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Introduction

Among the three PHLDB family members (PHLDB1, PHLDB2 and PHLDB3), PHLDB3 has 
been the least studied [1]. Over the past several years, our lab has made significant progress toward 
understanding its biological and biochemical functions. Previously, our lab identified PHLDB3 as a 
transcriptional target of p53 and showed that it assists MDM2-mediated p53 degradation, thereby 
attenuating p53 tumor suppressor activity and promoting tumor growth [2]. Subsequent studies by 
us and others demonstrated that PHLDB3 contributes to tumor progression in several cancer types 
[2,3], suggesting that its biological functions extend beyond the canonical p53 pathway. Indeed, 
our latest study revealed that PHLDB3 can bind to RICTOR, a subunit of the mechanistic target 
of rapamycin complex 2 (mTORC2), thereby enhancing mTORC2-AKT signaling and promoting 
colorectal cancer growth [4]. mTORC2 is a highly conserved protein kinase complex composed of 
mTOR, RICTOR, mSIN1, and mLST8 [5]. As a central regulator of AKT Ser473 phosphorylation, 
mTORC2 plays critical roles in cell survival, proliferation, metabolism, and cytoskeletal organization 
[6,7]. Dysregulation of mTORC2 signaling has been implicated in a wide range of human diseases, 
particularly cancer and metabolic disorders [8].

Although PHLDB3 and mTORC2 were originally studied in distinct signaling contexts, our 
recent findings linked them by identifying RICTOR as a novel PHLDB3-interacting protein and 
demonstrating that PHLDB3 promotes mTORC2-dependent AKT activation [4]. These observations 
expand the functional landscape of PHLDB3 and position it as a previously unrecognized regulator 
of mTORC2 signaling. Because the biological functions and disease associations of PHLDB1 and 
PHLDB2 have been discussed in detail in our previous review [1], the present mini-review, in 
addition to briefing the current understanding of PHLDB3 biology, primarily focuses on discussion 
of our recent advances linking PHLDB3 to mTORC2-AKT signaling as well as broader implications 
of this signaling axis in cancer progression and metabolic regulation. We also envision the potential 
therapeutic opportunities arising from the emerging role of PHLDB3 in mTORC2 regulation. 

Abstract
Pleckstrin Homology-like Domain family B member 3 (PHLDB3) is a member of the PHLDB protein 
family characterized by the presence of two central coiled-coil (CC) domains and a C-terminal pleckstrin 
homology (PH) domain. This family includes PHLDB1 with 1377 amino acids (AAs), PHLDB2 with 1253 
AAs, and PHLDB3 with 640 AAs. Although more studies have been reported on PHLDB1 and PHLDB2, our 
lab has made some progress in investigating PHLDB3. We previously found that PHLDB3 participates in 
the MDM2-p53 negative feedback loop. Recently, our study showed that PHLDB3 also plays a regulatory 
role in mediating the mTORC2-AKT1 signaling. Hence, this minireview will focus on discussing this recent 
discovery of PHLDB3, its potential implications and biological significance in addition to briefly reconciling 
this pathway with its oncogenic role via p53 inactivation. 
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The mTORC2 Signaling Pathway

Among the four subunits of the mTORC2 kinase complex 
as mentioned above [5], RICTOR serves as a defining scaffold 
protein that distinguishes mTORC2 from mTORC1 and is 
required for complex assembly and substrate recognition [9,10]. 
mSIN1 contains a pleckstrin homology domain that contributes 
to membrane localization and growth factor responsiveness of the 
complex [11]. Upon growth factor stimulation, phosphatidylinositol 
3-kinase (PI3K) signaling promotes the recruitment and activation 
of mTORC2 at cellular membranes [12]. Activated mTORC2 
phosphorylates several AGC family kinases, including AKT, SGK, 
and PKC [13]. Among these substrates, phosphorylation of AKT 
at Ser473 represents one of the best-characterized functions of 
mTORC2 and is required for maximal AKT activation [6]. Through 
AKT and other downstream effectors, mTORC2 regulates cell 
survival, proliferation, glucose metabolism, lipid metabolism, and 
cytoskeletal dynamics [14].

