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Abstract: The CIP2A gene is an oncogene associated with solid and hematologic malignancies [1]. CIP2A protein is 
an oncoprotein and a potential cancer therapy target [2]. Literature shows that CIP2A inhibits the tumor suppressor 
protein PP2A [3] which downregulates phophorylation of AKT, a hallmark of cancers [4] and stabilizes the proto-
oncogene, c-MYC in tumor cells [5], the comprehensive action of CIP2A and its functional interaction(s) with other 
oncoproteins and tumor suppressors is not clearly established. Recently we tried to put forward a contextual mode-
of-action of CIP2A protein in a review which proposed that CIP2A influences oncogenesis via an “oncogenic nexus” 
[1]. In this review we critically evaluated the potential relevance of the mode-of-action of the “oncogenic nexus” of 
CIP2A in breast carcinogenesis and appraised the role of this nexus in different PAM50 luminal A, PAM50 luminal B, 
PAM50 HER2-enriched and PAM50 basal BC. This review has a novel approach. Here we have not only compiled and 
discussed the latest developments in this field but also presented data obtained from c-BioPortal and STRING10 in 
order to substantiate our view regarding the mode-of-action of the “oncogenic nexus” of CIP2A. We functionally cor-
related alterations of genes pertaining to the “oncogenic nexus” of CIP2A with protein-protein interactions between 
the different components of the nexus including (1) subunits of PP2A, (2) multiple transcription factors including 
MYC oncogene and (3) components of the PI3K-mTOR and the MAPK-ERK oncogenic pathways. Using these pro-
teins as “input” to STRING10 we studied the association, Action view, at the highest Confidence level. OncoPrints 
(c-BioPortal) showed alterations (%) of regulatory subunits genes of PP2A (PPP2R1A and PPP2R1B) along with 
alterations of CIP2A in breast invasive carcinoma (TCGA, Nature 2012 & TCGA, Provisional). Similar genetic altera-
tions of PP2A were also observed in samples of breast tumors at our Avera Research Institute, SD. In an attempt 
to critically evaluate the role of “oncogenic nexus” of CIP2A in subtypes of BC, we used PPP2R1A and PPP2R1B as 
“inputs” into the STRING10 and obtained their predicted association (Action view) in respect to CIP2A. The outcome 
of this exercise has been discussed in the light of the literature in the BC research in the context of “oncogenic 
nexus” of CIP2A. In summary, herein we review the progress in our understanding of how CIP2A regulates oncogenic 
transformations of breast cells via PP2A-CIP2A “oncogenic nexus” and how we can prospect the clinical relevance 
of CIP2A in the context of BC.
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Introduction

Cancer is a complex and diverse group of dis-
ease characterized by the immortalization of 
differentiated cells, reactivation of stem cells 
and invasion of cells through different embry-
onic layers leading to unharnessed growth and 
metastasis of a tumor mass [6]. Tumorigenesis 
is initiated by a single and/or sequential multi-
ple triggers/events/hits. Studies have estab-
lished that triggers are almost always genetic in 
nature naming cancer as a genetic disease. 

Genetic events that trigger these oncogenic 
transformations, which bring a diverse range of 
changes in the context of different cancer types 
have so far demonstrated that upregulation of 
certain discrete common pathways including, 
(1) mutagenic activation of oncogenic pathways 
(RAS pathway, PI3K pathway and telomerase 
activation) as a result of growth factor receptor 
mutation/overexpression or activating muta-
tions of several components of the respective 
pathway(s), (2) mutagenic inactivation of sever-
al tumor suppressor proteins (e.g. PP2A, p53, 
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Figure 1. Functions and interactions of CIP2A and the “oncogenic nexus” of CIP2A are presented in a schematic 
representation of the major interacting partners of “oncogenic nexus” of CIP2A protein. Oncogene CIP2A is depicted 
in orange. Other proto-oncogenes, oncogenes and oncogenic Transcription Factors (TF) are depicted in red. Tumor 
suppressors genes (PP2A and p53) are depicted in green. Subunits of PP2A are schematically presented in differ-
ent colors. Signaling components of the PI3K-mTOR pathway (AKT and mTOR) are depicted in yellow. Functional 
involvement (post-translational modifications etc) via binding of two proteins is shown in blue bidirectional arrows. 
Remaining functions are presented in black unidirectional arrows.

retinoblastoma Rb protein, and PTEN) and (3) 
mutagenic or epigenetic or stability dependent 
activation of oncogenic transcription factors in 
the transformed cells (e.g. c-MYC). Although 
broadly classified, these categories of oncogen-
ic changes, once initiated are highly influential 
and interactive in orchestrating complete and 
enduring changes in the genetic and protein 
makeup of the cells, an “oncogenic nexus”, 
towards the clonal growth and metastasis of 
the tumor. The sequence of oncogenic events 
which are causally associated with the growth 
and metastasis of a tumor although unique to 
each patient, the course of growth, drug/radia-
tion response and the development of resis-
tance to drug/radiation can be attributed to a 
comparable consequences of genetic altera-
tions in either their oncogene(s)/tumor 
suppressor(s) genes/oncogenic transcription 

factors which collectively constitute each 
patient’s “oncogenic nexus”. This review 
describes the involvement of the “oncogenic 
nexus” of CIP2A and presents the modus ope-
randi of the “oncogenic nexus” of CIP2A [1] in 
breast carcinigenesis with special reference to 
different subtypes of breast cancers and evalu-
ates the clinical relevance of PP2A-CIP2A 
“oncogenic nexus” in the context of targeted 
therapies.

“Oncogenic nexus” of CIP2A in breast cancers: 
how does it work?

CIP2A is an onco-protein [1, 3, 7]. KIAA1524 
(Protein CIP2A; Cancerous inhibitor of PP2A; 
P90 Autoantigen; FLJ12850; MGC163436; 
p90) is a protein-coding gene for CIP2A protein. 
In 2002 Soo Hoo and group reported cloning 
and characterization of this novel 90 kDa ‘com-
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Table 1. Table showing reports (PMIDs) on the molecules that are known to interact with PP2A and 
CIP2A proteins
PP2A interacts with… References PMID CIP2A interacts with… References PMID
CIP2A 17632056 PP2A 17632056 
B-Catenin 23639323 C-MYC 17632056 
AKT 16299534 CHEK1 24072747 

18042541
24052256 

Bcl2 18845789 PLK1 23983103
9852076 

JAK 11440634 DNA-PK 24072747 
12921784 

EGFR-MEK-ETS1 21445343
p53 23306062

E2F1 binds to CIP2A promoter 23306062
ETS1 21445343 

23117818 
ATF2 21706057 
AKT 20729919

BCR/ABL 21490338 
APC 23983103

Table 1 shows reports (PMIDs) on the molecules that are known to interact with PP2A and CIP2A. Considering the direct 
interactions between PP2A and CIP2A, it is not surprising that CIP2A forms intricate connections with many proteins pertaining 
to oncogenesis.

panion’ auto-antigen of p62 overexpressed in 
hepatocellular carcinoma [8]. Two alternatively 
spliced human isoforms of KIAA1524 have 
been described. The protein product of 
KIAA1524, CIP2A (referred as CIP2A hereafter) 
is an endogenous physiological inhibitor of 
tumor suppressor PP2A phosphatase. CIP2A 
oncoprotein (905 amino acids; 102185 Dalton) 
stabilizes MYC protein in human malignancies, 
promotes anchorage-independent cell growth 
and is involved in tumor formation. CIP2A is 
rarely present (low levels) in non-transformed/
non-malignant adult cells. In a typically trans-
formed cell where CIP2A is present in abun-
dance, it is sub-cellularly localized as an inte-
gral part of plasma membrane and concentrat-
ed around the peri-nuclear region [8]. Using 
confocal microscopy, Peng and group were able 
to confirm their previous finding that p90/CIP2A 
was predominately localized in the cytoplasm 
in lung cancer specimens, which was consis-
tent with their IHC data [9]. At the cellular level 
CIP2A is an integral protein which functions via 
protein binding.

