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Abstract
p38a is a ubiquitous protein kinase strongly activated by stress
signals, inﬂammatory cytokines, and many other stimuli, which
has been implicated in the modulation of multiple cellular
processes. There is good evidence in the literature that p38a plays
an important tumor-suppressor role by interfering with malignant cell transformation. This is mainly based on the ability of the
p38a pathway to regulate tissue homeostasis by integrating
signals that balance cell proliferation and differentiation or
induce apoptosis. However, recent reports have also illustrated

protumorigenic functions for p38a. Thus, p38a signaling may
facilitate the survival and proliferation of tumor cells contributing
to the progression of some tumor types. In addition, p38a
activation helps tumor cells to survive chemotherapeutic treatments. In all these cases, the inhibition of p38a has a potential
therapeutic interest. Further elucidation of the context-dependent
functions of p38a signaling in tumoral processes is of obvious
importance for the use of inhibitors of this pathway in cancer
therapy. Cancer Res; 75(19); 3997–4002. 2015 AACR.

Introduction

microenvironment that not only contributes to primary tumor
growth, for example by promoting neovascularization, but may
facilitate dissemination of tumor cells as well as the metastatic
process at large. These interactions involve secreted signaling
molecules such as transforming growth factor b (TGFb) and
interleukin-6 (3). Thus, different steps of tumorigenesis involve
substantial changes in the signaling pathways of several cell types.
Initial studies addressing the function of p38a were mainly
based on the use of small-molecule chemical inhibitors. More
recently, the use of RNAi technologies, the generation of mice with
genetic inactivation of speciﬁc p38 MAPK family members, and
the development of more potent and speciﬁc chemical inhibitors
have allowed a better characterization of the contribution of p38a
to particular cellular processes. Here, we will focus on p38a
signaling in tumor cells and will review data indicating that
p38a may either facilitate or interfere with tumor development,
depending on the context.

The p38 mitogen-activated protein kinase (MAPK) signaling
pathway plays important roles in the ability of cells to integrate
external stimuli and elaborate appropriate responses. This pathway plays a key role in the stress response, but inﬂammatory
cytokines and many different non-stress stimuli can also activate
p38 MAPK signaling, leading to the regulation of numerous
cellular processes.
Four p38 MAPK family members have been identiﬁed: p38a,
p38b, p38g, and p38d. p38a is ubiquitously expressed usually at
high levels, whereas p38b is expressed at lower levels. The expression patterns of p38g and p38d are more restricted. Most of the
functions that are generally ascribed to p38 MAPKs actually refer
to p38a, which is encoded by the MAPK14 gene. More than 100
proteins can be directly phosphorylated by p38a and a signiﬁcant
proportion of them is involved in the regulation of gene expression (1, 2). In addition, the p38a pathway can control at different
levels the production of extracellular signaling molecules, such as
cytokines, chemokines, and growth factors (3).
Deregulation of protein kinase signaling underlies many
human pathologies. Cancer is a complex disease that arises
through a multistep, mutagenic process, which inevitably
involves changes in the wiring of signaling pathways that are
normally tightly regulated to maintain tissue homeostasis. The
mutations sometimes affect protein kinases directly involved in
promoting cancer cell growth. However, tumor development also
involves interactions of the tumor cells with the surrounding
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Tumor Formation
The p38a signaling pathway has been classically considered a
tumor suppressor, mainly based on its ability to negatively
regulate proliferation and induce differentiation of several cell
types. Despite the relevance of p38a signaling in tumor suppression, inactivating mutations of p38a have not been consistently
identiﬁed in human tumors. This probably reﬂects that cancer
cells can beneﬁt from the versatility of this signaling pathway to
control multiple cellular processes. In line with this idea, recent
reports have provided evidence for a dual role of p38a in several
cancer types (Fig. 1).
Breast
There is evidence that p38 MAPK suppresses breast tumor
initiation. For example, Wip1-knockout mice show reduced
breast tumorigenesis upon expression of oncogenes, which correlates with higher p38 MAPK phosphorylation, and the p38
MAPK inhibitor SB203580 abolishes the effect of Wip1 deﬁciency
in tumorigenesis (4). However, treatment with the p38 MAPK
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Figure 1.
In vivo roles of p38a in tumorigenesis based on mouse models. As a tumor suppressor (green), an important function of p38a is to regulate tissue homeostasis
by balancing cell proliferation, differentiation, and apoptosis. But p38a can also function as a tumor promoter (red), facilitating tumor cell survival and dissemination.
The tissues where in vivo studies were performed are indicated. Italics, extensive in vitro studies but no evidence of in vivo relevance.

