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Abstract

p70S6 kinase 1 (p70S6K1), encoded by RPS6KBI, is a serine/threonine kinase
within the PI3K/AKT/mTOR signaling network that regulates protein synthesis, cell
growth, metabolism, and other processes relevant to cancer progression. Its activity
is controlled by multisite phosphorylation involving mTORCI1, phosphoinositide-
dependent kinases-1 (PDK1), and additional regulatory inputs, and therefore
changes in p70S6K phosphorylation or abundance may have context-dependent
biological and clinical consequences. Increasing evidence links aberrant p70S6K
signaling with epithelial-mesenchymal transition, cancer stemness, therapeutic
resistance, angiogenesis, and metabolic adaptation in selected malignancies. In
addition to cell-autonomous effects within tumor cells, emerging studies suggest that
p70S6K signaling participates in interactions between tumor cells and components
of the tumor microenvironment (TME), including immune cells, adipocytes,
fibroblasts, and endothelial cells. These non-cell-autonomous functions represent an
important and comparatively less explored dimension of p70S6K biology.
Therapeutic approaches targeting this pathway include direct p70S6K inhibitors,
dual or multitarget kinase inhibitors, upstream mTOR/PI3K/AKT pathway inhibitors,
RNA-based approaches, and emerging computational and protein-degradation
strategies. Importantly, these approaches differ substantially in target selectivity,
pharmacological development, and clinical evidence and should therefore not be
considered equivalent. This review integrates the molecular regulation and cancer-
associated functions of p70S6K with current therapeutic strategies, with particular
emphasis on tumor—microenvironment interactions, the distinction between direct
and indirect pathway inhibition, and the translational barriers that have limited the
development of p70S6K-directed therapies.

1. Overview

events, including mTORC]1-dependent phosphorylation
of Thr389 and phosphoinositide-dependent kinases-1

Uncontrolled cell proliferation, which is mostly caused
by out-of-control signaling across intracellular pathways
responsible for cell growth, metabolism, and survival, is
a key feature of cancer. Once activated in cancer cells (a
persistent activation of pro-growth signaling pathways),
these pathways contribute to unchecked cell division and
tumor development. Under physiological conditions,
these pathways are typically well regulated based on
various external cues (e.g., the availability of growth
factors or nutrients). The PI3K/Akt/mTOR signaling axis,
a key regulator of cellular proliferation and protein
synthesis, is a crucial pathway that has been changed in
several cancer types [1,2]. The RPS6KB1 gene encodes
p70 ribosomal S6 kinase 1 (p70S6K1/S6K1), a member
of the AGC family of serine/threonine kinases that
functions as an important downstream component of the
mTORCI1 signaling network. Rather than representing
the sole or primary mediator of mTORCI1 function,
p70S6K1 operates together with other mTORCI-
regulated effectors, including 4E-BP1, to coordinate
translational and growth-related responses. p70S6K1
activity is regulated through multiple phosphorylation
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(PDK1)-dependent phosphorylation of Thr229. Although
phosphorylation of ribosomal protein S6 is a well-
established consequence of p70S6K1 activation, S6
phosphorylation alone does not fully account for the
diverse effects of p70S6K1 on protein synthesis, cell-
cycle regulation, metabolism, cell motility, and tumor
progression [3] As a kinase belonging to the AGC family,
p70S6K shares many structural and regulatory traits with
other kinases, such as Akt and PDK1. Initially, p70S6K
was identified for its function in phosphorylating
ribosomal protein S6, which is a part of the 40S
ribosomal subunit. Numerous ribosomal biogenic and
cell cycle-related mRNAs are translated more readily as
a result of this phosphorylation [4].

Extensive research has demonstrated that a series of
phosphorylation events that follow mTOR signaling
closely regulates p70S6K function. It has been
demonstrated that p70S6K overexpression or aberrant
activation frequently occur in a variety of human
malignancies. Increased protein synthesis, a quick
transition from G1 to S phase, and an increased capacity
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for cancer cells to proliferate indefinitely have all been
linked to higher activation of p70S6K signaling [5,6]. In
several malignancies, increased p70S6K expression,
phosphorylation, or altered subcellular localization has
been associated with aggressive disease characteristics,
treatment resistance, or adverse clinical outcomes.
However, the clinical significance of p70S6K appears to
depend on tumor type, cellular context, the specific
phosphorylation state examined, and the biological
compartment in which p70S6K is detected. Thus,
p70S6K should not be considered a uniformly predictive
or prognostic marker across all cancer types.There is
growing evidence that p70S6K contributes to processes
other than protein translation that are important for the
development of cancer, including cell motility, metabolic
reprogramming, epithelial-mesenchymal transition, and
altering the tumor microenvironment (TME). The
pleiotropic character of p70S6K in cancer and the growth
of cancer cells is supported by these many functions
[1,7].

p70S6K has drawn more interest as a possible target for
cancer treatment due to its crucial functions in the
development and spread of tumors. The development of
selective inhibitors specifically for p70S6K has
accelerated recently, despite the fact that current
therapies primarily use mTOR inhibitors as an indirect
means of inhibiting p70S6K activity.

The biological effects of p70S6K1 extend beyond
phosphorylation of ribosomal protein S6. Activated
p70S6K1 phosphorylates multiple substrates involved in
translational control, cell growth, metabolism, and cell-
cycle regulation. Consequently, S6 phosphorylation is an
important pharmacodynamic readout of p70S6K activity
but should not be interpreted as the sole mechanism
through which p70S6K1 regulates tumor-cell behavior.
This distinction is particularly relevant when evaluating
pharmacological studies, because inhibition of S6
phosphorylation may result from direct p70S6K
inhibition or from suppression of upstream signaling
through mTORC1 or other components of the
PI3K/AKT/mTOR network.

Despite extensive investigation of the PI3K/AKT/mTOR
pathway, several aspects of p70S6K biology remain
insufficiently resolved. In particular, the context-
dependent functions of p70S6K, the distinction between
direct p70S6K signaling and effects caused by upstream
mTORC]1 inhibition, its contribution to tumor-
microenvironment communication, and the determinants
of therapeutic response remain incompletely defined.
Accordingly, this review focuses not only on the
canonical functions of p70S6K but also on its non-cell-
autonomous activities and the challenges involved in
translating p70S6K-directed strategies into clinically
useful therapies.

Objectives:

The objective of this study is to investigate multiple
ways by which p70S6K may act in tumor progression
and metastasis. We aim to achieve this through several
specific aims focusing on the following:
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* Description of mechanisms that regulate p70S6K
activation within the mTOR pathway;

* Examination of p70S6K involvement in cell cycle
regulation and metabolic control contributing to cancer
cell hyperproliferation;

* Analysis of p70S6K's role in oncogenic signaling
pathways, such as the PI3K/Akt/mTOR pathway;

* Summary of clinical and experimental data supporting
a relationship between aberrant p70S6K activity and
tumor growth, progression, and malignant behavior;

* Evaluation of current data on inhibiting p70S6K as a
potential therapeutic target by evaluating the use of
kinase inhibitors in the treatment of cancer; and

 Identification of the existing research limitations,
challenges, and gaps regarding how p70S6K contributes
to tumorigenicity.

Scope:

This literature review will provide an extensive summary
of the published scientific information concerning the
p70S6K kinase and its role in regulating cancer cell
growth. It is primarily focused on four key aspects:

(1) The biochemical and molecular processes that
regulate activation and function of the p70S6K kinase;

(2) The p70S6K kinase's contribution to tumorigenesis
and cancer progression, particularly with regard to
growing and surviving cells;

(3) The interaction of the p70S6K kinase with the major
signaling pathways that have been implicated as playing
critical roles in cancer biology;

(4) The potential use of p70S6K as both a prognostic
marker and as a target for therapeutic intervention.