CIP2A promotes tumorigenesis and associates 
with cancer progression in breast [10]. Yu and 

group studied the expression and regulatory 
effects of CIP2A protein in breast cancer and 
the correlation between CIP2A protein expres-
sion and the prognosis of breast cancer [11]. In 
determining the relationship between CIP2A 
protein and clinico-pathological parameters of 
breast cancer they reported that (1) CIP2A 
expression has linear correlation with lymph 
node metastasis as well as distant metastasis, 
tumor size, histological grade, triple-negative 
breast cancer, and TNM stage, (2) CIP2A 
expression also significantly related to chemo-
therapeutic sensitivity of breast cancer in the 
neo-adjuvant chemotherapy and (3) histologi-
cal grade, lymph node metastasis, triple-nega-
tive breast cancer, and TNM stage were detect-
ed as the independent prognostic factors using 
Cox regression test. Testing the efficacy of bort-
ezomib in one of the most aggressive subtype 
of BC, TNBC Tseng and group showed that bort-
ezomib induced apoptosis in association with 
down-regulation of CIP2A and pAKT in a dose- 
and time-dependent manner in HCC1937, 
MDA-MB468 and MDA-MB231 but not in hor-
mone positive MCF-7 cells. Their data indicate 
that inhibition of CIP2A determined the sensi-
tivity of bortezomib to these TNBC cells. 
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Figure 2. A. Alterations in Gene KIAA1524 (GAIN AMP) in Breast Invasive Carcinoma (TCGA, Provisional) case set (all 
1041 tumor samples) as shown in the lower panel and in Breast Invasive Carcinoma (TCGA, Nature 2012) case set 
(all 825 tumor samples) as shown in the upper panel. Cancer Study Selected was Breast Invasive Carcinoma (TCGA, 
Nature 2012). Genomic study selected were (1) mutations, (2) putative copy-number alteration from GISTIC, (3) 
mRNA expression Z-scores (microarray) with Z-score thresholds ±2.0, and (4) protein/phosphoprotein level (RPPA) 
with Z-score thresholds ±2.0. Patient selected were, (1) PAM50 Basal, (2) PAM50 Claudin low, (3) PAM50 HER2 
enriched, (4) PAM50 Luminal A, (5) PAM50 Luminal B and (6) PAM50 Luminal (A/B). Advanced cancer genomic data 
visualization is obtained with the help of “The Onco Query Language (OQL)”. We used the Onco Query Language 
(OQL) to select and define genetic alterations for all the OncoPrint outputs on the c-BioPortal for Cancer Genomics. 
Oncoprints (different levels of zoom) have been generated using c-BioPortal. Unaltered cases were removed. B. 
Alterations in Gene KIAA1524 (GAIN AMP) in Breast Invasive Carcinoma (TCGA, Nature 2012) from four major case 
sets: (1) PAM50 luminal A subtype (all 235 tumor samples), (2) PAM50 luminal B subtype (all 133 tumor samples), 
(3) PAM50 HER2 enriched subtype (all 58 tumor samples) and (4) PAM50 Basal subtype (all 81 tumor samples). 
Oncoprints (different levels of zoom) have been generated using c-BioPortal (left Panel). Unaltered cases were re-
moved. Table shows cross breast cancer alteration summary for KIAA1524 (GAIN AMP): The table was generated 
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using c-BioPortal. Tumor types (tumor data sets) are chosen in accordance with the publication guidelines (last 
updated on January 17th, 2014) of TCGA (tcga@mail.nih.gov). Cancer study selected was Breast Invasive Carcinoma 
(TCGA, Nature 2012). Genomic study selected were (1) mutations, (2) putative copy-number alteration (CNA) from 
GISTIC, (3) mRNA expression Z-scores (microarray) with Z-score thresholds ±2.0, and (4) protein/phospho-protein 
level (RPPA) with Z-score thresholds ±2.0. Patient selected were, (1) PAM50 Basal, (2) PAM50 Claudin low, (3) 
PAM50 HER2 enriched, (4) PAM50 Luminal A, (5) PAM50 Luminal B and (6) PAM50 Luminal (A/B). Advanced cancer 
genomic data visualization is obtained with the help of “The Onco Query Language (OQL)”. We used the Onco Query 
Language (OQL) to select and define genetic alterations for all the OncoPrint outputs on the c-BioPortal for Cancer 
Genomics. The table (right panel) shows cross breast cancer subtypes alteration summary for KIAA1524 (GAIN 
AMP). The table was generated using c-BioPortal. Tumor types (tumor data sets) are chosen in accordance with the 
publication guidelines (last updated on January 17th, 2014) of TCGA (tcga@mail.nih.gov). Cancer study selected 
was Breast Invasive Carcinoma (TCGA, Nature 2012). Genomic study selected were (1) mutations, (2) putative copy-
number alteration (CNA) from GISTIC, (3) mRNA expression Z-scores (microarray) with Z-score thresholds ± 2.0, and 
(4) protein/phospho-protein level (RPPA) with Z-score thresholds ±2.0. Patient selected were, (1) PAM50 Basal, (2) 
PAM50 Claudin low, (3) PAM50 HER2 enriched, (4) PAM50 Luminal A, (5) PAM50 Luminal B and (6) PAM50 Luminal 
(A/B). c-BioPortal data is subjected to scheduled updates.

Bortezomib showed in vivo efficacy in HCC1937 
xenografted tumor and targeting the CIP2A-
PP2A-pAKT signaling pathway is a novel 
approach for the treatment of TNBC [12, 13]. 

Functions and interactions of CIP2A with its 
major interacting partners like transcription 
factors including c-MYC, NFkBP65, p53, FOXO1, 
components of the PI3K-pathway including  
AKT and mTORC1 and proto-oncogene MDM2 
of the “oncogenic nexus” are depicted in Fig- 
ure 1. Functions of CIP2A in the context of 
mTOR functions have been demonstrated in 
tumor samples from breast cancers and breast 
cancer cell lines. Tissue microarray (TMA) anal-
ysis of 210 cancer samples revealed a highly 
significant, positive correlation between CIP2A 
expression and phosphorylation of mTORC1 
substrate S6K1 [14]. CIP2A expression corre-
lates with mTORC1 activity in primary human 
breast tumors [11, 14] and ectopic expression 
of CIP2A is sufficient to increase mTORC1 activ-
ity in nonmalignant cells [14]. Overexpression 
of CIP2A has been shown to increase the prolif-
eration of MDA-MB231 cells [15]. CIP2A is 
associated with clinical aggressiveness in 
human breast cancers and promotes the malig-
nant growth of breast cancer cells and CIP2A 
was shown to support MDA-MB231 xenograft 
growth in nude mice [10]. 

CIP2A functions via an “oncogenic nexus” [1]. 
Being a non-enzymatic integral protein, almost 
all of its functions are mediated through pro-
tein-protein interactions. Thus CIP2A functions 
via protein binding. Binary interactions of CIP2A 
occur with (1) PP2A, a tumor suppressor, (2) 
MYC, a pleiotropic transcription factor (MYC 
proto-oncogene protein, a Class E basic helix-

loop-helix protein 39; Transcription factor p64), 
(3) polo like kinase (PLK1), (4) NIMA (Never In 
Mitosis Gene A)-related kinase 2 (NEK2) pro-
tein. Table 1 shows reports (PMIDs) on the pro-
tein molecules that are known to interact with 
PP2A and CIP2A. Considering direct interac-
tions between PP2A and CIP2A, it is not surpris-
ing that CIP2A forms intricate connections with 
many proteins pertaining to oncogenesis which 
are affected by tumor suppressor PP2A phos-
phatase [7, 16] in order to complete its func-
tions. Figure 1 shows a schematic representa-
tion of the various functions of CIP2A in a tumor 
cell. The “oncogenic nexus” of CIP2A consists 
of (1) an inhibitory effect of CIP2A on the tumor 
suppressor PP2A phosphatase, (2) a direct 
interaction of CIP2A with c-MYC protein, (3) 
PP2A independent functions of CIP2A, (4) regu-
latory type interactions of different proteins 
with CIP2A and (5) effect of CIP2A on mTOR 
functions.

