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Review Article 
Tumor suppressive role of rottlerin in cancer therapy
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Abstract: Cancer as a major public health problem is a big trouble to be cured at present in the world. Thus, it is 
essential to discover better anticancer drugs to treat cancer patients. It has been reported that rottlerin, a natural 
polyphenolic compound from the mature fruits of Mallotus philippinensis, possesses multiple anti-cancer biological 
activities. Rottlerin exhibited its antitumor property in a variety of human cancers, suggesting that rottlerin could 
be a potential agent for treating cancers. In this review we discuss the recent literature regarding the biological 
functions and tumor suppressive mechanisms of rottlerin in cancers. We hope rottlerin will be further exploited for 
potential treatment of human cancers. 
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Introduction

Since cancer is a major health trouble in the 
world, some researchers have been working on 
exploring the mechanisms of cancer develop-
ment and progression. The discovery of these 
mechanisms could contribute to better under-
standing of cancer pathophysiology, which 
could lead to the development of new targets 
and drugs [1]. It has been known that drug dis-
covery from medicinal plants has played an 
important role in the treatment of cancers. 
Indeed, a lot of available anticancer drugs are 
natural products or natural product-derived 
drugs, or natural product mimics [2]. Thus, it is 
pivotal to develop new natural agents as poten-
tial anti-tumor drugs. 

The mallotus philippinensis muell, also known 
as Kamala, is very common perennial shrub or 
small tree and widespread distribution, from 
the western Himalayas, through India, Sri 
LanKa, to southern China, and throughout 
Malesia to Australia [3]. Kamala tree with-
stands considerable shade, frost-hardy and 
resistant to drought. Rottlerin is a natural poly-
phenolic compound from the mature fruits of 

mallotus philippinensis [3]. The IUPAC name of 
rottlerin is (E)-1-[6-[(3-acetyl-2,4,6-trihydroxy-5-
methylphenyl)methyl]-5,7-dihydroxy-2,2-dimeth- 
ylchromen-8-yl]-3-phenylprop-2-en-1-one. The 
molecular formula of the structure is C30H28O8, 
which has a molecular weight of about 516 g/
mol [4] (Figure 1). Multiple studies have demon-
strated that rorrlerin inhibits some protein 
kinases, such as PKCδ (protein kinase C δ), 
CaM-kinase III (calcium/calmodulin-dependent 
protein kinase), PRAK (p38-regulated/activated 
protein kinase), MAPKAP-2 (mitogen-activated 
protein kinase-activated protein kinase 2), Akt/
PKB (protein kinase B) [5, 6], suggesting that 
rottlerin is a very versatile substance. Therefore, 
this drug processed various biological activi-
ties, such as anti-filarial, anti-bacterial, anti-
inflammatory, and regulatory activity [7]. Rottl- 
erin is used as purgative, anthelmintic, vulner-
ary, detergent, maturant, carminative, and alex-
iteric [3]. Rottlerin has mitochondrial uncou-
pling properties that cause ATP depletion and 
inhibition of cellular processes controlled by 
phosphorylated molecules [8]. As mentioned 
above, rottlerin is an inhibitor of some protein 
kinases that are involved in cancer processes, 
indicating that rottlerin could interrupt the pro-
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cess of cancer progression. Indeed, some re- 
ports have revealed that rottlerin exhibits anti-
tumor activities in a variety of human cancers. 

Role of rottlerin in human cancers

Rottlerin was found to possess some anti-can-
cer biological activities [9-11]. Rottlerin exhibit-
ed its antitumor property including inhibition of 
cell growth, induction of apoptosis, triggering 
cell cycle arrest, retarding cell migration and 
invasion in various types of human cancer. 
These reports dissect that rottlerin could be a 
potential agent for treating cancers. In the fol-
lowing paragraphs, we will describe the recent 
literature regarding the biological functions and 
tumor suppressive mechanisms of rottlerin in 
multiple human cancers.

