®

Check for
updates

Diagnostic and Prognostic Significance 1 7
of Cancer Stem Cell Surface Markers

Sharmin Aktar, Sajedul Islam, Vinod Gopalan, Alfred King-yin Lam,
and Farhadul Islam

Abstract

Cancer stem cells (CSCs) are a specific type of cancer cell that can both self-
renew and differentiate, playing a key role in cancer development and progres-
sion. Existing clinical biomarkers, however, are insufficient as robust biomarkers
to be used in clinical practice for cancer patients due to their limited confirmation
and contested prognostic relevance. Therefore, there is a large pool of potential
biomarkers that have not been thoroughly explored. CSC surface biomarkers
have recently been the focus of many studies in the clinical practice of cancer
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patients due to their potential utility in characterising the aetiology of cancer
initiation, development, and metastasis. In this chapter, we discuss the most
popular surface biomarkers of CSCs and provide their potential utility in cancer
diagnosis and prognosis.
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17.1 Introduction

Cancer stem cells (CSCs), are a subpopulation of tumour cells that have been
identified in the most forms of solid and hematologic malignancies (Chang 2016;
Reya et al. 2001). The concept of CSCs is a promising new frontier in cancer
research that offers unique cancer therapeutic interventions. Over a decade ago,
the first prospective study on CSCs was conducted in acute myeloid leukaemia
(AML), and CD34 + CD38 phenotype was characterised as the surface markers of
leukemic stem cells (Bonnet and Dick 1997). This finding suggested that CSCs
could also be isolated from heterogeneous cell populations of solid tumour tissues
using several cell surface markers.

CSCs have a capability for continuous self-renewal and are involved in the
initiation and maintenance of tumour growth, as well as cell proliferation and the
dissemination of metastatic cancer cells (Chang 2016). CSCs can emerge from either
differentiated cells or adult tissue-specific stem cells when a tumour is first develop-
ing. This occurs at the moment of tumour initiation (Walcher et al. 2020). Research
has demonstrated that CSCs are highly plastic, implying they can change their
phenotype and function. The heterogeneous phenotype of tumours is considered a
key driver of treatment resistance and cancer recurrence, for which CSCs are
considered to cause aggressive, diverse, therapy-resistant cancers (Ayob and
Ramasamy 2018; Kusoglu and Avci 2019; Prasetyanti and Medema 2017). CSCs
are known for their inherent resistance to conventional therapies and their ability to
trigger tumour relapses (Desai et al. 2019). CSCs can be regenerated under thera-
peutic stress and a modified microenvironment. These cells do not arise from CSCs
but rather from therapy-induced senescent tumour cells or other non-CSC sources
(Milanovic et al. 2018; Gupta et al. 2019; Poli et al. 2018; De Angelis et al. 2019;
Yuan et al. 2019). For this reason, identifying and learning about the background of
these cells at the time of tumour development and recurrence is crucial. Identifying
CSCs that have become resistant to therapy and are responsible for tumour recur-
rence may require the application of novel biomarkers (Walcher et al. 2020). The
successful eradication of this small subset of cancer patients is a breakthrough in
cancer treatment.

It has been shown that various biomarkers characteristic of CSCs correlate with
diagnosis, therapy, and prognosis. Thus, the identification and targeting of surface
biomarkers expressed by CSCs represents an important area of therapeutic
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development at the present time. Herein, this chapter gives an overview of the most
widely utilised CSC markers and how they have been implemented as diagnostic and
prognostic biomarkers in various solid (lung, stomach, liver, breast, and colorectal)
and haematological (acute myeloid leukaemia, chronic myeloid leukaemia)
malignancies.

