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Transient receptor potential, Melastatin-2 (TRPM2) blockade:
perspectives on potential novel clinical utility in cancer
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Abstract: A recent article published in Scientific Reports presents compelling evidence that a member of the
transient receptor potential melastatin (TRPM) family of plasma membrane ion channels has essential roles
in the survival and migration of tongue carcinoma cells. The work thus identifies the targeting of this ion
channel, TRPM2, as a potential strategy to selectively treat oral cancer. Previously, TRPM2 was reported to
have similar roles in other types of cancer, such as breast cancer, metastatic melanoma, prostate cancer, and
neuroblastoma. Accordingly, this study offers further evidence that multiple types of cancer appear to utilize
TRPM2 in a unique fashion, most likely in order to survive and proliferate. Intriguingly, this alternative
use of TRPM2 appears to occur in the nuclei of these cancer cells. Elucidating this nuclear role and further
determining the extent of this nuclear function of TRPM2 in other cancers may provide the data necessary

to selectively and efficaciously treat human cancers in the future.
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Introduction Results from this study further uncovered the expression,

function, and mechanism of TRPM2 in SCC. Through

Cancers that originate in the tissues of the head and neck the use of immunohistochemistry, Zhao ef al. observed

affect '65 O.,OOO new patients every year with.35'0,000 cases that the expression of TRPM2 was more prevalent among
resulting in fatalities annually (1). The majority of these tongue carcinoma samples (22 out of 23 samples) than
papilloma of tongue specimens (6/12) and normal tongue

tissue samples (0/9) (3). It was also observed that peroxide

“head and neck” cancers begin in squamous cells (2), which
line the layer of the epidermis superior to the basal cell layer.

Amongst head and neck cancers, the most common type of concentrations were directly proportional to levels of cell

apoptosis in SCC—linked to the fact that TRPM2 channels
are activated by oxidative stress. However, inhibiting
TRPM2 by introduction of anti-TRPM2 short hairpin

oral cancer is squamous cell carcinoma (SCC). Treatment
modalities for these patients include apoptosis induction,
inhibition of cancer invasion, and functioning to reduce the

complex processes of cancer metastasis (1). Transient receptor
potential melastatin-2 (TRPM?2) is one ion channel that can
be altered to increase apoptosis in cancer cells. TRPM2, a
member of the transient receptor potential (TRP) melastatin
subfamily of cellular sensors, is presented in a recent article
in Scientific Reports due to its affiliation with inhibition of
salivary gland function and expression associated with SCC.
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RNA (shRNAyp;) was also shown to increase apoptosis
in SCC cells. Ion channels, such as TRPM2, play a vital
role in mandatory cell functions, but this also suggests that
certain ion channels that are unique to cancer cells can be
manipulated to induce apoptosis in these cells. Because
Zhao et al. found that TRPM2 was overexpressed in SCC,
TRPM2 certainly appears to fit the criteria as one such ion
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Table 1 Roles of TRPM2 channels in various cancer types

S$343

Cancer type Cell lines utilized

Role of channel References

Breast MCF-7, MDA-MB-231

Head and neck SCC9, SCC25

Leukemia TRPM2-null Lin"Sca-1*c-Kit"

Melanoma UKRV-Mel-4, UKRV-Mel-5,

SK-Mel-23, SK-Mel-173
Neuroblastoma SH-SY5Y

Prostate PC-3, DU-145

Proliferation, survival Hopkins et al. (12)

Migration, survival Zhao et al. (3)
NF-kB activation Haladyna et al. (13)

Proliferation, survival Koh et al. (14)

Survival, mitochondrial function Bao et al. (15)

Proliferation Zeng et al. (16)

TRPM, transient receptor potential melastatin.

channel. Through showing that TRPM2 can be activated by
oxidative stress, the authors, among other studies, discussed
how this channel can be used in mechanisms characterized
by oxidative environments in many diseases. The differences
in transcripts and location of TRPM2 channels were also
shown to have an impact on the function and pathways of
TRPM2. Taken together, these observations indicate that
further research on the roles of TRPM2 channels in cancer
and the evaluation of the pharmacological inhibition of
TRPM2 in these cancers may possibly lead to improved and
selective treatment regimens in the future.

TRPM2 roles in oral cancer

To initially validate their studies, Zhao ez /. verified that
the TRPM?2 channels were in fact expressed in the cells
being studied. To accomplish this, they employed the use
of immunohistochemistry, real-time or semiquantitative
polymerase chain reaction (PCR), and Western blot analyses
on malignant and non-malignant tongue specimens, as well
as human tongue SCC lines. The results not only revealed
the presence of TRPM2, but also statistically significant
increases in TRPM2 mRNA expression and protein levels in
malignant tongue specimens as compared to non-malignant
samples. Their results were congruent with their initial
hypothesis that TRPM2 channels are present in greater
quantity in cancer cells—a characteristic that possibly has
proliferative and migratory effects on cancer cells.