Rottlerin in lung cancer

In the United States, although lung cancer inci-
dence rates continue to decline in 2018, it is 
still the major cause of morbidity and mortality 
[12]. Non-small cell lung cancer (NSCLC) com-
prises approximately 85% of all lung cancers, 
which has become a leading cause of cancer-
related mortality [13]. Despite the progress in 
radical resection and adjuvant therapy (radio-
therapy and chemotherapy) after surgery, 
NSCLC patients still have a poor 5-year survival 
rate [14]. Several signaling pathways have been 
involved in lung tumorigenesis. For example, 
MAP kinase (MAPK) cascades play a central 
role in the cellular response to various extracel-
lular stimuli [15, 16]. Three subgroups of 
MAPKs are known: extracellular signal regulat-
ed kinases (ERK1/2), Jun N-terminal kinase/
stress activated protein kinase (JNK/SAPK), 
and p38. Activation of MAPK members has 
been implicated in the regulation of apoptotic 
cell death [17]. Rottlerin was reported to 
reverse the protein expression of many kinases 
of prosurvival signaling pathway, such as Ras, 

ERK, and p38, during the photoactivated 
lonicera japonica extract-induced cell death 
[18]. The Hippo signaling pathway plays a cen-
tral role in the regulation of tissue and organ 
size during development via deregulation of 
stem cell proliferation and apoptosis [19]. TAZ 
(transcriptional co-activator with a PDZ-binding 
domain) activity is associated with tumor differ-
entiation and prognosis [20]. Our study reveals 
that rottlerin exerted its tumor suppressive 
function via inactivation of TAZ in NSCLC cells 
[21]. Therefore, rottlerin could be a potential 
agent for the treatment of lung cancer. 

Rottlerin in breast cancer

Breast cancer is the most prevalent cancer 
diagnosed in women and the second most 
common cancer in global with heterogeneous 
pathological features [12, 22]. The result of 
cancer statistics shows that approximately 
266,120 new cases of female breast cancer 
will be occurred in the United States in 2018. 
The estimated deaths numbers of breast can-
cer will be 40,920 cases in 2018 [12]. In a large 
majority of breast cancer cases, cyclin-D1 is 
overexpressed and its level is correlated to neg-
ative prognosis [23, 24]. Transcription factors 
such as Ap-1, Sp-1 and NF-κB (nuclear factor 
kappa B) are known to regulate the cyclin-D1 
gene transcription [25]. It has been reported 
that rottlerin blocked MCF-7 cell proliferation 
through PKC-, ERK-, p21/27-, and Akt-inde- 
pendent manner involving the sequential inhibi-
tion of NF-κB/cyclin-D1 [26]. One study has 
observed that rottlerin is capable of triggering 
caspase-dependent or autophagic, caspase-
independent cell death, depending on the func-
tional availability of caspase-3 in MCF-7 cells 
[27]. Recently, Kumar et al. reported that rot-
tlerin could induce extensive cytoplasmic vacu-
olization in breast cancer stem cells. This study 
showed that autophagy inhibitors suppress the 
formation of cytoplasmic vacuolization, indicat-
ing that there might be interaction between 
autophagy and apoptosis induced by rottlerin 
[28]. Being downstream of Akt, mTORC1 (mam-
malian target of rapamycin complex 1) is an 
essential effector in driving cell proliferation 
and susceptibility to oncogenic transformation 
[29-31]. One study indicates that rottlerin is a 
novel LRP6 (low-density lipoprotein receptor-
related protein 6) inhibitor and suppresses 
both Wnt/β-catenin and mTORC1 signaling in 

Figure 1. The structure of rottlerin. 
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breast cancer cells, and that LRP6 represents 
a potential therapeutic target for cancers [32]. 
In addition, Skp2 (S-phase kinase associated 
protein 2) has been revealed to critically 
enhance the pathogenesis of breast cancer 
[33]. One study discovered that rottlerin sup-
pressed cell migration and invasion in breast 
cancer cells, and identified that rottlerin exhib-
ited its anti-tumor potential partly through inac-
tivation of Skp2 in breast cancer [34].