CIP2A is a positive regulator of mTORC1 activity 
and inhibitor of autophagy. There is a dynamic 
interaction of the CIP2A, PP2A, and mTORC1 
complex in the regulation of mTORC1 activity. 
Recently, Puustinen and group identified a 
novel role of CIP2A as a key modulator of 
mTORC1 and autophagy in BC. This oncogenic 
function of CIP2A is via direct regulation of the 
mTORC1 pathway and autophagy [14]. Using 
ribonucleic acid interference screens for 
autophagy-regulating phosphatases in human 
BC cells, they identified that CIP2A associates 
with mTORC1 (a PI3K pathway downstream 
effector which acts as a sensor of nutrients and 
energy in cells in order to coordinate protein 
synthesis and autophagy). Their study demon-
strated for the first time that the CIP2A-PP2A 
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Figure 3. OncoPrints showing alterations (percentage) of the PPP2R1A, PPP2R1B and KIAA1524 genes in breast 
invasive carcinoma (TCGA, Nature 2012 and TCGA, Provisional) (A) and in different subtypes (PAM50 Luminal A, 
PAM50 Luminal B, PAM50 HER2 enriched, and PAM50 Basal) of breast invasive carcinoma (TCGA, Nature 2012) 
(B). OncoPrints (different levels of zoom) are obtained from c-BioPortal. Advanced cancer genomic data visualiza-
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tion is obtained with the help of “The Onco Query Language (OQL)”. We used the Onco Query Language (OQL) to 
select and define genetic alterations for all the OncoPrint outputs on the c-BioPortal for Cancer Genomics. Onco 
Query Language (OQL) used for the PPP2R1A, PPP2R1B and KIAA1524 genes in the search are PPP2R1A: HOMDEL, 
HETLOSS, MUT, PROT; PPP2R1B: HOMDEL, HETLOSS, MUT, PROT; KIAA1524: GAIN AMP, EXP>3, PROT>2 as shown 
in the figure. Grey bars represent unaltered cases. c-BioPortal data is subjected to scheduled updates. We acknowl-
edge the c-BioPortal for Cancer Genomics site (http://cbioportal.org) which provides a web resource for exploring, 
visualizing, and analyzing multidimensional cancer genomics data.

complex associates with mTORC1 wherein 
CIP2A functions as a context-specific allosteric 
inhibitor of PP2A activity in mTORC1 complex 
and thereby enhances mTORC1-dependent 
growth signals. They identified CIP2A as a 
potent inhibitor of autophagic flux in a mTORC1-
dependent manner and this regulation of 
autophagy and mTORC1 activity by CIP2A is 
independent of CIP2A’s effect on c-MYC and 
AKT. These results reiterated the existence of 
the “oncogenic nexus” of CIP2A in breast can-
cer. CIP2A affects mTORC1-mediated cellular 
processes, like cell size, proliferation, and mor-
phology. On the other hand, mTORC1-depen-
dent control of CIP2A degradation is a mecha-
nism that links mTORC1 activity with c-MYC 
stability to coordinate cellular metabolism, 
growth, and proliferation. Thus CIP2A induces a 
positive feedback loop that enhances tumori-
genesis in breast. Consistent with CIP2A’s 
reported ability to protect c-MYC against prote-
asome-mediated degradation, autophagic deg-
radation of CIP2A upon mTORC1 inhibition 
leads to destabilization of c-MYC.

Data analyses using c-BioPortal: OncoPrint

We studied the alterations in Gene KIAA1524 
(GAIN, AMP) in Breast Invasive Carcinoma 
(TCGA, Provisional) case set and in Breast 
Invasive Carcinoma (TCGA, Nature 2012 ) case 
set using c-BioPortal (Figure 2). Genomic study 
selected were (1) mutations, (2) putative copy-
number alteration from GISTIC, (3) mRNA 
expression Z-scores (microarray) with Z-score 
thresholds ±2.0, and (4) protein/phosphopro-
tein level (RPPA) with Z-score thresholds ±2.0. 
Patient selected were, (1) PAM50 Basal, (2) 
PAM50 Claudin low, (3) PAM50 HER2 enriched, 
(4) PAM50 Luminal A, (5) PAM50 Luminal B and 
(6) PAM50 Luminal (A/B). Advanced cancer 
genomic data visualization is obtained with the 
help of “The Onco Query Language (OQL)”. We 
used the Onco Query Language (OQL) to select 
and define genetic alterations for all the 
OncoPrint outputs on the c-BioPortal for Cancer 
Genomics. OncoPrints are compact means of 

visualizing distinctive genomic alterations, 
including somatic mutations, copy number vari-
ations (CNV), and mRNA expression changes 
occurring across a set of cases. In c-BioPortal, 
OncoPrints are used for visualizing gene set as 
well as pathway alterations across a set of 
cases, and for visually identifying trends, such 
as trends in mutual exclusivity or co-occurrence 
between gene pairs within a gene set. Individual 
genes are represented as rows, and individual 
cases or patients are represented as columns.

We found alterations (percentage) of the 
PPP2R1A, PPP2R1B and KIAA1524 genes in 
(a) breast invasive carcinoma (TCGA, Nature 
2012 and TCGA, Provisional) (Figure 3A) and 
(b) in different subtypes (PAM50 Luminal A, 
PAM50 Luminal B, PAM50 HER2 enriched, and 
PAM50 Basal) of breast invasive carcinoma 
(TCGA, Nature 2012) (Figure 3B) using c-Bio-
Portal. We acknowledge the c-BioPortal for 
Cancer Genomics site (http://cbioportal.org) 
which provides a Web resource for exploring, 
visualizing, and analyzing multidimensional 
cancer genomics data. The portal reduces 
molecular profiling data from cancer tissues 
and cell lines into readily understandable 
genetic, epigenetic, gene expression and pro-
teomic events (Gao and group 2013, Integrative 
Analysis of Complex Cancer Genomics and 
Clinical Profiles Using the c-BioPortal, Sci. 
Signal., 2 April, Vol. 6, Issue 269, p. pl1. We 
acknowledge works of Cerami and group (The 
cBio Cancer Genomics Portal: An Open Platform 
for Exploring Multidimensional Cancer Ge- 
nomics Data. Cancer Discovery. May 2012 2; 
401) and works of Gao and group (Integrative 
analysis of complex cancer genomics and clini-
cal profiles using the c-BioPortal. Sci. Signal. 6, 
pl1, 2013). We acknowledge the TCGA Research 
Network for generating TCGA datasets.

Results (Figure 2A) show that there is a compa-
rable pattern of changes in the relative percent-
age of alterations in KIAA1524 (Gain and 
Amplification) between two data sets. 
Considering the intricate relationship of CIP2A 
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Figure 4. Network display of the interaction between major components of the “oncogenic nexus” of CIP2A (as 
represented in the Figure 1 and [1]): A. The interaction included different subunits of PP2A tumor suppressor pro-
tein, different transcription factors including MYC oncogene and the interacting components of major oncogenic 
pathways like PI3K-mTOR pathway as well as MAPK-ERK pathway (the details about the method of analyses are 
described in the text). B. Network display of the interaction between CIP2A, MYC and genes corresponding to sub-
units of PP2A protein, the PPP2R1A, and PPP2R1B which are mostly altered in BC. “Action View” is presented with 
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with PP2A within the “oncogenic nexus” in 
breast cancer, we also used c-BioPortal to find 
the alterations (percentage) of the PPP2R1A, 
PPP2R1B and KIAA1524 genes in breast inva-
sive carcinoma (TCGA, Nature 2013 and TCGA, 
Provisional) (Figure 3A). Results also show that 
there is a comparable pattern of changes in the 
relative percentage of alterations in PPP2R1A 
(HOMDEL, HETLOSS, MUT, PROT), PPP2R1B 
(HOMDEL, HETLOSS, MUT, PROT) and 
KIAA1524 (GAIN AMP, EXP>3, PROT>2) genes 
between two data sets. Within a data set, the 
highest percentages of alterations are observed 
in PPP2R1B followed by the change in the 
KIAA1524 and in the PPP2R1A. TCGA provi-
sional data set shows that almost 50% altera-
tion was observed in PPP2R1B (HOMDEL, 
HETLOSS, MUT, PROT).