2. Structure and Domains of p70S6 Kinase

The main downstream effector of the mammalian target
of rapamycin complex 1 (mTORCI1) signaling pathway
is p70 ribosomal s6 kinase (p70S6K), which is a member
of the AGC family of Ser/Thr kinases [8]. About 502
amino acids make up the human form of p70S6K, which
has several regulatory phosphorylation sites that allow it
to self-activate.

The TOR signaling (TOS) motif is found in the acidic
domain of the initial portion of p70S6K, which has a
regulatory function. In order to obtain mTOR-dependent
phosphorylation-activation on the p70S6K, this motif
must bind to raptor, one of the elements of the mTORCI1
complex. All members of the AGC family have a core
catalytic domain with a two-lobed structure that comes
after the N-terminal domain of p70S6K The ATP
binding pocket is made up of the N-lobe and C-lobe.
Threonine-229 (Thr-229 is also present in the sequence
of an activation loop (T-loop) as shown in Figure 1. To
properly function on the catalytic activity of the p70S6K
protein, PDK1 must phosphorylate Thr-229 [9].

Critical phosphorylation sites (Thr389 and Ser371) are
found in the linker region of p70S6K, which connects the
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kinase domain (KD) to the regulatory domain (RD).
Phosphorylation of Thr389 by mTORCI is essential for
maintaining the active configuration of p70S6K and
enabling its subsequent activation through PDK1 [10].

The S6 kinase family-specific C terminus of p70S6K has
several serines (Serd11, Serd18, Ser421, and Ser424),
each of which adds to the domain's autoinhibitory
properties. The KD's enzymatic activity is inhibited
during resting conditions because the domain is not
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phosphorylated at any serine site. However, when this
domain is phosphorylated at many sites, the KD's
autoinhibition is removed, allowing substrate to reach the
catalytic core.

In response to environmental cues, p70S6K can perform
roles linked to protein synthesis, cell growth, and
metabolism thanks to its modular domain architecture
and tightly regulated phospho-events.

S371 13897404 saan S424

P PP p P PP 502
Linker region A”‘:{'}"“"’:""'O'y m:d
Turn PDZ binding
motif  hydrophobic motif
motif

Figure 1. Structure and domain organization of S6K family of proteins.

3. PI3K/AKT/mTOR Signaling Pathway

The PI3K/AKT/mTOR pathway is an intracellular
signaling cascade that regulates cell growth, metabolism,
survival, and cell cycle progression. External stimuli that
bind to receptor tyrosine kinases on the cell membrane,
such as insulin, the IGF-1 hormone, EGF, and growth
factors, initiate the pathway.

After a receptor is activated, the PI3K pathway is
activated, causing PI3K to change phosphatidylinositol-
4,5-bisphosphate (PIP2) into phosphatidylinositol-3,4,5-
trisphosphate (PIPs), which acts as a docking point for
signaling proteins known as downstream signaling
molecules. Another signaling molecule, AKT, is
recruited and activated when PIPs is present at the
plasma membrane. AKT is activated by phosphorylating
two additional molecules, PDK1 and mTORC?2.

Among the many tasks that AKT carries out is the
regulation of a number of downstream molecules that are
essential for cell survival and cell cycle progression.

By suppressing cell cycle regulators like p27 and
phosphorylating FOXO transcription factors, which
results in their sequestration in the cytoplasm and

—
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Figure 2. PI3K, AKT, p70S6K and mTOR signaling cascade.
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decreases the transcription of pro-apoptotic genes,
apoptotic signaling is suppressed. Furthermore, mTOR
complex 1 (mTORCI), a crucial regulator of cellular
metabolism and protein synthesis, is activated by AKT.
Through the phosphorylation of downstream effectors,
such as p70 ribosomal S6 kinase (p70S6K) and
eukaryotic translation initiation factor 4E-binding protein
1 (4EBP1), mTORCI1 controls mRNA translation and
ribosomal biogenesis, enabling cell division and growth.
Tumor suppressors like phosphatase and tensin homolog
(PTEN) negatively control this signaling pathway by
dephosphorylating PIP3, which stops AKT activation
and maintains the signaling system's equilibrium.

The PI3K/AKT/mTOR (Figure 2) pathway is often
dysregulated in cancers, and hyperactivation of the
pathway results in enhanced proliferation and decreased
apoptosis. Nonetheless, the route is crucial for
physiological functions and is particularly necessary for
stem cell maintenance when it is active regularly. By
avoiding premature differentiation, PI3K/AKT/mTOR
contributes to neural stem cell proliferation and self-
renewal. Furthermore, the route plays a crucial part in the
nervous system's long-term potentiation (LTP),
indicating that it is essential to the development and
operation of neurons.
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4. Functions of p70S6K in Cancer

Initially discovered as a crucial regulator of mitogen-
stimulated protein synthesis, p70S6K is specifically
engaged in the translation of a particular class of mRNAs
that have a 5' terminal oligopyrimidine (TOP) sequence
[11]. In model animals like mice and Drosophila, it has
been demonstrated that experimental interruption of
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p70S6K activity greatly suppresses organismal growth
[12,13]. By affecting several molecular signaling
pathways, p70S6K has been shown in later research to be
crucial in regulating the growth and survival of cancer
cells [2]. Furthermore, fresh research indicates that
p70S6K signaling contributes to the development of
cancer via a number of recently discovered functional
mechanisms (Table 1).

Table 1. Aberrant expression/activation of p70S6K in different cancers.

Cancer p70S6K Alteration

Biological/clinical context

Astrocytoma

Increased p70S6K activity expression

Tumor progression

Non-small-cell lung cancer

Increased phosphorylated p70S6K

EGFR-TKI resistance

Breast Cancer

Increased phosphorylated p70S6K

Endocrine therapy response/resistance

Vascular tumor Hyperactivation IHC
Gastric cancer Subcellular localization IHC
Liver cancer Hyperactivation IHC

4.1 EMT and Cancer Stemness

The epithelial-mesenchymal transition (EMT), which
allows epithelial cells to take on mesenchymal traits, is
an essential biological process involved in both adult
tissue repair and embryonic development [14]. A
growing body of research indicates that p70S6K
activation is essential for EMT and cancer stem-like
characteristics, especially during ovarian cancer invasion
and metastasis. HGF/c-Met pathway activation promotes
p70S6K signaling, which in turn raises matrix
metalloproteinase-9 (MMP9) expression and proteolytic
activity, promoting EMT-associated phenotypic changes
and tumor cell invasiveness [15]. Furthermore, p70S6K
promotes the mesenchymal transition by upregulating
Snail, a transcriptional repressor of E-cadherin [16].

By stabilizing actin filaments and triggering Rho-family
GTPases, such as Racl and Cdc42, which encourage
cancer cell migration, p70S6K also controls cytoskeletal
architecture [17-19]. Additionally, via interfering with
Dicer and tristetraprolin's interaction, p70S6K regulates
microRNA synthesis and promotes the maturation of
miR-145. Increased N-cadherin expression and the
development of three-dimensional tumor spheroids are
two outcomes of this process [20]. Additionally, p70S6K
supports spheroid—peritoneal contacts during metastatic
progression by facilitating spheroid attachment and
colonization via the P-cadherin/integrin Bl signaling
pathway [21]. Studies showing p70S6K's role in
hematopoietic stem cell self-renewal and leukemia
development lend more credence to these conclusions,
suggesting a wider role for p70S6K in controlling cancer
stemness [22].

4.2 Resistance to Drugs

Cancer cell lines that show resistance to a variety of
chemotherapeutic drugs, such as paclitaxel, erlotinib,
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pemetrexed, cisplatin, and doxorubicin, have often been
found to  demonstrate  upregulation of the
Akt/mTOR/p70S6K signaling axis [23,24]. In patients
with hormone receptor-positive breast cancer, increased
phosphorylation of p70S6K has also been connected to
poor clinical outcomes and resistance to endocrine
therapy [25].