To further validate this overexpression, SCC cells were
shown to exhibit greater levels of TRPM2 ion currents
when induced by adenosine diphosphoribose (ADP-ribose),
a well-known activator of TRPM2 ion channels (4). In
addition, Zhao et 4/. confirmed that the TRPM2 channel
was functional in these cancer cells by investigating the
known role of the channel in mediating oxidative stress-
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induced cell death. By subjecting the cancerous cells to
H,0, (a known activator of TRPM2 channels) (5), the
authors confirmed normal functioning of the channels
due to the downstream observations of increased levels of
activated caspase-3 and -9, and decreased levels of Bcl-2,
p53, and p21. Consequently, H,0,-induced TRPM?2 channel
activation led to the induction of apoptosis in both the
cancerous and normal cell lines. These results thus verified
that TRPM2 was indeed functional in cancerous cell lines.

TRPM2 roles in other cancers

Collectively, TRPM channels have been identified as
therapeutic targets or otherwise playing important roles in
several types of cancer. For instance, TRPM7 was identified
to have potential roles in gastric cancer (6), pancreatic ductal
carcinoma (7), and nasopharyngeal carcinoma (8), while
TRPMS expression has been associated with prostate (9),
pancreatic (10), and breast cancer (11). However, with
the inclusion of the recent report by Zhao et al., TRPM2
channels alone have now been identified as playing essential
roles in six types of cancer (Tuble 1). These potential
roles include: the facilitation of survival, proliferation,
and genomic stability in breast adenocarcinoma cells
(12,17); the promotion of survival and metastasis in head
and neck cancer (3); the facilitation of NF-«B function
in acute myeloid leukemia (AML) (13); the facilitation of
proliferation and/or survival in melanoma and prostate
cancer (14,16); and the promotion of survival and
mitochondrial function in neuroblastoma (15). However, it
is worth noting that the abolishment of TRPM2 function
in AML failed to increase sensitivity to chemotherapeutic
agents (discussed later). Taken together, these studies
indicate that TRPM2 channels perform pivotal roles in
many different types of cancers. Thus, current and previous

Transi Cancer Res 2017;6(Suppl 2):S342-S347



S344

Table 2 Localization studies of TRPM?2
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Cancer type Cell line(s) or tissue samples utilized

Cellular localization

Method of nuclear detection References

Breast MCF-7, MDA-MB-231 Nuclear

Head and neck  SCC9, human tongue carcinoma Nuclear
samples

Melanoma UKRV-Mel-4, UKRV-Mel-5, SK- Nuclear
Mel-23

Prostate DU-145, PC-3 Nuclear

Cell fractionation Hopkins et al. (12)

Immunocytochemistry, tissue
fractionation

Zhao et al. (3)
Cell fractionation

Koh et al. (14)

Cell fractionation, confocal
microscopy

Zeng et al. (16)

TRPM, transient receptor potential melastatin.

research have identified TRPM2 channels as novel targets
for the treatment of a multitude of human cancers.

Cellular localization of TRPM2

The subcellular localization of TRPM2 appears to differ in
cancerous versus non-cancerous cells. The recent report by
Zhao et al. demonstrates a nuclear localization of TRPM?2
in SCCY cells via immunofluorescence microscopy and
human tongue carcinoma samples via immunoblot analysis
after nuclear extractions. However, a cellular membrane
localization has been noted in normal human tongue samples.
Previously, TRPM2 was shown to be primarily localized
to the plasma membrane in noncancerous cells, with lesser
amounts in the cytoplasm (18). Also, TRPM2 splice variants
were reported (19,20), but all were observed in the cytoplasm
or endoplasmic reticulum. An alternative splicing product
was observed in mice that has a peri-nuclear localization (21),
but no such TRPM2 variant was observed in human cells.
Thus, current studies support the concept that TRPM?2
is localized to the cytoplasm or plasma membrane in non-
cancerous cells, presumably to function as an ion channel.
However, recent literature reports indicate that TRPM2
is present in the nuclei of several different types of cancer
cells (Zable 2), presumably to function in a new, yet unknown
physiologic activity. Zeng et al. first reported a localization
of TRPM2 in human prostate cancer cell nuclei, but not
in non-cancerous human prostate cell nuclei (16). We then
reported a nuclear localization of full-length TRPM2 in
two lines of human breast adenocarcinoma cells, while its
localization in non-cancerous human breast cells exhibited
a cytoplasmic/plasma membrane localization (12). We
subsequently demonstrated similar results in four human
metastatic melanoma cell lines, where TRPM2 was shown
to reside in the nucleus, but it displayed a cytoplasmic/
plasma membrane localization in non-cancerous human skin
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cells (14). However, in neuroblastoma, Bao et 4/. found that
the localization of TRPM2 was in fact cytoplasmic, where
it was reported to promote survival and mitochondrial
function (15). Taken together, it appears that TRPM?2 has
an important nuclear role in several cancers (breast, head
and neck, melanoma, and prostate), while in others, such as
neuroblastoma, its function may be exclusively required in
the cytoplasm or at the plasma membrane.

