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Research Perspective
Contemplations on MDMX (MDM4) driving triple negative breast
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ABSTRACT

MDMX (MDM4) is emerging as an important breast cancer (BC) biomarker,
and oncoprotein, that can be targeted in combination with its well-known family
member MDM2. While MDM2 has previously been implicated in driving BC metastasis,
information about the role of MDMX in driving circulating tumor cells (CTCs) and BC
metastasis is lacking. BCs often have alterations of MDM2, MDMX, and mutant p53
(mtp53). Therefore, the role of MDM2 and MDMX in the context of mtp53 in BCs
requires further clarification. Our group has recently reported that triple negative
breast cancer (TNBC) metastasis is dependent on both MDM2 and MDMX, and depleting
MDM2 results in increased MDMX, but depleting MDMX does not cause an increase in
MDM2. In the context of human TNBC expressing mtp53 in an orthotopic mouse model
the down-regulation of MDMX virtually cleared CTCs from the blood. Contemplations,
using the available literature, suggest that disrupting the stability and/or function
of MDMX protein (and its downstream targets), in the context of mtp53 expressing
BCs, might be beneficial for patient survival. It remains to be determined if blocking
mtp53-MDMX pathways can inhibit early stage TNBC and eliminate CTCs that have the
potential to form metastatic lesions.

INTRODUCTION

MDMX (MDM4) directly promotes tumor
formation and promotes genomic instability [1, 2]. A
number of manuscripts have suggested that blocking both
MDMX and MDM?2 is an ideal goal for cancer treatment
[3—6]. Triple negative breast cancer (TNBC) is a subtype
of BC that is characterized by transformed cells that
lack expression of estrogen receptor (ER), progesterone
receptor (PR) and human epidermal growth factor receptor
2 (HER2). TNBC is unable to be treated by well-identified
hormone receptor pathway inhibitors. The cancer genome
atlas network identified the tumor suppressor p53
pathway, including its MDM protein regulators, as one of
three major pathways altered across all subtypes of BC
(with 80% of TNBC harboring mutations in the 7p53
gene) [7]. A detailed analysis focused on mtp53, MDM?2

and MDMX expression in BCs in the METABRIC data set
highlights the fact that up-regulation of these biomarkers
sometimes co-occur in aggressive disease [8]. As MDMX
gains traction as a biomarker that may drive metastasis
and disease progression, its role in the context of mtp53 is
proving to be important [3—5, 7-10]. When stratified with
pS53 mutational status, elevated MDMX expression and
p53 mutations predict poor BC metastasis free survival
[10]. Metastatic disease is one of the major causes for
patient death. Therefore, determining the role played by
MDMX in BC metastasis may hold the key to utilizing
this biomarker for developing new treatments to reduce
mortality for classes of BC currently lacking diagnostic
and therapeutic options [10]. MDM2 and MDMX both
block wild-type p53 tumor suppressor activity in mouse
models [11]. However, while MDM?2 functions as the key
E3 ligase for wild-type p53, MDMX lacks intrinsic E3
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ligase activity. The hetero-dimerization of MDM2 with
MDMX stabilizes MDM2 and enhances its E3 ligase
activity, resulting in efficient inhibition of wild-type
p53 as well as proteasomal degradation of MDMX [12].
MDM2 promotes BC circulating tumor cells (CTCs) and
down-regulation of MDM2 in an orthotopic mouse model
shows reduced CTCs and significantly increases levels of
E-cadherin [13]. MDMX increases cell proliferation in
the context of TNBC cells that express mtp53 [5]. Our
recent 2019 finding in Breast Cancer Research reports that
MDMX promotes human TNBC MDA-MB-231 CTCs,
and lung metastases, while correlating with up-regulation
of the metastasis promoting G-protein coupled receptor
C-X-C chemokine receptor type 4 (CXCR4) [9]. This
information helps to explain the role played by MDMX in
driving aggressive TNBC metastasis.

