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metastasis in various human cancers, including head and neck cancer. Multiple studies demonstrate that Lin28
critically contributes to anti-tumour immunity and production of cancer stem cells in head and neck squamous
cell carcinoma (HNSCC). Thus, Lin28 has potential application in HNSCC treatment.

Introduction

Head and neck cancer is the sixth most prevalent cancer worldwide,
and more than 90% are head and neck squamous cell carcinoma
(HNSCC) [1,2]. The five-year survival rate of HNSCC patients is ap-
proximately 50%, which indicates poor prognosis [3]. Traditional
therapy for HNSCC includes surgery, radiotherapy and chemotherapy.
In recent years, new treatments have been applied clinically, but the
survival rate remains unsatisfactory [4]. Thus, the cancer stem cell
(CSC) hypothesis was proposed to explain cancer heterogeneity and
therapeutic tolerance; this hypothesis provides a new thinking for
preventing tumour metastasis, resistance and recurrence.

Lin28 was first discovered in Caenorhabditis elegans as a hetero-
geneous gene and constitutes a gene network that regulates develop-
mental timing [5]. Lin28 in humans has two homologs, namely, LIN28A
and LIN28B. LIN28A locates on human chromosome 1p36.11, whereas
LIN28B is sited in 6q21. LIN28A encodes a protein of 209 amino acids,
and LIN28B encodes a protein which contains 250 amino acids [6].
LIN28A and LIN28B proteins have similar structures and functions.
Both of them contain a cold-shock domain and two Cys-Cys-His-Cys
(CCHQ)-type zinc fingers, which participate in the combination of Lin28
and its target RNAs [7]. However, they do have certain differences. For

example, LIN28B contains a nuclear localisation signal and nucleolar
localisation signal, which is responsible for its nucleolar localisation,
whereas LIN28A is primarily located in the cytoplasm. This difference
in cell localisation also relates to their inhibition of let-7 biosynthesis
[8], which leads to different tumour immune responses.

Currently, a growing body of evidence suggests that Lin28 sig-
nificantly contributes to pluripotency, reprogramming and tumour-
igenesis [9-12]. Through a thorough study of the functions of Lin28,
scholars have found that it regulates cancer cells’ proliferation, meta-
bolism and resistance to radiotherapy and chemotherapy and induces
CSC formation [13-17]. An increasing number of studies are focusing
on the relationship between Lin28 and CSCs, demonstrating that Lin28
can promote the induction of CSCs, thereby contributing to tumour
aggressive, metastasis, recurrence and therapeutic tolerance. Moreover,
emerging evidence suggests that Lin28 is also involved in anti-tumour
immunity. These findings indicate the potential value of targeting Lin28
in HNSCC therapy.

CSCs in HNSCC

Despite the various anti-tumour drugs and therapies that are
emerging, the radiotherapy and chemotherapy tolerance of HNSCC is
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increasing, and the mortality rate remains high. Therefore, the CSC
hypothesis was proposed to explain cancer heterogeneity and ther-
apeutic tolerance. The CSC hypothesis suggests that tumour tissue
consists of heterogeneous cancer cells, and only a small subset of po-
pulations can form tumours [18]. These cells are CSCs, which have self-
renewal capacity and can form various cell lines that grow into tumours
[19]. CSCs share many common characteristics with normal stem cells,
such as self-renewal capacity and differentiation ability [18]. Kim et al.
[20] classified the currently known CSC surface markers and found that
approximately 73% of CSC surface markers are present on embryonic or
adult stem cells. Researchers have already discovered CSCs in solid
tumours of breast cancer. For example, Al-Hajj et al. [21] found that as
few as 100 CD44"CD24~ cells were able to form tumours in mice,
whereas tens of thousands of cells with alternate phenotypes failed to
form tumours. Moreover, new tumours formed by passaged
CD44%CD24~ cells contain CD44 " CD24~ tumourigenic cells and the
phenotypically diverse populations of non-tumourigenic cells present in
the initial tumour. Altogether, CSCs can self-renew and differentiate
into other cells that form tumours.