Although the downstream functions of mTORC2 have been 
extensively investigated, the mechanisms underlying its activation 
and regulation remain incompletely understood. Previous studies 
have identified growth factor signaling, phosphoinositides, and 
membrane localization as important regulatory factors [12]. 
However, a complete picture of the mTORC2 pathway remains to be 
fully unveiled. Identifying yet unknown regulators of the RICTOR-
mTORC2 complex is therefore important for better understanding 
how mTORC2 signaling is controlled in normal physiology and 
pathological alterations including cancer.

Our recent study has begun to uncover previously unrecognized 
mechanisms regulating mTORC2 activity. Specifically, we found that 
PHLDB3 directly interacts with RICTOR, consequently promoting 
mTORC2-dependent AKT activation [4]. This finding raises the 
possibility that PHLDB3 functions as an upstream regulator of 
mTORC2 signaling and provides a new direction for investigating 
the biological functions of the understudied protein PHLDB3.

PHLDB3

Although PHLDB1, PHLDB2, and PHLDB3 share the 
characteristic PH domain, which is a structural module often 
associated with phosphoinositide binding and membrane-related 
signaling events [15], accumulating evidence suggests that individual 
family members may participate in distinct cellular processes. 
PHLDB1 and PHLDB2 have been implicated in several biological 
and disease-related contexts, as summarized in detail in our 
previous review [1], whereas the mechanistic studies of PHLDB3 
have primarily linked it to the MDM2–p53 feedback loop and, 
more recently, mTORC2–AKT signaling [2,4]. As mentioned 
above, compared with other PHLDB family members, PHLDB3’s 
biochemical activity and biological functions remain largely obscure. 
Initially, our lab discovered the PHLDB3-encoding gene as a p53-
inducible gene while screening for p53 transcriptional targets [2]. 
Briefly, upon p53 activation, PHLDB3 is transcriptionally induced 
and subsequently enhances MDM2-mediated ubiquitination and 
degradation of p53. Through this negative feedback mechanism, 
PHLDB3 attenuates p53 tumor suppressor activity and supports 
cancer cell growth [2]. These findings establish PHLDB3 as an 
oncoprotein by suppressing the tumor suppressor function of p53 
(Figure 1). During this study, we observed that PHLDB3 may also 
participate in p53-independent oncogenic processes, as depletion of 

PHLDB3 suppressed proliferation of p53-null colorectal cancer cells 
as well. As discussed further below, this observation led to our recent 
discovery of PHLDB3 as a player in regulation of mTORC2-AKT 
signaling independently of p53 [2,4]. 

The Liprin-α1-PHLDB3-mTORC2-AKT Signaling

To identify other potential signaling partners of PHLDB3, 
we first performed proteomic analyses of PHLDB3-associated 
proteins in HEK293T cells expressing FLAG-PHLDB3 using co-
immunoprecipitation (co-IP) coupled with liquid chromatography–
tandem mass spectrometry [4]. Among the proteins identified, 
RICTOR topped out as a prominent candidate [4]. Our subsequent 
co-immunoprecipitation and protein-protein interaction assays 
confirmed the interaction between PHLDB3 and RICTOR in cells 
and in vitro. Domain-mapping studies demonstrated that the 1st 
coiled coil domain (CC1) of PHLDB3 is essential for RICTOR 
binding. These studies established a physical association between 
PHLDB3 and RICTOR, a subunit of the mTORC2 complex.

Functional analyses further demonstrated that PHLDB3 acts as 
a positive regulator of mTORC2 activity [4]. Silencing PHLDB3 
markedly reduced AKT phosphorylation at Ser473, whereas ectopic 
expression of PHLDB3 enhanced mTORC2-dependent AKT 
activation [4]. Given that AKT Ser473 phosphorylation represents 
a hallmark of mTORC2 signaling [6], these findings support 
the notion that PHLDB3 functions as a positive regulator of the 
mTORC2-AKT pathway.

