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Abstract

The p85 regulatory subunits of the Phosphoinositide 3-Kinase (PI3K), which include p85a and
P85, interact with the Receptor Tyrosine Kinases (RTKs) and the p110 catalytic subunits for PI3K
pathway activation. High levels of PIK3R2/p85p correlate with worse patient survival in ovarian
cancer. Investigations are warranted to understand the regulatory role and pathogenic role of
p85p in pathway activation and cancer development, respectively. Recently, we have revealed the
molecular mechanisms through which p85f induces ovarian tumorigenesis. Remarkably, these
oncogenic mechanisms create exploitable vulnerabilities to targeting of the RTKs.

Introduction

Ovarian cancer is the most lethal gynecologic cancer and the third most common gynecologic
malignancy worldwide. The Receptor Tyrosine Kinases (RTKs), such as the Human Epidermal
Growth Factor Receptor (HER) family and AXL, are often activated in ovarian cancer, suggesting
that these RTKs might represent promising therapeutic targets. However, challenges remain in
utilizing different Tyrosine Kinase Inhibitors (TKIs) in ovarian cancer patients either as a single
agent or in combinational therapeutic regimens with other agents [1]. The reasons for this lack of
efficacy remain to be fully unraveled. The Phosphoinositide 3-Kinase (PI3K)/AKT/mTOR pathway is
frequently altered in ovarian cancer. Interestingly, co-targeting Epidermal Growth Factor Receptor
(EGFR) and the PI3K pathway has been previously shown to produce synergistic antitumor effects
in the disease [2]. p85p is the regulatory subunit of PI3K. We have recently reported that p85p is
an oncogenic factor that promotes the acquisition of tumorigenic phenotypes [3]. We also
explored the interaction between p85p and RTKs (EGFR and AXL) in ovarian cancer cells. These
data shed light on the design of rational targeted therapies for PIK3R2-amplified or p85f-
overexpressing ovarian tumors.

Low p85@ level associates with EGFR-TKI resistance through DNA damage repair

Drug resistance to EGFR TKIs is common in cancers. EGFR secondary mutations and bypass
signaling activations are two central mechanisms in mediating the resistance. In an EGFR-dependent
manner, an acquired mutation interferes with the binding of TKIs to the EGFR kinase domain. In
an EGFR-independent manner, dysregulation of other RTKs or activation of downstream signaling
components triggers compensatory action against the TKIs via inducing PI3K/AKT or Mitogen-
Activated Protein Kinase (MAPK) signaling [4]. Further investigations are warranted to evaluate the
mechanism of resistance to EGFR inhibition in ovarian cancer and to derive rational combination
therapies accordingly. It has previously been demonstrated that expression of PIK3R3 (p55y) was
reduced in sensitive glioma cell lines after EGFR inhibition by erlotinib, suggesting PIK3R3 as a
marker for response to erlotinib [5]. Interestingly, in our recent study, we found that unlike PIK3CA
(p110a) and PIK3CB (p110P), ovarian cancer cells that were relatively sensitive to erlotinib had
higher p85B protein levels than resistant cells [6]. Overexpressing PIK3R2 rendered cells higher
sensitivity to erlotinib, whereas depletion of PIK3R2 led to erlotinib resistance. Erlotinib sensitivity
was independent of PIK3R3 and other isoforms (PIK3R1, PIK3CD, and PIK3CG) in ovarian cancer.

Recent studies have indicated an interaction between the EGFR pathway and DNA Damage
Response (DDR) following drug treatments [7,8]. Although p85 may participate in the cell death
process induced by oxidative stress [9], p85 was not known to modulate DNA damage repair.
We reported that depletion of PIK3R2 increased DNA damage and decreased level of the non-
homologous end joining DNA repair protein BRD4, resulting in defective DDR [6]. Intriguingly,
DNA damage was further exacerbated in PIK3R2-depleted cells upon erlotinib treatment because
erlotinib alone also attenuated DNA repair. However, whether the effect of p853 on DDR involves
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the canonical PI3K signaling remains to be examined. It would be
interesting to further identify the other proteins that participate in
DDR in the PIK3R2-depleted cells.