17.2 CSC Surface Biomarkers in Human Malignancies

CSCs have shown increased cell proliferation, invasion, metastasis, and angiogene-
sis, which may explain the link between the expression of CSC markers and patient
prognosis (Chang 2016; Kumagai et al. 2001; Kurihara et al. 1999). CSCs can be
identified by a variety of phenotypic surface markers (such as EpCAM, CD44,
CD133, CD166, CD24, CD29, LGR-5 etc.), allowing for their detection in nearly
all human cancer type (Chen et al. 2013; Doherty et al. 2016; Takaishi et al. 2009;
Smith et al. 2008; Bonnet and Dick 1997; Wakamatsu et al. 2012; Han et al. 2017a;
Kapucuoglu et al. 2015; Okudela et al. 2012; Vermeulen et al. 2008). CD44, CD133,
and EpCAM are the most studied stem cell surface markers, and they are also
considered as therapeutic targets in cancer treatment. The epithelial cell adhesion
molecule (EpCAM) is one of the most common biomarkers present on the
basolateral side of the epithelial cells (Balzar et al. 1999), stem and progenitor
cells (Schmelzer et al. 2007; Kamimoto et al. 2016), and the cell surface of various
cancer tissues (i.e., colorectal cancer, hepatocellular cancers, etc.) (Trzpis et al. 2007;
Cirulli et al. 1998; Huang et al. 2018; Balzar et al. 1999). EpCAM is associated with
diverse physiological activities including cellular proliferation, differentiation, sig-
nal transduction, and maintenance of organ morphology (Schnell et al. 2013). In
breast cancer, the expression of EpCAM is phenotypically similar to CSCs, which
facilitates the formation of bone metastases in mice (Hiraga et al. 2016), while in
lung cancer, it is co-expressed with CD44 and CD166 that enhances self-renewal
capabilities (Satar et al. 2018).

CD44, another widely studied CSCs surface biomarkers, is expressed not only in
solid tumours but in haematological cancers as well and is involved in self-renewal,
enhanced proliferation, and metastasis (Cho et al. 2015; Cui et al. 2015; Ponta et al.
2003; Su et al. 2016). Expression of CD44 along with CD166 promotes anchorage-
independent cellular proliferation (Manhas et al. 2016a) and increased tumorigenesis
(Zhou et al. 2016) in colorectal cancer patients. Moreover, proliferation and metas-
tasis of breast cancer cells significantly decreased following CD44 knockdown
(Nam et al. 2015). Knocking down CD44 in severe combined immunodeficiency
(SCID) mice with GC led to decreased sphere formation and reduced tumour growth
(Takaishi et al. 2009). Additionally, CD133 (Prominin-1) is rarely found on normal
tissue, which is mostly expressed on human embryonic stem cells (hESCs) (Kim and
Ryu 2017) that is associated with high tumorigenicity and increased spheroid
formation (Brugnoli et al. 2019; Li 2013). This marker was observed to be expressed
in the tumours of the breast (Brugnoli et al. 2017, 2019; Swaminathan et al. 2013;
Bock et al. 2014; Joseph et al. 2019b), stomach (Lu et al. 2016; Howard et al. 2018;
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Chen et al. 2016a, 2019b; Xia et al. 2015), lung (Huang et al. 2020; Park et al. 2016;
Wang et al. 2018a; Miyata et al. 2017; Chen et al. 2016b; Bertolini et al. 2015), liver
(Jun et al. 2019; Kim et al. 2019; Chen et al. 2019a; Ding et al. 2016; Yu et al. 2018),
and colon (Tsunekuni et al. 2019; Lim et al. 2014; Ning et al. 2016; Zhao et al.
2015a; Schmohl et al. 2016; Zhao et al. 2016). Other particular markers for stemness
include ALDH, Bmi-1, Nestin, Musashi-1, TIM-3, and CXCR, none of which are
transcription factors or cell surface proteins (Qian et al. 2014; Yang et al. 2014;
Wang et al. 2012; Strojnik et al. 2007; Neradil and Veselska 2015; Wang et al. 2013;
Chatterjee et al. 2014).

17.3 Diagnostic and Prognostic Significance of CSC Surface
Biomarkers

Several CSC-specific surface markers have significant diagnostic, prognostic
implications for solid and haematological cancers. Below, some of the prominent
biomarkers are described briefly outlining their usefulness and focus on deadliest
tumours of the lung, liver, breast, stomach, and colorectal as well as AML and CML.
Table 17.1 provides an extensive list of CSC markers expressed in different cancers.

17.4 EpCAM (CD326)

It can be used as both diagnostic (Chen et al. 2018, de Wit et al. 2019, Zamay et al.
2019, Rud et al. 2016, Gao et al. 2018, Brugnoli et al. 2017, von Felden et al. 2017,
Zhu et al. 2021, Watanabe et al. 2017) and prognostic (Thompson et al. 2019, Zhou
et al. 2015, Chen et al. 2016a, Ko et al. 2018, Shen et al. 2018, Noh et al. 2018,
AbdelMageed et al. 2021) biomarkers for several cancer types. For instance, patients
with EpCAM-positive tumours had a significantly higher tumour recurrence rate and
a reduced overall survival compared to those with EpCAM-negative tumours in
patients with hepatocellular carcinoma (HCC), suggesting that EpCAM is a poor
prognosticator of recurrence and survival after surgical resection in patients with
HCC (Noh et al. 2018). According to a recent study, the high expression of EpCAM
on the CTCs along with tumour-derived extracellular vesicles (tdEV) and cell-free
circulating tumour DNA (ctDNA) was correlated to low overall survival (OS) in
patients with non-small cell lung cancer (NSCLC) (de Wit et al. 2019).