inhibitor LY2228820 reduces tumor growth in xenografts of
human breast cancer cell lines (5), and the p38 MAPK inhibitor
PH797804 impairs the growth of breast tumors induced by
polyoma middle T (PyMT) expression in mice (6). Moreover,
high levels of active p38 MAPK have been correlated with poor
prognosis, lymph node metastasis, and tamoxifen resistance in
breast cancer patients (3), supporting a role for p38a in breast
tumor progression.
Colon
p38a regulates intestinal homeostasis and the integrity of the
colon epithelia. Downregulation of p38a in intestinal epithelial
cells increases proliferation, reduces the number of mucus-producing goblet cells and affects epithelial barrier function by
altering tight junction assembly (7, 8). As a consequence, mice
with p38a-deﬁcient intestinal epithelial cells are more susceptible
to colitis-associated colon tumorigenesis (7). In contrast, downregulation of p38a in colon tumor cells or pharmacologic inhibition using PH797804 reduces tumor burden in mice (7).
Treatment with the p38 MAPK inhibitor SB202190 also reduces
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colon tumor growth either in xenografts of human colon cancer
cell lines or in mice that express APCmin (9). These results support
that p38a facilitates colon tumor progression.
Lung
p38a controls self-renewal of the lung stem and progenitor
cells by inhibiting proliferation and facilitating differentiation.
Inactivation of p38a leads to a hyperproliferative and immature
lung epithelium that is sensitized to K-RasG12V-induced tumorigenesis (10). However, increased p38 MAPK phosphorylation
has been reported in human lung tumors compared with normal
tissue (3), suggesting that this pathway might contribute to lung
tumor progression.
Liver
p38a controls liver homeostasis by negatively regulating the
proliferation of hepatocytes. Deletion of p38a in mouse hepatocytes facilitates the N-nitrosodiethylamine (DEN)–induced
hepatocellular carcinoma through enhanced reactive oxygen species (ROS), activation of the JNK/c-Jun pathway, and increased
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proliferation (11, 12). In addition, high ROS levels induce hepatocyte death and the release of IL1a, which promotes compensatory proliferation and DEN-induced liver cancer (12). In both
studies, p38a was deleted before the induction of hepatocellular
carcinoma, suggesting a suppressor role in tumor initiation.
Whether p38a could function as a tumor promoter at later stages
of liver tumorigenesis has not been investigated.
Other tissues
p38a balances proliferative and growth-inhibitory signals during normal hematopoiesis (13), and overactivation of p38a
induces hematopoietic stem cell apoptosis, resulting in the development of certain myelodysplastic syndromes (14). In the same
line, the p38a pathway has been proposed to negatively regulate
stemness of glioma-initiating cells, by inducing loss of self-renewal and promoting differentiation (15). Moreover, p38a is
required for the survival of pancreas cancer cell lines and highgrade human pancreas tumors show enhanced levels of phosphorylated p38 MAPK, which correlate with reduced expression of
the phosphatase DUSP1 (16).
Taken together, the available data suggest an explanation for
the dual role of p38a in tumorigenesis. During oncogene-induced
tumor initiation and in the early response to carcinogens, p38a
mainly acts as a tumor suppressor by maintaining cell homeostasis and eventually inducing cell death, for example in response
to the accumulation of high ROS levels. However, p38a function
is sometimes altered in the tumor cell so that it favors tumor
progression. This might be due to changes in gene expression
programs that accompany malignant cell transformation or could
be driven by different stimuli available in the microenvironment.
It should be noted that other signaling proteins are known to have
dual functions in tumorigenesis. For example, TGFb family members potently inhibit cell growth and induce apoptosis in normal
cells, suppressing the early stages of tumorigenesis. However, as
the tumor progresses, genetic and/or biochemical changes allow
TGFb to stimulate tumor progression by acting on both cancer
cells and stromal cells of the tumors (17).