Erlotinib treatment of the PIK3R2-depleted cells increased
the phosphorylation and nuclear import of p38 MAPK with an
accompanying decrease in the amount of DNA damage. Our results
are consistent with the role of p38 MAPK in DNA repair. It has
been reported that nuclear translocation of p38 MAPK in response
to DNA damage was triggered by phosphorylation within the
active site to induce DNA repair [10]. Also, p38 MAPK activation
occurred in response to inhibition of EGFR/HER2 in bladder cancer
[11]. Further, our study showed that p38 MAPK was activated as an
outcome of both p85f depletion and erlotinib treatment but not in a
single event, suggesting the existence of threshold which allows for
p38 MAPK activation. Remarkably, our drug response data revealed
that the combination of erlotinib and p38 inhibitor significantly
achieved a synergetic effect on reducing tumor burden. Future studies
are needed to fully validate the combination strategy to overcome
the erlotinib resistance in ovarian cancer. In light of these findings,
p85 level could be a potential biomarker of responsiveness to EGFR
inhibitor therapy in ovarian cancer. It is important to emphasize
that while our data demonstrated increased erlotinib sensitivity
upon PIK3R2 overexpression, whether these cells are sensitive to
erlotinib through an opposite mechanism exhibited by the resistant
cells is unknown. In this regard, in contrast to the PIK3R2-depleted
cells which had reduced BRD4 levels, ovarian tumor samples with
PIK3R2 amplification did have higher BRD4 protein levels than the
diploid counterpart [6]. Nonetheless, the mechanism underlying the
increased erlotinib sensitivity awaits investigation.

p85B-overexpressing cells shows increased AXL level
and sensitivity to AXL-TKI

PIK3R2 level may also predict sensitivity towards inhibitors
of AXL, which is another RTK that has been implicated in ovarian
pathogenesis [12]. AXL belongs to the Tyro/Axl/Mer (TAM) family
of RTKs. Increased expression of AXL has been shown in many
cancers, including that of the ovary, lung, breast, pancreas, and
prostate [13-17]. Our recent data revealed that p85f sensitized cells
to inhibition of AXL signaling, suggesting PIK3R2 amplification or
p85p level as a potential biomarker in response to anti-AXL therapy
in ovarian cancer [3].

p85 can indirectly bind to AXL via an interaction between
the proline-rich region of p85 and the N-terminal SH3 domain of
Grb2 [18]. Our investigations showed that p853 upregulated the
protein level of AXL through inhibiting the autophagy-lysosomal
degradation pathway that would otherwise induce AXL protein
degradation. Another major observation in our study was the specific
regulation of AXL because the other two TAM members (Tyro3 and
MERTK) were not altered by p85p, implying the specific potential
of targeting AXL in tumors with increased p85p levels. We showed
that blockade of AXL substantially inhibited AKT-independent
PDK1/SGK3 signaling to promote oncogenic phenotypes [3].
Along this line, PIK3CA mutant breast cancer cells exhibited only
minimal AKT activation but a dependency on SGK3 for anchorage-
independent growth [19]. It is noteworthy that an association of AXL
and EGFR family members has been previously proposed [20,21]. In
our study, inhibition of EGFR by neither lapatinib nor erlotinib had
any influence on the induction of AXL by p85f, suggesting that the
activation of AXL is unlikely to occur through an interaction with the

HER family. However, we are uncertain if AXL activation by p85p has
any influence on EGFR-TKI response.

Conclusion

Our research has identified previously unknown mechanisms
driven by p85f that contributes to ovarian tumorigenesis and
responses to TKIs in ovarian cancer. The copy number status
or expression levels of PIK3R2 may affect treatment response to
EGFR and AXL inhibitors. These findings are significant given the
frequent PIK3R2 overexpression or amplification in ovarian cancer
particularly the serous subtype. PIK3R2 could be a predictive
biomarker to select patients who may show clinical benefit to these
TKIs. Yet, better definition and characterization of the signaling
network of p85B will determine the optimal therapeutic approach
for PIK3R2-overexpressing ovarian tumor.

Activation of multiple RTKs is involved in ovarian cancer
pathogenesis. It is highly likely that the tumor transformation is
dependent on the coordinated activity of multiple RTKs instead of an
individual RTK oncoprotein. So far, there appears to be little success
of single TKI treatment in ovarian cancer clinically. In light of the
findings described above, it would be interesting to explore whether
simultaneous inhibition of multiple RTKs causes greater anti-tumor
effect than inhibition of individual activated RTK in ovarian cancer
patients with PIK3R2 amplification.

Acknowledgment

This work was supported by the Hong Kong Research Grants
Council (17111618) and the National Natural Science Foundation of
China (82022078) to LWC.

References

1. Wang Z, Fu S. An overview of tyrosine kinase inhibitors for the treatment
of epithelial ovarian cancer. Expert Opin Investig Drugs. 2016;25(1):15-30.

2. Wong MH, Xue A, Julovi SM, Pavlakis N, Samra JS, Hugh TJ, et al.
Cotargeting of epidermal growth factor receptor and PI3K overcomes
PI3K-Akt oncogenic dependence in pancreatic ductal adenocarcinoma.
Clin Cancer Res. 2014;20(15):4047-58.

3. Rao L, Mak VCY, Zhou Y, Zhang D, Li X, Fung CCY, et al. p85beta
regulates autophagic degradation of AXL to activate oncogenic signaling.
Nat Commun. 2020;11(1):2291.

