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The Yin Yang 1 (YY1) transcription factor has a pivotal role in
normal biological processes such as development, differentiation,
replication and cell proliferation exerting its effects on a huge
number of genes involved in these processes. Mechanisms of
YY1 action are related to its ability to initiate, activate, or repress
transcription depending upon the context in which it binds. The
role of YY1 played in cancer has been recently explored. This
article summarizes the most relevant studies focused on YY1
regulation and dwells on the way how its overexpression may
affect the clinical behavior of several cancer types. Furthermore,
the contribution of the upregulation of YY1 exerted in response
to therapeutic-induced apoptosis is discussed.

Introduction

Cancer is the second leading cause of death in the Western
world. The most common leading causes of cancer deaths are lung
cancer, breast cancer, prostate cancer, ovarian cancer, colon-rectum
cancer, pancreatic cancer and hematologic malignancies.! When
detected at locally advanced or metastatic stages, no consistently
curative treatment regimen exists. It has been demonstrated
that new cancer therapies can improve outcome, however, many
patients relapse after treatment. The mechanism responsible for
the anti-apoptotic phenotype, if identified, may be useful as a
prognostic and/or diagnostic indicator and target for therapeutic
strategies. Recently, it has been reported that the transcription
factor Yin Yang 1 (YY1) inhibits Fas expression and renders
cells resistant to Fas ligand-mediated apoptosis and its inhibi-
tion results in upregulation of Fas expression and sensitization to
Fas-mediated apoptosis.> Moreover, the numerous evidences that
YY1 overexpression may promote p53 degradation or inhibit its
transcriptional activity may give further insight into YY1’s role in
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cancer development.? In this study, the clinical relevance of YY1
overexpression in different cancer types was explored to better
understand the diagnostic/prognostic significance of YY1. Finally,
implication of YY1 in tumor development and drug resistance was
examined.

Yin Yang 1: Gene and Protein Structure

YY1 is a member of the Polycomb Group protein family,
a group of homeobox gene receptors that play critical roles in
hematopoiesis and cell cycle control. YY1 was initially cloned and
characterized simultaneously in 1991 by two independent groups,
Shi et al.* and Park and Atchison.” The gene is highly conserved
among different species. The human YY1 gene is located on the
telomere region of human chromosome 14 at the segment q32.2.°
It consists of five highly conserved exons encoding a protein of
414 amino acids in length, and an estimated molecular weight
of 44 kDa. Rat YY1 is composed of 411 amino acid residues and
its amino acid sequences is 97.6% identical to that of mouse YY1
and 97.8% identical to that of human YY1.” The human YY1
gene produces eight different transcripts (a, b, ¢, d, ¢, f, g and h)
generated by alternative splicing, encoding eight different putative
protein isoforms.

The YY1 protein contains four C2H2-type zinc-finger motifs
with two specific domains that characterize its function as an
activator or repressor. YY1 is a phosphoprotein with a half-life of
3.5 hours. Post-traslational modification of YY1 could potentially
change the way YY1 functions in transcription by altering protein
stability and binding affinity to DNA and switching protein part-
ners. Acetylation and deacetylation have intriguing influences on
the sequence-specific DNA binding and transcriptional activities
of YY1.8

Yin Yang 1 Function

YY1 is ubiquitously expressed and may play an important
role in the regulation of many cellular and viral genes through
the consensus cis recognition sequence CGCCATNTT. When
the YY1 consensus sequence was used to search the Eukaryotic
Promoter Database, a total of 1,664 potential YY1 sites were
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Table 1 Clinical significance of YY1 overexpression in cancer

Tumor type (n. cases) Methods Clinical relevance of YY1 overexpression References
Prostate cancer (190) IHC Positive correlation with metastasis and 18

inverse correlation with poorer outcome
Ovarian Cancer (65) Microarray Positive correlation with long-term survival 19
Ovarian Cancer (88) Microarray, RT-PCR, IHC Positive correlation with survival and response to taxane 20
Breast cancer (55) IHC Positive correlation with ERBB2 overexpression 21
Cervical Neoplasms (22) RT-PCR Positive correlation with disease progression 22
Osteosarcoma (19) RT-PCR, IHC, WB Positive correlation with more malignant histological phenotypes 23
Myeloid Leukaemia (126) RT-PCR Positive correlation with 1(8;21) 24
Hodgkin Lymphoma (54) HC N.A. 25
Non-Hodgkin Lymphoma (96) RT-PCR Positive correlation with poor outcome 26
Non-Hodgkin Lymphoma (796)* Computational analysis Positive correlation with more malignant 27
phenotype and poorer outcome
Non-Hodgkin Lymphoma (104) WSB, IHC Positive correlation with more malignant 27

phenotype and poorer outcome

*Non-Hodgkin Lymphoma samples derived from 3 different datasets of publicly available microarray data, see refs. 28—30; NA, Not applicable.

found in the promoter of 2,540 vertebrate genes and 93 sites in the
promoter of 129 viral genes.’