Metastasis
The dissemination of the primary tumor to distant body sites is
a major determinant of cancer patient mortality. Downregulation
of p38a signaling has been associated with the ability of human
colon cancer cells to form lung metastases from established liver
metastases in orthotopic mouse models. This is mediated by
increased expression of parathyroid hormone-like hormone
(PTHLH), a cytokine that induces endothelial cell death in the
lung facilitating extravasation of the tumor cells. Consistent with
these results, low levels of p38 MAPK phosphorylation in human
colorectal tumors inversely associate with higher relapse probability in patients (18). Another study has linked the p38 MAPK
pathway with inhibition of breast cancer metastasis to bone by
acting downstream of Kringle 1 domain of hepatocyte growth
factor (HGFK1) and leading to decreased expression of the
receptor activator of nuclear factor-kB (RANK; ref. 19).
On the other hand, p38a can positively regulate the migration
of several cell types, including tumor cells, as well as the processes
of epithelial-to-mesenchymal transition (EMT), tumor cell intravasation, and colonization of distant sites (20). A recent report has
implicated p38a, downstream of the ubiquitin-conjugating
enzyme Ubc13 and the kinase TAK1, in the metastatic dissemi-
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nation of breast cancer cells to the lung in mouse models.
Moreover, p38a and Ubc13 expression correlates with worse
overall survival in human patients with breast cancer (21).
The molecular basis for the pro- or antimetastatic roles of p38a
is not clear. To elucidate the different behaviors observed, it would
be important to address how cells interpret p38 MAPK signals,
considering both the nature and extent of the p38a pathway
activation and the cellular context in which it occurs.

Dormancy
Disseminated cells from the primary tumor that reach a metastatic site can sometimes enter a dormancy state, which is
regulated by signals from the local microenvironment. Studies
in head and neck carcinoma models have shown that the switch
from tumor cell proliferation to dormancy is regulated by the
balance between the extracellular signal-regulated kinase (ERK)1/2 and p38 MAPK pathways (22). Growing metastatic lesions
show sustained ERK1/2 activity and reduced p38 MAPK activity,
and genetic or pharmacologic inhibition of p38 MAPK sufﬁces to
interrupt dormancy and restore tumor growth in vivo. Results in
prostate and breast cancer cells support the idea that a low ERK1/2
-p38 MAPK signaling ratio induces dormancy (22).
The microenvironment signals that regulate tumor cell dormancy are starting to be elucidated. For example, high levels of
TGFb2 expressed in bone marrow result in a "restrictive" microenvironment that favors dormancy of head and neck squamous
carcinoma cells, whereas more "permissive" microenvironments
like lung express lower TGFb2 levels, resulting in short-lived
dormancy and metastatic growth. Interestingly, TGFb2 probably
regulates dormancy trough p38 MAPK signaling as high TGFb2 in
bone marrow reduces the ERK1/2-p38 MAPK ratio by activating
p38 MAPK (23).
Tumor dormancy can be considered as a double-edge sword, as
it interferes with the formation of macro-metastasis but may help
tumor cells to resist chemotherapy treatments. Considering dormancy as a survival mechanism implies that tumor cells achieve
sufﬁcient p38 MAPK activity levels to induce growth arrest without triggering apoptosis, so that subsequent regrowth is possible.
It will be important to conﬁrm that tumor dormancy mechanisms
identiﬁed in experimental models operate in cancer patients.