As EpCAM is highly expressed on the surface of CSCs but not in mature tumour
cells, it is expected to be a new target for early diagnosis of liver cancer and novel
anticancer therapy (Locatelli et al. 2019). Recent studies have shown that EpCAM
can also be used as a screening marker for CSCs due to its unique characteristics,
such as self-renewal, strong tumorigenicity, and genetic stability (Zhu et al. 2021).
Combination of EpCAM with other surface biomarkers such as CD44 can also make
these markers more efficient for diagnosis and prognosis (Watanabe et al. 2017).
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Table 17.1 Cancer stem cell biomarkers in different types of cancer and their clinical significance
in diagnosis and prognosis

CSC
biomarkers | Clinical significance
Major Diagnosis Prognosis
EpCAM EpCAM either individually or in EpCAM might be a potential biomarker
combination as well as EpCAM for unfavourable prognosis, predicting
aptamers can be used as a potential of risk of recurrence and could identify
diagnostic indicator and correlated with | patients who might benefit from
TNM staging of lung cancer (Zhu et al. | adjuvant treatment (Kim et al. 2019, Li
2021) (Gao et al. 2018, Zamay et al. et al. 2019, Seino et al. 2018, von
2019) Felden et al. 2017, Ko et al. 2018, Noh
et al. 2018, AbdelMageed et al. 2021)
CD44 The presence of CD44 may reflect the | CD44 is an independent prognostic
malignant status of the primary tumour, | factor for clinical outcome and a
providing a candidate biomarker for predictive factor of treatment response
diagnosis and treatment response (Shinohara et al. 2016, Rico et al. 2017,
(Watanabe et al. 2017; Yaghjyan et al. | Seo et al. 2016, Zhang et al. 2016, Lu
2017; Yang et al. 2017) et al. 2016, Ozawa et al. 2014, Li et al.
The expression of CD44 is associated 2014a, b, Choi et al. 2015a, b, Luo and
with distant metastasis and the Tan 2016)
differentiation state of tumours (Shu
et al. 2019)
Combined detection of CD44 and
CD133 expression can be an especially
effective tool for pathological diagnosis
in clinical applications (Lu et al. 2016)
CD133 CD133 can together or individually High expression of CD133 was
serve as potential biomarker for the associated with cancer progression,
early detection of cancer (Jun et al. recurrence, and characteristics of poor
2019, Lu et al. 2016) prognosis (Xia et al. 2015, Yu et al.
2018, Joseph et al. 2019a, b, Miyata
et al. 2017, Chen et al. 2016a, b)
CD24 CD24 can be used as a novel diagnostic | CD24 overexpression indicated worse
biomarker for MPM (Karnan et al. survival outcomes and is associated
2020) with common clinicopathological
prognostic factors (Wu et al. 2014,
Darwish et al. 2004, Liu et al. 2013,
Wang et al. 2016, Wu et al. 2014)
CD166 CD166 expression may be correlated
with CRC carcinogenesis, and it may
become a predictive biomarker of
survival for stage II CRC patients
(Weichert et al. 2004, Han et al.
2017a, b)
Other
LGR-5 The detection of LGRS might play a Lgr5 can be a valuable and reliable

role in identification of their origin and
mode of progression (Baker et al. 2015)

prognostic factor of cancer progression,
survival analysis, as well as predictive
factor for treatment response (Yang
et al. 2015, Liu et al. 2019, Xi et al.