Further clinical data from separate patient cohorts shows
that increased p70S6K expression is linked to a worse
prognosis, while nuclear accumulation of p70S6K and its
phosphorylated form correlates with a worse therapeutic
response to tamoxifen [26]. Furthermore, in patients with
primary breast cancer following surgery, elevated levels
of phosphorylated p70S6K have been linked to lower
locoregional recurrence-free survival and higher
radioresistance [27].

According to an analysis of a database of patients with
NCSEL, patients treated with TKIs who had high levels
of phosphorylated p70S6K demonstrated a statistically
significant lower progression-free survival (PES)
compared with those that had low levels of
phosphorylated p70S6K. Other experimental studies
found that blocking EGFR resulted in p70S6K
translocating to the nucleus, where it could form
complexes with MDM2 in chemotherapy-resistant
tumors. The restoration of sensitivity to EGFR-directed
therapies by inhibition of p70S6K signaling provides a
rationale for targeting p70S6K at the level of therapeutic
intervention to overcome drug resistance [28].

4.3 Angiogenesis

Tumor growth and nutrient supply depend on
angiogenesis, which is controlled by variables like
hypoxia and VEGF. By increasing the expression of
VEGF and HIF-1a, p70S6K stimulates angiogenesis in
ovarian and prostate malignancies [29]. In breast cancer
tissues and cell lines, similar correlations between
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p70S6K activation and increased VEGF/HIF-1a levels
have been documented [30,31]. Furthermore, in EBV-
associated epithelial malignancies, p70S6K has been
linked to vasculogenic mimicry via Akt/HIF-1a signaling
[32]. Tumor angiogenesis has also been associated with
endothelial p70S6K activity; hepatocellular carcinoma
was shown to have higher levels of phosphorylated
p70S6K than non-malignant liver tissues [33]. Moreover,
mechanical fluid flow in endothelial cells can trigger
Akt/mTOR/p70S6K signaling, which aids in vascular
remodeling under pathological circumstances [34-36].

4.4 The Tumor Microenvironment (TME) and
p70S6K

The dynamic interactions between cancer cells and
surrounding stromal elements, such as endothelial cells,
immune cells, adipocytes, and fibroblasts, make up the
TME. Studies on upstream PI3K/Akt/mTOR signaling
indicate that p70S6K may affect TME regulation either
through tumor cell-mediated signaling or by intrinsic
activity within stromal cells, despite the lack of direct
evidence connecting p70S6K activation to TME
remodeling.

4.5 Immune Cells

It has been demonstrated that p70S6K increases PD-L1
translation in gliomas with PTEN loss, impacting
immune checkpoint regulation [37]. Further research
indicates that by influencing proteasomal degradation
pathways, p70S6K suppression may modify the stability
of PD-L1 protein [38]. Furthermore, it has been shown
that KDMS5A-related epigenetic regulation modifies PD-
L1 expression in mouse tumor models via
PTEN/PI3K/p70S6K signaling [39]. Further evidence
from tumor xenograft studies suggests that stromal cells'
p70S6K promotes angiogenesis by helping tumor-
associated macrophages produce VEGF [40]. Although
more research is needed to determine its clinical
significance,  increased  phosphorylated  p70S6K
expression has also been seen in tumor-infiltrating
lymphocytes in breast cancer [41]. p70S6K's wider
immunoregulatory role is demonstrated by its
involvement in immunological signaling pathways
outside of cancer, such as STING-mediated IRF3
activation and Th17 cell differentiation [42-44].

4.6 Adipocytes

Recent evidence suggests that obesity and tumor
development are positively correlated. By releasing
bioactive chemicals and signaling molecules, cancer-
associated adipocytes promote tumor growth [45,46].
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Increased inflammatory marker expression is correlated
with enhanced p70S6K expression in adipose tissue
during obesity [47]. Additionally, via controlling nuclear
histone modification and epigenetic processes, p70S6K
signaling promotes the expression of adipogenic genes
and contributes to adipocyte development [48]. Through
neural pathways, circulating amino acids in the liver may
trigger mTOR/p70S6K signaling to affect lipid
metabolism [49].

4.7 The Fibroblasts

A common stromal component of the TME, cancer-
associated fibroblasts (CAFs) are linked to poor clinical
outcomes [50]. Studies show that p70S6K activation in
gastric cancer requires bidirectional signaling between
tumor-derived TGF-B1 and CAF-derived lysyl oxidase at
metastatic locations [51], despite the lack of direct
evidence connecting p70S6K to CAF regulation.
Additionally, it has been demonstrated that CAF-secreted
factors increase mTOR/p70S6K signaling in HER2-
positive  breast cancer cells, decreasing their
susceptibility to targeted treatments [52]. Through
p70S6K-dependent pathways, inflammatory
circumstances further activate fibroblasts and encourage
their development into myofibroblasts [53,54].
Furthermore, S6K kinases have a role in stromal aging
and tumor-supportive remodeling by phosphorylating the
epigenetic regulator ZRF1, which controls fibroblast
senescence [55,56].

5. p70S6K's Function as a Cancer Therapeutic Target

In addition to cancer, p70S6K has become a significant
pharmaceutical target in other chronic conditions such
diabetes mellitus and Parkinson's disease [57,58].
Inhibition of p70S6K has been suggested as a substitute
tactic in cancer treatment to lessen a number of side
effects linked to mTOR inhibitors. Impaired
immunological responses, thrombocytopenia,
hyperlipidemia, nephrotoxicity, altered insulin sensitivity,
and hyperglycemia are some of these adverse
consequences [59].

The significance of creating inhibitors that specifically
target p70S6K is further highlighted by studies indicating
the presence of mTOR-independent activation of
p70S6K [60-62]. Currently, mTOR inhibitors like
rapamycin (sirolimus) and its analogs, such as
everolimus and temsirolimus, are the most widely used
inhibitors in clinical oncology that indirectly influence
p70S6K activity (Table 2) summarizes the number of
p70S6K-targeted drugs that have advanced to preclinical
and clinical testing stages.
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Table 2. Pharmacological and emerging strategies targeting p70S6K signaling in cancer.

Primar; Mechanism / Mainai Major

Compound Y p70S6K . . Development | indication / . viajor.

Category molecular . relationship to Key findings limitations / Refs.

/ strategy selectivity study

target p70S6K . status
population
Direct inhibition Inhibited p70S6K-
. . . Cancer cell mediated signalling | Has not
Direct Preferential of S6K1 activity

PF- p70S6K1 . .. and and demonstrated progressed to
p70S6 / selective and downstream | Preclinical . . . .S [62]
R 4708671 / S6K1 experimental | antitumor effects in | clinical
inhibition for S6K1 S6 . .

. models experimental evaluation
phosphorylation
models
Early clinical
Patients with | studies
advanced demonstrated Clinical
Direct Direct inhibition solid tumors; | limited antitumor
p70S6K LY258470 p70S6K P.7 OSK - of p70S6K Phase I/ combination | activity; treatment - development [63,64]
S 2 directed . . Phaselb . . . was
inhibition signaliing studies with related toxicity and R .
L L7 discontinued
erlotinib or pharmacokinetics
everolimus limitations were
reported
Inhibited Broader kinase
Simultaneous Colorectal AKT/p70S6K L.
Dual . . i activity makes
Jmulti AKT and Not A inhibition of o cancer and signaling and p70S6k-

AT7867 selective for | AKT and Preclinical human tumor | suppressed tumor . [65,66]
target p70S6K X specific effects
AR p70S6K p70S6K xenograft growth in X
inhibition . . X difficult to

signaling models experimental R
distinguish
models
Suppresss Not a direct
Inhibition of mTORCI signaling P70.S.6K
. mTORC1 inhibitor;
Upstream Indirect SUDDresss Cancer and consequently athwa
pathway Everolimus | mTORCI1 | effect on pp Clinical reduces P Y [67]
S downstream treatment feedback may
inhibition p70S6K downstream o .
p70S6K limit sustained
. . p70S6K pathway
signaling L. pathway
activity .
suppression

5.1 Creation of Specific Small-Molecule p70S6K
Inhibitors

The first known small-molecule inhibitor that precisely
targets p70S6K was PF-4708671. Without appreciably
altering S6K2 or other AGC kinases like Akt, RSK, and
MSK at similar dosages, this substance inhibits IGF-1-
induced phosphorylation of the S6 protein mediated by
p70S6K [68]. Its successful use in cancer research at
doses between 50 and 60 mg/kg was shown by in vivo
investigations, and no toxicity was noted [63,69].
Nevertheless, PF-4708671 has not yet progressed to
clinical trial evaluation despite being described more
than ten years ago.