Chemotherapy
Activation of p38a has been proposed to mediate the antitumoral effects of some chemotherapeutic drugs. In colon cancer
cell lines, p38a is necessary for the apoptosis induced by cisplatin
and ﬂuorouracil, which are accounted for by the p38a-mediated
phosphorylation of p53 (24, 25). Apoptosis induced by rituximab
in chronic lymphocytic leukemia cells and by STI-571 (imatinib)
in the chronic myeloid leukemia cell line K562 (24) are also
mediated by p38a. Moreover, pharmacologic inhibition of p38a
reverses the growth-inhibitory effects of STI-571 on primary
leukemic granulocyte/macrophage progenitors from patients
with CML (26). These studies have been mostly performed with
cell lines and more in vivo studies are needed to validate the extent
to which p38a mediates chemotherapy effects.
On the other hand, there is strong in vitro and in vivo evidence
supporting that p38a inhibitors potentiate the effect of chemotherapeutic drugs. Thus, the response to cisplatin is enhanced by
p38a inhibition, resulting in ROS-dependent upregulation of the
JNK pathway in colon and breast cancer cells (6). Pharmacologic
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inhibition of p38a in mouse models cooperates with cisplatin to
reduce the size and malignancy of breast tumors induced by PyMT
(6) or subcutaneous tumors formed by xenografted human colon
cancer cell lines (27). Similarly, p38a inhibitors sensitize colon
cancer cell lines to the treatment with ﬂuorouracil or iriotecan
(28) and cooperate with arsenic trioxide to induce differentiation
and apoptosis of leukemia cells in vitro and in vivo (29). A recent
study has shown that p38a inhibition, either mediated by shRNAs
or by pharmacologic compounds, sensitizes mouse hepatocellular carcinomas to sorafenib therapy (30). Therefore, the combination of sorafenib and p38 MAPK inhibition looks promising to
overcome therapy resistance in human hepatocellular carcinoma.
In some cases, high levels of p38 MAPK activity in chemoresistant
cancer cells have been correlated with the upregulation of Pglycoprotein, a plasma membrane transporter involved in the efﬂux
of chemotherapeutic drugs like cisplatin or doxorubicin (27).
The survival of cancer cells upon nutrient withdrawal has been
proposed to rely on the reorganization of the glucose metabolism
by p38a (31). Thus, starvation induces higher glucose uptake
through HIF1a stabilization and proteasome-dependent degradation of PFKFB3, leading to autophagy activation, which is
reversed by the downregulation or inhibition of p38a. The
modulation of autophagy could underlie the protective effect of
p38a on starvation-induced cell death. In general, p38a appears
to orchestrate adaptive responses to unfavorable stress conditions, which could contribute to the emergence of tumor-resistant
phenotypes, making this pathway a potential therapeutic target
for the enhancement of conventional therapies. An additional
mechanism by which p38a could facilitate chemotherapy resistance is by inducing tumor cell dormancy, as nondividing cells
are thought to be more resistant to cytotoxic treatments.
In summary, increasing evidence supports an important role of
p38a facilitating tumor chemoresistance. The in vivo studies are
critical, given that extracellular factors present in the tumor
microenvironment could inﬂuence the response of tumor cells
to particular treatments. Reports using cancer cell lines in vitro,
although useful, do not reﬂect the complex interactions between
different cell types in the tumor microenvironment, which may
sometimes result in misleading information.