MDMX and MDM2 promote TNBC circulating
tumor cells

We found that TNBC metastasis depends on both
MDM2 and MDMX, and depleting MDM?2 in this context

Orthotopic

Human Breast Tumor

(TNBC)

results in increased MDMX, while depleting MDMX does
not cause an increase in MDM2 [9]. This is because MDM?2
is an E3 ubiquitin ligase for MDMX and therefore down-
regulates the levels of MDMX protein [12]. Importantly,
we demonstrated (using an orthotopic immunodeficient
NOD scid gamma (NSG) mouse model) that knockdown
of MDMX almost completely abolishes the presence
of CTCs in the context of mtp53 expressing tumors
and reduces metastasis to the lung [9] (see Figure 1).
This data provides the first experimental proof of the
metastatic-promoting activity of MDMX. Furthermore,
the up-regulation of MDMX when MDM?2 is inhibited
highlights the importance of developing dual inhibitors
for MDM2 and MDMX. Both MDM2 and MDMX have
oncogenic power in the context of mtp53 [8]. Interestingly,
MDMX, or MDM2, knockdown does not correlate with
a less aggressive tumor local-stroma invasion pattern,
suggesting that MDM proteins facilitate intravasation
and/or TNBC survival in the blood stream [9]. In addition
to regulating E-cadherin, MDM?2 promotes immature
vessel formation and increases pro-angiogenic vascular
endothelial growth factor (VEGF) expression, providing
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Figure 1: Schematic of MDMX promoting TNBC metastasis and proposed targeting strategies. The orthotopic
immunodeficient NOD scid gamma (NSG) mouse model with human triple negative breast cancer (TNBC) contains either cells with
endogenously elevated MDMX expression or cells engineered with MDMX knockdown (tumor indicated in red). Knockdown of MDMX
blocks the presence of circulating tumor cells (CTCs) in the context of mtp53 expressing tumors and reduces metastasis to the lung. MDMX
correlates with up-regulation of the metastasis promoting G-protein coupled receptor C-X-C chemokine receptor type 4 (CXCR4) in vivo.
Some important questions remaining are if the development of new MDMX inhibitors, or if the existing inhibitors InuA or ALRN-6924
with or without the CXCR4 inhibitor Balixafortide can effectively inhibit TNBC progression.
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potential mechanisms by which MDM2 drives metastasis
[13]. Tt remains unknown whether MDMX similarly
can regulate VEGF or E-cadherin, but we observed that
MDMX expression positively correlates with increased
tumor-associated CXCR4 expression [9]. Our data shows
this relationship between MDMX and CXCR4 only occurs
in vivo (see Figure 1), thereby suggesting signaling events
regulated by a tumor stroma interaction.

The promise of small molecule inhibitors
targeting both MDM2 and MDMX

The current state of the field suggests that disrupting
the stability and/or function of MDM protein family
members, in the context of mtp53 expressing BCs,
might be beneficial for targeting early stage TNBC and
eliminating CTCs that can go on to form metastatic
lesions [3, 9, 13]. Furthermore, elucidating the underlying
mechanisms by which these proteins contribute to BC
metastasis could provide novel therapeutic windows for
preventing and/or treating early metastasis in MDM2/
MDMX-overexpressing TNBC patients. Importantly, the
strong metastatic-promoting activity of MDMX uncovered
by our group accentuates MDMX as a promising
biomarker and therapeutic target. This suggests that it
is important to develop MDMX antagonists for triple
negative breast tumors harboring mtp53. The majority of
therapeutic interventions targeting MDM?2 and/or MDMX
are designed to inhibit the interactions between MDM
family members and p53, thus stabilizing wild-type p53
to activate cell cycle arrest or apoptosis [14]. The stapled
peptide ALRN-6924, in clinical trials for hematological
cancers and select solid tumors that retain wild-type p53,
has not yet been tested in a TNBC model with mtp53
[3, 14]. An important question to be answered is whether
ALRN-6924 can effectively inhibit TNBC progression
(see Figure 1). Given the important roles that MDM?2 and
MDMX play in the context of mtp53 expressing cancers,
strategies to inhibit the MDM2-MDMX interaction and
degrade both proteins are becoming increasingly attractive.
Notably, a natural inhibitor Inulanolide A (InuA) has been
shown to suppress prostate cancer cell viability, migration
and invasion via disrupting the MDM2-MDMX interaction
by binding to the RING domains of these two proteins and
leads to their degradation [15]. Importantly the anti-tumor/
anti-metastasis activity persists independent of p53, or
androgen receptor, status [15]. We identified CXCR4 as
an indirect target of MDMX in the context of tumor stroma
communication. One potent CXCR4 blocker, Balixafortide,
is the only CXCR4 inhibitor currently undergoing a
clinical trial for patients with metastatic BCs and has
given promising results for blocking metastasis [16].
A logical next step is to test whether combinatorial
targeting of CXCR4 and MDMX might eliminate TNBC
metastatic spread. Our findings, alongside the findings
from other laboratories studying metastatic breast cancer,

provide a model (Figure 1) for how down-regulating
MDMX (and/or its downstream targets) might reduce
CTCs and metastasis.

