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Laryngeal squamous cell carcinoma (LSCC) is
the most common type of head and neck squamous
cell carcinoma (HNSCC) worldwide. Protein phos-
phatase 2A (PP2A) dysfunction has been widely re-
ported in a broad range of malignancies due to its
distinctive role in miscellaneous cellular processes.
However, it is poorly understood whether aberrant
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alterations of PP2A are involved in the network of
oncogenic events in LSCC. Here, we detected a panel
of PP2A-associated proteins using western blot in
both laryngeal squamous cell carcinoma tissues and
paired adjacent normal tissues from patients (Data S1).
We found that phospho-PP2A/C (Y307), a4, can-
cerous inhibitor of protein phosphatase 2A (CIP2A),
Akt, ezrin, phospho-ezrin (T567), 14-3-3, and focal
adhesion kinase (FAK) showed increased expression
levels in carcinoma tissues relative to normal tissues,
while phospho-Akt (T308) showed decreased levels.
Our study, thus, provides a rationale for targeting
PP2A to develop novel therapies and proposes a
combination of interrelated biomarkers for the diag-
nostic evaluation and prognosis prediction in LSCC.
Despite the advanced understanding of molec-
ular mechanisms underlying LSCC oncogenesis
(Kozakiewicz and Grzybowska-Szatkowska, 2018),
the treatment outcome has not yet been fundamentally
improved, with an overall survival rate of less than
50% for advanced stages after salvage surgery. There
is a pressing need to identify novel molecular prog-
nostic biomarkers in this malignancy that can con-
tribute to early diagnosis and precise prediction.
PP2A, one of the major serine/threonine phos-
phatases in mammalian cells, is a heterotrimeric
complex consisting of a catalytic subunit (C), a
structural subunit (A), and a regulatory subunit (B). It
was initially characterized to be a tumor suppressor
owing to its negative role as an “off” switch for mul-
tiple oncogenic kinase-driven signaling pathways.
Aberrations in PP2A holoenzyme assembly and
functions have long been implicated in cancer, in-
cluding cases of HNSCC (Ouchida et al., 2019).
Therefore, re-activating the enzymatic activity of
PP2A provides a promising strategy for anti-cancer
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therapy (Kauko et al., 2018), for example, by blocking
endogenous inhibitor proteins from binding with
PP2A catalytic domain. However, emerging studies
focusing on PP2A as a therapeutic target shift the old
paradigm (Kiely and Kiely, 2015) and suggest that
pharmacologic inhibition of PP2A could conversely
enhance antitumor response. These contradictory facts
highlight the need for a better explanation of the
complicated regulatory role of PP2A in the context of
a broad range of malignancies.

Our previous studies have shown that PP2A ac-
tivity in various cancer cell lines could be strongly
inhibited by a cyanobacteria-derived toxin called
microcystin-LR (MC-LR) (Wang H et al., 2014; Wang
BL et al., 2017; Wang HY et al., 2017), including in
the human laryngeal epithelial derived cancer cell line
Hep-2 (Wang BL et al., 2017). We demonstrated that
the phosphorylation of PP2A/C at Y307, which is
negatively related with PP2A activity, and the phos-
phorylation of PP2A substrates, including ezrin and
Akt, increased in MC-LR-treated cancer cells. We
also found different interactions between PP2A/C and
a4 protein upon PP2A inhibition among different
cancer cells. Based on these in vitro data acquired
using a xenobiotic potent PP2A inhibitor, we tried to
explain the endogenous expression differences of
these PP2A-related proteins between carcinoma tis-
sues and adjacent normal tissues in patient samples.
By depicting a PP2A-centered molecular signature,
we aim to provide a cross-sectional investigation on a
panel of biomarkers that may be of clinical signifi-
cance and prognostic value in LSCC.

The endogenous PP2A activity is tightly con-
trolled through many regulatory mechanisms (Wang
HY et al., 2017). Reversible post-translational modi-
fications of PP2A/C to modulate its catalytic activity
have been well documented. For example, the phos-
phorylation of PP2A/C at Tyr307 decreases PP2A
activity by inhibiting the association of PP2A/C with
the PR55/PR61 subunits. A highly conserved non-
catalytic regulatory subunit of PP2A, 04, plays a key
role in PP2A core enzyme assembly and stability
(Wang HY et al., 2017). The binding of PP2A/C to a4
decreases its catalytic activity, while under cellular
stress, release of PP2A/C from a4 is essential for the
adaptive assembly of PP2A holoenzyme. This subunit
is also reported to possess an oncogenic function
owing to its ubiquitously high expression in primary

human cancers (Chen et al., 2011). CIP2A, a PP2A
inhibitor protein, has also been widely addressed in
different cancers owing to its oncogenic role. Notably,
overexpression of CIP2A has been linked to poor
differentiation level, radioresistance, and low survival
of patients with HNSCC (Ventel4 et al., 2015). Con-
sistent with the results of previous studies (Wang BL
etal., 2017), our results show that the protein levels of
phosphorylated PP2A/C, 04, and CIP2A were all
increased in laryngeal squamous cell carcinoma tis-
sues compared to paired adjacent normal tissues
(Fig. 1), indicating that PP2A activity is probably
strongly inhibited in LSCC as a result of multiple
disrupted mechanisms.