Subtype specific changes in CIP2A gene in 
breast cancers

In BC, CIP2A signature reveals the MYC depen-
dency of CIP2A-regulated phenotypes. Niemelä 
and group in studying the clinical relevance of 
the CIP2A-regulated transcriptome in breast 
cancer subtypes have reported a high-confi-
dence transcriptional signature that is regulat-
ed by CIP2A [17]. Bio-informatics pathway anal-
ysis of the CIP2A signature revealed that CIP2A 
regulates several MYC-dependent as well as 
MYC-independent gene programs [17]. With 
regard to MYC-independent signaling, JNK2 
expression and transwell migration were inhib-
ited by CIP2A depletion. CIP2A depletion was 
shown to regulate the expression of several 
established MYC target genes, out of which 
most were MYC-repressed genes. The CIP2A 
signature was shown to cluster with basal-type 
and human epidermal growth factor receptor 
HER2+ breast cancer signatures. Accordingly, 
CIP2A protein expression was significantly 
associated with basal-like (P=0.0014) and 
HER2+ (P<0.0001) breast cancers. CIP2A 
expression also associated with MYC gene 
amplification (P<0.001). With regard to MYC, 
these results both validate CIP2A’s role in regu-
lating MYC-mediated gene expression and pro-
vide a plausible novel explanation for the high 

MYC activity in basal-like and HER2+ breast 
cancers.

Using the c-BioPortal for Cancer Genomics, 
Baldacchino and group reported that PP2A, a 
phosphatase which is inhibited by CIP2A and 
which inactivates mTOR effectors is deregulat-
ed in 59.6% of basal breast tumours [18]. They 
tested the viability assays to determine the 
sensitivity of a panel of breast cancer cell lines 
(MDA-MB468, MDA-MB436, Hs578T and 
BT20) to FTY720, a PP2A activator, to indicate 
that cell lines associated with ER loss are sen-
sitive to lower doses of FTY720. It can be 
argued that the subset of patients with sup-
pressed the activity of PP2A phosphatase 
would be potentially eligible for treatment using 
therapies which target the PI3K/AKT/mTOR 
pathway, such as phosphatase activators. 
Inactivation of PP2A by phosphorylation at tyro-
sine 307 has been demonstrated to be signifi-
cantly correlated with HER2+ tumor progres-
sion [19]. Figure 3B shows that in 38% of the 
PAM50 HER2-enriched cases the PPP2R1B 
gene has been altered. The alterations in the 
PPP2R1B gene were 37% and 56% in the 
PAM50 luminal A and luminal B subtypes 
respectively. The PPP2R1B gene is altered in 
21% of the PAM50 basal subtype cases. Loss 
of functions of the PTEN phosphatase [20] and 
inositol polyphosphate 4-phosphatase type II 
(INPP4B) [21] has been also associated with 
aggressive basal-like BC. Since PTEN, INPP4B 
and PP2A phosphatases are all known antago-
nists of AKT phosphorylation, a functional loss 
of phosphatase function would eventually lead 
to increased AKT activation. Interestingly 
enough BRCA1 is known to activate PP2A, 
which dephosphorylates AKT at both threonine 
308 and serine 473 [22, 23]. Furthermore 
BRCA1 is known to bind phosphorylated AKT 
leading to its ubiquitination [24] and subse-
quent degradation. Thus an enhanced stability 
and higher expression of pAKT characterizes a 
mutation in BRCA1 in which the mutant BRCA1 
fails to bind to pAKT [24]. This report is sub-
stantiated by the findings that BRCA1 loss 
leads to an increase in AKT activity [24] and a 
reduction of PP2A activity [22]. Overexpression 

“Confidence View” as the inset. The “input” proteins (KIAA1524, PPP2R1B, PPP2R1A, PPP2R4, MYC, and PPP2CA) 
were entered into STRING10 in order to find the association at the medium confidence view, 0.400. Stronger as-
sociations are represented by thicker lines. The details regarding the active prediction methods are included in the 
text. We acknowledge the STRING10 (Search Tool for the Retrieval of Interacting Genes/Proteins).
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of the biomarkers of PP2A function including 
pS6K and pAKT has been reported in breast 
and ovarian tumors reflecting an attenuation of 
PP2A activity [25-28]. Thus a contextual down-
regulation of the tumor suppressor compo-
nents of the “oncogenic nexus” of CIP2A poten-
tiates the effect of upregulation of the onco-
genic components of the “oncogenic nexus” in 
a concerted way towards the ensuing oncogen-
esis in the different subtypes of breast 
cancers.

Studies by Choi and group demonstrated a dif-
ferential expression of CIP2A in ER-positive tis-
sues as compared to ER-negative tissues which 
in their study can be explained by the result 
that CIP2A is a key factor in E2 (17β-estradiol)-
enhanced proliferation and that estrogen regu-
lates CIP2A expression by non-genomic action 
through EGFR [29]. Mechanistically at the 
translational level E2 (17β-estradiol) increased 
CIP2A expression in a c-MYC-independent 
manner in MCF-7 cells. Conversely E2-enhanced 
proliferation was found impaired without CIP2A 
expression. E2 (17β-estradiol)-mediated EGFR 
activation leads to the upregulation of the 
MAPK and PI3K pathways resulting in the  
phosphorylation of p70S6 kinase (S424/T421, 
T229, and T389) which ultimately culminates 
into an eIF4B-mediated increase in CIP2A 
translation. Our data derived from the c-BioPor-
tal showed that alterations of CIP2A genes 
(predominantly copy number gain and amplifi-
cations) is highest in the PAM50 basal subtype 
of BC (Figure 2B) which matched a higher per-
centage of alterations of gene corresponding to 
protein subunit (predominantly homozygous 
and heterozygous deletions) of PP2A gene 
(Figure 3B). In the context of this result studies 
by Choi and group had indicated that CIP2A can 
also be a key factor in E2 (17β-estradiol)-
enhanced proliferation wherein estrogen regu-
lates CIP2A expression by non-genomic action 
through EGFR. However in the same light of this 
result it will be interesting to study CIP2A 
expression in an EGFR overexpressed TNBC 
subset of breast cancers [30] since ETS1 has 
been proposed to mediate high CIP2A expres-
sion in human cancers with increased the 
EGFR-MEK1/2-ERK pathway activity [31].

CIP2A has been recommended to be a poten-
tial therapeutic target in TNBC and CIP2A is a 
major determinant responsible for bortezomib-
induced apoptosis in TNBC cells [13]. Come 