Eli Lilly and Company's LY2584702, another selective
inhibitor, advanced to Phase I clinical trials in both
cancer patients undertaking dose-escalation studies and
healthy volunteers. Additionally, it was evaluated in
conjunction with erlotinib and everolimus in a Phase Ib
trial. These investigations showed low tumor response,
restricted therapeutic effect, and toxicity issues with
combination treatments [64]. LY2584702's clinical
development for cancer treatment was terminated after a
subsequent Phase I trial involving patients with advanced
solid tumors was stopped due to the drug's poor
pharmacokinetic properties and inability to induce tumor
regression at the maximum tolerated dose [70].

Preclinical studies on efficacy and safety have been
positive for a number of other prospective small-
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molecule p70S6K inhibitors, such as DG2 [65,71,72] and
AT7867 [66,73]. Nevertheless, none of these substances
have yet received Investigational New Drug (IND)
approval status in spite of these discoveries.

5.2 Inhibition of the PI3K/Akt/mTOR Pathway
Regulates p70S6K

To reduce p70S6K activity, a number of drugs that target
the PI3K/Akt/mTOR signaling cascade have been
investigated. In preclinical assessments, X418, a dual
inhibitor of Akt and p70S6K created by Exelixis, showed
significant S6 phosphorylation inhibition, low off-target
kinase activity, and acceptable ADME characteristics
[74].

Eli Lilly's LY2780301 underwent early clinical testing
and shown good tolerability, but limited anticancer
effectiveness and poor correlation between medication
plasma levels and p70S6K expression [75]. In patients
with PI3K/Akt/mTOR pathway abnormalities, a later
Phase II trial found moderate therapeutic effect and
acceptable toxicity when coupled with gemcitabine [67].

Numerous studies have also been conducted on
rapamycin and its analogs, or rapalogs. Despite
rapamycin's potent immunosuppressive and anticancer
effects, its poor solubility and pharmacokinetic
constraints prompted the creation of better variants [59].
Everolimus and temsirolimus have shown encouraging
clinical results and have been approved by the FDA for
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the treatment of many cancer types, such as breast,
kidney, and neuroendocrine tumors [76,77]. Furthermore,
when coupled with conventional therapies for breast
cancer, the dual p70S6K/Akt inhibitor M2698
demonstrated acceptable tolerability and partial
therapeutic responses [78].

5.3 Biological and RNA-Based Strategies for p70S6K

RNA-mediated therapeutic approaches have become
viable instruments for controlling the expression of
p70S6K. Long non-coding RNAs and microRNAs have
been linked to p70S6K signaling pathway modulation
[79]. In ovarian cancer models, siRNA-based methods
administered via nanoparticle systems have shown
effective p70S6K suppression with less toxicity, despite
the lack of direct p70S6K-targeted microRNA treatments
[80]. Additionally, dendrimer-mediated delivery systems
have demonstrated potential in targeting p70S6K-related
pathways and other oncogenic signaling components
[81].

5.4 Experimental and Computational Methods for
Determining p70S6K Inhibitors

The utilization of high-throughput in silico methods to
create selective p70S6K inhibitors with Dbetter
pharmacological characteristics has been highlighted by
recent developments in drug discovery. Several potential
inhibitors have been found using integrated virtual
screening techniques that combine pharmacophore
modeling, molecular docking, genetic function
approximation, and ligand clustering. This has produced
about sixty compounds for further biological validation
[82].

Several new p70S6K-targeting compounds have been
found concurrently as a result of extensive computational
screening of chemical libraries; some of these
compounds have Dbeen structurally verified by
crystallographic investigations. According to these
investigations, a large number of inhibitors reduce kinase
activity by occupying the ATP-binding pocket of
p70S6K [83].

Using an AlphaScreenTM kinase assay, high-throughput
biochemical screening revealed oxadiazole-substituted
azabenzimidazole as a strong inhibitor that may prevent
S6 phosphorylation at Ser235/236 [84]. In addition to
traditional ATP-competitive inhibitors, thiophene urea
compounds with high selectivity and potency against
p70S6K were found through the investigation of non-
traditional binding mechanisms [85]. Additionally,
important amino acid residues necessary for efficient
p70S6K inhibition have been identified by molecular
docking studies, offering structural insights for logical
drug design [86].

With computational analysis revealing FDA-approved
substances like niclosamide and pyrvinium pamoate as
potent inhibitors of p70S6K-mediated phosphorylation,
drug repurposing techniques have also drawn attention.
The potential of off-label usage was highlighted by these
medicines' cytostatic effects in breast cancer models [82].
Additionally,  ruthenium-containing  organometallic
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compounds (EMS5 and FL772) have demonstrated potent
and highly selective inhibitory effects against p70S6K
phosphorylation, indicating the emergence of metal-
based medicinal methods [87].

6. Research Deficits

The role of p70S6 kinase in the development of cancer
has been thoroughly studied, but there are still a number
of significant gaps that prevent us from fully
comprehending its biological and clinical relevance. First,
while the precise upstream regulatory mechanisms in
various TME:s are still poorly understood, the majority of
current research focuses on the downstream
consequences of p70S6K activation on protein synthesis
and cell proliferation. The impact of inflammatory
signaling, hypoxia, and tumor-specific metabolic
circumstances on p70S6K activation has not been
thoroughly investigated.

Second, despite the fact that p70S6K has been linked to
several cancer types, there aren't enough comparative
studies looking at its functional roles and differential
expression in various malignancies.

This limits our capacity to ascertain whether p70S6K
behaves context-dependently based on tissue origin and
genetic background or operates consistently as a
proliferative driver.

The poor knowledge of p70S6K isoforms and their many
biological roles represents another significant gap.
Despite growing evidence that these isoforms may have
distinct regulatory functions in tumor development,
survival, and treatment resistance, most investigations
fail to distinguish between p70S6K1 and p70S6K2.

“Although p70S6K has been associated with
chemotherapy and targeted-therapy resistance in several
experimental and clinical contexts, the molecular
determinants of this association and its therapeutic
significance remain incompletely define.

Furthermore, translational dependability is decreased
because the majority of results are taken from in vitro
models with little validation in in vivo systems and
patient-derived samples.

Lastly, there aren't many standardized biomarkers based
on p70S6K activity that may be applied to treatment
classification or prognosis. This emphasizes the necessity
of therapeutically significant research that connects
molecular discoveries to patient outcomes.

7. Conclusions and Prospects for the Future

This review summarizes recent developments in
therapeutic targeting approaches while highlighting the
varied and growing roles of p70S6 kinase in controlling
cancer cell proliferation and tumor progression. Given
that p70S6K signaling functions at the nexus of
oncogenesis, aging, and metabolic diseases, further
research into this system may shed light on the molecular
relationships between these ailments. Differentiating the
direct biological roles of p70S6K from upstream
regulators like mTOR is a significant research problem
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since it is necessary to produce safer and more targeted
therapeutic approaches.