Remarkably, our further studies revealed Liprin-α1 as another 
upstream regulator of the PHLDB3-mTORC2-AKT pathway [4]. 
First, Liprin-α1 associates with PHLDB3 in the cytoplasm of cells, 
and this association was confirmed by co-immunoprecipitation 
[4]. Also, Liprin-α1 acts to stabilize the PHLDB3 protein, as 
depletion of Liprin-α1 led to the decreased PHLDB3 abundance 
and half-life, attenuated AKT phosphorylation, and suppressed 
tumor cell growth [4]. Consistently, ectopic expression of Liprin-α1 
increased PHLDB3 protein levels by blocking proteasome-mediated 
degradation, thereby enhancing AKT phosphorylation [4], although 
the E3 ubiquitin ligase responsible for PHLDB3 degradation 
remains to be identified. These observations support a hierarchical 
Liprin-α1–PHLDB3–RICTOR–mTORC2 signaling axis and 
reveal an additional regulatory layer governing mTORC2 activity 
(Figure 1).

Collectively, these studies redefine PHLDB3 as more than a 
downstream effector of p53. Instead, PHLDB3 can also act as an 
upstream regulator of mTORC2 that integrates multiple signaling 
pathways through its interaction with RICTOR, though the 
precise molecular mechanism by which PHLDB3 regulates the 
activity of the mTORC2 kinase still needs to be further dissected. 
The discovery of the PHLDB3–RICTOR–mTORC2 axis not 
only broadens our understanding of PHLDB3 biology but also 
provides a conceptual framework for investigating its roles in cancer, 
metabolism, and other physiological and pathological processes. Of 
note, although the evidence defining PHLDB3 as a regulator of the 
RICTOR-mTORC2-AKT pathway has thus far been reported only 
from our recent study [4], the results described in the report have 
been independently reproduced by multiple researchers in our lab. 
Additional studies using different cellular, organoid, and animal 
model systems will be necessary and important to further consolidate 
the concept of this signal pathway and its biologicant significance. 
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Biological Implications of the Liprin-α1-PHLDB3-
mTORC2-Akt Axis

Through its ability to regulate mTORC2-dependent AKT 
activation, the Liprin-α1–PHLDB3–mTORC2 signaling axis may 
influence a broad spectrum of biological and pathological processes. 

Our findings established the oncogenic role of this axis in 
colorectal cancer (CRC). Several lines of evidence support this 
assumption. First, PHLDB3 is frequently upregulated in human 
colorectal tumors and associated with advanced disease and poor 
clinical outcomes [2,4]. Also, it appears to promote CRC cell growth 
via two distinct pathways: Chao et al. identified PHLDB3 as a 
negative regulator of the tumor suppressor function of p53 through 
its interaction with MDM2 [2], whereas Ko et al. demonstrated that 
PHLDB3 also promotes oncogenic mTORC2 signaling in colorectal 
cancer cells [4]. In Liprin-α1-depleted CRC models, PHLDB3 re-
expression restored AKT phosphorylation and rescued growth 
phenotypes [4]. The identification of Liprin-α1 as an upstream 
regulator further extends this signaling network. By stabilizing 
PHLDB3 and facilitating mTORC2 activation, Liprin-α1 provides 
an additional regulatory layer that supports sustained oncogenic 
signaling. Consistently, Liprin-α1 is highly expressed in CRCs and 
associated with poor survival of CRC patients [4]. Collectively, 
these findings support the Liprin-α1–PHLDB3–mTORC2 axis as a 
critical signaling module driving CRC progression, complementing 
the previously established role of PHLDB3 in suppressing p53 
activity (Figure 1) and suggest that multiple components of this 
pathway may represent potential therapeutic targets. It would be 
interesting to investigate whether PHLDB3 plays an oncogenic role 
in other types of cancers, such as lung, breast, and liver cancers.

