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Review Article
Polycomb protein family member CBX7 plays a critical 
role in cancer progression
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Abstract: CBX7 is a polycomb protein that participates in the formation of polycomb repressive complex 1. Apart 
from few exceptions, CBX7 expression is lost in human malignant neoplasias and a clear correlation between its 
downregulated expression and a cancer aggressiveness and poor prognosis has been observed. These findings in-
dicate a critical role of CBX7 in cancer progression. Consistently, CBX7 is able to differentially regulate crucial genes 
involved in cancer progression and in epithelial-mesenchymal transition, as osteopontin and E-cadherin. Recent 
evidences indicate a role of CBX7 also in the modulation of response to therapy. In conclusion, CBX7 represents 
an important prognostic factor, whose loss of expression in general indicates a bad prognosis and a progression 
towards a fully malignant phenotype.
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CBX7 and the polycomb group proteins

CBX7 belongs to the family of Chromobox pro-
teins and takes part in the organization of the 
polycomb repressive complex 1 (PRC1). Pro- 
teins of the polycomb group (PcG) operate in 
the context of multiprotein complexes that are 
involved in the regulatory mechanism control-
ling cell fate during development, in both nor-
mal and pathogenic conditions, through the 
silencing of development-related genes. In- 
deed, PcG proteins cooperate to establish tran-
scriptional repressor elements of at least two 
functionally distinct complexes: (a) the initia-
tion complex (PRC2), whose main principal ele-
ments are human EZH2, EED and SUZ12, and 
(b) the maintenance complex (PRC1), contain-
ing as central human proteins BMI1, CBX7, 
EDR, HPC and RNF2 [1-3]. In the PRC2 com-
plex, EZH2 carries-on methyltransferase activi-
ty on histone lysine residues (histone H3, tri-
methylation of lysine 27, H3K27me3), that is 
essential for inducing transcriptional repres-
sion and stable gene silencing. On the contrary, 
CBX7 is able to bind H3K27me3 sites, through 

the chromodomain, then controlling the expres-
sion of multiple genes [1-3].

Alterations of this crucial PcG system are 
responsible of aberrant development programs 
and developing of different types of carcinoma. 
In fact, abnormal increased expression of either 
PRC1 or PRC2 triggers the aberrant silencing of 
corresponding target genes, finally leading to 
the appearance of a broad spectrum of carcino-
mas [4, 5]. However, also the recruitment of 
PcG complexes to genes, normally not under 
their control, can induce formation of cancers. 
In fact, it has been recently reported that the 
oncogenic transcription factor PML/RAR alpha 
is able to recruit the PRC2 complex to genes 
responsive to retinoic acid (RA), then playing a 
primary role in the development of acute promy-
elocytic leukemia (APL) [6].

Aberrant expression of CBX7 in human 
carcinomas

Expression levels of CBX7 have been found 
decreased in most of the human malignant 
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neoplasias analyzed so far. CBX7 downregula-
tion was initially reported in carcinomas of the 
bladder: the expression analysis performed in 
93 patients undergoing surgery for urothelial 
carcinoma revealed that expression levels of 
CBX7 mRNA gradually decreased going from 
superficial to invasive and, lastly, to muscle-
invasive carcinomas [7]. Besides, the expres-
sion levels of CBX7 resulted significantly corre-
lated with higher tumor grade, suggesting that 
decreased levels of CBX7 could be functionally 
related with the acquisition of an aggressive 
phenotype in urothelial carcinomas [7]. Similar 
findings were obtained when CBX7 expression 
levels were evaluated in thyroid [8], colorectal 
[9], breast [10], pancreas [11], lung carcinomas 
[12] and glioblastoma [13].