Therapeutic Opportunities
The ability of p38a to suppress the initial phases of malignant
cell transformation is supported by genetic evidence in mouse
models of lung and liver cancer (10, 11). Intriguingly, the proapoptotic function of p38a is sometimes impaired in tumor cells
and there is evidence supporting that p38a can facilitate colorectal
tumor maintenance in mouse models (7). Thus, p38a inhibitors
may sufﬁce to impair the growth of tumors where this pathway is
required for cancer cell proliferation or survival, but these inhibitors could potentially stimulate tumorigenesis in other tissues.
There is also evidence for dual roles of p38a in metastasis, as
downregulation of p38a signaling facilitates the metastatic spread
of colon cancer cells from liver to lung (18), whereas a p38a
pharmacologic inhibitor attenuates breast cancer metastasis (21).
The development of new therapeutic strategies clearly requires a
better understanding of the speciﬁc targets involved in the different functions of p38a and how they contribute to speciﬁc tumoral
processes
In addition, recent data strongly implicate p38a signaling in the
resistance to chemotherapeutic treatments. A number of drugs
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used for cancer chemotherapy induce damage DNA, resulting in
cell death, and p38a activation has been shown to mediate cell
survival in response to DNA damage. In these cases, p38a inhibition sensitizes tumor cells to the chemotherapeutic response
and enhances cell death, implying that this pathway may facilitate
drug resistance. This prosurvival effect of p38a can be probably
explained by several mechanisms, including the contribution of
this pathway to the repair of the damaged DNA prior to the cell
entering mitosis. Intriguingly, experiments with cell lines suggest
that p38a activation might occasionally have the opposite result
mediating drug-induced cell death, so the inhibitors would interfere with antitumoral effects. It should be noted that the speciﬁc
signaling pathways activated by DNA damage might vary depending on the cell type, the DNA damage stimuli, and the extent of
DNA damage. Moreover, some p38a targets are tissue speciﬁc,
such as the phosphorylation of GSK3b at Ser399 that is thought to
occur predominantly in brain (32). This could explain why
sometimes p38a inhibition results in chemotherapy sensitization
while in other cases it is linked to resistance.
The combination of p38a inhibitors with chemotherapeutic
drugs looks like a promising strategy for the treatment of some
tumors, as in the case of cisplatin and irinotecan for breast and
colon cancer (6, 28) and sorafenib for hepatocellular carcinoma
(30). However, it is difﬁcult to forecast at the moment what type of
tumors would beneﬁt from the combined therapies. Predictive
biomarkers would be very useful to select the patients who are
most likely to beneﬁt from the p38a inhibitors. These could be
based on the elucidation of the p38a pathway activation status in
different tumor types, for example by immunohistochemistry
analysis with phospho-speciﬁc antibodies against p38a or selected downstream targets such as ATF2 (30), or by using p38a
pathway-speciﬁc gene expression signatures. Results obtained
from genetically modiﬁed mice have also provided interesting
insights into how patients could be selected for therapies based on
p38a inhibitors. For example, disruption of the p38a and p38b
genes results in mouse embryo malformations (33), suggesting
that these inhibitors should not be used to treat pregnant woman.
Likewise, genetic downregulation of p38a sensitized to K-RasG12V
induced lung tumorigenesis (10), suggesting that inhibitors of
this pathway should not be considered in populations at risk of
lung cancer such as heavy smokers. Interestingly, the p38 MAPK
inhibitor losmapimod has given promising results in a clinical
trial for myocardial infraction (34), suggesting that p38 MAPK
inhibitors could be potentially useful in patients with both cardiac
diseases and cancer.
A large number of p38a inhibitors, which generally also
inhibit p38b, have been developed. Currently, there are about
50 ongoing clinical studies using p38 MAPK inhibitors from
different pharmaceutical companies for a wide variety of diseases (https://clinicaltrials.gov/). Potential lack of efﬁcacy
could be due to the p38a pathway playing a less important
role in a particular function than originally anticipated. Alternatively, cells could bypass the p38a inhibition by engaging
other p38 MAPK family members, which could have overlapping functions with p38a. It remains to be established the
extent to which different p38 MAPK family members might
interplay during tumor development. Pleiotropic interactions
with other signaling pathways may also allow cells to bypass
p38a inhibition, as it is not unusual that several pathways are
simultaneously activated and contribute to a particular cellular
process. Given the redundancy in signaling pathways and the
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adaptive capacity of cancer cells, drug combinations are increasingly being investigated for therapy.
An alternative therapeutic approach could be to target other
components in the p38a pathway. Identiﬁcation and characterization of the substrates involved in the different p38aregulated processes could provide a larger repertoire of potential targets to reduce the deleterious effects while maintaining
protective functions. This strategy might alleviate the possibility of toxicities due to p38a homeostatic functions and could
also improve selectivity. For example, the MAPK-activated
protein kinase-2 (MK2) regulates posttranscriptional expression of cytokines and other processes downstream of p38a
signaling. MK2-null mice are healthy and do not have any overt
phenotype, suggesting that targeting MK2 could be less toxic
than p38a inhibition. Interestingly, downregulation of MK2
has been reported to sensitize p53-deﬁcient lung tumor cells to
apoptosis induced by cisplatin and doxorubicin in mouse
models (35).
The inhibition of protumorigenic roles of p38a while maintaining its growth-inhibitory and apoptosis-inducing effects
would be also an interesting therapeutic approach. Development
of these ideas requires a much better deﬁnition of the molecular
mechanisms that underlie these events. Generation of reagents
that speciﬁcally activate or inhibit the p38a pathway in particular
cells types could be also very useful.