Rottlerin in prostate cancer

Prostate cancer is the most common cancer 
and the second leading cause of cancer death 
in American males [12]. In the world, the death 
of 300,000 patients per year and its incidence 
kept on increasing during the last two decades 
[35]. Although there are some ways to suppress 
localized tumors, such as cryoablation, chemo-
therapy, radiotherapy, and radical prostatecto-
my, it is still no effective treatment for patients 
with recurrent or metastatic prostate cancer 
[36]. Moreover, the hormone-refractory pros-
tate cancer (HRPC), which is resistant to hor-
mone therapy, is a major obstacle in clinical 
treatment [37]. It is known that EGFR (epider-
mal growth factor receptor) is overexpressed in 
a variety of solid tumors including prostate, 
breast, brain, bladder, and lung cancers [38-
40]. Furthermore, the studies demonstrated 
that the overexpression of EGFR is correlated 
with tumor invasion and metastasis [41]. 
Therefore, targeting EGFR could be useful for 
the treatment of these cancers. In fact, inhibi-
tion of PKCδ expression by rottlerin reduced 
migration and invasion of prostate cancer cells 
through the downstream of EGFR signaling 
[42]. 

In addition, the nuclear proteins topoisomeras-
es are enzymes that are responsible for DNA 
topology. Inhibition of the topoisomerase I can 
cause severe DNA damage response and acti-
vate DNA damage-related molecules, leading 
to an ultimate cell death [43]. One study dis-
sected that rottlerin-mediated camptothecin 
sensitization is through the augmented stabili-
zation of TOP1cc (topoisomerase I-DNA cleav-
age complexes), leading to an increase of DNA 
damage stress and an impairment of DNA 
repair capability [43]. Subsequently, mitochon-
dria-involved apoptosis is triggered through 
Bax activation and truncated Bad formation 

[44]. Autophagy plays an important role in the 
conservation of cellular energy and cell survival 
in stress condition [45]. Notably, the PI3K 
(phosphatidylinositol-3 kinase)/Akt/mTOR and 
AMPK signaling pathway are key regulators of 
autophagy and apoptosis. It has been reported 
that rottlerin induced autophagy and apoptosis 
in prostate cancer stem cells via PI3K/Akt/
mTOR signaling pathway [46]. Strikingly, rot-
tlerin induced Wnt co-receptor LRP6 degrada-
tion, and suppressed both Wnt/β-catenin and 
mTORC1 signaling pathways in prostate cells 
[32]. These reports revealed that rottlerin could 
be a promising agent for treating prostate 
cancer. 

Rottlerin in pancreatic cancer

Pancreatic cancer is the fourth leading cause 
of cancer-related death in the United States. 
The overall 5-year survival rate remains less 
than 8% and has not been improved significant-
ly for several decades [12, 47]. It has been 
accepted that PKC plays a key role in the mech-
anism of action of the pancreatic secreta-
gogues such as acetylcholine (Ach) and chole-
cystokinin (CCK) [48-50]. Although rottlerin is 
considered as an inhibitor of PKCδ, its effects 
in pancreatic acini are not due to inhibition of 
PKCδ, but likely due to its negative effect on 
acini energy resulting in ATP depletion [51]. 
Another study provided evidences to demon-
strate that rottlerin has a potent proapoptotic 
and antitumor activity in pancreatic cancer, 
which is mediated by disrupting the interaction 
between prosurvival Bcl-2 proteins and pro-
apoptotic BH3-only proteins [52]. The PI3K/
Akt/mTOR pathway is implicated in the patho-
genesis of pancreatic ductal adenocarcinoma 
(PDAC) [53, 54]. Recently, rottlerin has been 
shown to induce a starvation response, which 
is a key regulator of autophagy causing its 
induction in pancreatic cancer cells [55]. Con- 
sistently, rottlerin induced early autophagy as a 
survival strategy against late apoptosis through 
PKCδ-independent, but dependent on PI3K/
Akt/mTOR cascade in pancreatic CSCs (cancer 
stem cells) [56]. Notch signaling pathway is 
evolutionary conserved and plays critical roles 
in neurogenesis, myogenesis, vasculogenesis, 
and hematopoiesis [57]. Sonic Hedgehog (Shh), 
a member of the hedgehog (Hh) family, plays a 
significant role in pancreatic cancer progres-
sion in both sporadically or in genetically pre-
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disposed individuals [58, 59]. In a parallel 
study, rottlerin exhibited a significant inhibition 
of Akt, Shh, and Notch pathways [60]. Moreover, 
rottlerin induced apoptosis and inhibited pan-
creatic cancer cell growth by targeting Akt, 
Notch and Shh signaling pathways [60]. Re- 
markably, rottlerin was found to suppress Skp2 
expression and subsequently exerts its tumor 
suppressive function in pancreatic cancer cells 
[61]. Thus, rottlerin represents a novel agent 
for pancreatic cancer treatment.