(continued)
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Table 17.1 (continued)

CSC
biomarkers | Clinical significance
Major Diagnosis Prognosis
2014, He et al. 2014, Jiang et al. 2015,
Abdel Mageed et al. 2021)
CD26, CD26 evaluation can be used as anew | CD26 can also be used as a predictive
rapid, reproducible, and powerful factor for treatment responses in CML
diagnostic tool for the diagnosis of patients (Culen et al. 2016)
CML (Culen et al. 2016, Raspadori
et al. 2019)
CD33 CD33 ubiquitously expressed at initial | CD33 can predict the treatment
diagnosis of AML (Haubner et al. response (Haubner et al. 2019, Liu et al.
2019, Liu et al. 2022) 2022)

MPM Malignant pleural mesothelioma; CRC colorectal cancer; CML chronic myeloid leukaemia;
AML acute myeloid leukaemia

17.5 CD44

CD44 has been considered a diagnostic (Qiu et al. 2017, Zhang et al. 2016,
Watanabe et al. 2017, Lu et al. 2016, Li et al. 2014a) and prognostic (Park et al.
2016, Shinohara et al. 2016, Seo et al. 2016, Zhang et al. 2016, Senel et al. 2017,
Ozawa et al. 2014, Luo and Tan, 2016) biomarker for different cancer types,
including breast, colorectal, lung, liver, and gastric cancer. In gastric cancer
(GC) patients, the expression of CD44 in the CTCs is associated with poor prognosis
(Li et al. 2014b), while in colorectal cancers, high expression of CD44v2 is
associated with a worse prognosis (Ozawa et al. 2014). In a study, co-expression
of CD44 with CD90 correlated with distant metastasis and, thus, has been suggested
as a diagnostic biomarker for metastasis (Shu et al. 2019). Earlier, it was suggested
that targeting CD44 can reflect the malignant status of the primary tumour in patients
with GC, thus can be used as a candidate biomarker for diagnosis and treatment
response (Watanabe et al. 2017). This study found clinicopathological correlations
with the number of EpCAM* CD44" cells in the GC patients specifically with the
disease stage (p = 0.0423), the depth of the tumour (p = 0.0314), and venous
invasion (p = 0.0184) in the resected tumour specimens (Watanabe et al. 2017).

CD44 is a common marker that is found in haematological cancers as well, which
is functionally related to chemotherapy resistance (Wang et al. 2014, Quéré et al.
2011). The presence of CD44 in AML is correlated significantly with poor OS
(Huang et al. 2015). Moreover, CD44 expression was significantly higher in
non-remission AML patients (Huang et al. 2015).
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17.6 CD133

Accumulating evidence indicate that CD133 is another potential stemness surface
biomarkers for diagnosis, prognosis, and therapeutic intervention. Expression of
CD133 in gastric tumours was correlated with poor prognosis (Xia et al. 2015)
and low OS (Wang et al. 2015), while nuclear CD133 expression in liver cancer
patients indicated poor prognosis (Yu et al. 2018). Compared to the CD133-negative
group, the overall survival rate in patients with cytoplasmic CD133 expression was
significantly worse in gastric cancer patients (Hashimoto et al. 2014). Jun et al.
proposed that co-expression of TIPRL/LC3/CD133 can be indicative of liver cancer
aggressiveness and, thus, can serve as potential biomarkers for detecting liver cancer
early (Jun et al. 2019). In a study performed by Vilchez et al. they observed that the
5-year OS was significantly lower in patients with microvascular invasion (MVI)
and CD44 or CDI133, where both markers were individually associated with
enhanced recurrence and worse OS (Vilchez et al. 2016). Additionally, CD133Hieh
patients had poor 5-year OS and 5-year disease-free survival (DFS) in colorectal
cancer patients (Zhao et al. 2016), while co-expression of CD44 and CD133 in
colorectal cancer (CRC) can be monitored to predict metastasis.

17.7 CD24

CD24 encodes sialoglycoprotein, which is found in mature granulocytes and B cells
that modulates growth and differentiation signals (Pirruccello and LeBien, 1986).
CD24 is frequently overexpressed in various tumours, i.e., breast (Kouros-Mehr
et al. 2008, Kristiansen et al. 2003b), stomach (Zhang et al. 2011, Brungs et al.
2016), liver (Tsai et al. 2017, Wang et al. 2015, 2018b, Sukowati, 2019, Xiang et al.
2016), ovary (Kristiansen et al. 2002), and colon (Zhou et al. 2018) and is correlated
with a poor prognosis (Sukowati, 2019, Wang et al. 2015). For instance, CD24
overexpression in patients with GC indicated worse survival outcomes and was
associated with common clinicopathological poor prognostic factors (Wu et al.
2014, Darwish et al. 2004). Positive CD24 expression was also reported to be
significantly associated with intra-bladder tumour recurrence following surgery
(Liu et al. 2013). In this study, the positive association between CD24 expression
and tumour recurrence was observed in each tumour category (stages Ta and T1, low
and high grade). Though few studies found CD24 as a poor prognostic marker in
several cancers (Rogez et al. 2018, Kim et al. 2011), CD24 has also been suggested
to be used as a novel diagnostic and therapeutic target (Karnan et al. 2020).