YY1 can activate or repress the expression of many cellular and
viral genes depending on its relative concentration.” YY1 has been
described as an initiator-binding protein. This result has been
supported by the finding that in the absence of TATA-binding
protein (TBP), YY1 together with TFIIB and RNA polymerase II
were sufficient to correctly initiate transcription from a supercoiled
DNA template in vitro.!'® The authors suggested that under the
appropriate conditions, YY1 could function like TBP, as a factor
that binds to the initiation complex. Other studies have repeatedly
shown the association and modulation of YY1 by adenovirus-
derived E1A, a protein that activates the AAV P5 promoter.!! The
presence of E1A induced YY1-mediated activation of transcription
in contrast with the absence of E1A, a repression of transcription
was induced; hence the name Yin-Yang 1.7

Several mechanisms have been implicated as determinants
of YYl-mediated transcriptional activation or repression and a
wide list of human promoters/gene products has been reported
(reviewed in ref. 12). Overall these findings demonstrated that the
function of YY1 in transcription is context-specific and requires
interactions with many cellular factors. As a result, YY1 develops
intracellular networks that allow it to induce multple functions
in transcriptional initiation, activation and repression, ultimately
leading to the regulation of normal cell growth and survival.!3

Yin Yang 1 and Tumorigenesis

p53. The putative role of YY1 in tumorigenesis is supported by
its known interaction with the cell cycle regulation.> Uncontrolled
cell cycle progression is a main player in tumorigenesis. Several
molecules that act to prevent uncontrolled cell division are
involved in cancer development and p53 is one of them. It is a
tumor suppressor protein and a transcriptional regulator that plays
an important role in cellular responses to various stress signals,
like a DNA damage or an oncogenic insult.' The importance
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of p53 as a tumor suppressor is highlighted by the fact that over
50% of all tumors carry inactivating mutations in p53 gene.!>
The loss of YY1 results in a significant increase in p53 levels. In
fact YY1, MDM-2 and p53 can form a ternary complex and YY1
is essential for optimal MDM2-p53 physical interactions in vivo,
which is a prerequisite for MDM-2 to be able to ubiquinate p53.
Ubiquitination induces the translocation of p53 to the proteasome
which leads to its degradation.'® Therefore overexpression of YY1
significantly decrease endogenous p53 level.?

FAS. YY1 can also interferes with apoptosis process favoring an
uncontrolled cell growth. Previous studies demonstrate that YY1
confers resistance to Fas-induced apoptosis through binding to
silencer regions of the Fs promoter.” Therefore, inhibition of YY1
activity results in upregulation of Fas expression and sensitization
of tumor cells to Fas-induced apoptosis. Thus, downregulation of
YY1 activity expression in tumor cells may provide a new thera-
peutic strategy to potentiate tumor-directed immunotherapy. It
has been demonstrated that NO causes S-nitrosothiol modifica-
tion of critical cysteine residues in the zinc-finger domains of YY1
with consequent disruption of the structural conformation of
YY1 binding to its cognate responsive element. Inhibition of YY1
DNA-binding activity through S-nitrosation consequently resulted
in upregulation of Fas expression and tumor cell sensitization to

Fas-induced apoptosis.!”

Overexpression of Yin Yang 1 in Different Cancer Types

Previous studies reported that YY1 is overexpressed and affects
the clinical behavior of several tumor types (Table 1). YY1 overex-
pression has been detected by immunohistocheminstry (IHC) in a
large series of prostate cancer and prostatic intraepithelial neoplasia
(PIN) compared to normal or benign prostatic hypertrophy
(BPH) tissues histological diagnosed.!® The authors reported that
in non-malignant prostatic epithelium YY1 was observed mostly
in the nucleus of glandular epithelium and basal cells, consistent
with its activity in transcription regulation. Interestingly, 95% of
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the malignant samples analyzed displayed also a significant cyto-
plasmic staining. Similarly, YY1 was overexpressed in metastatic
prostate cancer tissues from patients relapsed after prostatectomy. '8
These data are in agreement with our observations by analyzing the
publicly available gene expression dataset by Yu et al.?! considering
64 primary and 25 hormone-refractory metastatic prostate carci-
noma tissues. This analysis revealed that YY1 transcription levels
were significantly higher in metastatic samples than in primary
tumors (Mean level of the log, intensity: 1.78 vs. 2.25, p < 0.0001,
Mann-Whitney test) (Our unpublished data). Although Seligson
1.18 reported that YY1 protein levels are higher in prostate
metastatic tissues than primary tumors, intriguingly, low YY1
levels correlated with a poorer outcome. The authors suggested
that decreased YY1 expression may enhance the survival of meta-