In human thyroid carcinoma, CBX7 expression 
levels, evaluated by RT-PCR and immunohisto-
chemistry, progressively declined with the loss 
of differentiation degree and increasing of neo-
plasia stage. In fact, CBX7 was quite abundant 
in normal thyroid cells, whereas it was almost 
undetectable in most of the undifferentiated 
anaplastic carcinoma (ATC) and present, but at 
lower levels with respect to normal thyroid, in 
well differentiated ones as papillary (PTC) and 
follicular (FTC) carcinomas [8]. CBX7 was found 
decreased or absent in 68% of Hürthle adeno-
mas, which are characterized by an aggressive 
phenotype if compared to the classic benign 
follicular adenomas (FTA) [14]. Interestingly, 
expression of CBX7 in Hürthle hyperplasias and 
FTA resulted comparable to that observed in 
non pathological thyroid tissue, confirming the 
more aggressive phenotype of Hürthle adeno-
mas in comparison to non-Hürthle neoplasias 
[14]. In addition, loss of heterozygosity at CBX7 
locus occurred in 36.8% of PTC and in 68.7% of 
ATC. Moreover, the evaluation of CBX7 expres-
sion in rat and mouse models of thyroid carci-
nogenesis confirmed that CBX7 decreased with 
the malignancy of carcinomas. Indeed, CBX7 
diminished in PTC developed by TRK and RET/
PTC3 transgenic mice, while was completely 
lacking in ATC developed by SV40 Large T mice 
[8].

The immunohistochemical analysis of a tissue 
microarray (TMA) containing more than one 
thousand sporadic CRC lesions revealed that 
CBX7 is also decreased or absent in a high 
number of CRC samples, in comparison to the 
non pathological colonic mucosa, and that the 

loss of expression was correlated with poor 
prognosis [9]. Interestingly, CBX7 downregula-
tion was also associated with progression of 
dysplasia since levels of CBX7 expression 
decreased as severity of dysplasia increased 
[9]. Noteworthy, HMGA1 expression, that has 
been frequently reported associated to cancer 
progression, increases going from colonic pre-
malignant lesions to colonic carcinoma, with a 
mutual behavior if compared to CBX7 [15, 16].

Similarly, a progressive decrease of CBX7 pro-
tein expression was observed in specific neo-
plastic malignancies of pancreas [11]. In this 
system, as observed in other carcinomas, the 
diminished expression of CBX7 resulted inter-
connected with progression of pancreatic ade-
nocarcinoma, being its expression abundant in 
normal pancreatic tissue and progressively 
decreased going from pancreatic intraepithelial 
neoplasias (PanINs) through invasive ductal 
carcinoma, where CBX7 expression is com-
pletely lost [11]. Consistently, the retention of 
CBX7 expression displayed a trend toward a 
better survival. 

As far as human lung carcinoma is concerned, 
none of the samples analyzed expressed 
detectable quantity of CBX7 protein, whereas it 
was abundantly expressed in normal lung tis-
sue. Interestingly, LOH was reported in 50% of 
informative cases. Additionally, the expression 
of CBX7 was lost in the “normal” area surround-
ing carcinomas (non-pathological at the mor-
phological evaluation) in 50% of the analyzed 
cases. Intriguingly, these cases showed also 
LOH, suggesting that the decreased expression 
of CBX7 could be involved in the transition of 
epithelial lung cells toward a fully transformed 
and malignant phenotype [12].

Reduced CBX7 protein levels were also 
observed in breast carcinomas with the lowest 
expression levels observed in the lobular histo-
type [10]. The expression of CBX7 was also 
downregulated in most of the gastric and liver 
carcinomas [17].

The Cancer Genome Atlas (TCGA, cancerge-
nome.nih.gov) shows that several PcG mem-
bers are aberrantly expressed in glioblastoma 
multiforme samples in comparison to normal 
brain, with the upregulation of CBX8, EZH2, 
PHC2 and PHF19, and downregulation of CBX6, 
CBX7, EZH1 and RYBP. Intriguingly, decreasing 
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of CBX7 levels progressively occurred with the 
increasing of astrocytoma grade, as assessed 
by Western blot and RT-PCR analyses [13]. 
Lastly, consulting of TCGA confirms that CBX7 
is generally underexpressed in various carcino-
ma tissues (central nervous system cancer, 
colorectal, ALL, hepatocarcinoma, lung adeno-
carcinoma, melanoma and sarcoma) if com-
pared with corresponding normal ones. In addi-
tion, CBX7 is expressed at higher levels in ER+ 
than ER- breast cancer and at lower levels in 
metastatic prostate cancer than primary ones 
(TCGA, cancergenome.nih.gov). These results, 
therefore, associate the loss of CBX7 expres-
sion with cancer progression and poor progno-
sis, proposing for CBX7 a tumor suppressor role 
that is also supported by the negative effect on 
cell growth exerted by the restoration of CBX7 
expression in thyroid [8], breast [10] and 
colorectal cancer cells [9].

