop a mechanism to protect themselves from ROS 
(Reactive oxygen species). Cancer cell depends on glycolysis for ATP 
production regardless of oxygen availability. This unique metabolism 
by aerobic glycolysis is called ‘Warburg effect’. This mechanism 
is accompanied by suppression of mitochondrial respiration in 
cancer cells, reducing production of ROS, and ultimately conferring 
resistance to chemotherapy.28 Pyruvate kinase isozyme type 2 
(PKM2), which is mainly expressed in tumors plays an essential role 
in this process. It has been observed that low activity of the PKM2 

enzyme in cancer cells promote the conversion of pyruvate to lactate 
and the flow of glycolytic intermediates into biosynthetic pathway 
through the generation of NADPH.29  CD44 interacts with PKM2 
and suppresses its activity, thus promoting glycolysis and antioxidant 
status in cancer cells.30 

Another important enzyme 6-phosphofructo-2-kinase/fructose-
2,6-bisphosphatase 4 (PFKFB4), an isoform of phosphofructokinase 
2 (PFK2), has been found to be differentially expressed in the benign 
and malignant form of prostate cancer. In small cell neuroendocrine 
carcinoma (SCNC) of the prostate, it is found to be highly expressed 
as compared to adenocarcinoma cells of the prostate. CD44 is found 
to regulate expression of the PFKFB4 enzyme in prostatic PC-3 cells 
(SCNC) as knockdown of CD44 reduced expression of protein and 
mRNA of PFKFB4 and also increased ROS levels.31,32  Knockdown 
of CD44 also increased the sensitivity of SCNC tumor cells to 
carboplatin.32  These reports confirm the multifaceted role of CD44 in 
the progression of cancer.

The clinical implication of CD44 in tumors

There are myriad of literature that suggests overexpression of 
CD44, predominantly isoforms with CD44v exons in various cancers. 
These findings supported the efforts that take heed on the diagnostics 
and/or prognostic importance of CD44 isoforms in cancer and its 
implication as a diagnostic/prognostic marker. CD44s and CD44v 
have been reported as the prognostic marker for prostate cancer. The 
importance of CD44 and CD44v6 expression is linked with survival 
and staging of pancreatic cancer.33 In hepatocellular carcinoma 
CD44, CD44s and CD44v6 have clinical significance in prognosis, 
recurrence, and survival. Likewise, in gastric cancer CD44, CD44v6 
and CD44v9 have been found to be associated with metastasis, 
recurrence, survival, staging, and prognosis. There are many other 
cancers such as renal cell carcinoma, osteosarcoma, lung cancer, 
neuroblastoma, colorectal cancer, breast cancer, head and neck cancer, 
bladder cancer and leukemia where CD44 has been demonstrated as a 
prognostic marker (Table 1).34,35 

Table 1 Multifaceted function of CD44 variants33,34

CD44 variants function Prognostic marker in cancer type

CD44v1 It may generate a soluble truncated protein due to 
the premature termination codon. ---

CD44v2
Specific function of CD44v2 in stem cell has not been 
established. Colorectal cancer

CD44v2-10
Endows metastatic phenotype to a non-metastatic 
SKHep1 cells. Hepatocellular carcinoma

CD44v3
Forms CD44v3/Oct4/Sox2/Nanog complex. It 
translocates to the nucleus and activates miR-302, 
which in turn suppresses epigenetic regulators.

Leukemia, Endometrial cancer, Vulvar cancer, Oral squamous cell 
carcinoma (OSCC), Urothelial cancer, Bladder cancer

CD44v3, v8-10 Detected in >90% of adenomas and colorectal 
carcinomas. Colorectal cancer, Urothelial cancer, Bladder cancer

CD44v4 Mediates breast cancer adhesion to endothelial cells 
via E-selectin. Breast cancer, Leukemia

CD44v5
Activated Ras produce CD44 isoforms containing 
CD44v5 by the interaction of v5 with RNA splicing 
regulator proteins SRm160 and Sam64.

Papillary thyroid carcinoma, Renal cell carcinoma, Osteosarcoma, 
Neuroblastoma, Leukemia

CD44v6

Supports assembly of the soluble matrix during pre-
metastatic niche formation. This assembled matrix 
promotes cell motility through phosphorylation of 
c-Met, Ezrin, and FAK. Confers resistance to cisplatin. 
Promotes endothelial cell migration.

Papillary thyroid carcinoma, Renal cell carcinoma, Prostate cancer, 
Pancreatic cancer, Osteosarcoma, Lung cancer, Hepatocellular 
carcinoma, Laryngeal, oral and head & neck cancer, Gastric 
cancer, Leukemia, Urothelial cancer, Bladder cancer, Vulvar cancer, 
Endometrial cancer
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CD44 variants function Prognostic marker in cancer type

CD44v7
CD44v7-positive stromal cells support hematopoietic 
progenitor cell homing. ---

CD44v8-10

Stabilizes the glutamate-cystine transporter at plasma 
membrane promoting uptake of cystine for GSH 
synthesis. Cells become resistant to antioxidant 
treatment.

Biliary tract cancer, Urothelial cancer, Bladder cancer

CD44v9
Hyaluronic acid (HA)/ CD44v9 interaction promotes 
Androgen receptor (AR) gene expression, cell 
adhesion, and proliferation.

Gastric cancer, Leukemia, Colorectal cancer

CD44v10

Promotes adhesion and maturation of bone marrow 
stromal cells into primary B-cells. CD44v10 blocking 
antibodies induce mobilization of progenitor cells and 
delay in maturation.

Renal cell carcinoma

Table continued...

Conclusion
There is a substantial genetic reorganization of the CD44 

glycoprotein by the mechanism of alternative splicing events that 
produces CD44 variant isoforms which are expressed distinctively in 
different cancers, as compared to the standard CD44 isoforms. CD44 
promotes tumor migration, invasion, and angiogenesis by dynamic 
regulation of various intracellular and extracellular proteins. The 
versatile role of CD44 includes its function as the transcription factor 
and as the regulator of cancer cell metabolism. Furthermore, the 
clinical relevance of this multifaceted molecule increases by its use as 
diagnostic and/or prognostic marker. A study involving identification 
of the regulatory mechanism for cancer specific expression of CD44 
isoforms is very much warranted to restrain the development of 
cancer stem cells. Moreover, targeting CD44 and its specific variants 
by molecular methods (e.g. siRNA, anti-CD44 antibody) may unravel 
a unique paradigm in cancer management.
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