The discovery of p70S6K-specific regulatory
mechanisms may  create new  avenues for
immunotherapy-based therapeutic approaches because
mTOR  inhibitors are known to have potent
immunosuppressive effects. According to recent data, the
mTOR—p70S6K axis can affect immune cell responses
without reference to traditional S6 phosphorylation
pathways

Despite a significant increase in the number of identified
p70S6K substrates in recent decades, little is known
about their functional significance in immuno-oncology
and tumor-immune interactions. Additional research on
p70S6K signaling in cancerous cells and elements of the
TME may enhance the logical development of
combination therapy strategies. Although computational
drug discovery methods for p70S6K inhibitor
identification have advanced, there are still few effective
cell-based screening platforms that can capture cell-type-
specific responses. Despite the development of
intracellular detection technologies for phosphorylated
S6 proteins utilizing sophisticated imaging techniques,
its use in extensive drug screening is still neglected.
Promising prospects for incorporation into high-
throughput screening methods are presented by emerging
biosensor-based technologies that can monitor real-time
mTOR and p70S6K activity.

Due to the limited availability of appropriate binding
pockets, the structural constraints related to kinase drug
design continue to provide difficulties.

Targeted protein degradation techniques, such as
proteolysis-targeting chimeras and associated molecular
degraders, have drawn interest as an alternate tactic for
the selective removal of carcinogenic proteins through
proteasomal pathways. Thus, p70S6K degradation-based
targeting is a promising treatment option. It is expected
that new p70S6K-directed therapeutic approaches will
surface and improve cancer treatment outcomes with
further developments in molecular biology methods and
drug development technology.

Taken together, the available evidence indicates that the
therapeutic relevance of p70S6K depends on biological
context, target dependency, pathway feedback, inhibitor
selectivity, and appropriate patient selection. Future
studies should therefore distinguish direct p70S6K
inhibition from upstream pathway suppression and
incorporate pharmacodynamic biomarkers that can
establish target engagement. Improved molecular
stratification and clinically validated biomarkers will be
important for determining whether specific tumor
contexts are sufficiently dependent on p70S6K signaling
to benefit from selective intervention.

Acknowledgments
The authors would like to thank Professor Muktar
Mahajan, Hunter Medical Laboratory Sciences, The City

University of New York, USA, for constructive criticism
of the manuscript.

https://jcht.eternopublisher.com/index.php/jcbt

Geelani, et al

Funding

This work was not supported by any funding, but rather
this research received no external funding.

Availability of Data Materials
Not applicable.
Contributions

SAL designed the review, STG and SAL collected the
literature, STG, IR and SAL wrote the manuscript, SAL
read, reviewed, and approved the manuscript.

Ethics Approval

Not applicable.

Consent for Publication

Not applicable.

Competing Interests

The authors declare no conflict of interest.
Generative Al Statement

The authors declare that no generative artificial
intelligence technologies were used when preparing this
manuscript.

References

[1] Uhlén M, Fagerberg L, Hallstrom BM, Lindskog C,
Oksvold P, Mardinoglu A, et al. Tissue-based map of the
human proteome. Science. 2015, 347(6220), 1260419.
DOI: 10.1126/science.1260419

[2] Magnuson B, Ekim B, Fingar DC. Regulation and
function of ribosomal protein S6 kinase (S6K) within
mTOR signalling networks. The Biochemical Journal.
2012, 441(1), 1-21. DOI: 10.1042/BJ20110892

[3] Leroux AE, Schulze JO, Biondi RM. AGC kinases,
mechanisms of regulation and innovative drug
development. Seminars in Cancer Biology. 2018, 48, 1-
17. DOL: 10.1016/j.semcancer.2017.05.011

[4] Jend P, Ballou LM, Novak-Hofer I, Thomas G.
Identification and characterization of a mitogen-activated
S6 kinase. Proceedings of the National Academy of
Sciences of the United States of America. 1988, 85(2),
406-410. DOI: 10.1073/pnas.85.2.406

[5] IpCK, Wong AS. Exploiting p70 S6 kinase as a target for
ovarian cancer. Expert Opinion on Therapeutic Targets.
2012, 16(6), 619-630. DOI:
10.1517/14728222.2012.684680

[6] Tavares MR, Pavan IC, Amaral CL, Meneguello L,
Luchessi AD, Simabuco FM. The S6K protein family in
health and disease. Life Sciences. 2015, 131, 1-10. DOI:
10.1016/j.1£s.2015.03.001

[7] Bahrami-B F, Ataie-Kachoie P, Pourgholami MH, Morris
DL. p70 Ribosomal protein S6 kinase (Rps6kbl): An
update. Journal of Clinical Pathology. 2014, 67(12),
1019-1025. DOI: 10.1136/jclinpath-2014-202560

JCBT, Vol.3, No.4, October 2026



Geelani, et al

(8]

[12]

[13]

[14]

[13]

(18]

(20]

(21]

(22]

Nojima H, Tokunaga C, Eguchi S, Oshiro N, Hidayat S,
Yoshino K, et al. The mammalian target of rapamycin
(mTOR) partner, raptor, binds the mTOR substrates p70
S6 kinase and 4E-BP1 through their TOR signaling (TOS)
motif. The Journal of Biological Chemistry. 2003,
278(18), 15461-15464. DOI: 10.1074/jbc.C200665200
Pullen N, Dennis PB, Andjelkovic M, Dufner A, Kozma
SC, Hemmings BA, et al. Phosphorylation and activation
of p70s6k by PDK1. Science. 1998, 279(5351), 707-710.
DOI: 10.1126/science.279.5351.707

Niwa H, Mikuni J, Sasaki S, Tomabechi Y, Honda K,
Ikeda M, et al. Crystal structures of the S6K1 kinase
domain in complexes with inhibitors. Journal of
Structural and Functional Genomics. 2014, 15(3), 153-
164. DOI: 10.1007/s10969-014-9188-8

Jefferies HB, Fumagalli S, Dennis PB, Reinhard C,
Pearson RB, Thomas G. Rapamycin suppresses 5’TOP
mRNA translation through inhibition of p70s6k. The
EMBO Journal. 1997, 16(12), 3693-3704. DOI:
10.1093/emboj/16.12.3693

Montagne J, Stewart MJ, Stocker H, Hafen E, Kozma SC,
Thomas G. Drosophila S6 kinase: A regulator of cell size.
Science. 1999,  285(5436), 2126-2129. DOI:
10.1126/science.285.5436.2126

Shima H, Pende M, Chen Y, Fumagalli S, Thomas G,
Kozma SC. Disruption of the p70(s6k)/p85(s6k) gene
reveals a small mouse phenotype and a new functional S6
kinase. The EMBO Journal. 1998, 17(22), 6649-6659.
DOI: 10.1093/emboj/17.22.6649

Nieto MA, Huang RY, Jackson RA, Thiery JP. EMT:
2016. Cell. 2016, 166(1), 21-45. DOI:
10.1016/j.cell.2016.06.028

Zhou HY, Wong AS. Activation of p70S6K induces
expression of matrix metalloproteinase 9 associated with
hepatocyte growth factor-mediated invasion in human
ovarian cancer cells. Endocrinology. 2006, 147(5), 2557-
2566. DOI: 10.1210/en.2005-1404

Pon YL, Zhou HY, Cheung AN, Ngan HY, Wong AS.
p70 S6 kinase promotes epithelial to mesenchymal
transition through snail induction in ovarian cancer cells.
Cancer Research. 2008, 68(16), 6524-6532. DOI:
10.1158/0008-5472.CAN-07-6302

Ip CK, Cheung AN, Ngan HY, Wong AS. p70 S6 kinase
in the control of actin cytoskeleton dynamics and directed
migration of ovarian cancer cells. Oncogene. 2011,
30(21), 2420-2432. DOI: 10.1038/0nc.2010.615

Latoo SA, Andrabi KI. Phosphorylation state of S6K1 is
redundant for its blood interaction with F actin. Journal of
Blood Disorders & Transfusion. 2023, 14, S3.011. DOI:
10.4172/2155-9864.23.83.011