and group [10] demonstrated that siRNA medi-
ated CIP2A depletion inhibited tumor growth of 
MDA-MB-231 xenograft tumors. Similarly Tseng 
and group showed that bortezomib downregu-
lated CIP2A in HCC1937 xenograft tumors and 
inhibited their tumor growth [13]. We computed 
the alterations in Gene KIAA1524 (GAIN, AMP) 
in Breast Invasive Carcinoma (TCGA, Nature 
2012) from four major subtypes, PAM50  
luminal A, PAM50 luminal B, PAM50 HER2 
enriched and PAM50 Basal (Figure 2B). The 
data showed that the more aggressive subtype 
of luminal B exhibits more than double percent 
higher alteration (17%) than the less aggres-
sive luminal A (7%). Interestingly, luminal B  
subtype has a similar percentage of alterations 
to the other aggressive HER2 enriched sub- 
type (16%). The most aggressive PAM50 basal 
subtype exhibited the highest percentage  
of alterations (28%). OncoPrints (Figure 3B) 
showed alterations (percentage) of the 
PPP2R1A, PPP2R1B and KIAA1524 genes in 
different subtypes (PAM50 Luminal A, PAM50 
Luminal B, PAM50 HER2 enriched, and PAM50 
Basal) of breast invasive carcinoma (TCGA, 
Nature 2013). Data showed that PAM50 lumi-
nal A, PAM50 luminal B and PAM50 HER2 
enriched subtypes exhibit the same pattern of 
relative changes between PPP2R1A, PPP2R1B 
and KIAA1524 genes (PPP2R1B > KIAA1524 > 
PPP2R1A). Interestingly PAM50 basal on the 
other hand exhibited a distinct pattern of alter-
ations (KIAA1524 > PPP2R1B > PPP2R1A). The 
significance of this characteristic pattern is not 
known yet. It is interesting that the ratio of per-
centage of alterations of PPP2R1B to KIAA1524 
of each subtype was negatively correlated to 
the overall aggressive nature of the subtype. 
The ratio of alterations in PAM50 luminal A sub-
type (4.6) was greater than PAM50 luminal B 
subtype (3.2) which was greater than the ratio 
in PAM50 HER2 enriched subtype (2.2). The 
lowest ratio of alterations of PPP2R1B to 
KIAA1524 was observed in PAM50 basal sub-
type (0.7). The significance of this observation 
at the subtype level of BC remains to be 
identified.

Understanding the interaction between differ-
ent proteins within the “oncogenic nexus of 
CIP2A”: network summary using STRING10

We used the network image of the “Action 
View” of the network summary of proteins per-
taining to the components of the “oncogenic 
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nexus of CIP2A” using STRING10 (Figure 4). 
These proteins are termed as “inputs”. Network 
is displayed as nodes which are either colored 
(as they are directly linked to the input of pro-
tein corresponding to genes). Edges, i.e. pre-
dicted functional links, consist of eight lines: 
one color for each type of evidence (as shown 
in the picture) (Figure 4A). We used STRING10 
to predict the interactions and associations 
between different components (“input”) of the 
“oncogenic nexus of CIP2A”. The “input” pro-
teins are as follows: 

PPP2CB: protein phosphatase 2, catalytic sub-
unit, beta isozyme; NFKB1: nuclear factor of 
kappa light polypeptide gene enhancer in 
B-cells 1; NF-kappa-B is a pleiotropic transcrip-
tion factor. TP53: tumor protein p53; Acts as a 
tumor suppressor in tumor types; induces 
growth arrest/apoptosis in a context depen-
dent manner. AKT1: v-akt murine thymoma viral 
oncogene homolog 1; AKT1 is serine/threo-
nine-protein kinase which regulates metabo-
lism, proliferation, cell survival, growth and 
angiogenesis. KIAA1524: Oncoprotein which 
inhibits PP2A and stabilizes MYC in many 
human malignancies. MAP2K1: mitogen-acti-
vated protein kinase kinase 1; Dual specificity 
protein kinase which is an essential component 
of the MAP kinase signal transduction pathway. 
PPP2R1B protein phosphatase 2, regulatory 
subunit A, beta; The PR65 subunit of protein 
phosphatase 2A acts as a scaffolding molecule 
to assemble of the catalytic subunit and a vari-
able regulatory B subunit. PPP2R1A: protein 
phosphatase 2, regulatory subunit A, alpha; 
The PR65 subunit of protein phosphatase 2A 
acts as a scaffolding molecule to manage the 
assembly of the catalytic subunit and a variable 
regulatory B subunit. GSK3B: glycogen syn-
thase kinase 3 beta; Components of PI3K path-
way and Wnt-beta catenin pathway. PPP2R2C: 
protein phosphatase 2, regulatory subunit B, 
gamma; The B regulatory subunit modulates 
substrate selectivity and catalytic activity, and 
also might direct the localization of the catalyt-
ic enzyme to a particular subcellular compart-
ment. E2F1, E2F transcription factor 1; 
Transcription activator which binds DNA coop-
eratively with DP proteins through the E2 recog-
nition site, 5’-TTTC[CG]CGC-3’. It is found in the 
promoter region of a number of genes involved 
in cell cycle regulation/DNA replication. E2F1 
binds preferentially RB1 in a cell-cycle depen-

dent manner. PPP2R4: protein phosphatase 2A 
activator, regulatory subunit 4. mTOR: mecha-
nistic target of rapamycin (serine/threonine 
kinase); serine/threonine protein kinase which 
regulates cellular metabolism, mRNA transla-
tion and ribosome synthesis, growth and sur-
vival in response to hormones, growth factors, 
nutrients, energy and stress signals. mTOR 
functions as mTORC1 and mTORC2 complexes. 
MYC: v-MYC myelocytomatosis viral oncogene 
homolog (avian); Participates in the regulation 
of gene transcription associated to oncogene-
sis. FOXO1: forkhead box O1; Transcription fac-
tor and the main target of insulin signaling (via 
binding to the insulin response element) and 
regulate metabolic homeostasis in response to 
oxidative stress. MDM2: Mdm2, p53 E3 ubiqui-
tin protein ligase homolog (mouse). PPP2CA: 
protein phosphatase 2, catalytic subunit, alpha 
isozyme; PP2A is the major phosphatase for 
microtubule-associated proteins (MAPs). EIF4E: 
eukaryotic translation initiation factor 4E; It 
stimulates translation. These proteins were 
used as “input” to STRING10 in order to find the 
association at the confidence view, 0.900 
(highest confidence). Action view is presented 
with the modes of interaction in different color 
as the inset. The active prediction methods 
included “Neighborhood”, “gene Fusion”, 
“Co-occurrence”, “Co-expression”, “Experime- 
nts” “Databases” and “Textmining”. Custom 
limit was chosen for the interactors (as shown 
in Figure 4A). The subunits of PP2A gene, the 
PPP2R1A, PPP2R1B are altered (percentage) 
genes in breast invasive carcinoma (TCGA, 
Nature 2013 and TCGA, Provisional) and in dif-
ferent subtypes (PAM50 Luminal A, PAM50 
Luminal B, PAM50 HER2 enriched, and PAM50 
Basal) of breast invasive carcinoma (TCGA, 
Nature 2013) presented OncoPrints (different 
levels of zoom) as obtained from c-BioPortal in 
Figure 3. The interaction between CIP2A, MYC 
and two protein products of PP2A gene, the 
PPP2R1A, and PPP2R1B are studied using 
STRING10 (as shown in the Network display; 
Figure 4B). “Action View” is presented with 
“Confidence View” as the inset. The active pre-
diction methods included “Neighborhood”, 
“gene Fusion”, “Co-occurrence”, “Co-expressi- 
on”, “Experiments” “Databases” and “Text- 
mining”. Custom limit was chosen for the inter-
actors. The “input” proteins (KIAA1524, 
PPP2R1B, PPP2R1A, PPP2R4, MYC, and 
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PPP2CA) were entered into STRING10 in order 
to find the association at the medium confi-
dence view, 0.400. STRING (Search Tool for the 
Retrieval of Interacting Genes/Proteins) is 
being developed at CPR (NNF Center for Protein 
Research), EMBL (European Molecular Biology 
Laboratory), SIB (Swiss Institute of Bioin- 
formatics), KU (SUND-KU, University of Cope- 
nhagen), TUD (Technical University Dresden, 
Biotec) and UZH (University of Zurich). The ver-
sion 10 of STRING covers more than 2000 
organisms, and is equipped with improved pre-
diction algorithms. We acknowledge the ver-
sion 10 of STRING, and authorities/institu-
tions/organizations/Universities/resources 
which institutionally and financially support the 
STRING.