ACKNOWLEDGMENTS

We thank the Breast Cancer Research Foundation
for grant BCRF-18-011 in support of our work on triple
negative breast cancer. Special thanks go out to Devon
Lundine for critical comments on the manuscript.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Danovi D, Meulmeester E, Pasini D, Migliorini D, Capra
M, Frenk R, de Graaf P, Francoz S, Gasparini P, Gobbi
A, Helin K, Pelicci PG, Jochemsen AG, Marine JC.
Amplification of Mdmx (or Mdm4) directly contributes
to tumor formation by inhibiting p53 tumor suppressor
activity. Mol Cell Biol. 2004; 24:5835-43. https://doi.
org/10.1128/MCB.24.13.5835-5843.2004. [PubMed]

2. Carrillo AM, Bouska A, Arrate MP, Eischen CM. Mdmx
promotes genomic instability independent of p53
and Mdm2. Oncogene. 2015; 34:846-56. https://doi.
org/10.1038/onc.2014.27. [PubMed]

3. Haupt S, Mejia-Hernandez JO, Vijayakumaran R, Keam SP,
Haupt Y. The long and the short of it: the MDM4 tail so far.
J Mol Cell Biol. 2019; 11:231-44. https://doi.org/10.1093/
jmcb/mjz007. [PubMed]

4. Xiong S, Pant V, Zhang Y, Aryal NK, You MJ, Kusewitt
D, Lozano G. The p53 inhibitor Mdm4 cooperates with
multiple genetic lesions in tumourigenesis. J Pathol. 2017;
241:501-10. https://doi.org/10.1002/path.4854. [PubMed]

5. Miranda PJ, Buckley D, Raghu D, Pang JB, Takano EA,
Vijayakumaran R, Teunisse AF, Posner A, Procter T,
Herold MJ, Gamell C, Marine JC, Fox SB, et al. MDM4
is a rational target for treating breast cancers with mutant
p53. J Pathol. 2017; 241:661-70. https://doi.org/10.1002/
path.4877. [PubMed]

6. Karni-Schmidt O, Lokshin M, Prives C. The Roles of MDM2
and MDMX in Cancer. Annu Rev Pathol. 2016; 11:617-44.
https://doi.org/10.1146/annurev-pathol-012414-040349.
[PubMed]

7. Cancer Genome Atlas N, and Cancer Genome Atlas
Network. Comprehensive molecular portraits of human
breast tumours. Nature. 2012; 490:61-70. https://doi.
org/10.1038/nature11412. [PubMed]

8. Haupt S, Vijayakumaran R, Miranda PJ, Burgess A, Lim E,
Haupt Y. The role of MDM2 and MDM4 in breast cancer
development and prevention. J Mol Cell Biol. 2017; 9:53—
61. https://doi.org/10.1093/jmcb/mjx007. [PubMed]

www.oncotarget.com

5009

Oncotarget


www.oncotarget.com
https://doi.org/10.1128/MCB.24.13.5835-5843.2004
https://doi.org/10.1128/MCB.24.13.5835-5843.2004
https://www.ncbi.nlm.nih.gov/pubmed/15199139
https://doi.org/10.1038/onc.2014.27
https://doi.org/10.1038/onc.2014.27
https://www.ncbi.nlm.nih.gov/pubmed/24608433
https://doi.org/10.1093/jmcb/mjz007
https://doi.org/10.1093/jmcb/mjz007
https://www.ncbi.nlm.nih.gov/pubmed/30689920
https://doi.org/10.1002/path.4854
https://www.ncbi.nlm.nih.gov/pubmed/27925213
https://doi.org/10.1002/path.4877
https://doi.org/10.1002/path.4877
https://www.ncbi.nlm.nih.gov/pubmed/28097652
https://doi.org/10.1146/annurev-pathol-012414-040349
https://www.ncbi.nlm.nih.gov/pubmed/27022975
https://www.ncbi.nlm.nih.gov/pubmed/27022975
https://doi.org/10.1038/nature11412
https://doi.org/10.1038/nature11412
https://www.ncbi.nlm.nih.gov/pubmed/23000897
https://doi.org/10.1093/jmcb/mjx007
https://www.ncbi.nlm.nih.gov/pubmed/28096293

10.

11.

12.

13.