tiple cellular processes. The available data indicate that the p38a
pathway can regulate tumorigenesis at different levels and
through distinct mechanisms depending on the cell type and the
tumoral stage (Fig. 1). Of particular interest, is the evidence
indicating that p38a often facilitates tumor cell survival in
response to chemotherapeutic treatments. It would be very interesting to elucidate biomarkers for tumor-promoting activities of
p38a, so that tumor types and chemotherapeutic drugs that could
beneﬁt from p38a inhibition are identiﬁed. Of note, therapy
outcomes would be affected by the functions of p38a signaling in
different cell types of the tumor microenvironment, which are
likely to impinge on tumor development. Further studies are
clearly needed to realize the full potential of p38a inhibitors in
cancer therapy, but we believe that recent results are encouraging.
The devil is in the detail.

Disclosure of Potential Conﬂicts of Interest
No potential conﬂicts of interest were disclosed.

Acknowledgments
The authors apologize to their colleagues whose original publications could
not be cited due to space constraints.

Grant Support

Conclusions

The authors' group is supported by the Fundaci
on BBVA and by grants
from the European Commission (ERC 294665), the Spanish MINECO
(BFU2010-17850 and CSD2010-0045), Marat
o TV3 (20133430/31), AGAUR
(2014 SRG-535), and Fundaci
on Olga Torres.

p38a is a broadly expressed protein kinase that is very abundant in most cell types and can be activated by stress and many
other extracellular signals, participating in the regulation of mul-

Received January 20, 2015; revised May 18, 2015; accepted May 19, 2015;
published OnlineFirst September 16, 2015.

References
1. Cuadrado A, Nebreda AR. Mechanisms and functions of p38 MAPK
signalling. Biochem J 2010;429:403–17.
2. Cuenda A, Rousseau S. p38 MAP-kinases pathway regulation, function and
role in human diseases. Biochim Biophys Acta 2007;1773:1358–75.
3. Wagner EF, Nebreda AR. Signal integration by JNK and p38 MAPK pathways in cancer development. Nat Rev Cancer 2009;9:537–49.
4. Bulavin DV, Fornace AJ Jr. p38 MAP kinase's emerging role as a tumor
suppressor. Adv Cancer Res 2004;92:95–118.
5. Campbell RM, Anderson BD, Brooks NA, Brooks HB, Chan EM, De Dios A,
et al. Characterization of LY2228820 dimesylate, a potent and selective
inhibitor of p38 MAPK with antitumor activity. Mol Cancer Ther 2014;13:
364–74.
6. Pereira L, Igea A, Canovas B, Dolado I, Nebreda AR. Inhibition of
p38 MAPK sensitizes tumour cells to cisplatin-induced apoptosis
mediated by reactive oxygen species and JNK. EMBO Mol Med 2013;
5:1759–74.
7. Gupta J, del Barco Barrantes I, Igea A, Sakellariou S, Pateras IS, Gorgoulis
VG, et al. Dual function of p38alpha MAPK in colon cancer: suppression of
colitis-associated tumor initiation but requirement for cancer cell survival.
Cancer Cell 2014;25:484–500.
8. Otsuka M, Kang YJ, Ren J, Jiang H, Wang Y, Omata M, et al. Distinct effects
of p38alpha deletion in myeloid lineage and gut epithelia in mouse models
of inﬂammatory bowel disease. Gastroenterology 2010;138:1255–65, 65
e1–9.
9. Chiacchiera F, Matrone A, Ferrari E, Ingravallo G, Lo Sasso G, Murzilli S,
et al. p38alpha blockade inhibits colorectal cancer growth in vivo by
inducing a switch from HIF1alpha- to FoxO-dependent transcription.
Cell Death Differ 2009;16:1203–14.
10. Ventura JJ, Tenbaum S, Perdiguero E, Huth M, Guerra C, Barbacid M, et al.
p38alpha MAP kinase is essential in lung stem and progenitor cell proliferation and differentiation. Nat Genet 2007;39:750–8.