In addition to its oncogenic role, preliminary observations have 
raised the possibility that PHLDB3 may also play biological roles 
in other aspects. A quantitative proteomic analysis of human dental 
pulp stem cells identified PHLDB3 as one of the most highly 
upregulated proteins during odontogenic differentiation, indicating 
a potential role in tissue development and regeneration [16]. 
However, a causal role for PHLDB3 in this process has not been 
experimentally tested. This represents another future direction for 
PHLDB3 research. Furthermore, integrative genomic analyses have 
identified PHLDB3 as a candidate gene shared between Alzheimer’s 
disease and sarcopenia, with predicted expression changes in both 
skeletal muscle and brain tissues [17], well consistent with its positive 
role in the mTORC2-AKT signaling. Although these associations 
are bioinformatic and correlative and should not be interpreted as 
evidence that PHLDB3 functionally contributes to either disorder, 
they imply that PHLDB3 may participate in diverse physiological 
processes outside of cancer. Further experimental studies using 
appropriate cellular and animal models will be conducive to 
determining whether these observations have biological significance.

A potential, yet unvalidated, implication of the PHLDB3–
mTORC2 connection concerns metabolic homeostasis. In addition 
to promoting cell survival and proliferation, mTORC2 serves 
as a central regulator of glucose uptake, insulin signaling, lipid 
metabolism, and cellular energy balance through activation of 
AKT, SGK1, and other AGC family kinases [18]. Consequently, 
dysregulated mTORC2 signaling has been implicated in obesity, 
insulin resistance, type 2 diabetes, non-alcoholic fatty liver disease, 
and other metabolic disorders [19]. Because PHLDB3 functions 
upstream of mTORC2, its biological influence may extend beyond 
tumorigenesis to physiological processes governed by mTORC2. 
Although direct evidence linking PHLDB3 to metabolic disease is 

Figure 1. A schematic of PHLDB3’s oncogenic functions via both activation of the mTORC2-AKT signaling and feedback inactivation of p53. 
Solid arrows indicate experimentally validated activation. The dashed arrow and question mark indicate a proposed, but as-yet unverified regulatory 
relationship between the growth factor/insulin and the Liprin-α1–PHLDB3 signaling pathways. Curved arrows represent protein stabilization. Upward 
arrows (↑) indicate increased expression, protein abundance, or signaling activity. P indicates phosphorylation, and Ub indicates ubiquitination. 
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currently lacking, regulation of mTORC2 by PHLDB3 raises the 
possibility that PHLDB3 contributes to insulin responsiveness, 
glucose utilization, and metabolic adaptation under specific 
physiological or pathological conditions. This conjecture should 
be regarded as an open question that will require direct testing, 
particularly in metabolically relevant tissues and animal models.

Interestingly, PHLDB3 contains a pleckstrin homology (PH) 
domain, a structural feature commonly involved in phosphoinositide-
dependent membrane signaling [1]. Since phosphoinositides 
are central mediators of insulin signaling and have emerged as 
important contributors to mTORC2 activation [11,20], one 
testable hypothesis is that the PH domain of PHLDB3 participates 
in phosphoinositide-dependent localization or signaling. Although 
this hypothesis remains to be experimentally tested, it provides a 
potential mechanistic framework for understanding how PHLDB3 
may coordinate growth factor signaling, cellular metabolism, and 
mTORC2 activation.

Therapeutic Implications of Targeting the Liprin-α1-
PHLDB3-mTORC2 Signaling Axis

Originally recognized as an MDM2-binding protein, PHLDB3 
has recently been identified as a direct binding partner of RICTOR, 
substantially expanding our understanding of its biological 
functions. Rather than functioning as an isolated signaling protein, 
PHLDB3 may serve as a signaling scaffold by coordinating multiple 
protein interactions (Figure 1). This unique positioning places 
PHLDB3 at a critical regulatory node where p53-mediated stress 
responses converge with PI3K–AKT–mTOR signaling. This creates 
opportunities for therapeutic intervention beyond conventional 
kinase inhibition.

