L))

Check for
updates

DARPP-32 and t-DARPP isoform in non-small cell lung cancer
(NSCLC): could they drive patients’ clinical management and be a

therapeutic target?
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Lung cancer remains the main cause of cancer-related
death worldwide (1). In the last decade, the most significant
improvements in non-small cell lung cancer (NSCLC)
have been made through identification and exploiting of
novel therapeutic targets. Among them, sensitizing EGFR
mutations, ALK and ROS-1 gene rearrangements are
the main targetable alterations that have deeply changed
both clinical management and outcomes of these patients.
Furthermore, the new antibody agents directed against
programmed death 1 (PD-1) protein or its ligand (PD-L1)
have recently opened the way to a new paradigm shift in
the treatment strategies of different solid tumors, including
lung cancer.

The dopamine and cAMP-regulated phosphoprotein
of Mr 32000 (DARPP-32) is a protein involved in the
neuronal transmission. It is a substrate of protein kinase A
(PKA), but also a PKA-inhibitor, with a double function
of kinase/phosphatase inhibitor, depending on which
threonine (Thr) is phosphorylated; when phosphorylated on
the Thr34 residue by PKA, DARPP-32 acts as an inhibitor
of phosphoprotein phosphatase 1 (PP-1). On the contrary,
when phosphorylated on the Thr75 residue by cyclin-
dependent kinase 5 (CDKS5), DARPP-32 inhibits PKA, and
is able to prevent PKA from phosphorylating DARPP-32
itself. Its alternative splicing form, t-DARPP, differs from
DARPP-32 because it lacks the Thr34-containing amino
acid sequence. Overexpression of both have been correlated
to many tumors, particularly gastric, colon, prostate and
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breast cancers, suggesting a role in tumorigenesis by
promotion of proliferation, invasion and survival (2).

Both in vitro and in vive studies have previously described
DARPP-32 and t-DARPP overexpression in gastric cancer
and its correlation with cancer cells survival (3,4). These
preclinical data were confirmed in human colorectal
cancer, including the association between DARPP-32
overexpression and poor clinical outcomes as well (5,6).
Finally, in a breast cancer murine model, DARPP-32 was
found in both normal mammary gland and cancer tissue,
while t-DARPP was expressed only in the latter. Moreover,
silencing of DARPP-32 and t-DARPP led to a decrease of
tumor growth (7).

To date, the relevance of DARPP-32 isoforms in lung
cancer has not been extensively studied. In 2015, Hoeppner
and colleagues showed that dopamine D2 receptor (D2R)
agonists were able to suppress lung tumor progression in
orthotopic murine models by reducing angiogenesis and
tumor infiltrating myeloid derived suppressor cells (8). These
preclinical data support the hypothesis that DR2, which
is located upstream to DARPP-32, could be a promising
therapeutic target in a subgroup of lung cancer patients.

Based on these preliminary results and the oncogenic
role of DARPP-32 isoforms in other solid tumors, the same
group has recently investigated the possible oncogenic
functions of DARPP-32 isoforms and their clinical
implications in NSCLC (9).

In their work, the Authors demonstrated in different

Transl Lung Cancer Res 2018;7(Suppl 4):S326-5328


https://crossmark.crossref.org/dialog/?doi=10.21037/tlcr.2018.12.06


Translational Lung Cancer Research, Vol 7, Suppl 4 December 2018

human NSCLC cell lines that DARPP-32 isoforms
negatively affect apoptosis, through an increased
phosphorylation of Akt/Erk, promoting cell survival.
Furthermore, in presence of DARPP-32 overexpression,
lung cancer cells show an increased cell migration, through
IKKo and non-canonical NF-«B2 signaling, suggesting its
role in endorsing tumor cell migration. Finally, to determine
whether DARPP-32 drives lung cancer growth in vivo,
the authors used an orthotopic xenograft mouse model,
by the injection of human NSCLC cells into the thorax
of immunodeficient mice. Mice treated with DARPP-
32-ablated cells showed a reduced tumor growth than
controls; conversely, the overexpression of DARPP32 or
t-DARPP correlated with increased tumor growth. Authors
observed how these effects are also induced by t-DARPP,
thus suggesting that they do not depend on the Thr34
phosphorylation, since this site lacks t-DARPP protein
sequence. Interestingly, they also demonstrated an inverse
correlation between t-DARPP and DARPP32 expression
(higher t-DARPP/DARPP32 ratio) and a worse prognosis.
In fact, a higher t-DARPP/DARPP32 ratio correlates with
higher stage on the primary tumor site (T) in a series of
62 locally advanced lung adenocarcinomas specimens
examined by immunohistochemistry (IHC). Similarly,
analyzing 513 human lung adenocarcinomas collected from
the Cancer Genome Atlas repository, an association between
a higher t-DARPP/DARPP-32 ratio and a worse survival was
observed, as also seen in different cancer tumor types, with
no correlation with absolute of t-DARPP and DARPP-32 (9).

The identification of the role of DARPP-32 and
t-DARPP might be useful in clinical management of
NSCLC patients. If clinically and prospectively validated,
these biomarkers may help to optimize patients’ selection,
increasing absolute benefit and reducing treatment costs
and side effects of potential ineffective therapies. In stage III
NSCLC population, historical data reported a dismal overall
survival (15-20%) at 5 years, until recently, when adding
an immunotherapy agent to the standard chemoradiation
strategy improved survival (10). In our opinion, the setting
of locally advanced disease is the scenario where the use of
new biomarkers, such as DARPP-32 and t-DARPP, may
enhance patients’ selection by identifying those who are
more likely to benefit from a multimodal treatment rather
than surgery and, hopefully, improve survival.

Moreover, DARPP-32 isoforms themselves might be a
possible therapeutic target, since their inhibition hampers
NSCLC tumor growth (9). Furthermore, some preclinical
studies suggested a possible role of t-DARPP overexpression
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in acquired resistance to trastuzumab in both breast (11-13)
and gastroesophageal (14) cancer cell lines, strengthening the
correlation between overexpression of t-DARPP and acquired
resistance to specific molecular targeted therapies (15).
It will be a long way between these observations and their
clinical application, but this could be the start.
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