www.aacrjournals.org

11. Hui L, Bakiri L, Mairhorfer A, Schweifer N, Haslinger C, Kenner L, et al.
p38alpha suppresses normal and cancer cell proliferation by antagonizing
the JNK-c-Jun pathway. Nat Genet 2007;39:741–9.
12. Sakurai T, He G, Matsuzawa A, Yu GY, Maeda S, Hardiman G, et al.
Hepatocyte necrosis induced by oxidative stress and IL-1 alpha release
mediate carcinogen-induced compensatory proliferation and liver tumorigenesis. Cancer Cell 2008;14:156–65.
13. Feng Y, Wen J, Chang CC. p38 Mitogen-activated protein kinase and
hematologic malignancies. Arch Pathol Lab Med 2009;133:1850–6.
14. Navas TA, Mohindru M, Estes M, Ma JY, Sokol L, Pahanish P, et al.
Inhibition of overactivated p38 MAPK can restore hematopoiesis in
myelodysplastic syndrome progenitors. Blood 2006;108:4170–7.
15. Sato A, Okada M, Shibuya K, Watanabe E, Seino S, Narita Y, et al. Pivotal
role for ROS activation of p38 MAPK in the control of differentiation and
tumor-initiating capacity of glioma-initiating cells. Stem Cell Res 2014;
12:119–31.
16. Gil-Araujo B, Toledo Lobo MV, Gutierrez-Salmeron M, Gutierrez-Pitalua J,
Ropero S, Angulo JC, et al. Dual speciﬁcity phosphatase 1 expression
inversely correlates with NF-kappaB activity and expression in prostate
cancer and promotes apoptosis through a p38 MAPK dependent mechanism. Mol Oncol 2014;8:27–38.
17. Massague J. TGFbeta signalling in context. Nat Rev Mol Cell Biol 2012;
13:616–30.
18. Urosevic J, Garcia-Albeniz X, Planet E, Real S, Cespedes MV, Guiu M, et al.
Colon cancer cells colonize the lung from established liver metastases
through p38 MAPK signalling and PTHLH. Nat Cell Biol 2014;16:685–94.
19. Yao Y, Fang ZP, Chen H, Yue L, Min DL, Tang LN, et al. HGFK1 inhibits
bone metastasis in breast cancer through the TAK1/p38 MAPK signaling
pathway. Cancer Gene Ther 2012;19:601–8.
20. del Barco Barrantes I, Nebreda AR. Roles of p38 MAPKs in invasion and
metastasis. Biochem Soc Trans 2012;40:79–84.

Cancer Res; 75(19) October 1, 2015

Downloaded from cancerres.aacrjournals.org on March 7, 2021. © 2015 American Association for Cancer Research.