17.8 (D166

CD166/activated leucocyte cell adhesion molecule (ALCAM) is pathologically
associated with variety of cancer types including oesophageal, breast, melanoma,
ovarian, prostate, and bladder cancers (van Kempen et al. 2000, Klein et al. 2007,
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Kristiansen et al. 2003a, Burkhardt et al. 2006, Mezzanzanica et al. 2008, Verma
et al. 2005). CD166 has been identified as a stem cell marker for lung cancer (Zhao
et al. 2015b, Satar et al. 2018, Zakaria et al. 2015, Hardavella et al. 2016, Testa et al.
2018) and CRC (Manhas et al. 2016b, Zhou et al. 2018), and several instances were
also found which suggested its potential as a prognostic biomarker (Zhao et al.
2015b, Manhas et al. 2016b). A meta-analysis reported that CD166 expression may
be a predictor of survival in stage II CRC patients but found no association with the
prognosis of OS (Han et al. 2017b), while another study found that the
overexpression of CD166 is correlated with shortened OS in patients with CRC
(Weichert et al. 2004).

17.9 Cancer Stem Cells in Circulation: A Promising Area
of Study

Circulating tumour cells (CTCs) are cancer cells shed into the circulatory system
early in cancer development (Hanssen et al. 2015). They have been recognised as a
promising tool for detecting minimal residual illness, progression, and prognosis
(van de Stolpe et al. 2011, Van de Stolpe, 2014, Lianidou et al. 2015, Krebs et al.
2014). Interestingly, experimental evidence has emphasised that a subset of CTCs
displays CSC traits (tumour-initiating capability, in particular); these were
designated circulating tumour stem cells (CTSCs) (Grover et al. 2014). CTSCs
may be a more reliable predictive indicator than CTCs because CSCs are essential
for tumour progression and are intrinsically resistant to treatment (Watanabe et al.
2017, Wicha and Hayes, 2011).

Earlier research showed that CTSCs might be used to predict recurrence risk,
highlighting their potential prognostic utility (Fan et al. 2011, Li et al. 2014b). CTCs
that express the CD44 antigen have been studied recently in relation to clinicopatho-
logical factors in patients with gastric cancer (Watanabe et al. 2017). The results
demonstrated that EpCAM* CD44" CTCs were found to correlate with disease
progression and venous invasion in resected tumour specimens, whereas EpCAM™
CD44~ CTCs were not. Reduction in EpCAM* CD44* CTCs was seen after initial
tumour excision or chemotherapy treatment, thus suggesting that CD44" CTCs are a
potential marker to explore stem cell characteristics as they are thought to have
malignant potential. This study also suggested that patients may benefit from using
this marker as a diagnostic and prognostic tool (Watanabe et al. 2017). As a result,
there has been a rise in recent years of research aimed at identifying real-time liquid
biopsy such as CTSCs and determining their possible significance in the clinical
therapy of metastasis. As this stem population is highly tumorigenic, identifying its
surface indicators could be critical for preventing the spread of disease.
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17.10 Conclusion

Cancer biomarkers have emerged as a valuable tool for improving the diagnosis,
prognosis, as well as therapeutic response. However, the existing clinical biomarkers
are inadequate as robust biomarkers to be utilised in clinical practice for cancer
patients due to their limited confirmation and disputed prognostic significance.
Consequently, a wide variety of biomarkers have yet to be investigated. The surface
biomarkers of CSCs have recently been the subject of intensive research in clinical
management of cancer patients due to their potential utility in characterising the
aetiology of cancer’s initiation, progression, and metastasis. This book chapter
discussed the most widely used surface biomarkers on CSCs with the implication
that they may be useful in cancer diagnosis and prognosis. In addition to its potential
use as a diagnostic tool, the identification of a combined panel of CSC markers may
be useful for prognostic stratification purposes, allowing for the prediction of tumour
aggressiveness and poor prognosis in cancer patients. As a result, application of
these insights could lead to the development of improved diagnostic tests as well as
anti-cancer medicines that are more specifically targeted and successful.
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