Many studies have suggested that HNSCC is consistent with the
theory of CSCs. In HNSCC, CSCs are associated with cancer develop-
ment, progression, metastasis, recurrence and resistance to radio-
therapy and chemotherapy. A research found that HNSCC cells that
have high expression levels of CD44, which is a cell surface marker,
have a significant tumourigenic potential; the CD44" subpopulation
formed tumours in 20 of 30 implantations, whereas only 1 of 40 im-
plantations of CD44™ cells produced a tumour [3]. In another study,
1000 implanted ALDH*CD44% (CD44 high and aldehyde dehy-
drogenase [ALDH*]) cells sorted from the primary human HNSCC
were able to form 13 (out of 15) tumours, and only 2 of the 15 trans-
plants of 10 000 ALDH CD44 ™ cells formed tumours. Further studies
demonstrate that ALDHTCD44" cells also have self-renewal ability,
and xenografts form tumours similar to the initial tumour tissues.
Therefore, ALDH*CD44™" cells are CSCs of HNSCC [22]. Currently, the
markers for identifying CSC in head and neck tumours include CD44,
ALDH1, CD133 and c-Met [22-24], and stemness markers include Oct-
4, Sox2, Nanog, Kif4 and Bmil [25-29]. Chinn et al. [30] found that in
HNSCC, CSCs (CD44*ALDH1 ™ cells) have stronger tumourigenesis and
metastasis ability than non-CSCs in vivo; in patients with primary
HNSCC, a large proportion of CSCs was related to tumour size and
stage. Benzion et al. also found that a high frequency of CD44 + cells
correlated with advanced T classification and recurrence [31]. Kulsum
et al. [32] confirmed that cells with increased resistance to che-
motherapeutic drugs in HNSCC cells express high levels of ALDH1 and
CD44, but when ALDHI is inhibited, these cells become increasingly
sensitive to chemotherapeutic drugs. These findings reveal that CSCs
are resistant to HNSCC chemotherapy.

Lin28 induces CSCs through reprogramming mechanism in HNSCC

Lin28 is aberrantly expressed in many types of cancer, such as liver
[71, lung [33], gastric [16], glioma [34] and esophageal cancers [35]
and adrenal tumours[ 36]. Multiple studies report that LIN28A and
LIN28B are overexpressed in HNSCC and correlated with tumour in-
vasion, metastasis and poor patient prognosis [37-41]. Many recent
works demonstrate that Lin28 plays an important role in the production
of CSCs.

CSCs are believed to be produced from non-CSCs by a reprogram-
ming mechanism which is very similar to that of induced pluripotency
stem cell (iPSC) production [42]. In the study conducted by Takahashi
and Yamanaka, mature somatic cells can be reprogrammed to iPSC by
introducing pluripotent stem cell genes Oct4, Sox2, KIf4 and c-Myc
[43]. Meanwhile, Oct4, Sox2, Nanog and Klf4 are the stem markers of
CSCs in HNSCC [25].

A recent investigation identified LIN28A and LIN28B as plur-
ipotency factors with the ability to promote reprogramming. LIN28A
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and LIN28B can function effectively with Nanog, Oct4, and Sox2 in
reprogramming to pluripotency; reactivation of endogenous LIN28A
and LIN28B is required for maximum reprogramming efficiency [9].
Hayashi et al. found that LIN28A is overexpressed in TOSCC23 cells; SP
cells are isolated from TOSCC23 cells and show increased cell pro-
liferation, invasion and enrichment for CSC-like cells, and LIN28A can
increase their proliferation, colony formation and invasion [41]. In
HNSCC, CD44* ALDH1 " cells have high tumour-forming ability and are
considered CSCs with tumourigenic potential [22]. Chien et al. [17]
found that the overexpression of LIN28B increases the percentage of
CD44*ALDH™ cells and their spheroid formation; moreover, LIN28B
induces the expression of stemness genes (such as Oct4 and Sox2) and
CSCs markers (such as CD44 and ALDH1) and the self-renewal ability of
CSCs. LIN28B also determines the efficiency with which normal human
oral keratinocytes can be reprogrammed to iPSC through modulating
Oct4/Sox2 expression. Haradaet et al. [44] found that cells with CSC-
like properties can be generated from a tongue cancer cell line (HSC) by
introducing defined reprogramming factors (Oct4, shp53, Sox2, Klf4, 1-
Myc and LIN28A). The derived cells possess the hallmarks of CSCs and
can efficiently generate tumours in a nude mouse model. These results
suggest that LIN28A and LIN28B are reprogramming factors that can
possibly dedifferentiate oral squamous cancer cells into CSCs. In an
investigation about LIN28A small-molecule inhibitors, researchers
found that a small-molecule inhibitor called Compound 1632 (N-me-
thyl-N-[3-(3-methyl[1,2,4]triazolo[4,3-b]-pyridazin-6yl]) can inhibit
the binding between LIN28A and pre-let-7 through combination with
LIN28A; furthermore, C1632 can inhibit cancer cells with over-
expressed LIN28A proliferation and spheroid formation and also tu-
mourigenesis and CSC subpopulation [45]. These studies indicate that
Lin28 provides a crucial contribution to the production of CSCs in
HNSCC, but the specific mechanism needs additional in-depth research.