Unlike catalytic kinases, scaffold proteins regulate signaling by 
controlling protein complex assembly, spatial organization, and 
pathway specificity [21]. These properties make scaffold-dependent 
signaling conceptually attractive for therapeutic intervention, 
but scaffold proteins also present substantial drug-development 
challenges. In particular, protein-protein interaction surfaces are 
often large, relatively flat, and dynamic and may lack well-defined 
small-molecule-binding pockets, complicating the development of 
potent and selective inhibitors [22]. In addition, because scaffold 
proteins can engage multiple partners in a context-dependent 
manner, disrupting one interaction may produce incomplete or 
unanticipated pathway effects [23]. Thus, PHLDB3 should currently 
be viewed as a candidate therapeutic target, whose druggability and 
therapeutic window remain to be determined.

Several therapeutic approaches could be envisioned for targeting 
this newly identified signaling axis. The first strategy is selective 
inhibition of mTORC2 signaling. Aberrant activation of mTOR 
signaling has long been recognized as an attractive therapeutic 
target in cancer [24]. However, most clinically available mTOR 
inhibitors primarily target mTORC1, whereas selective inhibition 
of mTORC2 remains challenging because both complexes share the 
same catalytic kinase [25]. Since PHLDB3 specifically promotes 
RICTOR-dependent mTORC2 activation, targeting PHLDB3 
may provide an alternative means of attenuating mTORC2 activity 
without completely blocking mTOR kinase function. A second 
strategy involves disrupting the interaction between PHLDB3 
and RICTOR. Increasing evidence suggests that modulation 
of protein–protein interactions represents a feasible therapeutic 

approach for signaling scaffold proteins. Structural and biochemical 
characterization of the PHLDB3–RICTOR interface will first be 
required to determine whether the interaction contains a tractable 
binding hotspot. Even if such a site is identified, achieving sufficient 
affinity, selectivity, intracellular delivery, and pharmacological 
stability may be challenging, particularly for peptide-based inhibitors 
[22]. Finally, direct elimination of PHLDB3 or Liprin-α1 could 
represent an alternative strategy, although this idea also requires 
substantial experimental validation. Because PHLDB3 functions 
upstream of mTORC2 while simultaneously participating in p53 
regulation, inhibition of PHLDB3 may suppress oncogenic AKT 
signaling while restoring p53 tumor suppressor activity in tumors 
retaining wild-type TP53. Targeting Liprin-α1 could also post a one-
stone with two birds effect, because Liprin-α1 has been shown to 
play a key role in cancer metastasis [26-28]. Although no specific 
PHLDB3 or Liprin-α1 inhibitors have yet been reported or in 
clinical trials, emerging targeted protein degradation technologies, 
including proteolysis-targeting chimeras (PROTACs), molecular 
glue degraders, and PHLDB3- or Liprin-α1-specific microRNAs or 
siRNAs, may provide feasible approaches for selectively removing 
PHLDB3 or Liprin-α1 protein or decreasing its expression in the 
future, but their feasibility, specificity, delivery, and safety in vivo 
remain to be established.

In addition to its therapeutic potential, PHLDB3 may also serve as 
a clinically useful biomarker. Elevated PHLDB3 expression has been 
associated with enhanced mTORC2-AKT signaling and colorectal 
cancer progression, suggesting that PHLDB3 expression levels may 
reflect pathway activation and identify patients who are more likely 
to benefit from therapies targeting the PI3K–AKT–mTOR pathway.