4. Liu Q, Yu S, Zhao W, Qin S, Chu Q, Wu K. EGFR-TKIs resistance via
EGFR-independent signaling pathways. Mol Cancer. 2018;17(1):53.

5. Garcia-Claver A, Lorente M, Mur P, Campos-Martin Y, Mollejo M,
Velasco G, et al. Gene expression changes associated with erlotinib
response in glioma cell lines. Eur ] Cancer. 2013;49(7):1641-53.

6. Mak VC, Li X, Rao L, Zhou Y, Tsao SW, Cheung LW. p85beta alters
response to EGFR inhibitor in ovarian cancer through p38 MAPK-
mediated regulation of DNA repair. Neoplasia. 2021;23(7):718-30.

7. Cao X, Zhou Y, Sun H, Xu M, Bi X, Zhao Z, et al. EGFR-TKI-induced
HSP70 degradation and BER suppression facilitate the occurrence of
the EGFR T790M resistant mutation in lung cancer cells. Cancer Lett.
2018;424:84-96.

8. LiL,WangH, YangES, Arteaga CL, Xia F. Erlotinib attenuates homologous
recombinational repair of chromosomal breaks in human breast cancer
cells. Cancer Res. 2008;68(22):9141-6.

9. Yin Y, Terauchi Y, Solomon GG, Aizawa S, Rangarajan PN, Yazaki Y, et
al. Involvement of p85 in p53-dependent apoptotic response to oxidative
stress. Nature. 1998;391(6668):707-10.

Remedy Publications LLC.

2021 | Volume 4 | Issue 4 | Article 1066


https://pubmed.ncbi.nlm.nih.gov/26560712/
https://pubmed.ncbi.nlm.nih.gov/26560712/
https://pubmed.ncbi.nlm.nih.gov/24895459/
https://pubmed.ncbi.nlm.nih.gov/24895459/
https://pubmed.ncbi.nlm.nih.gov/24895459/
https://pubmed.ncbi.nlm.nih.gov/24895459/
https://www.nature.com/articles/s41467-020-16061-7
https://www.nature.com/articles/s41467-020-16061-7
https://www.nature.com/articles/s41467-020-16061-7
https://pubmed.ncbi.nlm.nih.gov/29455669/
https://pubmed.ncbi.nlm.nih.gov/29455669/
https://www.sciencedirect.com/science/article/abs/pii/S0959804913000063
https://www.sciencedirect.com/science/article/abs/pii/S0959804913000063
https://www.sciencedirect.com/science/article/abs/pii/S0959804913000063
https://pubmed.ncbi.nlm.nih.gov/34144267/
https://pubmed.ncbi.nlm.nih.gov/34144267/
https://pubmed.ncbi.nlm.nih.gov/34144267/
https://pubmed.ncbi.nlm.nih.gov/29524558/
https://pubmed.ncbi.nlm.nih.gov/29524558/
https://pubmed.ncbi.nlm.nih.gov/29524558/
https://pubmed.ncbi.nlm.nih.gov/29524558/
https://pubmed.ncbi.nlm.nih.gov/19010885/
https://pubmed.ncbi.nlm.nih.gov/19010885/
https://pubmed.ncbi.nlm.nih.gov/19010885/
https://www.nature.com/articles/35648
https://www.nature.com/articles/35648
https://www.nature.com/articles/35648

Cheung WTL, et al.,

Journal of Gynecological Oncology

10.

11

12.

13.

14.

15.

16.

Wood CD, Thornton TM, Sabio G, Davis RA, Rincon M. Nuclear
localization of p38 MAPK in response to DNA damage. Int ] Biol Sci.
2009;5(5):428-37.

.Mora Vidal R, Regufe da Mota S, Hayden A, Markham H, Douglas J,

Packham G, et al. Epidermal growth factor receptor family inhibition
identifies P38 mitogen-activated protein kinase as a potential therapeutic
target in bladder cancer. Urology. 2018;112:225e1-7.

Kanlikilicer P, Ozpolat B, Aslan B, Bayraktar R, Gurbuz N, Rodriguez-
Aguayo C, et al. Therapeutic targeting of AXL receptor tyrosine kinase
inhibits tumor growth and intraperitoneal metastasis in ovarian cancer
models. Mol Ther Nucleic Acids. 2017;9:251-62.

Sainaghi PP, Castello L, Bergamasco L, Galletti M, Bellosta P, Avanzi GC.
Gas6 induces proliferation in prostate carcinoma cell lines expressing the
Axl receptor. ] Cell Physiol. 2005;204(1):36-44.

Zhang YX, Knyazev PG, Cheburkin YV, Sharma K, Knyazev YP, Orfi L, et
al. AXL is a potential target for therapeutic intervention in breast cancer
progression. Cancer Res. 2008;68(6):1905-15.