Lin28/let-7 participates in the regulation of cancer stemness

The microRNA let-7 was also discovered in C. elegans as a hetero-
geneity gene and plays an important role in development [46]. In hu-
mans, the let-7 family includes 13 members, namely, let-7a-1, 7a-2, 7a-
3, 7b, 7c, 7d, 7e, £7-1, 7f-2, 7g, 7i, mir-98 and mir-202 [6]. In many
types of cancer, let-7 is down-regulated in tumour tissues compared
with normal tissues; therefore, let-7 is a tumour suppressor microRNA.
Its down-expression is associated with a low differentiation of tumour
tissues and with the invasiveness and therapeutic tolerance of cancer
[47]. Studies also show that inhibition of let-7 expression is associated
with cancer stemness in breast cancer, and the overexpression of let-7
can regulate CSCs differentiation and self-renewal [48].

Let-7 is an important target of Lin28. Research shows that LIN28A
and LIN28B block the biosynthesis of let-7 by different mechanisms;
LIN28A can block let-7 processing in the cytoplasm by Dicer by re-
cruiting the terminal uridyltransferase, TUT4/Zcchcl1, thereby leading
to pre-let-7 degradation [8]. LIN28B, which is predominantly located in
the nucleolus, can inhibit pri-let-7 by a TUT4/Zcchcell-independent
mechanism, that is, by blocking the pri-let-7 in the nucleus to prevent
another Drosha ribonuclease from processing it, thereby inhibiting the
maturation of let-7 [8]. On the other hand, the 3’-untranslated regions
(3’-UTR) of Lin28 mRNAs is the let-7 binding site, and mature let-7
family members can repress the expression of Lin28 by directly tar-
geting the 3’-UTR [47]. Thus, Lin28 and let-7 form a double-negative
feedback loop; the let-7 molecule can inhibit the translation of Lin28,
which in turn blocks the maturation of the let-7 miRNA [49]. It is also
involved in the regulation of various biological functions, including the
regulation of cancer stemness [49].

A study showed that breast CSCs (BCSCs) express high levels of H19,
which functions as a competing endogenous RNA to sponge miRNA let-
7, thus increasing the expression level of the pluripotency factor
LIN28A. Thus, IncRNA H19, miRNA let-7 and LIN28A form a double-
negative feedback loop which has a critical role in the maintenance of
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Fig. 1. Role of Lin28 in CSC production and anti-tumour immunity.

BCSCs [12]. Cai et al. [50] found that the Wnt-p-catenin pathway re-
presses let-7 microRNA expression through transactivation of LIN28A
to augment BCSC expansion. Yang et al. [51] stated that the expression
of LIN28A can maintain the percentage of ALDH1 " tumour cells, which
are a “stem cell-like” subpopulation of tumour cells, whereas let-7 ne-
gatively regulates ALDH1 * tumour cells through the Lin28/let-7 axis.
In oral squamous cancers, the expression levels of LIN28B and let-7
have a strong negative correlation. Further functional experiments have
found that LIN28B/let7 regulates the cancer stem-like properties in
OSCC. Moreover, the study stated that ARID3B and HMGA2 are
downstream factors of the LIN28B/let-7 signalling pathways in the
management Oct4 and Sox2 (see Fig. 1). ARID3B and HMGA2 can in-
crease Oct4 and Sox2 expression levels, respectively; however, let-7
combines with the 3'-UTR of ARID3B and HMGA2 and inhibits their
expression [17].