Latoo SA. Expression and purification of p70 (ANH».
146/ACT104) S6 K, a 57.3 kDa N- and C-terminal truncated
p70S6 Kinase-GST fusion protein in bacterial expression
system. The Protein Journal. 2026, 45(2), 245-253. DOI:
10.1007/s10930-025-10308-2

Lam SS, Ip CK, Mak AS, Wong AS. A novel p70 S6
kinase-microRNA biogenesis axis mediates multicellular
spheroid formation in ovarian cancer progression.
Oncotarget. 2016,  7(25), 38064-38077. DOI:
10.18632/oncotarget.9345

Ip CK, Yung S, Chan TM, Tsao SW, Wong AS. p70 S6
kinase drives ovarian cancer metastasis through
multicellular spheroid-peritoneum interaction and P-
cadherin/bl integrin signaling activation. Oncotarget.
2014, 5(19), 9133-9149. DOI: 10.18632/oncotarget.2362
Ghosh J, Kobayashi M, Ramdas B, Chatterjee A, Ma P,
Mali RS, et al. S6K1 regulates hematopoietic stem cell
self- renewal and leukemia maintenance. The Journal of
Clinical Investigation. 2016, 126(7), 2621-2625. DOI:
10.1172/JC184565

JCBT, Vol.3, No.4, October 2026

(23]

(23]

[26]

(28]

[29]

(30]

(32]

[33]

(34]

[36]

53

Foster H, Coley HM, Goumenou A, Pados G, Harvey A,
Karteris E. Differential expression of mTOR signalling
components in drug resistance in ovarian cancer.
Anticancer Research. 2010, 30(9), 3529-3534. PMID:
20944133

Qin Y, Sekine I, Hanazono M, Morinaga T, Fan M,
Takiguchi Y, et al. AMPK activation induced in
pemetrexed-treated cells is associated with development
of drug resistance independently of target enzyme
expression. Molecular Oncology. 2019, 13(6), 1419-1432.
DOI: 10.1002/1878-0261.12496

Kim EK, Kim HA, Koh JS, Kim MS, Kim KI, Lee JI, et
al. Phosphorylated S6K1 is a possible marker for
endocrine therapy resistance in hormone receptor-positive
breast cancer. Breast Cancer Research and Treatment.
2011, 126(1), 93-99. DOI: 10.1007/s10549-010-1315-z
Bostner J, Karlsson E, Eding CB, Perez-Tenorio G,
Franzén H, Konstantinell A, et al. S6 kinase signaling:
Tamoxifen response and prognostic indication in two
breast cancer cohorts. Endocrine-Related Cancer. 2015,
22(3), 331-343. DOI: 10.1530/ERC-14-0513

Choi J, Yoon YN, Kim N, Park CS, Seol H, Park IC, et al.
Predicting radiation resistance in breast cancer with
expression status of phosphorylated S6K1. Scientific
Reports. 2020, 10(1), 641. DOI: 10.1038/s41598-020-
57496-8

Shen H, Wang GC, Li X, Ge X, Wang M, Shi ZM, et al.
S6K1 blockade overcomes acquired resistance to EGFR-
TKIs in non-small cell lung cancer. Oncogene. 2020,
39(49), 7181-7195. DOI: 10.1038/s41388-020-01497-4
Bian CX, Shi Z, Meng Q, Jiang Y, Liu LZ, Jiang BH.
P70S6K 1 regulation of angiogenesis through VEGF and
HIF-1lalpha expression. Biochemical and Biophysical
Research Communications. 2010, 398(3), 395-399. DOI:
10.1016/j.bbrc.2010.06.080

Klos KS, Wyszomierski SL, Sun M, Tan M, Zhou X, Li
P, et al. ErbB2 increases vascular endothelial growth
factor protein synthesis via activation of mammalian
target of rapamycin/p70S6K leading to increased
angiogenesis and spontaneous metastasis of human breast
cancer cells. Cancer Research. 2006, 66(4), 2028-2037.
DOI: 10.1158/0008-5472.CAN-04-4559

Guru SK, Pathania AS, Kumar S, Ramesh D, Kumar M,
Rana S, et al. Secalonic acid-D represses HIF1 o /VEGF-
mediated angiogenesis by regulating the
Akt/mTOR/p70S6K signaling cascade. Cancer Research.
2015, 75(14), 2886-2896. DOI: 10.1158/0008-
5472.CAN-14-2312

Xiang T, Lin YX, Ma W, Zhang HJ, Chen KM, He GP, et
al. Vasculogenic mimicry formation in EBV-associated
epithelial malignancies. Nature Communications. 2018,
9(1), 5009. DOI: 10.1038/s41467-018-07308-5

Li W, Tan D, Zhang Z, Liang JJ, Brown RE. Activation
of Akt-mTOR-p70S6K pathway in angiogenesis in
hepatocellular carcinoma. Oncology Reports. 2008, 20(4),
713-719. PMID: 18813808. DOI: 10.3892/or_00000064
Pan Q, Xie X, Guo Y, Wang H. Simvastatin promotes
cardiac microvascular endothelial cells proliferation,
migration and survival by phosphorylation of p70 S6K
and FoxO3a. Cell Biology International. 2014, 38(5),
599-609. DOI: 10.1002/cbin.10236

Chai X, Sun D, Han Q, Yi L, Wu Y, Liu X. Hypoxia
induces pulmonary arterial f ibroblast proliferation,
migration, differentiation and vascular remodeling via the
PI3K/Akt/p70S6K  signaling pathway. International
Journal of Molecular Medicine. 2018, 41(5), 2461-2472.
DOI: 10.3892/ijmm.2018.3462

Kraiss LW, Weyrich AS, Alto NM, Dixon DA, Ennis TM,
Modur V, et al. Fluid flow activates a regulator of
translation, p70/p85 S6 kinase, in human endothelial cells.

https://jcbt.eternopublisher.com/index.php/jcbt



54

[37]

[38]

[39]

[40]

[41]

[42]

[44]

[47]

American Journal of Physiology. Heart and Circulatory
Physiology. 2000, 278(5), H1537-1544. DOI:
10.1152/ajpheart.2000.278.5.H1537

Parsa AT, Waldron JS, Panner A, Crane CA, Parney IF,
Barry 1], et al. Loss of tumor suppressor PTEN function
increases B7-H1 expression and immunoresistance in
glioma. Nature Medicine. 2007, 13(1), 84-88. DOI:
10.1038/nm1517

Deng L, Qian G, Zhang S, Zheng H, Fan S, Lesinski GB,
et al. Inhibition of mTOR complex 1/p70 S6 kinase
signaling elevates PD-L1 levels in human cancer cells
through enhancing protein stabilization accompanied with
enhanced B-TrCP degradation. Oncogene. 2019, 38(35),
6270-6282. DOIL: 10.1038/s41388-019-0877-4

Wang L, Gao Y, Zhang G, Li D, Wang Z, Zhang J, et al.
Enhancing KDM5A and TLR activity improves the
response to immune checkpoint blockade. Science
Translational Medicine. 2020, 12(560), eaax2282. DOI:
10.1126/scitranslmed.aax2282

Lee S, Roh HS, Song SS, Shin J, Lee J, Bhang DH, et al.
Loss of S6K1 but Not S6K2 in the tumor
microenvironment  suppresses tumor growth by
attenuating tumor angiogenesis. Translational Oncology.
2020, 13(4), 100767. DOI: 10.1016/j.tranon.2020.100767
Sobral-Leite M, Salomon I, Opdam M, Kruger DT,
Beelen KJ, van der Noort V, et al. Cancer-immune
interactions in ER-positive breast cancers: PI3K pathway
alterations and tumor- infiltrating lymphocytes. Breast
Cancer Research: BCR. 2019, 21(1), 90. DOI:
10.1186/s13058-019-1176-2