et a

static prostate cancer cells.!®

Previous studies conducted, respectively, in 65 and 88 ovarian
cancer tissues by microarray analysis showed that YY1 overexpres-
sion is positively correlated with a long-term survival.!?® These
observations may be explained by the fact that YY1 overexpres-
sion improves sensitivity to microtubule-stabilizing agents, such
as taxanes. Moreover, YY1 knockdown in ovarian cancer cell lines
resulted in inhibition of cell growth, proliferation and increase
resistance to taxanes.>"

In contrast, in breast cancer patients, YY1 overexpression seams
to be associated with a poor prognosis as YY1 protein expression
levels are positively correlated with Human Epidermal growth
factor Receptor 2 (ERBB2).2! It has been described that ERBB2
gene is amplified in 20-30% of breast cancers. ERBB2 overexpres-
sion is common among estrogen receptors-negative tumors and
linked to a worse prognosis in breast cancer patients.>?

Accordingly, elevated transcription levels of YY1 were found
in other female neoplasms such as cancer intraepithelial neoplasm
(CIN) and cervical cancer compared to controls suggesting its
important prognostic value. YY1 was also overexpressed at protein
level in high-grade squamous intraepithelial lesion (HG-SIL) and
in cancer tissues compared to low-grade squamous intraepithelial
lesion (LG-SIL). In addition, the authors showed that the increase
of YY1 at both transcript and protein levels were associated with
the presence of Human Papilloma Virus (HPV) infection indi-
cating that YY1 may play an important role in the malignant
transformation.??

YY1 overexpression has been documented also in human osteo-
sarcoma.?3 The authors, using different approaches, demonstrated
that YY1 is overexpressed in osteosarcoma cell lines and tissues
compared to normal osteoblastic cells with a predominant localiza-
tion in the nucleus.??

High levels of YY1 were observed in non-solid tumors, including
myeloid leukemia (AML),%4 Hodgkin lymphoma (HD)?® and
Non-Hodgkin lymphoma (NHL),?%%” when compared to normal
samples. Sakhinia et al.?® showed that YY1 was upregulated in
follicular lymphoma (FL) and in diffuse large B-cell lymphoma
(DLBCL). While, our preliminary studies, analyzing the microarray
data publicly available by Basso et al.?® showed that YY1 transcript
levels were significantly higher in high-grade lymphomas (DLBCL
and Burkitts lymphoma) compared with low-grade lymphomas
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(FL) and normal B-cells.”” The association of YY1 expression
levels with the available main clinical and biological parameters
was analyzed using the expression data from two high-grade

lymphoma studies?-3°

with a total of approximately 400 samples.
In agreement with the previous studies,?® survival analysis in both
datasets revealed that higher levels of YY1 gene transcription were
associated with poor outcome.?’

The correlation between all the genes present in the dataset
by Hummel et al.3* and YY1 gene expression profile was previ-
ously evaluated by our group of research.?” Using the proprietary
Ingenuity Pathway Analysis software, the analysis showed 29
biological networks significantly associated to YY1. Several of the
genes modulated coordinatively with YY1 are related to cellular
movement, cell morphology, cell cycle, carbohydrate metabolism
and cell-to-cell adhesion. Ingenuity Pathway analysis predicts that
19 and 4 of the 23 genes involved in the cell cycle and significantly
associated to YY1 are directly and inversely co-regulated (Fig. 1).
Opverall these data indicate that YY1 may be involved in the B
cells transformation given rise to high-grade lymphomas and may
be implicated in the regulation of cell cycle. These observations
are also supported by previous studies demonstrating that YY1 is
involved in controlling multiple stages of early B-cell development
especially the pro-B-to-pre-B-cell transition.?? Finally, it has been
recently demonstrated that YY1 is overexpressed in FL resistant to
rituximab suggesting its implication in drug resistance.>

In the present study computational analysis was performed to
further understand if differences in YY1 transcript levels occur in
different cancer types when compared with the relative normal
tissue. Fifteen publicly available gene expression datasets were
analyzed.?83548 Gene expression patterns of YY1 in nine different
types of tumor and the relative normal counterpart were extracted
from the normalized datasets (Table 2). This analysis reveals that
YY1 transcript levels are significantly higher in cancer tissues
than in the relative normal counterparts for each cancer type
analyzed. These results support the potential role of YY1 in cancer
development.