4001

Published OnlineFirst September 16, 2015; DOI: 10.1158/0008-5472.CAN-15-0173

Igea and Nebreda

21. Wu X, Zhang W, Font-Burgada J, Palmer T, Hamil AS, Biswas SK, et al.
Ubiquitin-conjugating enzyme Ubc13 controls breast cancer metastasis
through a TAK1-p38 MAP kinase cascade. Proc Natl Acad Sci U S A
2014;111:13870–5.
22. Sosa MS, Bragado P, Aguirre-Ghiso JA. Mechanisms of disseminated cancer
cell dormancy: an awakening ﬁeld. Nat Rev Cancer 2014;14:611–22.
23. Bragado P, Estrada Y, Parikh F, Krause S, Capobianco C, Farina HG, et al. TGFbeta2 dictates disseminated tumour cell fate in target organs through TGFbeta-RIII and p38alpha/beta signalling. Nat Cell Biol 2013;15:1351–61.
24. Porras A, Guerrero C. Role of p38a in apoptosis: implication in cancer
development and theraphy. Atlas Genet Cytogenet Oncol Haematol 2011;
15:316–26.
25. de la Cruz-Morcillo MA, Garcia-Cano J, Arias-Gonzalez L, Garcia-Gil E,
Artacho-Cordon F, Rios-Arrabal S, et al. Abrogation of the p38 MAPK alpha
signaling pathway does not promote radioresistance but its activity is
required for 5-Fluorouracil-associated radiosensitivity. Cancer Lett 2013;
335:66–74.
26. Parmar S, Katsoulidis E, Verma A, Li Y, Sassano A, Lal L, et al. Role of the p38
mitogen-activated protein kinase pathway in the generation of the effects of
imatinib mesylate (STI571) in BCR-ABL-expressing cells. J Biol Chem
2004;279:25345–52.
27. Grossi V, Peserico A, Tezil T, Simone C. p38alpha MAPK pathway: a key
factor in colorectal cancer therapy and chemoresistance. World J Gastroenterol 2014;20:9744–58.
28. Paillas S, Boissiere F, Bibeau F, Denouel A, Mollevi C, Causse A, et al.
Targeting the p38 MAPK pathway inhibits irinotecan resistance in colon
adenocarcinoma. Cancer Res 2011;71:1041–9.

4002 Cancer Res; 75(19) October 1, 2015

29. Giaﬁs N, Katsoulidis E, Sassano A, Tallman MS, Higgins LS, Nebreda AR,
et al. Role of the p38 mitogen-activated protein kinase pathway in the
generation of arsenic trioxide-dependent cellular responses. Cancer Res
2006;66:6763–71.
30. Rudalska R, Dauch D, Longerich T, McJunkin K, Wuestefeld T, Kang TW,
et al. In vivo RNAi screening identiﬁes a mechanism of sorafenib resistance
in liver cancer. Nat Med 2014;20:1138–46.
31. Desideri E, Vegliante R, Cardaci S, Nepravishta R, Paci M, Ciriolo MR.
MAPK14/p38alpha-dependent modulation of glucose metabolism affects
ROS levels and autophagy during starvation. Autophagy 2014;10:
1652–65.
32. Thornton TM, Pedraza-Alva G, Deng B, Wood CD, Aronshtam A, Clements
JL, et al. Phosphorylation by p38 MAPK as an alternative pathway for
GSK3beta inactivation. Science 2008;320:667–70.
33. del Barco Barrantes I, Coya JM, Maina F, Arthur JS, Nebreda AR. Genetic
analysis of speciﬁc and redundant roles for p38alpha and p38beta
MAPKs during mouse development. Proc Natl Acad Sci U S A 2011;
108:12764–9.
34. Newby LK, Marber MS, Melloni C, Sarov-Blat L, Aberle LH, Aylward PE, et al. Losmapimod, a novel p38 mitogen-activated
protein kinase inhibitor, in non-ST-segment elevation myocardial infarction: a randomised phase 2 trial. Lancet 2014;384:
1187–95.
35. Morandell S, Reinhardt HC, Cannell IG, Kim JS, Ruf DM, Mitra T, et al. A
reversible gene-targeting strategy identiﬁes synthetic lethal interactions
between MK2 and p53 in the DNA damage response in vivo. Cell Rep
2013;5:868–77.

Cancer Research

Downloaded from cancerres.aacrjournals.org on March 7, 2021. © 2015 American Association for Cancer Research.

Published OnlineFirst September 16, 2015; DOI: 10.1158/0008-5472.CAN-15-0173

The Stress Kinase p38α as a Target for Cancer Therapy
Ana Igea and Angel R. Nebreda
Cancer Res 2015;75:3997-4002. Published OnlineFirst September 16, 2015.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/0008-5472.CAN-15-0173

This article cites 35 articles, 11 of which you can access for free at:
http://cancerres.aacrjournals.org/content/75/19/3997.full#ref-list-1
This article has been cited by 14 HighWire-hosted articles. Access the articles at:
http://cancerres.aacrjournals.org/content/75/19/3997.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/75/19/3997.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on March 7, 2021. © 2015 American Association for Cancer Research.