Computation of scores using STRING10: The 
selected reasonable score cut-off value for the 
analyses was carried out by using STRING10. 
The setting of the cutoff level of confidence at 
the lower level increased coverage for interac-
tions. We used the score cut-off to limit the 
number of interactions to those that have high-
er confidence and are more likely to be true 
positives. In order to eliminate the fraction of 
false positives we have chosen a high confi-
dence level. The combined score in the 
STRING10 are computed by combining the 
probabilities from the different evidence chan-
nels, correcting for the probability of randomly 
observing an interaction. For a more detailed 
description please see Jensen et al. Nucleic 
Acids Res. 2009, 37 (Database issue): 
D412-6.

The interaction of different subunits of PP2A 
tumor suppressor protein, different transcrip-
tion factors including MYC oncogene and the 
interacting components of major oncogenic 
pathways like the PI3K-mTOR pathway as well 
as the MAPK-ERK pathway are presented in 
Figure 4A. The interaction(s) amoung these 
“input” proteins were generated using 
STRING10 at the confidence view, 0.900 (high-
est confidence). Action view is presented with 
the modes of interaction in different color as 
the inset (Figure 4A). The data show that the 
major point of interaction between the CIP2A 
and the nexus is gated through MYC protein 
which is well connected to different units of 
PP2A, PI3K pathway (AKT1, GSK3Beta, mTOR), 
MAP2K1, transcriptional factors (NFkB1, EIF4E, 

FOXO1, E2F1, TP53) and MDM2 via different 
categories of actions (activation, inhibition, 
binding, catalyses, post-translational modifica-
tion etc). The confidence score presented is at 
the highest confidence level (0.900). The confi-
dence score is the approximate probability that 
a predicted link exists between two enzymes in 
the same metabolic map in the KEGG data-
base. We observed that there are two genes 
corresponding to subunits of PP2A protein 
those are frequently altered in breast cancers 
as obtained from c-BioPortal; they are PPP2R1A 
and PPP2R1B genes (Figure 3). Figure 4B 
shows the Action view of the interaction of 
PPP2R1A and PPP2R1B with MYC and CIP2A 
proteins at medium confidence level (0.400). 
“Action View” is presented with “Confidence 
View”. “Confidence View” of the association is 
presented as an inset. Stronger associations 
are represented by thicker lines. Active predic-
tion methods included Databases and Text 
mining. “Confidence View” of the association is 
presented as an inset. 

CIP2A controls oncogenic signals: antagonizes 
phosphatase functions of tumor suppressor 
PP2A

CIP2A functions as an oncogenic protein by 
suppressing functions of tumor suppressor 
PP2A [2, 3, 32] which constitutes one of the 
major tenets of the “oncogenic nexus” of CIP2A. 
Hence understanding of the molecular struc-
ture, function and the regulation of PP2A func-
tions is crucial to envisage the “oncogenic 
nexus” of CIP2A. Ser/Thr phosphatase PP2A is 
conserved throughout eukaryotic tree [33]. 
PP2A protein is also one amongst the very few 
serine/threonine-specific phosphatases in the 
cell. The complex structure and regulation of 
PP2A insinuate its many functions. PP2A forms 
a heterotrimeric PP2A complex. The crystal 
structure of an AB’C (subunits of PP2A protein) 
heterotrimeric PP2A holoenzyme has been 
reported [34]. The PP2A holoenzyme consists 
of a heterodimeric core enzyme, which com-
prises a scaffolding subunit and a catalytic sub-
unit, and a variable regulatory subunit [35]. 
PP2A enzymes typically exist as heterotrimers 
comprising catalytic C-, structural A- and regu-
latory B-type subunits. The B-type subunits 
function as targeting and substrate-specificity 
factors; hence, holoenzyme assembly with the 
appropriate B-type subunit is crucial for PP2A 
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specificity and regulation [33]. A common het-
erodimeric core of tumor suppressor enzyme 
PP2A is composed of (1) PPP2CA a 36 kDa  
catalytic subunit (subunit C) and (2) PPP2R1A 
protein a 65 kDa constant regulatory subunit 
(PR65 or subunit A) forming the core dimer. 
Proteins that associate with the core dimer 
include three families of regulatory subunits B, 
the 48 kDa variable regulatory subunit, viral 
proteins, and cell signaling molecules. PP2A 
holoenzyme composition allows an amazingly 
diverse enzyme with a vast array of substrate 
specificities [3]. The structural details of PP2A 
form a crucial foundation for understanding 
PP2A assembly, its substrate recruitment, its 
function, and regulation of its function [35, 36]. 
Thus a de-regulation of PP2A culminates into 
specific pathologies [37].

CIP2A binds to tumor suppressor PP2A and 
inhibits phosphatase functions resulting in 
tumorigenic transformations. The binary inter-
action of CIP2A occurs with serine/threonine-
protein phosphatase 2A 65 kDa regulatory sub-
unit A alpha isoform, PPP2R1A. Since the PR65 
subunit of protein phosphatase 2A serves as a 
scaffolding molecule to coordinate the assem-
bly of the catalytic subunit and a variable regu-
latory B subunit, the interaction of PP2A with 
CIP2A inhibits tumor suppressor function of 
PP2A. A number of studies have confirmed the 
role of PP2A in the oncogenic transformation 
[16, 38-41]. Studies have demonstrated a num-
ber of ways in which PP2A is known to exert its 
tumor suppressor actions. Chen and group 
have reported that cancer-associated alpha 
mutations contribute to cancer development by 
inducing functional haplo-insufficiency, disturb-
ing PP2A holoenzyme composition, and altering 
the enzymatic activity of PP2A [42]. One of the 
mechanisms by which PP2A functions as a 
tumor suppressor occurs via a critical intercon-
nection with the a potent oncoprotein, c-MYC. 
PP2A regulatory subunit B56alpha has been 
reported to be associated with c-MYC and neg-
atively regulates c-MYC accumulation. A specif-
ic PP2A regulatory subunit, B56alpha selective-
ly associates with the N terminus of c-MYC. 
B56alpha directs intact PP2A holoenzymes to 
c-MYC, resulting in a dramatic reduction in 
c-MYC protein levels. Inhibition of PP2A-
B56alpha holoenzymes results in c-MYC over-
expression, elevated levels of c-MYC serine 62 
phosphorylation, and increased c-MYC function 

[43]. PP2A interacts with a substantial number 
of other cellular and viral proteins, which are 
PP2A substrates, in order to target PP2A to dif-
ferent sub-cellular compartments or affect its 
enzymatic activity [37]. Suppression of PR61/
B’gamma, a specific third regulatory subunit of 
PP2A, is reported to substitute for the viral 
SV40 protein small t antigen in causing tumori-
genic transformation of several human cell 
lines-provided that telomerase, SV40 large T 
antigen and oncogenic RAS are also present. 
Accumulation of c-MYC protein seems to be the 
common denominator of cellular transforma-
tion [38]. SV40 (simian virus 40) ST (the early 
region of SV40 encodes two oncoproteins: the 
large T, LT and small t, ST antigens) inhibits the 
activity of PP2A and this interaction is required 
for SV40-mediated transformation of human 
cells. Mutations in PP2A subunits occur at low 
frequency in human tumors, suggesting that 
alterations of PP2A signaling play a role in both 
experimentally induced and spontaneously 
arising cancers [44]. Alterations in different 
subunits of PP2A have been reported to be 
associated with human malignancies. The gene 
encoding for the beta isoform of its subunit A, 
PPP2R1B is found to be altered in human lung 
and colorectal carcinomas [45]. Calin and 
group reported a low frequency of alterations of 
PPP2R1A and PPP2R1B isoforms of PP2A in 
human neoplasms. They have detected muta-
tions in breast, lung carcinomas and melano-
mas in the genes of both alpha (PPP2R1A)  
and beta isoforms. Recently Zhou and group 
reported that in tumors, knockdown of 
PPP2R2D, a regulatory subunit of PP2A,  
inhibited T-cell apoptosis and enhanced T-cell 
proliferation as well as cytokine production 
indicting its key role as regulator of immune 
function in relevant microenvironment [46]. 
This observation becomes more relevant in the 
light of recent reports regarding the facilitating 
role of tumor infiltrating lymphocytes on the 
clinical efficacy of several anti-cancer drugs 
[47, 48]. Mutations affecting PPP2R1B gene 
(exons deletions, suggesting abnormal splicing) 
were found in four breast carcinomas, while 
mutations in PPP2R1A (nucleotide substitu-
tions changing highly conserved amino acids 
and one frame-shift) were found in carcinomas 
of the breast and of the lung and in one mela-
noma patients [45]. As mentioned earlier we 
also studied the percentage alterations in 
genes corresponding to subunits of PP2A gene 
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using c-BioPortal (Figure 3A, 3B). The data 
showed alterations (percentage) of the 
PPP2R1A, PPP2R1B genes along with altera-
tions of KIAA1524 genes in breast invasive car-
cinoma (TCGA, Nature 2013 and TCGA, 
Provisional) (Figure 3A). Within a particular 
data set, the highest percentages of alterations 
are observed in PPP2R1B gene followed by the 
change in the KIAA1524 gene and in the 
PPP2R1A gene. The highest change in percent-
age was observed in TCGA provisional data set 
showing that almost 50% alteration was 
observed in PPP2R1B (HOMDEL, HETLOSS, 
MUT, PROT). We extended our study regarding 
the similar percentage of changes in the PP2A 
subunits in different subtypes of BC using 
c-BioPortal. OncoPrints of Figure 3B shows 
alterations (percentage) of the PPP2R1A, 
PPP2R1B as well as KIAA1524 genes in PAM50 
Luminal A, PAM50 Luminal B, PAM50 HER2 
enriched, and PAM50 Basal subtype of breast 
invasive carcinoma (TCGA, Nature 2013). The 
appearance of a distinct pattern of percentage 
of alterations of these genes in a subtype 
specifc manner warrants further in-depth study 
in this direction. 