The generation of cbx7 knock-out (ko) mice fur-
ther confirmed its tumor suppressor role. In 
fact, cbx7 ko mice developed lung and liver 
neoplasias, either adenoma or carcinoma. 
While, the same percentage of liver benign 
lesions were shown by cbx7-/- (homozygous) and 
cbx7+/- (heterozygous) mice, a higher percent-
age of hepatocellular carcinomas was observed 
in cbx7-/- versus cbx7+/- mice. In addition, lung 
adenomas and adenocarcinomas occurred in 
cbx7+/- and cbx7-/- mice, though adenomas were 
mainly detected in cbx7+/-, whereas carcinomas 
were prevalent in cbx7-/- mice [12]. Consistently, 
cbx7-/- mouse embryonic fibroblasts (MEFs) 
grow faster than the cbx7+/+ (wild type) counter-
parts, with a lower percentage of cbx7-/- MEFs in 
G1 and a higher one in S phase of the cell cycle, 
in comparison with cbx7+/+ MEFs, suggesting a 
negative modulation of the cell cycle due to 
cbx7 in the G1/S phases [12]. In addition, the 
absence of cbx7 expression limited the suscep-
tibility of cbx7-/- MEFs to undergo senescence. 
Accordingly, cbx7-/- MEFs showed lower levels of 
p16, p53 and p21 if compared with cbx7+/+ 
MEFs and elevated levels of both Cyclin A and 
Cyclin E [12]. Cbx7-/- mice displayed a consider-
able increase in body length if compared to the 
wt mice [18] and, unexpectedly, an abundant 
accumulation of fat tissue suggesting a role of 
cbx7 in adipogenesis, too. This hypothesis has 
been confirmed in cbx7-/- MEFs that are more 
efficiently committed to differentiate towards 
adipocytic phenotype in comparison to the 
cbx7+/+ MEFs, with global effect depending on 

the cbx7 dosage [18]. Intriguingly, similar 
results have been observed in cbx7-/- embryon-
ic stem (ES) cells as far as is concerned the dif-
ferentiation into adipocytes, whereas MEFs 
and human adipose-derived stem cells overex-
pressing CBX7 showed an opposite behavior 
[18].

Regulation of CBX7 protein expression

A critical role in regulating CBX7 expression is 
played by the High Mobility Group A (HMGA) 
proteins. The HMGA protein family consists of 
three proteins (HMGA1a, HMGA1b and HMGA2) 
able to bind DNA in AT-rich sites, but lacking 
transcriptional activity per se. Nevertheless, 
they are able to positively or negatively modu-
late the transcriptional activity of several gene 
promoters by interacting with multiple partners 
of the transcriptional apparatus, and conse-
quently, altering chromatin structure [19]. In 
non-pathological cells and tissues HMGA pro-
teins are not expressed, but their levels are 
extremely high in malignant neoplasias, also 
representing a poor prognostic index [19]. 
Therefore, HMGA protein expression has oppo-
site implications with respect to CBX7. 

It has been reported that the silencing of 
HMGA1 expression leads to increased CBX7 
mRNA and protein expression levels [10] and 
that HMGA1 overexpression has an opposite 
effect on CBX7 expression. Chromatin immuno-
precipitation experiments have shown that 
HMGA1 proteins directly bind CBX7 promoter, 
thereby negatively modulating its transcription-
al activity [10]. Additionally, in breast carcino-
mas it has been observed an inverse correla-
tion between the levels of CBX7 and HMGA1, 
confirming that HMGA1 is also able to negative-
ly affect the expression of CBX7 in vivo [10].