Gao C, Xiao G, Piersigilli A, Gou J, Ogunwobi O,
Bargonetti J. Context-dependent roles of MDMX (MDM4)
and MDM2 in breast cancer proliferation and circulating
tumor cells. Breast Cancer Res. 2019; 21:5. https://doi.
org/10.1186/s13058-018-1094-8. [PubMed]

Grawenda AM, Moller EK, Lam S, Repapi E, Teunisse
AF, Alnzes GI, Borresen-Dale AL, Kristensen VN, Goding
CR, Jochemsen AG, Edvardsen H, Bond GL. Interaction
between p53 mutation and a somatic HDMX biomarker
better defines metastatic potential in breast cancer. Cancer
Res. 2015; 75:698-708. https://doi.org/10.1158/0008-5472.
CAN-14-2637. [PubMed]

Parant J, Chavez-Reyes A, Little NA, Yan W, Reinke
V, Jochemsen AG, Lozano G. Rescue of embryonic

lethality in Mdm4-null mice by loss of Trp53 suggests a
nonoverlapping pathway with MDM2 to regulate p53. Nat
Genet. 2001; 29:92-95. https://doi.org/10.1038/ng714.
[PubMed]

Pan Y, Chen J. MDM2 promotes ubiquitination and
degradation of MDMX. Mol Cell Biol. 2003; 23:5113-21.
https://doi.org/10.1128/MCB.23.15.5113-5121.2003.
[PubMed]

Hauck PM, Wolf ER, Olivos DJ 3rd, Batuello CN, McElyea
KC, McAtarsney CP, Cournoyer RM, Sandusky GE, Mayo

14.

15.

16.

LD. Early-Stage Metastasis Requires Mdm2 and Not
p53 Gain of Function. Mol Cancer Res. 2017; 15:1598—
607.  https://doi.org/10.1158/1541-7786.MCR-17-0174.
[PubMed]

Carvajal LA, Neriah DB, Senecal A, Benard L,
Thiruthuvanathan V, Yatsenko T, Narayanagari SR, Wheat
JC, Todorova TI, Mitchell K, Kenworthy C, Guerlavais V,
Annis DA, et al. Dual inhibition of MDMX and MDM2 as
a therapeutic strategy in leukemia. Sci Transl Med. 2018;
10:eaa03003. https://doi.org/10.1126/scitranslmed.aa03003.
[PubMed]

Qin JJ, Li X, Wang W, Zi X, Zhang R. Targeting the
NFAT1-MDM2-MDMX Network Inhibits the Proliferation
and Invasion of Prostate Cancer Cells, Independent of p53

and Androgen. Front Pharmacol. 2017; 8:917. https://doi.
org/10.3389/fphar.2017.00917. [PubMed]

Pernas S, Martin M, Kaufman PA, Gil-Martin M, Gomez
Pardo P, Lopez-Tarruella S, Manso L, Ciruelos E, Perez-
Fidalgo JA, Hernando C, Ademuyiwa FO, Weilbaecher K,
Mayer I, et al. Balixafortide plus eribulin in HER2-negative

metastatic breast cancer: a phase 1, single-arm, dose-
escalation trial. Lancet Oncol. 2018; 19:812-24. https://doi.
org/10.1016/S1470-2045(18)30147-5. [PubMed]

www.oncotarget.com

5010

Oncotarget


www.oncotarget.com
https://doi.org/10.1186/s13058-018-1094-8
https://doi.org/10.1186/s13058-018-1094-8
https://www.ncbi.nlm.nih.gov/pubmed/30642351
https://doi.org/10.1158/0008-5472.CAN-14-2637
https://doi.org/10.1158/0008-5472.CAN-14-2637
https://www.ncbi.nlm.nih.gov/pubmed/25649770
https://doi.org/10.1038/ng714
https://www.ncbi.nlm.nih.gov/pubmed/11528400
https://www.ncbi.nlm.nih.gov/pubmed/11528400
https://doi.org/10.1128/MCB.23.15.5113-5121.2003
https://www.ncbi.nlm.nih.gov/pubmed/12860999
https://www.ncbi.nlm.nih.gov/pubmed/12860999
https://doi.org/10.1158/1541-7786.MCR-17-0174
https://www.ncbi.nlm.nih.gov/pubmed/28784612
https://www.ncbi.nlm.nih.gov/pubmed/28784612
https://doi.org/10.1126/scitranslmed.aao3003
https://www.ncbi.nlm.nih.gov/pubmed/29643228
https://www.ncbi.nlm.nih.gov/pubmed/29643228
https://doi.org/10.3389/fphar.2017.00917
https://doi.org/10.3389/fphar.2017.00917
https://www.ncbi.nlm.nih.gov/pubmed/29311926
https://doi.org/10.1016/S1470-2045(18)30147-5
https://doi.org/10.1016/S1470-2045(18)30147-5
https://www.ncbi.nlm.nih.gov/pubmed/29706375