CIP2A-PP2A signal actively regulates cell cycle 
and apoptosis via its control over p53-MDM2 
axis. Moule and group studied the role of PP2A 
in ARF signaling to p53 [49]. They demonstrat-
ed that polyoma virus (Py) small T-antigen 
(PyST) blocks ARF-mediated activation of p53. 
This inhibition requires the small T-antigen 
PP2A-interacting domain. Their results reveal a 
previously unrecognized role of PP2A in the 
modulation of the ARF-p53 tumor suppressor 
pathway. Studies by Neviani and group showed 
that the tumor suppressor PP2A is functionally 
inactivated in blast crisis CML through the 
inhibitory activity of the BCR/ABL-regulated SET 
protein and functional inactivation of PP2A is 
essential for BCR/ABL leukemogenesis and, 
perhaps, required for blastic transformation 
[50]. Another mechanism by which PP2A has 
shown to protect cells from tumorigenic trans-
formation is via the MDM2-p53 pathway. 
Okamoto and group demonstrated that cyclin G 
(cyclin G, a commonly induced p53 target) 
forms a quaternary complex in vivo and in vitro 
with enzymatically active phosphatase 2A 
(PP2A) holoenzymes containing B’ subunits. 
Cyclin G also binds in vivo and in vitro to MDM2 
and markedly stimulates the ability of PP2A to 
dephosphorylate MDM2 at T216 suggesting 

that cyclin G recruits PP2A in order to dephos-
phorylate MDM2 and thereby to regulate both 
MDM2 and p53 [51] indicating the cross-talk 
between two tumor suppressors. PP2A has 
been identified as a crucial regulator of the 
NF-κB feedback loop [52]. Figure 4A repre-
sents the network image of the “Action view” of 
the network summary of proteins inputs per-
taining to the components of the “oncogenic 
nexus of CIP2A” as presented in the Figure 1 
and our previous article [1] using STRING10 at 
the highest confidence level (0.900). 
Interestingly the above studies by several inde-
pendent groups can be substantiated by the 
“Action view” of the Figure 4A thus demonstrat-
ing the functional relevancy of the “oncogenic 
nexus of CIP2A”.

Recently, it was demonstrated that the inhibi-
tion of PP2A is a key determinant in acquiring 
TRAIL-sensitivity during tumorigenesis, with 
c-Fos/AP-1 as an essential mediator [53].The 
inhibition of PP2A activity confers a TRAIL-
sensitive phenotype during malignant transfor-
mation and the down-regulation of PP2A activ-
ity is a critical step for normal cells to acquire a 
TRAIL-sensitive phenotype during tumorigene-
sis. The level of PP2A activity foretold cellular 
sensitivity to TRAIL-induced apoptosis. Biolo- 
gical function of CIP2A in breast cancer was 
explored by Liu and group using shRNA knock-
down in MDA-MB231 and LM2-4 cell lines. 
CIP2A depletion inhibited proliferation and 
increased paclitaxel-induced apoptosis, and 
down-regulated the expression of c-MYC and 
p-ERK1/2 [54]. Interestingly both of their 
observed effects of CIP2A depletion in cells 
can be explained by the network display of the 
interaction (“action view”) between major com-
ponents of the “oncogenic nexus” of CIP2A [as 
represented in the Figure 1 and also in our pre-
vious article [1] as well as (Figure 4A) which 
presented an interaction between different 
subunits of PP2A tumor suppressor protein, 
protein product of MYC oncogene and the inter-
acting components of major oncogenic  
pathways like the MAPK-ERK pathway. These 
results substantiate the fact that the “oncogen-
ic nexus” of CIP2A oncoprotein is functional  
in breast carcinigenesis.

Functions of “oncogenic nexus” of CIP2A in 
cancers: stabilization of MYC protein

The “oncogenic nexus” of CIP2A regulates tran-
scription of MYC targeted genes. As an integral 
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protein, CIP2A achieves oncogenic credential 
via inhibition of PP2A capacity to destabilize 
MYC. CIP2A interacts directly with c-MYC pro-
tein, inhibits PP2A activity toward c-MYC serine 
62, and thereby prevents c-MYC proteolytic 
degradation. Detailed mechanism of this action 
has been reviewed in past. In studies by Junttila 
and group co-immunoprecipitation of endoge-
nous PR65 from cytosolic HeLa extracts 
revealed an interaction between endogenous 
CIP2A, PR65 and PP2Ac proteins [3]. As a pleio-
tropic oncogenic transcription factor, MYC acti-
vates the transcription of growth/transforma-
tion-related genes. Thus aberrant MYC signal-
ing observed in human cancers have been 
demonstrated to promote cell transformation 
and tumor progression [5]. Accumulation of 
c-MYC (stability) is one of the common denomi-
nator of cellular transformation [38], especially 
in MYC-mediated malignancies. The “oncogen-
ic nexus” of CIP2A protein in human malignan-
cies is executed through the stabilization MYC 
protein. PP2A has been identified as a new pro-
tein involved in regulating c-MYC expression 
[43]. It has been established that the amplifica-
tion of MYC gene is one of the major causes of 
the development of the drug-induced resis-
tance inhibitors of the PI3K-mTOR pathway 
[55]. PP2A-mediated c-MYC dephosphorylation 
can be adequate for SV40 small-t antigen in 
human transformation assays [56]. This data is 
in line with the report that CIP2A has been over-
expressed in a number of common human 
malignancies. Studies by Junttila and group 
identified CIP2A as an endogenous PP2A-
associated protein that promotes c-MYC pro-
tein stability by inhibiting c-MYC-associated 
PP2A-mediated de-phosphorylation which cul-
minates into cellular transformation and tumor 
growth strongly indicating that CIP2A is a 
human oncoprotein that inhibits PP2A in human 
malignancies [3]. Thus CIP2A is required for the 
malignant cellular transformation. Stabilization 
of MYC protein represents PP2A phosphatase 
dependent functions of CIP2A in cancer cells.