Albeit other consistent studies concerning the 
transcriptional regulation of CBX7 are lacking, 
several interesting works based on microRNA 
(miRNA) investigations suggest remarkable 
mechanisms controlling CBX7 protein levels 
[20]. MiRNAs represent a novel group of regula-
tory molecules that modulate gene expression 
by acting at post-transcriptional level. They are 
small RNA molecules constituted by 19-22 bp 
that are able to bind to the 3’-UTR of mRNA 
transcripts, triggering their direct cleavage or 
repressing their translation [20, 21].
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It has been demonstrated that some miRNAs 
are able to modulate CBX7 protein expression 
levels (Figure 1). Indeed, miR-181a and miR-
181b are able to contact two corresponding 
binding sites in the 3’-UTR of CBX7 and experi-
mental evidences reported that its expression 
levels resulted affected by this regulation. 
Consistently with these observations, recipro-
cal experiments aimed at knocking down miR-
181 levels in breast carcinoma cells demon-
strated an increase of CBX7 protein levels with 
consequent accumulation of cancer cells in the 
G1 phase of the cell cycle [10]. Intriguingly, both 
miR-181a and miR-181b are transcriptionally 
repressed by CBX7 in a dose-dependent fash-
ion. Indeed, cbx7-/- MEFs showed higher levels 
of these miRNAs in comparison to cbx7+/+ MEFs, 
whereas cbx7+/- MEFs expressed intermediate 
levels [10]. Therefore, if on one hand CBX7 is 
able to negatively regulate the expression of 
miR-181, on the other hand it is subjected to a 
double negative regulation due to miR-181 
itself and the HMGA1 protein, highly expressed 
in breast carcinomas and able to induce the 
expression of miR-181 [10] (Figure 1). 

Additionally, in breast carcinomas, the knock-
down of miR-182 and miR-183, highly expre- 
ssed in this cancer, increased the levels of 
CBX7 demonstrating that CBX7 is also targeted 
by these two miRNAs [22]. Moreover, the inhibi-
tion of miR-421, highly expressed in gastric car-
cinomas, leads to the increase of CBX7 levels 
and to a decrease of growth rate of gastric car-

cinoma cells [23]. Finally, it is worth noting that 
miR-9 has also been reported to downregulate 
the expression of CBX7 in gliomas [24] (Figure 
1).

Mechanism by which the loss of CBX7 expres-
sion contributes to cancer progression

One of the main effects of the loss of CBX7 
expression is the consequent reduction or loss 
of E-cadherin expression that plays an impor-
tant role in maintaining the epithelial pheno-
type, its loss or decreased expression leading 
to the epithelial-mesenchymal transition (EMT) 
[25, 26]. It has been reported that CBX7 is able 
to sustain the expression of the E-cadherin 
gene (CDH1) by binding its promoter and coun-
teracting the anti-transcriptional effect of his-
tone deacetylase 2 (HDAC2) [27]. In this mech-
anism CBX7 plays a central role since the block 
of HDAC2 activity exerted by the interaction 
with CBX7 triggers the acetylation of CDH1 
gene promoter and the subsequent methyla-
tion of particular sites of H3 and H4 histones 
[27]. This modulates the histone code in the 
promoter region, finally promoting the tran-
scriptional activity of CDH1 gene. The associat-
ed expression between CBX7 and E-cadherin 
has been observed not only in thyroid carcino-
mas, in particular in the anaplastic phenotype 
[27], but also in pancreatic carcinomas [11], 
where a particular association has been also 
found with patient survival. These findings sug-
gest, therefore, that CBX7 might play a funda-
mental role during the progression of pancre-
atic carcinomas [11].

Figure 1. Mechanisms leading the loss of CBX7 ex-
pression in human cancers. Several miRNAs are 
involved in the repression of CBX7 expression. In 
particular, HMGA1 protein exerts a double negative 
control directly on CBX7 promoter and indirectly by 
inducing the expression of miR-181b. 

Figure 2. Mechanisms of cell transformation involv-
ing CBX7. CBX7 prevents cell transformation by sus-
taining E-cadherin expression and repressing Cyclin 
E and Osteopontin expression, through a mechanism 
involving the interaction with HDAC2 and HMGA1, re-
spectively. Dashed lines indicate loss of regulatory 
action.
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However, other mechanisms participating in 
the EMT regulation cooperate with CBX7 in the 
regulation of E-cadherin. Indeed, miR-9, that 
has CBX7 as target and is activated by MYC, is 
able to negatively regulate the expression of 
E-cadherin protein in breast cancer cells, result-
ing in increased migration and invasiveness of 
breast cancer cells, with the formation of can-
cer metastases [28]. This allows envisaging a 
superior regulatory mechanism able to trigger 
EMT, starting from MYC and HMGA1 and culmi-
nating in the complete loss of E-cadherin 
expression, through the regulation of miR-9 
and CBX7 (Figure 2).