Implication of Yin Yang 1 in Response to
Therapeutic-Induced Apoptosis

Cancer patients cured with conventional therapies may relapse
after initally response. Therefore, new therapeutic strategies
are currently being explored. Targeted anti-cancer therapies are
becoming the new choice in the treatment of resistant tumors.
Monoclonal antibodies targeting TRAIL-death receptors have been
developed and currently used in clinical trials as targeted therapy
(reviewed in ref. 49). Unfortunately many cancers, like breast, pros-
tate, ovarian, lung carcinoma, multiple myeloma and leukemia,
show resistance to TRAIL-mediated apoptosis.* Recently, it has
been demonstrated that YY1 may be a potential therapeutic target
to reverse resistance to TRAIL-induced alpoptosis.so’51 The authors
show that chemotherapeutic drugs may sensitize tumor cells to
TRAIL-mediated apoptosis through inhibition of the transcrip-
tion repressor YY1 and upregulation of DR5 expression.Sz’53 Our
recent findings show the capacity of GIT-27 nitric-oxide (NO) to
induce p53-mediated apoptosis along with inhibition of YY1 in
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Figure 1. Scheme of the association among genes belonging to the cell cycle and the YY1 transcription factor as predicted by the Ingenuity Pathway
Analysis. A publicly available dataset of gene expression data from B cell lymphoma samples containing a total of 166 samples,3° was used to evalu-
ate the correlation between all the genes in the platform and YY1 gene expression profile. Ingenuity Pathway analysis predicts that 19 and 4 of the
23 genes involved in the cell cycle and significantly associated to YY1 are directly (red fill) and inversely (green fill) co-regulated. The genes, whose
shape refer to their function, are reported in the scheme in relation to their cellular location. The direct and indirect associations between the genes are
indicated by continuous and dotted lines, respectively.

Table 2 Gene expression analysis of the transcription factor YY1 in different tumor types

Tumor type N. of samples Log. mean expression of YY1 p Data set

Primary tumor Normal tissue Primary tumor Normal tissue Author (ref.) Year
Prostate 52 50 -1.19 -1.86 0.0012 Singh et al. (35) 2002
Prostate 27 8 1.50 1.09 0.0007 Vanaja ef al. (36) 2003
Ovarian 28 4 1.07 0.69 0.0004 Welsh et al. (37) 2001
Ovarian 41 4 0.05 -0.23 0.0192 Hendrix et al. (38) 2006
Breast 40 7 1.95 1.79 0.0003 Richardson et al. (39) 2006
Breast 5 5 1.59 1.23 0.0039 Turashvili et al. (40) 2007
Colon 18 18 0.56 0.29 0.0062 Notterman et al. (41) 2001
Colon 53 28 0.30 -0.03 0.0072 Ki et al. (42) 2007
Liver 100 72 -030 -0.48 0.01529 Chen et al. (43) 2002
Liver 35 10 2.31 2.10 0.0196 Wurmbach et al. (44) 2007
Lung 31 17 0.64 0.14 0.0000 Bhattacharjee et al. (45) 2001
Lung 20 19 0.98 0.76 0.0000 Stearman et al. (46) 2005
Melanoma 24 3 -0.36 -1.01 0.0048 Hoek et al. (47) 2006
Leukemia 87 6 1.18 0.67 0.0002 Andersson et al. (48) 2007
lymphoma 31 25 1.51 1.29 0.0000 Basso et al. (28) 2005

Note: Gene expression patterns of YY1 in 9 different type of tumors and the relative normal counterpart were extracted from the normalized dataset. Results are expressed as mean level of the log, intensity and
statistically compared by Mann-Whitney test (p-values are reported for each comparison between expression levels in tumor and normal cases).
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A375 melanoma cells indicating its important anti-cancer phar-
macological profile.* Altogether, these data indicate that YY1 may
represent a novel target of antitumor therapy.

Conclusions

YY1 is a transcription factor with complex biological functions,
including apoptosis, tumorigenesis, development and differen-
tation. Overexpression of YY1 in tumor tissues exerts different
clinical behavior in different tumor types. Our analyses on NHL
show that YY1 may be involved in the B cells transformation given
rise to high-grade lymphomas and may be implicated in the regula-
tion of cell cycle. Furthermore, higher transcript levels of YY1 were
observed in different cancer tissues when compared to the relative
normal counterparts supporting the potential role of YY1 in cancer
development. The relationship between inhibition of YY1 by drugs
and reverse resistance to TRAIL-induced apoptosis through DR5
upregulation, suggest to use YY1 as a target for antitumor therapy.
Opverall these observations indicate that YY1 may be an important
prognostic marker for several tumors and its regulation in cancer
along with the development of new therapeutics targets of YY1
may represent new tools against cancer therapy.
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