Shieh YS, Lai CY, Kao YR, Shiah SG, Chu YW, Lee HS, et al. Expression
of AXL in lung adenocarcinoma and correlation with tumor progression.
Neoplasia. 2005;7(12):1058-64.

Sun W, Fujimoto J, Tamaya T. Coexpression of Gas6/AXL in human
ovarian cancers. Oncology. 2004;66(6):450-7.

17.

18.

19.

20.

21.

Koorstra JB, Karikari CA, Feldmann G, Bisht S, Rojas PL, Offerhaus GJ,
et al. The AXL receptor tyrosine kinase confers an adverse prognostic
influence in pancreatic cancer and represents a new therapeutic target.
Cancer Biol Ther. 2009;8(7):618-26.

Weinger JG, Gohari P, Yan Y, Backer JM, Varnum B, Shafit-Zagardo B. In
brain, Axl recruits Grb2 and the p85 regulatory subunit of PI3 kinase; in
vitro mutagenesis defines the requisite binding sites for downstream AKT
activation. ] Neurochem. 2008;106(1):134-46.

Vasudevan KM, Barbie DA, Davies MA, Rabinovsky R, McNear CJ, Kim
JJ, et al. AKT-independent signaling downstream of oncogenic PIK3CA
mutations in human cancer. Cancer Cell. 2009;16(1):21-32.

Vouri M, Croucher DR, Kennedy SP, An Q, Pilkington GJ, Hafizi S.
Ax]-EGFR receptor tyrosine kinase hetero-interaction provides EGFR
with access to pro-invasive signaling in cancer cells. Oncogenesis.
2016;5(10):e266.

Revach OY, Sandler O, Samuels Y, Geiger B. Cross-talk between receptor
tyrosine kinases AXL and ERBB3 regulates invadopodia formation in
melanoma cells. Cancer Res. 2019;79(10):2634-48.

Remedy Publications LLC.

2021 | Volume 4 | Issue 4 | Article 1066


https://pubmed.ncbi.nlm.nih.gov/19564926/
https://pubmed.ncbi.nlm.nih.gov/19564926/
https://pubmed.ncbi.nlm.nih.gov/19564926/
https://pubmed.ncbi.nlm.nih.gov/29154981/
https://pubmed.ncbi.nlm.nih.gov/29154981/
https://pubmed.ncbi.nlm.nih.gov/29154981/
https://pubmed.ncbi.nlm.nih.gov/29154981/
https://pubmed.ncbi.nlm.nih.gov/29246304/
https://pubmed.ncbi.nlm.nih.gov/29246304/
https://pubmed.ncbi.nlm.nih.gov/29246304/
https://pubmed.ncbi.nlm.nih.gov/29246304/
https://pubmed.ncbi.nlm.nih.gov/15605394/
https://pubmed.ncbi.nlm.nih.gov/15605394/
https://pubmed.ncbi.nlm.nih.gov/15605394/
https://pubmed.ncbi.nlm.nih.gov/18339872/
https://pubmed.ncbi.nlm.nih.gov/18339872/
https://pubmed.ncbi.nlm.nih.gov/18339872/
https://pubmed.ncbi.nlm.nih.gov/16354588/
https://pubmed.ncbi.nlm.nih.gov/16354588/
https://pubmed.ncbi.nlm.nih.gov/16354588/
https://pubmed.ncbi.nlm.nih.gov/15452374/
https://pubmed.ncbi.nlm.nih.gov/15452374/
https://pubmed.ncbi.nlm.nih.gov/19252414/
https://pubmed.ncbi.nlm.nih.gov/19252414/
https://pubmed.ncbi.nlm.nih.gov/19252414/
https://pubmed.ncbi.nlm.nih.gov/19252414/
https://pubmed.ncbi.nlm.nih.gov/18346204/
https://pubmed.ncbi.nlm.nih.gov/18346204/
https://pubmed.ncbi.nlm.nih.gov/18346204/
https://pubmed.ncbi.nlm.nih.gov/18346204/
https://pubmed.ncbi.nlm.nih.gov/19573809/
https://pubmed.ncbi.nlm.nih.gov/19573809/
https://pubmed.ncbi.nlm.nih.gov/19573809/
https://pubmed.ncbi.nlm.nih.gov/27775700/
https://pubmed.ncbi.nlm.nih.gov/27775700/
https://pubmed.ncbi.nlm.nih.gov/27775700/
https://pubmed.ncbi.nlm.nih.gov/27775700/
https://pubmed.ncbi.nlm.nih.gov/30914429/
https://pubmed.ncbi.nlm.nih.gov/30914429/
https://pubmed.ncbi.nlm.nih.gov/30914429/

	Title
	Abstract
	Introduction
	Conclusion
	Acknowledgment
	References