CBX7 is able to negatively regulate the expres-
sion of genes that positively induce epithelial 
cells to undergo EMT. In fact, CBX7 is able to 
negatively regulate the expression of SPP1 
gene [29], whose protein product (osteopontin) 
has been widely and causally associated with 
cell migration/invasion and with the acquisition 
of a highly malignant phenotype [30-32]. In this 
case, it has been observed that the mechanism 
of osteopontin regulation relies on the ability of 
CBX7 to counteract the positive effect due to 
HMGA1b protein that exerts a positive tran-
scriptional regulation on the SPP1 promoter. 
CBX7 competes with HMGA1b for the binding 
to SPP1 promoter and their relative expression 
balance is likely to differentially modulate the 
osteopontin expression. However, in this mech-
anism CBX7 and HMGA1b do not represent the 
unique partners of interactions. Indeed, the 
NF-kB complex represents a central positive 
regulator of osteopontin expression [33] and 
its presence on SPP1 promoter allows a fine 
tuning of osteopontin expression, since CBX7 
tends again to repress its activity, whereas 
HMGA1b potentiates its function [29] (Figure 
2).

CBX7, likely due to its ability to bind chromatin 
in multiple regions of the promoter of cancer-
related genes, displays its ability not only in the 
regulation of EMT-related genes, but also in the 
regulation of cell cycle and proliferation genes 
[12]. In fact, it has been reported that the loss 
of cbx7 in ko mouse model system triggers an 
intense expression of Cyclin E expression and 
this is mainly due to the presence of HMGA1b. 
In fact, as reported for SPP1 gene, also on the 
promoter of CCNE gene HMGA1b is able to 
exert a positive transcriptional regulation that, 
conversely, is counteracted by CBX7 [12]. 

Indeed, in this mechanism, the binding of CBX7 
to the CCNE promoter keeps HDAC2 on site, 
maintaining the deacetylation of promoter and 
blocking the transcription. The presence of 
abundant HMGA1b protein and/or the reduc-
tion of CBX7 allows HMGA1b itself to displace 
CBX7 and HDAC2, with the consequent acetyla-
tion and fully activation of the CCNE promoter 
[12] (Figure 2).

Recently, it has been also demonstrated that 
CBX7 is able to differently modulate the expres-
sion of crucial genes involved in cancer pro-
gression [34]. Among the set of CBX7 downreg-
ulated genes other than SPP1 worth of noting 
are SPINK1 and STEAP1, encoding proteins 
overexpressed in several human carcinomas. 
Among the genes positively regulated by CBX7, 
there are FOS, FOSB and EGR1. The first two 
genes are members of the transcriptional com-
plex AP-1, for which now are emerging new find-
ings indicating them as tumor suppressor 
genes in particular context, while EGR1 is a 
DNA-binding protein with transcriptional activi-
ty [34]. CBX7 has been found to directly bind 
and regulate the activity of these promoters 
and these results suggest that regulatory 
mechanisms exerted by CBX7 are more com-
plex than they appear, since CBX7 itself is able 
to modulate the expression of other transcrip-
tion factors, that could be part of the same 
regulatory machinery [34]. This observation 
has been further corroborated by the finding 
that the expression of CBX7 and its regulated 
genes are closely related either in thyroid and 
in lung carcinomas [34].

CBX7 as oncogene

Even though all the reported studies seem to 
emphasize an oncosuppressor role for CBX7, 
other studies report CBX7 overexpression in 
some malignancies, suggesting CBX7 to act as 
an oncogene. It has been shown that CBX7 is 
highly expressed in three prostate cancer cell 
lines and its suppression through the use of 
short hairpin RNAs (shRNA) caused the upregu-
lation of p16Ink4a and p14Arf, with the conse-
quent block of cell growth in LNCaP and PC-3 
cells, directly depending on the p14Arf/p53 and 
p16Ink4a/Rb pathways. On the other hand, the 
enforced expression of CBX7 in LNCaP cells 
conferred only a slight advantage to cell growth 
either in androgen-dependent and -indepen-
dent conditions [35]. Moreover, it has been 
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reported that CBX7 cooperates with c-Myc to 
make LNCaP cells not sensitive to growth arrest 
due to the block of androgen receptor [35]. 
However, since in this study an intense expres-
sion of CBX7 in the normal prostatic tissue has 
been also reported and TCGA reports a 
decreased CBX7 expression in metastatic pros-
tate cancer, further studies are required to 
assess CBX7 overexpression in prostatic carci-
noma tissues.