Akt, one of the most important substrates of
PP2A, is a significant survival kinase and is fre-
quently hyperactivated in cancer (Liu et al., 2016a).
The phosphorylation at both Thr308 site and Ser473
site is required for its full activation (Liu et al., 2016b).
Based on the assumption of impaired PP2A activity, it
is conceivable that Akt might be hyperphosphorylated
in carcinoma tissues versus normal tissues. However,
our results show that despite elevated total protein
level, its phosphorylation at Thr308 was surprisingly
lower in laryngeal carcinoma tissues relative to nor-
mal tissues (Fig. 2). To further confirm whether Akt
signaling pathway is indeed activated, it is necessary
to detect the phosphorylation of Akt at Ser473 as well
as to assess that of downstream molecules such as
S6K1.

Ezrin, another substrate subject to PP2A-mediated
dephosphorylation, serves as a linker and signal
transducer connecting the actin cytoskeleton and the
plasma membrane (McClatchey, 2014). The phos-
phorylation of ezrin at Thr567 is fundamental for its
activation, which is known to confer metastatic ad-
vantage in cancer. Our data indicate that both total
ezrin and its phosphorylated form may act as predic-
tors of progression in laryngeal cancer (Fig. 2).
However, their specific mechanism in metastasis,
such as cytoskeletal rearrangement (Wang BL et al.,
2017), is yet to be determined.

14-3-3 protein family are phospho-serine/
phospho-threonine binding proteins involved in many
pathological cellular processes through binding a
multitude of functionally diverse ligands (Cau et al.,
2018). PP2A is an important regulator of 14-3-3
binding interactions, as exemplified in the case of
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Fig. 1 Different expression levels of p-PP2A/C (Y307), 04, and CIP2A

Western blot of whole cell extracts from 28 pairs of patient samples. Representative figures for five or six patients are shown.
Either B-actin or a-tubulin was used as the loading control. The corresponding densitometric analysis data are presented as the
fold changes in protein levels relative to the control (#=5 or 6). * P<0.05; ™ P<0.01. p-PP2A/C: phospho-protein phosphatase
2A/C; CIP2A: cancerous inhibitor of protein phosphatase 2A; LT: laryngeal squamous cell carcinoma tissues; LP: adjacent

normal tissues
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Fig. 2 Different expression levels of p-Akt (T308), Akt, p-ezrin (T567), and ezrin

Western blot of whole cell extracts from 28 pairs of patient samples. Representative figures for three or four patients are shown.
Either B-actin or GAPDH was used as the loading control. The corresponding densitometric analysis data are presented as the
fold changes in protein levels relative to the control (=3 or 4). ™ P<0.01. p-Akt: phospho-Akt; p-ezrin: phospho-ezrin; LT: lar-
yngeal squamous cell carcinoma tissues; LP: adjacent normal tissues; GAPDH: glyceraldehyde-3-phosphate dehydrogenase

Cdc25, where B566-PP2A  holoenzyme-mediated
dephosphorylation of Cdc25 at Thr138 controls
14-3-3 release and Cdc25 activation for mitotic entry.
Regarding its role in cancer, the aberrant expression
of 14-3-3 proteins is variably dependent on its

isoforms and tissue of origin (Morrison, 2009). We
showed here that total 14-3-3 proteins are upregulated
in laryngeal cancer (Fig. 3), but it remains unknown
which particular family member, such as 14-3-3(,
contributes to tumorigenesis in LSCC. FAK, one of



Wang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2019 20(9):776-780 779

the key members of focal adhesion complex, is
overexpressed and activated in several advanced-
stage solid cancers (Sulzmaier et al., 2014). PP2A-
mediated FAK/Src/paxillin dephosphorylation con-
trols cytoskeleton dynamics, cell adhesion and mi-
gration. Our data indicate a relatively high expression
level of FAK in laryngeal cancer compared to adja-
cent normal tissues (Fig. 3), although whether this
increase results from assumed PP2A disruption or
results in enhanced cell motility and metastasis re-
quires to be further elucidated.
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Fig. 3 Different expression levels of 14-3-3 and FAK
Western blot of whole cell extracts from 28 pairs of patient
samples. Representative figures for five patients are shown.
B-Actin was used as the loading control. The corresponding
densitometric analysis data are presented as the fold
changes in protein levels relative to the control (n=5).
* P<0.05. FAK: focal adhesion kinase; LT: laryngeal
squamous cell carcinoma tissues; LP: adjacent normal
tissues

To our knowledge, this is the first study ana-
lyzing a network of PP2A-oriented proteins in pri-
mary laryngeal carcinoma samples. Our findings
suggest that diagnostic evaluation of laryngeal car-
cinoma for a panel of PP2A-related molecular bi-
omarkers might help to stratify patients with more
malignant subtypes for more aggressive therapies.

Nevertheless, the causal relationships between these
biomarkers are yet to be identified. It is also worth
pointing out that with the complete information on
patients’ perioperative clinicopathological character-
istics and corresponding imaging data during subse-
quent follow-up, we would have been able to estab-
lish a multivariate analysis model for clinical predic-
tion of metastasis, invasion, prognosis, or survival of
LSCC.
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