Rottlerin in colon carcinoma

Colorectal cancer (CRC) is the third most com-
mon cancer diagnosed and the fourth cause of 
cancer death in the world [62]. CRC patients 
often have a poor prognosis [63]. The CRC 
development is a multistep process that often 
is involved in the genetic alterations. The muta-
tions of proto-oncogenes and tumour suppres-
sor genes are common reasons to make the 
transformation of normal cells into malignant 
cells. This transformation leads to anomalous 
multiplication, self-sufficiency with respect to 
growth signals, insensitivity to growth inhibitor 
signals and evasion of apoptosis [64]. MACC1 
(metastasis-associated in colon cancer 1) has 
been characrized as a promising biomarker for 
prognosis of metastasis formation, survival, 
and prediction of therapy response in multiple 
cancer types including CRC [65-68]. In line with 
this, MACC1 expression was shown to be direct-
ly correlated with metastasis formation and 
metastasis-free survival in CRC [69]. MACC1 
may be a therapy target for patients with CRC. 
Rottlerin was found as the inhibitor of MACC1 
to restrict colon cancer progression and metas-
tasis [70]. Further study demonstrated that rot-
tlerin affected mitochondrial function indepen-
dent of PKCδ, thereby sensitizing cells to TRAIL 
(tumor necrosis factor-related apoptosis-induc-
ing ligand) in CRC [71]. NF-κB is generally over-
expressed in CRC cancer, which is involved in 
cell cycle control, apoptosis, proliferation, and 
survival of malignant cells [72]. It has been 
demonstrated that rottlerin inhibited the activi-
ty of NF-κB pathway in human CRC [73]. 
Altogether, rottlerin could be an anticancer 
agent for CRC. 

Rottlerin in hepatocellular carcinoma 

Primary hepatic cancer, also known as hepato-
cellular carcinoma (HCC), is the sixth most com-

mon cancer and is considered as the common 
leading cause of cancer-related deaths world-
wide [74]. HCC often develops within an estab-
lished background of chronic liver disease (70-
90% of all patients). The most frequent risk fac-
tor for HCC is chronic HBV infection, which 
accounts for more than 50% of all HCC cases 
[75]. HCC incidence is increased with viral load 
and duration of infection [76], suggesting an 
accumulated risk of long-lasting oncogenic 
damage. DEAD-box RNA helicase 3 (DDX3), 
which belongs to DEAD-box family proteins, is 
reported to play a critical role in cancer devel-
opment and progression [77]. It has been 
known that DDX3 is a tumor suppressor in HCC, 
implying that upregulation of DDX3 could be 
helpful for HCC treatment. Wang et al. found 
that rottlerin upregulated DDX3 expression and 
subsequently downregulated Cyclin D1 expres-
sion and increased p21 level in HCC cells, sug-
gesting that rottlerin exhibits its anti-cancer 
activity partly due to upregulation of DDX3 in 
HCC [78]. Shi et al. reported that rottlerin inhib-
ited cell growth, migration and invasion in HCC 
cells partly through the inhibition of TAZ [79]. 
Taken together, rottlerin could be a new agent 
for HCC treatment. 

Rottlerin in glioma

Among primary malignant brain tumors, 80% 
tumors are malignant gliomas (MGs). Glio- 
blastoma multiforme (GBM) accounts for more 
than half of MG cases [80]. Malignant gliomas, 
which are common primary tumors of the cen-
tral nervous system, present a particular thera-
peutic challenge. The reasons are due to that 
gliomas are invasive and not amenable to com-
plete surgical removal. Moreover, glioma cells 
are refractory to traditional chemotherapy and 
radiotherapeutic approaches, leading to poor 
prognosis [81]. Dysregulation of signaling path-
ways is a characteristic feature in gliomas [82, 
83]. Protein kinase C (PKC) and Raf-1 were two 
key molecules with upregulation in malignant 
gliomas [84-86]. The Raf-1 cascade is one of 
the main systems for the transduction of prolif-
erative signals through the cytoplasm [87, 88]. 
PKC could activate ERK and MAPK pathways in 
cancer. Rottlerin has been reported to potenti-
ate the antineoplastic effects through inhibi-
tion of ERK and Akt phosphorylation, and sub-
sequent down-regulation of cyclins and cdks, 
resulting in inhibition of cell proliferation and 
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migration in human glioma cells [89]. Cdc20 
(cell division cycle 20) was reported to be a piv-
otal factor in maintaining tumorigenic glioma 
tumor initiating cells through degradation of 
p21 and regulation of Cdc25C (cell division 
cycle 25C), c-Myc, and Survivin [90]. In a paral-
lel study, rottlerin could exert its tumor sup-
pressive function by inhibiting Cdc20 pathway, 
which is constitutively active in glioma cells 
[91]. In a word, rottlerin could be used for the 
treatment of gliomas. 