Sasaki CY, Chen G, Munk R, Eitan E, Martindale J,
Longo DL, et al. p ("*S°K ) in the TORCI1 pathway is
essential for the differentiation of Th17 Cells, but not Thl,
Th2, or Treg cells in mice. European Journal of
Immunology. 2016, 46(1), 212-222. DOLI:
10.1002/¢ji.201445422

Frondorf K, Henkels KM, Frohman MA, Gomez-
Cambronero J. Phosphatidic acid is a leukocyte
chemoattractant that acts through S6 kinase signaling.
The Journal of Biological Chemistry. 2010, 285(21),
15837-15847. DOI: 10.1074/jbc.M109.070524
Weichhart T, Hengstschlager M, Linke M. Regulation of
innate immune cell function by mTOR. Nature Reviews.
Immunology. 2015, 15(10), 599-614. DOLI:
10.1038/nri3901

Trivanovi¢ D, Vignjevi¢ Petrinovi¢ S, Oki¢ Djordjevié 1,
Kukolj T, Bugarski D, Jaukovi¢ A. Adipogenesis in
different body depots and tumor development. Frontiers
in Cell and Developmental Biology. 2020, 8, 571648.
DOI: 10.3389/fcell.2020.571648

Wu Q, Li B, Li J, Sun S, Yuan J, Sun S. Cancer-
associated adipocytes as immunomodulators in cancer.
Biomarker = Research. 2021, 9(1), 2. DOL
10.1186/s40364-020-00257-6

Catalan V, Gémez-Ambrosi J, Rodriguez A, Ramirez B,
Andrada P, Rotellar F, et al. Expression of S6KI1 in
human visceral adipose tissue is upregulated in obesity
and related to insulin resistance and inflammation. Acta
Diabetologica. 2015, 52(2), 257-266. DOI:
10.1007/500592-014-0632-9

Carnevalli LS, Masuda K, Frigerio F, Le Bacquer O, Um
SH, Gandin V, et al. S6K1 plays a critical role in early
adipocyte differentiation. Developmental Cell. 2010,
18(5), 763-774. DOI: 10.1016/j.devcel.2010.02.018

Uno K, Yamada T, Ishigaki Y, Imai J, Hasegawa Y,
Sawada S, et al. A hepatic amino acid/mTOR/S6K-
dependent signalling pathway modulates systemic lipid
metabolism via neuronal signals. Nature Communications.
2015, 6, 7940. DOI: 10.1038/ncomms8940

https://jcht.eternopublisher.com/index.php/jcbt

[50]

[53]

[54]

[55]

[56]

[58]

[59]

[60]

Geelani, et al

Chandler C, Liu T, Buckanovich R, Coffman LG. The
double edge sword of fibrosis in cancer. Translational
Research: The Journal of Laboratory and Clinical
Medicine. 2019, 209, 55-67. DOI:
10.1016/j.trs1.2019.02.006

Li Q, Zhu CC, Ni B, Zhang ZZ, Jiang SH, Hu LP, et al.
Lysyl oxidase promotes liver metastasis of gastric cancer
via facilitating the reciprocal interactions between tumor
cells and cancer associated fibroblasts. EBioMedicine.
2019, 49, 157-171. DOI: 10.1016/j.ebiom.2019.10.037
Zervantonakis 1K, Poskus MD, Scott AL, Selfors LM,
Lin JR, Dillon DA, et al. Fibroblast-tumor cell signaling
limits HER2 kinase therapy response via activation of
MTOR and antiapoptotic pathways. Proceedings of the
National Academy of Sciences of the United States of
America. 2020, 117(28), 16500-16508. DOI:
10.1073/pnas.2000648117

Madala SK, Thomas G, Edukulla R, Davidson C,
Schmidt S, Schehr A, et al. p70 ribosomal S6 kinase
regulates subpleural fibrosis following transforming
growth factor-o expression in the lung. American Journal
of Physiology. Lung Cellular and Molecular Physiology.
2016, 310(2), L175-186. DOI:
10.1152/ajplung.00063.2015

Zhang P, Wang W, Wang X, Wang X, Song Y, Zhang J,
et al. Focal adhesion kinase mediates atrial fibrosis via
the AKT/S6K signaling pathway in chronic atrial
fibrillation patients with rheumatic mitral valve disease.
International Journal of Cardiology. 2013, 168(4), 3200-
3207. DOI: 10.1016/j.ijcard.2013.04.113

Barilari M, Bonfils G, Treins C, Koka V, De Villencuve
D, Fabrega S, et al. ZRF1 is a novel S6 kinase substrate
that drives the senescence programme. The EMBO
Journal. 2017, 36(6), 736-750. DOI:
10.15252/embj.201694966

Krtolica A, Parrinello S, Lockett S, Desprez PY, Campisi
J. Senescent fibroblasts promote epithelial cell growth
and tumorigenesis: A link between cancer and aging.
Proceedings of the National Academy of Sciences of the
United States of America. 2001, 98(21), 12072-12077.
DOI: 10.1073/pnas.211053698

Masini D, Bonito-Oliva A, Bertho M, Fisone G.
Inhibition of mTORCI1 signaling reverts cognitive and
affective deficits in a mouse model of Parkinson’s disease.
Frontiers in Neurology. 2018, 9, 208. DOI:
10.3389/fneur.2018.00208

Lu Q, Ji XJ, Zhou YX, Yao XQ, Liu YQ, Zhang F, et al.
Quercetin  inhibits the mTORCI1/p70S6K signaling-
mediated renal tubular epithelial-mesenchymal transition
and renal fibrosis in  diabetic  nephropathy.
Pharmacological Research. 2015, 99, 237-247. DOI:
10.1016/j.phrs.2015.06.006

Li J, Kim SG, Blenis J. Rapamycin: One drug, many
effects. Cell Metabolism. 2014, 19(3), 373-379. DOI:
10.1016/j.cmet.2014.01.001

Jaeschke A, Hartkamp J, Saitoh M, Roworth W,
Nobukuni T, Hodges A, et al. Tuberous sclerosis complex
tumor suppressor- mediated S6 kinase inhibition by
phosphatidylinositide-3-OH kinase is mTOR independent.
The Journal of Cell Biology. 2002, 159(2), 217-224. DOI:
10.1083/jcb.jcb.200206108

Lehman N, Ledford B, Di Fulvio M, Frondorf K,
McPhail LC, Gomez-Cambronero J. Phospholipase D2-
derived phosphatidic acid binds to and activates
ribosomal p70 S6 kinase independently of mTOR.
FASEB Journal: Official Publication of the Federation of
American Societies for Experimental Biology. 2007,
21(4), 1075-1087. DOI: 10.1096/1j.06-6652com

Liu Y, Vertommen D, Rider MH, Lai YC. Mammalian
target of rapamycin- independent S6K1 and 4E-BP1

JCBT, Vol.3, No.4, October 2026



Geelani, et al

[63]

[64]

[65]

[67]

[69]

(71]

(73]

phosphorylation during contraction in rat skeletal muscle.
Cellular Signalling. 2013, 25(9), 1877-1886. DOI:
10.1016/j.cellsig.2013.05.005

Zhang Y, Wang Q, Chen L, Yang HS. Inhibition of
p70S6K1 activation by Pdcd4 overcomes the resistance to
an IGF-1R/IR inhibitor in colon carcinoma cells.
Molecular Cancer Therapeutics. 2015, 14(3), 799-809.
DOI: 10.1158/1535-7163.MCT-14-0648

Hollebecque A, Houédé N, Cohen EE, Massard C,
Italiano A, Westwood P, et al. A phase Ib trial of
LY2584702 tosylate, a p70 S6 inhibitor, in combination
with erlotinib or everolimus in patients with solid
tumours. European Journal of Cancer. 2014, 50(5), 876-
884. DOLI: 10.1016/j.ejca.2013.12.006

Wang BT, Ducker GS, Barczak AJ, Barbeau R, Erle DJ,
Shokat KM. The mammalian target of rapamycin
regulates cholesterol biosynthetic gene expression and
exhibits a rapamycin-resistant transcriptional profile.
Proceedings of the National Academy of Sciences of the
United States of America. 2011, 108(37), 15201-15206.
DOI: 10.1073/pnas.1103746108

Zhang S, Deng Z, Yao C, Huang P, Zhang Y, Cao S, et al.