It is possible that the difference in localization in
cancerous versus non-cancerous cells is responsible for
the varying function of TRPM2 in mediating either cell
death in non-cancerous cells or proliferation, survival, or
migration in cancerous cells. The mechanism by which
TRPM2 produces the latter set of consequences, which
are essential for cancer cells to propagate or metastasize,
is unknown. However, the discovery of this mechanism is
potentially the most intriguing aspect of TRPM?2 function
in cancer cells, as the finding would not only be novel,
but may provide insight into an additional pathway that
cancer cells exploit to initiate or maintain the cancer
phenotype. For example, the data implies, as suggested by
Zhao et al., that the function and role of TRPM2 depends
on its location. When localized to the plasma membrane,
TRPM2 may behave in a protective manner by inhibiting
malignant cell types from proliferating in initial stages of
disease onset (i.e., promoting apoptosis when activated). On
the contrary, when TRPM2 channels are located in greater
quantity in the nucleus, they may contribute to significant
advancement in disease progression. Thus, the intranuclear
mechanism of events that would permit this could be the
most groundbreaking discovery.

Moving forward, important studies will need to elucidate
the physiologic function(s) of TRPM2 in the nucleus of
cancer cells. Is TRPM2 an ion channel at the nuclear
membrane? Although plasma membrane TRPM?2 channels
gate cations—including Ca” ions—into the cell from the

Transi Cancer Res 2017;6(Suppl 2):S342-S347



Translational Cancer Research, Vol 6, Suppl 2 March 2017

extracellular milieu, it is unlikely that they act in a similar
manner at the nuclear membrane, as the pore structure of the
nuclear membrane would allow the free passage of ions into
the nucleus. However, this possibility cannot be completely
dismissed. Another possibility is the ability of TRPM2
to facilitate or participate in DNA repair. We previously
provided evidence for this role when we demonstrated that
inhibition or RNAI silencing of TRPM2 caused extensive
levels of DNA damage, as measured by the Comet assay (12).
An additional possibility is the ability of TRPM2 to act as
a transcription factor in order to activate genes required
for propagation, proliferation, or migration. Although
TRPM2 was shown to indirectly modulate transcription
in neuroblastoma and leukemia (14,15), no studies to date
have shown the ability of TRPM2 to directly regulate DNA
transcription. Finally, other possibilities include a role for
TRPM2 in nuclear import/export, the ability to act as a
molecular chaperone, or a structural role as a chromatin-
binding protein (although there is currently no evidence
that supports these roles).

Inhibition of TRPM2 function

TRPM2 is a non-specific cation channel that is well-known
for the gating of Ca” ions into the cell. The gating of Ca’
in response to oxidative stress leads to the Ca'-mediated
facilitation of cell death pathways (22). TRPM2 has thus been
shown to have key roles in exacerbating inflammation (23)
and cell death after oxidative stress. Pharmacologic inhibition
of TRPM2 is currently being studied for its ability to
provide protective effects in response to acute pathological
conditions (24), neurodegenerative disease (5), and
diabetes (18). While TRPM2 inhibition is currently studied
for its protective effects in noncancerous cells, the recent
report by Zhao et al. and other independent research groups
demonstrate an opposite effect in cancer, where TRPM?2
inhibition led to decreased proliferation and migration, and
increased cancer cell death after chemotherapy. Because of
the implications of TRPM2 on disease progression and
cell survival, blockade of TRPM2 channels may provide a
significant impact on cancer treatment research.

In this particular study, Zhao er a/. inactivated the
channels via two different means: pharmacologic blockade
and shRNA. The former was achieved via administering
known inhibitors of TRPM2. More significantly, the
authors utilized shRNAypy;, to promote knockdown of
TRPM2. Their results showed a statistically significant
decrease in TRPM2 levels, an increase in apoptotic cells,
and a decrease in migration as compared to control. All
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of these results correlate directly to the channel’s role in
disease progression; in blocking these channels, malignant
cells are less prone to advanced proliferation and metastasis.
Furthermore, the inhibition of these channels increases the
effectiveness of chemotherapy regimens.