Rottlerin in melanoma

Cutaneous melanoma is a malignancy arising 
from melanocytes in a multistep pathway. A 
worldwide increase in melanoma incidence has 
been observed in the past decades, especially 
a fivefold increase in Caucasians alone. 
Melanoma has become the sixth leading cause 
of death in the USA [92, 93]. The estimated 
new cases of melanoma is 91,270 in America 
in 2018 [12]. Standard therapy for primary mel-
anoma, satellite, and in-transit metastases is 
surgery [94]. Rottlerin was found to regulate 
the expression of cyclin D1, p21/Cip1, ERK, 
Akt, and NF-κB in melanoma cells, leading to 
cell growth inhibition, and cell cycle arrest [95]. 
It has been known that eIF4F (eukaryotic trans-
lation initiation factor) inactivation is emerging 
as a promising approach for anti-cancer inter-
vention [96-98]. The eIF4E is controlled by 
4E-BP and one study discloses a novel mecha-
nism of rottlerin-induced cancer cells death via 
mTORC1/4EBP-1 inhibition in melanoma cells 
[99]. It is required to further investigate wheth-
er rottlerin could be a pivotal agent for treating 
melanoma.

Rottlerin in gynecological cancers

Numerous studies have clarified that rottlerin 
exhibited tumor suppressive function in gyne-
cological cancer. For example, rottlerin has 
been identified to induce down-regulation of 
caspase-2 in cervical cancer cells and ovarian 
cancer cells, which was independent of its abil-
ity to inhibit PKCδ [100]. Moreover, rottlerin-
triggered caspase-2 down-regulation was pro-
teasome-mediated pathway in gynecological 
cancer cells [100]. Another study reported that 
gonadotropins induced ovarian cancer cell pro-
liferation and migration via activation of 
ERK1/2 signaling, which was inhibited by rot-

tlerin, suggesting that gonadotropins promoted 
cell growth and migration via PKCδ-dependent 
manner [101]. Strikingly, rottlerin was identified 
to inhibit ovarian cancer cell proliferation in a 
dose-dependent manner [102]. Furthermore, 
the group I Pak inhibitor sensitized cells to the 
cytotoxic effects of rottlerin in ovarian cancer 
[102]. These reports clearly validate that rot-
tlerin exhibits the anti-tumor potential in gyne-
cological cancer. 

Rottlerin in other human cancers

In bladder cancer cells, rottlerin treatment led 
to cell apoptosis via induction of autophagy to 
achieve the effect of antitumor [103]. Thyroid 
cancer with an increased incidence is the most 
common neoplasm of the endocrine system 
[104]. The prognosis of follicular thyroid carci-
noma is associated with metastatic status 
[105]. The follicular thyroid carcinoma cells 
after rottlerin treatment exhibited altered mor-
phology, reduced adhesion to extracellular 
matrix, decreased migration ability via inhibi-
tion of integrin β1, FAK, and reduced activity of 
Rho GTPases [106]. In nasopharyngeal carci-
noma, rottlerin-induced anti-cancer activity via 
inhibition of Notch-1 signaling pathway [107]. 
PKC-δ is a putative downstream target of PI3K 
in B-CLL (chronic lymphocytic leukaemia) [108]. 
In CLL, rottelrin decreased the expression of 
the important anti-apoptotic proteins Mcl-1 and 
XIAP accompanied by a loss of the mitochon-
drial membrane potential [109]. Phospholipase 
D (PLD) is a ubiquitous enzyme that can be acti-
vated by ATP (adenosine 5’-triphosphate) or 
PMA (phorbol 12-myristate 13-acetate) in 
B-lymphocytes from CLL. Rottlerin inhibits 
P2X7 receptor-stimulated PLD activity in B-CLL 
[110]. We believe that rottlerin will be found to 
exert its anti-tumor activity in a majority of 
other human cancers. 