CBX7 has been recently shown to be overex-
pressed in ovarian clear cell adenocarcinoma, 
a cancer histotype displaying a relative poor 
prognosis among the different ovarian neopla-
sias [36]. Patients overexpressing CBX7 
showed reduced overall and progression-free 
survival rates, in comparison with patients not 
expressing CBX7. Accordingly, the silencing of 
CBX7 expression in two ovarian carcinoma cell 
lines negatively affected their cell viability, 
inducing expression of the tumor necrosis fac-
tor-related apoptosis-inducing ligand (TRAIL) 
[36].

Furthermore, the specific targeting of cbx7 
expression in the mouse lymphoid compart-
ment was sufficient to trigger T cell lymphoma-
genesis and to induce the formation of aggres-
sive B-cell lymphomas, in cooperation with 
c-Myc [1]. It is reasonable that the oncogenic or 
tumor suppressor activity might depend on the 
cellular context since, in different kind of cells, 
CBX7 may interact with different partners 
silencing or activating distinctive set of genes. 

Consistently with an oncogenic role, CBX7 pro-
longs the lifespan of different human primary 
cells, also immortalizing mouse fibroblasts 
through the repression of the Ink4a/Arf locus 
[37]. CBX7 expression levels are decreased 
throughout replicative senescence and its 
silencing by using shRNA treatment impaired 
growth properties of normal cells, through the 
unlocking of the Ink4a/Arf locus [37]. In one 
study it was shown that CBX7 was able to 
extend cellular lifespan and increase prolifera-
tion rate [37], but it was also demonstrated 
that cbx7-/- MEFs were less susceptible to 
undergo senescence and displayed faster 
growth rate in comparison with cbx7+/+ MEFs 
[12]. In general, distinctive experimental meth-
odologies, in vitro or in vivo, may likely explain 
discrepancies in the obtained results. In fact, 
according to this hypothesis, a previous work 

regarding the p53 pathway reported significant 
divergences between in vivo model and in vitro 
transfection results [38]. It is likely that current 
transfection protocols are not adequate to 
faithfully reproduce the relative proportions 
between CBX7, interacting partners and regu- 
lators.

Conclusions and perspectives

In spite of the controversial role of CBX7 in can-
cer progression and the requirement of addi-
tional studies to fully comprehend the full spec-
trum of CBX7 activities, the majority of the 
studies report the loss of CBX7 expression in 
most of the human malignant neoplasias ana-
lyzed, highlighting a clear correlation with poor 
prognosis. Moreover, the anti-oncogenic role of 
CBX7 seems to be validated by its ability to 
counteract the oncogenic role of the HMGA pro-
teins and to block the expression of genes criti-
cally relevant for proliferation and migration 
(CCNE and SPP1).

All these results suggest that CBX7 downregu-
lation could represent a crucial event during 
cancer progression, proposing the evaluation 
of CBX7 in the same way as other important 
prognostic markers, particularly if associated 
with the evaluation of other genes, such as 
HMGA1, or miRNAs functionally associated, 
such as miR-181. Of course, in the case of ovar-
ian carcinomas the overexpression of CBX7 has 
to be considered a negative predictor of 
prognosis. 

Preliminary studies are proposing a role for 
CBX7 in the regulation of apoptosis and chemo-
sensitivity. Indeed, CBX7 would prevent the 
expression of several miRNAs able to target 
apoptosis-related genes, such as TRAIL and 
Bcl-2, further supporting the critical role of its 
loss during cancer progression. Furthermore, 
the expression of CBX7 would be able to 
increase the sensitivity of lung carcinoma cells 
to irinotecan (unpublished observations). 

In conclusion, additional studies aimed at char-
acterizing the activity of CBX7 in the modula-
tion of cancer cell sensitivity to novel antineo-
plastic drugs might support the establishment 
of a more accurate and specific personalized 
therapy based on the levels of CBX7 expre- 
ssion.
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