As previously noted, the absence of TRPM2 in AML
produced no significant increases in the death of leukemia
cells after various chemotherapeutic treatments (14).
Although TRPM?2 was shown to be overexpressed in these
leukemia cells, studies analyzing the cellular localization of
TRPM2 were not presented. Consequently, it is possible
that TRPM2 does not exhibit a nuclear localization in
leukemia cells. Thus, the failure to observe the desired
chemotherapeutic effects due to the absence of TRPM2
in leukemia may reflect that TRPM2 does not perform an
essential nuclear function in these cells.

Clinical relevance

Taken together, the results of the study by Zhao ez al.
and the discoveries of other laboratories hold significant
potential for improving the treatment of a variety of
cancers. The TRPM family, especially the TRPM2
subfamily member, possess certain characteristics that make
them ideal targets for cancer therapy. Many conventional
chemotherapeutic agents are non-specific, as they target
both cancer cells and rapidly dividing normal cells (such as
hair follicles and oropharyngeal epithelial cells), causing a
milieu of unpleasant side effects. Additionally, if taken at
elevated doses, chemotherapy can be extremely debilitating
and potentially fatal. Targeting TRPM2 potentially allows
for improved specificity, increasing the toxic killing power
of conventional chemotherapeutics.

TRPM2 provides this desired specificity through a variety
of mechanisms. Namely, TRPM2 is overexpressed in SCC9
and SCC25 cells (as well as in other cancer cell types as
discussed previously) as compared to control, increasing
cell cycle effects upon TRPM2 blockade (3). Additionally,
TRPM2 demonstrates both a unique nuclear localization
and novel function in cancerous cell lines as compared to
healthy controls. In cancerous cells, TRPM?2 serves protective
and proliferative roles, promoting growth and migration
and potentially the cancer phenotype. Conversely, TRPM2
promotes apoptotic cell death upon activation by oxidative
stress in healthy cells. Thus, blockade of TRPM2 in cancerous
cells, either pharmacologically or via shRNA gy, promotes
increased cell death while blocking oxidative stress-induced
cell death in healthy cells. This function differential is key for
the ability to selectively target cancerous cells for eradication.

Transi Cancer Res 2017;6(Suppl 2):S342-S347
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Clinically, therapeutic blockade of TRPM2 channels holds
significant promise. If effective TRPM2 inhibitors can be
designed, regimens could be fashioned to utilize a TRPM2
inhibitor first, priming the cancer cells for chemotherapy by
blocking these channels that promote survival, followed by
conventional chemotherapy. As a result of the selective nature
of TRPM2 inhibition, as explained by both its unique nuclear
localization and function, blocking these channels will allow
for direct cell-killing effects of cancer cells while minimizing
harmful effects to healthy cells. In addition, TRPM2
blockade may reduce the minimum effective doses of various
chemotherapeutic agents, thus minimizing the unwanted
deleterious side effects of chemotherapy. In summary, the use
of TRPM2 blockade, whether pharmacologically or via more
permanent means, holds significant potential for improving
the effectiveness of current chemotherapeutic regimens and for
improving the lives of cancer patients.

Future studies

While the additive/synergistic potential of combining
therapeutic TRPM2 blockade with chemotherapy is immensely
promising, two significant milestones must be attained. The
first, as was discussed in the previous section, is to determine
the nuclear function of TRPM2 in cancer cells. The second is
to determine the effects of TRPM2 inhibition in whole animal
cancer models. While tested in a multitude of cultured cancer
cell lines, TRPM2 inhibition has yet to be tested i vivo. Only
in vitro applications have been investigated, with the exception
of the study performed by Haladyna ez 4/., in which an AML
transplantation model on a TRPM?2-null background was
utilized. Again, although the desired results were not observed
in this particular study, the possibilities for these results were
previously discussed. Finally, another consideration concerning
future therapeutic use of TRPM2 blockade is the exact method
of achieving such blockade. While pharmacologic agents can
be used to block TRPM2 (13,25), more specific and selective
inhibitors would be required. Thus, important future studies
would include the rational design and evaluation of novel
TRPM2 pharmacologic inhibitors. Therefore, the completion
of these future studies will help elucidate the full spectrum
of the function and potential of targeting TRPM2 in various
types of human cancers in the future.

Conclusions

In conclusion, the recent report by Zhao et al. provides
further evidence of a novel role for the TRPM2 channel in
several types of cancer. The importance of TRPM2 function
in these cancers is highlighted by its overexpression in some
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of these cancer types and the ability of TRPM2 inhibition
to prevent proliferation, survival, and migration of these
cancer cells. To date, TRPM2 appears to have an important
role in breast cancer, head and neck cancer, melanoma, and
prostate cancer, where this novel role appears to originate
in the nuclei of these respective cancer cells. As there is
growing evidence that specific types of cancer contain specific
vulnerabilites, the presence of nuclear TRPM2 may represent
such a vulnerability. Therefore, the knowledge gained from
investigating nuclear TRPM2 can potentially be exploited to
improve the treatment of human cancers in the future.
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