AT7867 inhibits human colorectal cancer cells via AKT-

dependent and AKT-independent mechanisms. PLoS One.

2017, 12(1),
10.1371/journal.pone.0169585
Angevin E, Cassier PA, Italiano A, Gongalves A, Gazzah
A, Terret C, et al. Safety, tolerability and antitumour
activity of LY2780301 (p70S6K/AKT inhibitor) in
combination with gemcitabine in molecularly selected
patients with advanced or metastatic cancer: A phase IB
dose escalation study. European Journal of Cancer. 2017,
83, 194-202. DOI: 10.1016/j.ejca.2017.06.036

Pearce LR, Alton GR, Richter DT, Kath JC, Lingardo L,
Chapman J, et al. Characterization of PF-4708671, a
novel and highly specific inhibitor of p70 ribosomal S6
kinase (S6K1). The Biochemical Journal. 2010, 431(2),
245-255. DOTI: 10.1042/BJ20101024

Qiu ZX, Sun RF, Mo XM, Li WM. The p70S6K specific
inhibitor PF-4708671 impedes non-small cell lung cancer
growth. PLoS One. 2016, 11(1), e0147185. DOI:
10.1371/journal.pone.0147185

Tolcher A, Goldman J, Patnaik A, Papadopoulos KP,
Westwood P, Kelly CS, et al. A phase I trial of
LY2584702 tosylate, a p70 S6 kinase inhibitor, in
patients with advanced solid tumours. European Journal
of  Cancer. 2014, 50(5), 867-875. DOI:
10.1016/j.ejca.2013.11.039

de la Pena JB, Kunder N, Lou TF, Chase R, Stanowick A,
Barragan-Iglesias P, et al. A role for translational
regulation by S6 Kinase and a downstream target in
inflammatory pain. British Journal of Pharmacology.
2021, 178(23), 4675-4690. DOI: 10.1111/bph.15646
Okuzumi T, Fiedler D, Zhang C, Gray DC, Aizenstein B,
Hoffman R, et al. Inhibitor hijacking of Akt activation.
Nature Chemical Biology. 2009, 5(7), 484-493. DOI:
10.1038/nchembio.183

Grimshaw KM, Hunter LJ, Yap TA, Heaton SP, Walton
MI, Woodhead SJ, et al. AT7867 is a potent and oral
inhibitor of AKT and p70 S6 kinase that induces
pharmacodynamic changes and inhibits human tumor
xenograft growth. Molecular Cancer Therapeutics. 2010,
9(5), 1100-1110. DOTI: 10.1158/1535-7163.MCT-09-0986
Bussenius J, Anand NK, Blazey CM, Bowles OJ, Bannen
LC, Chan DS, et al. Design and evaluation of a series of
pyrazolopyrimidines as p70S6K inhibitors. Bioorganic &

e0169585. DOI:

JCBT, Vol.3, No.4, October 2026

[76]

[77]

(78]

(84]

(83]

(86]

55

Medicinal Chemistry Letters. 2012, 22(6), 2283-2286.
DOI: 10.1016/j.bmcl.2012.01.105

Azaro A, Rodon J, Calles A, Brafia I, Hidalgo M, Lopez-
Casas PP, et al. A first-in-human phase I trial of
LY2780301, a dual p70 S6 kinase and Akt Inhibitor, in
patients with advanced or metastatic cancer.
Investigational New Drugs. 2015, 33(3), 710-719. DOL:
10.1007/s10637-015-0241-7

Hasskarl J. Everolimus, in: U.M. Martens (Ed.), Small
molecules in oncology. Springer International Publishing.
2018, 211, 101-123. DOI: 10.1007/978-3-319-91442-8 8
Kwitkowski VE, Prowell TM, Ibrahim A, Farrell AT,
Justice R, Mitchell SS, et al. FDA approval summary:
Temsirolimus as treatment for advanced renal cell
carcinoma. The Oncologist. 2010, 15(4), 428-435. DOI:
10.1634/theoncologist.2009-0178

Tsimberidou AM, Shaw JV, Juric D, Verschraegen C,
Weise AM, Sarantopoulos J, et al. Phase 1 study of
M2698, a p70S6K/ AKT dual inhibitor, in patients with
advanced cancer. Journal of Hematology & Oncology.
2021, 14(1), 127. DOI: 10.1186/s13045-021-01132-z
Liang X, Li D, Leng S, Zhu X. RNA-based
pharmacotherapy for tumors: From bench to clinic and
back. Biomedicine & Pharmacotherapy. 2020, 125,
109997. DOI: 10.1016/j.biopha.2020.109997

Ma J, Kala S, Yung S, Chan TM, Cao Y, Jiang Y, et al.
Blocking stemness and metastatic properties of ovarian
cancer cells by targeting p70S6K with dendrimer
nanovector-based siRNA delivery. Molecular Therapy:
The Journal of the American Society of Gene Therapy.
2018, 26(1), 70-83. DOI: 10.1016/j.ymthe.2017.11.006
Dzmitruk V, Apartsin E, Thnatsyeu-Kachan A, Abashkin
V, Shcharbin D, Bryszewska M. Dendrimers show
promise for siRNA and microRNA therapeutics.
Pharmaceutics. 2018, 10(3), 126. DOLI:
10.3390/pharmaceutics10030126

Carrella D, Manni I, Tumaini B, Dattilo R, Papaccio F,
Mutarelli M, et al. Computational drugs repositioning
identifies inhibitors of oncogenic PI3K/AKT/P70S6K-
dependent pathways among FDA-approved compounds.
Oncotarget. 2016,  7(37), 58743-58758. DOI:
10.18632/oncotarget.11318

Segatto I, Massarut S, Boyle R, Baldassarre G, Walker D,
Belletti B. Preclinical validation of a novel compound
targeting p70S6 kinase in breast cancer. Aging. 2016,
8(5), 958-976. DOI: 10.18632/aging.100954

Couty S, Westwood IM, Kalusa A, Cano C, Travers J,
Boxall K, et al. The discovery of potent ribosomal S6
kinase inhibitors by high-throughput screening and
structure-guided drug design. Oncotarget. 2013, 4(10),
1647-1661. DOI: 10.18632/oncotarget.1255

Ye P, Kuhn C, Juan M, Sharma R, Connolly B, Alton G,
et al. Potent and selective thiophene urea-templated
inhibitors of S6K. Bioorganic & Medicinal Chemistry
Letters. 2011, 21(2), 849-852. DOI:
10.1016/j.bmcl.2010.11.069

Xiao Y, Huck BR, Lan R, DeSelm L, Chen X, Qiu H, et
al. Discovery of 4-aminopyrimidine analogs as highly
potent dual P70S6K/Akt inhibitors. Bioorganic &
Medicinal Chemistry Letters. 2021, 50, 128352. DOI:
10.1016/j.bmcl.2021.128352

Qin J, Rajaratnam R, Feng L, Salami J, Barber-Rotenberg
JS, Domsic J, et al. Development of organometallic S6K 1
inhibitors. Journal of Medicinal Chemistry. 2015, 58(1),
305-314. DOI: 10.1021/jm5011868

https://jcbt.eternopublisher.com/index.php/jcbt


https://www.researchgate.net/journal/Bioorganic-Medicinal-Chemistry-Letters-0960-894X
https://www.researchgate.net/journal/Bioorganic-Medicinal-Chemistry-Letters-0960-894X
https://www.sciencedirect.com/journal/bioorganic-and-medicinal-chemistry-letters
https://www.sciencedirect.com/journal/bioorganic-and-medicinal-chemistry-letters