Conclusions

Mallotus philippinensis has been widely used 
as traditional medicine in several parts of coun-
tries including India [111]. Rottlerin, isolated 
from M. philippinensis, has presented signifi-
cant anticancer activities in a variety of human 
tumors via different mechanisms (Table 1). In 
this regard, rottlerin, as a promising therapeu-
tic agent, might possess a prospect to bring 
about the better treatment outcomes due to 
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Table 1. Summary of the functions of Rottlerin in human cancers
Cancer Type Rottlerin Function Reference
Lung cancer Down-regulation of TAZ, inhibited cell growth, triggered apoptosis, arrested cell cycle, and retarded cell invasion [21]

Breast cancer Inhibited cell growth, cell migration and invasion, induced apoptosis and cell cycle arrest. Inhibited  the NF-κB/cyclin-D1, induced extensive cytoplasmic vacu-
olization; suppressed Wnt/β-catenin and mTORC1; inactivation of Skp2 

[26-28, 32, 34]

Prostate cancer Inhibited PKCδ, reduced migration and invasion; mediated camptothecin sensitization via the augmented stabilization of TOP1cc; induced autophagy and 
apoptosis via PI3K/Akt/mTOR; induced LRP6 degradation, and suppressed Wnt/β-catenin and mTORC1

[32, 42, 44, 46]

Pancreatic cancer A potent proapoptotic and antitumor activity; disrupting the interaction between Bcl-2 and BH3-only proteins; induced early autophagy through dependent on 
PI3K/Akt/mTOR cascade; induced apoptosis and inhibited growth by targeting Skp2, Akt, Notch and Shh 

[52, 56, 60, 61]

Colon carcinoma The inhibitor of MACC1 to restrict progression and metastasis; affected mitochondrial function, sensitizing cells to TRAIL; inhibition of NF-κB [70, 71, 73]

Hepatocellular carcinoma Upregulated DDX3 expression and downregulated Cyclin D1 and increased p21 level; inhibition of TAZ, inhibited cell migration and invasion [78, 79]

Glioma Inhibition of ERK and Akt phosphorylation and down-regulation of cyclins and cdks, inhibited cell proliferation and migration; inhibiting Cdc20 [89, 91]

Melanoma Inhibition of NF-κB nuclear migration and ERK activity and growth arrest; induced cancer cells death, and mTORC1/4EBP-1 inhibition [95, 99]

Gynecological cancer The cytotoxic effect of other agents in ovarian cancer cells was significantly enhanced by rottlerin; rottlerin was identified to inhibit ovarian cancer cell prolif-
eration; induced down-regulation of caspase-2 in cervical cancer cells and ovarian cancer cells. 

[100, 102]

Bladder cancer Induced autophagy to achieve the effect of antitumor [103]

Thyroid cancer Altered morphology, reduced adhesion to extracellular matrix, decreased migration ability; decreased protein levels of integrin β1, FAK, focal adhesion com-
plex constituents, and reduced activity of Rho GTPases

[106]

Nasopharyngeal carcinoma Inhibition of Notch1; suppressed cell growth, migration and invasion [107]

Lymphocytic leukaemia Inhibited P2X7 receptor-stimulated phospholipase D activity [110]
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targeting multiple signaling pathways (Figure 
2). However, there are still several questions 
that should be addressed. Does rottlerin exhib-
it its anti-tumor activity in vivo using different 
animal models? Is rottlerin absolutely safe for 
use in human? Does rottlerin have side-effects 
in clinical trial? Is rottlerin easy to deliver to 
specific organs with cancers? Without a doubt, 
deeper investigation is necessary to answer 
these questions raised by rottlerin treatment. 
We hope our article could stimulate the 
researchers to further exploit the mechanisms 
and potential use of rottlerin for the treatment 
of human cancers in the future. 
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