Beyond CRC, bioinformatic analyses of breast cancer cohorts 
demonstrated that PHLDB3 expression correlates with molecular 
subtype, TP53 status, patient survival, and response to endocrine 
and anti-HER2 therapies [3]. A recent integrative transcriptomic 
study also identified PHLDB3 as one of five genes comprising an 
oxaliplatin resistance-associated prognostic signature in colorectal 
cancer. Patients with higher-risk signatures exhibited significantly 
worse survival, and PHLDB3 expression was experimentally 
confirmed to change following oxaliplatin treatment in multiple 
CRC cell lines, supporting its potential involvement in chemotherapy 
response [29]. Together, these findings indicate that PHLDB3 has 
the potential to serve not only as a prognostic biomarker but also 
as a predictive biomarker for therapeutic response. Nevertheless, 
prospective clinical studies involving larger patient cohorts will be 
required to validate its clinical applications. 

Questions and Perspectives

Despite recent advances, much more needs to be learned about 
the biochemical functions and biological roles of PHLDB3 in cancer 
development and physiology. Specifically, several important areas 
warrant further investigation beyond those discussed above. First, 
the structural basis underlying the interaction between PHLDB3 
and RICTOR remains unknown. High-resolution structural studies 
using cryo-electron microscopy (EM) or X-ray crystallography 
will be essential for defining the interaction interface and enabling 
structure-guided development of inhibitors targeting this signaling 
complex. Such biophysical studies would allow us to further 
elucidate the atomic and molecular mechanisms underlying the 
PHLDB3 regulation of mTORC2 activity. The knowledge gained 
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from these studies would further facilitate our future drug discovery 
targeting the PHLDB3-RICTOR interaction. Second, although 
PHLDB3 contains a PH domain, the physiological function of this 
domain still needs to be clarified. Given that PH domains commonly 
mediate phosphoinositide-dependent membrane recruitment, 
it will be important to determine whether PHLDB3 responds to 
phosphoinositide signaling and whether this mechanism contributes 
to mTORC2 activation.

Third, since mTORC2 is a central regulator of insulin signaling, 
glucose metabolism, lipid homeostasis, and cellular energy balance, 
future studies should investigate whether PHLDB3 participates in 
metabolic regulation under physiological conditions. Defining the 
role of PHLDB3 in metabolic tissues may broaden its biological 
significance beyond tumor progression and reveal potential functions 
in metabolic disorders. 

Finally, relatively little is known about the upstream signals that 
regulate PHLDB3 itself, Although PHLDB3 is transcriptionally 
induced by p53 and post-translationally stabilized by Liprin-α1, 
how these two regulatory mechanisms are coordinated to control 
PHLDB3 abundance and activity remains completely unknown 
(Figure 1). It also remains unclear whether cellular stress conditions 
that activate p53 influence Liprin-α1 expression or activity, thereby 
coordinately regulating PHLDB3. In addition, the identity of the 
E3 ubiquitin ligase responsible for PHLDB3 degradation has yet 
to be identified. Whether PHLDB3 activity is further controlled 
by growth factors, nutrient availability, phosphoinositide signaling, 
mechanical stimuli, or post-translational modifications remains 
largely unexplored. Since Liprin-α1 stabilizing PHLDB3 enhances 
insulin-stimulated AKT phosphorylation, it will be important 
to determine whether insulin signaling regulates the Liprin-α1–
PHLDB3–RICTOR axis and whether this pathway contributes 
to insulin-dependent activation of mTORC2. Addressing these 
questions will be essential for understanding how the Liprin-α1–
PHLDB3–mTORC2 axis is activated in different physiological and 
pathological contexts.

Current evidence supports a model in which PHLDB3 functions 
as a multifunctional signaling scaffold integrating p53 regulation 
with mTORC2-dependent survival signaling (Figure 1). However, 
many important questions regarding PHLDB3 as briefed above 
remain unanswered, and the newly described mTORC2-regulatory 
function requires further validation in various model systems, such as 
various cell lines, organoids and animal model systems. Nevertheless, 
continued efforts combining structural biology, chemical biology, 
systems biology, genetics, and translational research will not only 
deepen our understanding of PHLDB3 biology but also determine 
whether the Liprin-α1–PHLDB3–mTORC2 axis can ultimately 
be exploited for developing therapeutic strategies or diagnostic 
biomarkers for cancer and potentially other human diseases.
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