Lin28 is involved in anti-tumour immunity

Recently, some studies have demonstrated that LIN28 is closely
related to anti-tumour immunity. The two key points of tumour im-
munotherapy are enhancing the immune response and inhibiting cancer
immune evasion. The mechanism of CSCs in cancer immune evasion
and immune suppression remains unclear. Some scholars suggest a
potential defect in the antigen-presenting functions of CSCs that might
lead to the evasion from T cell attacks, and the acquisition of an EMT
phenotype of CSCs may be an additional mechanism of immune-escape
[52]. Moreover, in HNSCC, research has found that CSCs which are
abundant in spheroid culture-derived cells (SDCs) are less sensitive to
MHCI antigen-specific CD8 " CTL compared with monolayer-derived
cells, whereas a high-ALDH-expression SDC group is more sensitive to
CD8 " CTL than a low-ALDH-expression SDC group [53]. In recent years,
investigations conducted on CSC immunity presented a potential im-
munotherapeutic prospect. Lin28 can promote the percentage of
CD44 " ALDH1 " cells in tumour tissues [17,51]. Studies on vaccination
against the antigen ALDH1A1" of CSCs have been performed and
achieved significant progress. For example, Visus et al. [54] induced
ALDHA1-specific CD8* T cells by applying the ALDHA1 antigen pep-
tide and reported that ALDHA1-specific CD8* T cells can eliminate
ALDH (bright) cells in HNSCC and inhibit tumour growth and metas-
tasis in immune-deficient mice.

Growing evidence suggests that PD-L1 is often overexpressed in
tumour cells, and such overexpression can promote cancer immune
evasion and prevent T cells from recognising tumour-specific antigens
[55]. According to Chen et al. [56], LIN28A promotes PD-L1 expression
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by inhibiting the biogenesis of let-7. They also found that treatment
with the small compound C1632, an LIN28A inhibitor, suppresses the
expression of PD-L1 by up-regulating let-7, increases the percentage of
tumour-infiltrating CD8+ T cells and activates CD69+ T cells but de-
creases the frequency of CD8+ PD1 + T cells in vivo. Moreover, C1632
inhibits PD-L1 expression in THP-1 macrophages and increases the le-
vels of TNFa and IFNy, which are indicators of activated immunity.
These results suggest that inhibiting Lin28/let-7 can promote re-
activation of anti-tumour immunity in vitro and in vivo through sti-
mulating T cell-mediated immune surveillance. Let-7, which is an im-
portant downstream molecule of LIN28A and LIN28B, has recently been
discovered to play an important role in anti-tumour immunity. Let-7
miRNA can inhibit the immune response and promote tumour immune
evasion [57]. A study showed that let-7 is highly expressed in naive
CD8+ T cells, and overexpression of let-7 inhibits the differentiation
and function of CD8+ T cells [57]. Reduced let-7 expression enhances
CD8™ T cell function, whereas high levels of let-7 reverse this phe-
nomenon; let-7 miRNAs control multiple levels of CD8 " T cell differ-
entiation, including proliferation, metabolism and acquisition of ef-
fector function. In the absence of the let-7 miRNAs, antigen-specific
CTLs exhibit a dramatically enhanced cytotoxic function [58]. These
findings suggest that regulating Lin28/let-7 may be a novel target for
anti-tumour immunotherapy (see Fig. 1).

Possible medical applications of Lin28

In HNSCC, CSCs are associated with cancer growth, progression,
metastasis, recurrence and therapy tolerance. Therefore, targeting CSCs
is a significant approach for HNSCC eradication. Lin28, as an oncogene,
is overexpressed in a wide range of cancers, and increasing evidence
supports that Lin28 plays a significant role in the reprogramming of
cancer cells towards additional “CSC-like” phenotypes in HNSCC.
Recent studies report that Lin28 is closely related to anti-tumour im-
munity. Therefore, targeting LIN28A or LIN28B may have dual func-
tions for cancer therapy: (1) suppressing tumours by inhibiting the
production of CSCs and (2) stimulating anti-tumour immune responses.
Hence, a molecular-based therapeutic strategy of Lin28 may have a
great potential clinical value in the treatment of HNSCC, but under-
standing the specific mechanisms requires further investigation.
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