Regulation of the “oncogenic nexus” of CIP2A 
in breast cancers: hormonal control, autopha-
gy & intrinsic senescence

The expression of CIP2A has been regulated 
both via several transcription factors as well as 
through the downstream effectors of classical 
growth promoting steroid hormone-dependent 

mitogenic pathways in breast cancers. CIP2A 
expression has been reported to be enhanced 
by estradiol (E2) in ER-positive breast cancer 
cells via the activation of p70 S6 kinase as well 
as ETS1 transcription factor following E2 medi-
ated activation of MEK1/2 and PI3K pathways 
via EGFR signaling. Choi and group also showed 
that E2 increased CIP2A expression at the 
translational level in a c-MYC-independent 
manner in MCF-7 cells. E2-enhanced prolifera-
tion was impaired without CIP2A expression. 
E2-stimulated EGFR activated the MAPK and 
PI3K pathways, which converged to activate 
p70 S6 kinase (S6K) (phosphorylation  
sites S424/T421, T229, and T389) that was 
required for the phosphorylation of eukaryotic 
initiation factor 4B (eIF4B), leading to the 
increase in CIP2A translation [29]. Studies 
have also shown that ETS1 mediated MEK1/2-
dependent overexpression of CIP2A occurs in 
human cancer cells [31].

CIP2A itself is degraded by autophagy. CIP2A is 
rapidly degraded upon proteasome inhibition,  
a known activator of autophagy [58]. p62/
SQSTM1 guides CIP2A to autophagic degrada-
tion. Notably, this model is highly meaningful to 
recently reported p62/SQSTM1-dependent 
autophagic degradation of the Dishevelled, 
which leads to the attenuation of oncogenic 
Wnt signaling [59]. This effect on the autopha-
gic degradation of the Dishevelled protein is 
thought provoking in the context of BC since 
the involvement of Wnt-beta-catenin signals 
has been closely associated to the outcome of 
the triple negative subtype of BC. We have 
demonstrated a differential upregulation of 
Wnt-beta-catenin pathway in TNBC and its 
association with metastasis [60]. Our study 
also identified that the differential activation of 
Wnt-beta-catenin pathway in triple negative 
breast cancer increases MMP7 in a PTEN 
dependent manner [61]. This observation of 
ours has been further put into the perspective 
of promotion of invasion and metastasis of 
breast cancer cells by the works of Ma and 
group [62] who reported that Wnt-beta-catenin 
signaling was hyperactivated in metastatic 
breast cancer cells that express miR-301a, and 
mediated miR-301a-induced invasion and 
metastasis while miR-301a directly targeted 
and suppressed PTEN, one of the negative  
regulators of the Wnt/β-catenin signaling cas-
cade. Furthermore, mTORC1- and autophagy-
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regulated stability of CIP2A provides a molecu-
lar explanation for the coordinated activation of 
mTORC1 and c-MYC, which together alter cellu-
lar metabolism to achieve excessive cell growth 
and proliferation [14].

CIP2A has been associated to the phenome-
non of senescence in BC cells. Senescence in 
addition to apoptosis is cellular failsafe pro-
gram which counteracts the disproportionate 
mitogenic signals arising from the upregulation 
of oncogenes. Thus either an effective bypass 
or a robust inhibition of senescence and apop-
tosis is required for a cell destined to a tumori-
genic transformation [63]. In BC cells, a posi-
tive feedback loop between CIP2A and E2F1 
had been shown to define the cell-intrinsic 
senescence sensitivity [64]. Laine and group 
identified that the E2F1-CIP2A positive feed-
back loop is a key determinant of BC cell sensi-
tivity to senescence and growth arrest induc-
tion, the results of which may also facilitate 
novel stratification strategies for selection of 
patients to receive senescence-inducing can-
cer therapies. In their study Laine and group 
also reported that mammary tumorigenesis is 
impaired in a CIP2A-deficient mouse model and 
CIP2A-deficient tumors display markers of 
senescence induction which is in line with the 
fact that high CIP2A expression predicts for 
poor prognosis in a subgroup of patients with 
breast cancer treated with senescence-induc-
ing chemotherapy [64]. The findings from their 
study that (1) wild type p53 negatively regu-
lates CIP2A expression, (2) E2F1 upregulates 
CIP2A expression downstream of inactivated 
p53, (3) inhibition of CIP2A expression is a pre-
requisite for p53-mediated senescence induc-
tion, (4) positive feedback loop between CIP2A 
and E2F1 functions as a barrier for p21-mediat-
ed senescence induction, and (5) inhibition of 
CIP2A inhibits growth and induces senescence 
in mouse embryonic fibroblasts demonstrates 
that an increased activity of E2F1-CIP2A feed-
back renders breast cancer cells resistant to 
senescence induction. It is remarkable to note 
here that this feedback loop involving the inter-
play between these two frequently overex-
pressed oncoproteins may also be considered 
as a promising pro-senescence target for ther-
apy of triple negative or basal-type breast can-
cers with an inactivated p53-p21 pathway. It 
will be interesting and important to find the role 
of CIP2A “oncogenic nexus” in mediating drug 

induced senescence that generates chemo-
therapy resistance in cancers with different 
genetic backgrounds. Tumor stem cells contrib-
ute to tumor recurrence after chemotherapy. 
Interestingly, drug-induced senescence has 
been found to generate chemo-resistant stem-
like cells in breast cancer [65]. Thus it will pro-
vide a rationale to target this CIP2A “oncogenic 
nexus” for chemotherapy resistance or drug-
induced senescence. Studies in gastric cancer 
demonstrated that CIP2A depletion leads to 
senescence of tumor cells [66]. Gastric cancer-
derived AGS cells underwent senescence fol-
lowing the inhibition of CIP2A expression.

CIP2A as prognostic biomarker in breast can-
cers

The relevance of a tumor marker in the early 
immuno-diagnosis depends on its high sensi-
tivity and specificity. Auto-antibodies directed 
against tumor-associated antigens (TAAs) have 
been shown to be relevant tumor markers fulfill-
ing these criteria. Antibodies against KIAA1524 
are present in sera from many patients with 
gastric or prostate cancer, suggesting that it 
may act as a marker for such cancers. Clinical 
implications of CIP2A protein expression in 
breast cancer have been reported. CIP2A 
expression may be considered as a potential 
biomarker for chemotherapeutic sensitivity and 
prognosis in breast cancer [11]. Liu and group 
reported that auto-antibodies against p90/
CIP2A may be useful serum biomarker for early 
stage breast cancer screening and immuno-
diagnosis. They evaluated whether or not auto-
antibodies to a tumor-associated antigen p90/
CIP2A can be used as immuno-diagnostic 
markers in breast cancer to demonstrate that 
auto-antibodies against p90/CIP2A may be a 
useful serum biomarker for early stage breast 
cancer screening and immuno-diagnosis [67]. 
The frequency of p90/CIP2A expression in 
breast cancer tissues was significantly higher 
than that in adjacent normal tissues (P<0.01) 
and p90/CIP2A induced a relatively higher fre-
quency of auto-antibody response in breast 
cancer (19.1%) compared to the sera of normal 
individuals (2.3%). CIP2A expression may be a 
potential biomarker for chemotherapeutic sen-
sitivity and prognosis of breast cancer [11]. 
High expression of CIP2A has also been pro-
posed by Khanna and Pimanda as a useful bio-
marker that predicts therapeutic response to 
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chemotherapeutics such as Bortezomib, 
Erlotinib, Checkpoint Kinase 1 (CHK1) inhibi-
tors and pro-senescence based therapies [68]. 
In their review they also highlighted the ambigu-
ity in CIP2A’s prognostic role in different human 
cancers and its role in modulating response 
and resistance to chemotherapeutics. A report 
by Ventelä and group demonstrating that CIP2A 
is a Oct4 target gene in stem cells and in human 
Head & Neck cancer cell lines has provided 
CIP2A with an interesting perspective in solid 
tumors [69] since the role of stem cell has been 
emerging more convincingly than ever in the 
mechanism governing metastatic dormancy in 
the newly homed microenvironment of the 
tumor cells and reactivation in the solid tumors 
[70]. The emerging role of the “oncogenic 
nexus” of CIP2A in molecular underpinning of 
the metastatic dormancy and the reactivation 
is worth perusing in the future.
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