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Abstract. Over-expression of the multifunctional zinc-finger
transcription factor Yin Yang 1 (YY1) has been associated
with cellular proliferation and resistance to apoptotic stimuli.
In this study, we report that YY1 was uniformly highly over-
expressed in a wide range of human cancer cell lines and
in human colon cancer tissue samples. The examination of
YY I-specific mRNA expression demonstrated at least six
mRNA isoforms ubiquitously expressed in normal human
adult and fetal tissues. Substantial over-expression of two
specific mRNA isoforms of 7.5 and 2.9 kb size, respectively,
was detected in gastrointestinal and other cancer cells in vitro,
whereby mRNA stability differed significantly between
various cell lines. YY1 protein expression levels were similar
in different colon cancer cell lines. Using FISH analysis of
several colorectal cancer cell lines, the human YY1 locus
was expectedly identified on chromosome 14q32 and no
evidence of gene amplification and chromosomal translocation
was observed. However, varying degree of aneuploidy was
noted in vitro. YY1 immunoreactivity in human colon tumor
samples was found more intense in poorly differentiated tumors
than in moderately and well differentiated colon cancers
and lower expression levels tended to be associated with
shorter survival. In conclusion, YY1 was over-expressed in
colon cancer in the absence of gene amplification and
chromosomal translocation. YY1 mRNA and protein stability
are important regulatory mechanisms of YY1 expression in
colon cancer.
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Introduction

Malignancies of the colon represent one of the most common
carcinomas in the Western world and its mortality rate ranks
second only to lung cancer in the United States (1). Colon
carcinogenesis is characterized by stepwise accumulation of
several genetic and epigenetic changes during the trans-
formation from normal colonic epithelial cells to frank
carcinoma. Inactivating mutations of the tumor suppressor
genes APC, DCC and TP53 and activating mutations of the
oncogene K-ras were thought dominant during colorectal
carcinogenesis (2-6). The more recent appreciation of micro-
satellite instability and the existence of additional transforming
pathways demonstrated the heterogeneity of the molecular
basis of colon cancer, including the CpG island methylation
phenotype (CIMP) (6-11).

Along this vein, the multifunctional zinc-finger tran-
scription factor YY1 has recently been assigned funda-
mental biological properties relevant to human malignancies.
In prostate cancer tissue microarray samples YY1 nuclear
and cytoplasmic expression was observed to be increased
predominantly in neoplastic tissues and prostatic intraepithelial
neoplasia (PIN) when compared to matched benign cells
(12). In ERBB2-positive primary breast cancer samples an
association of YY1, AP-2a and ERBB2 expression levels
was reported (13) possibly due to ERBB2 promoter regulation
by YY1 and AP-2 (14). Expression of YY1 was also reported
in biopsy material from human osteosarcoma cells but not in
benign osteoid tissue and was associated with tumor growth
and invasiveness (15,16). Furthermore, using an in silico
approach, YY1 was identified as a commonly over-expressed
gene in the majority of examined human epithelial cancers
derived from prostate, breast and colon (17).

The human YY1 gene was mapped to chromosome 14q32,
a locus that has been previously implicated in the pathogenesis
of colorectal cancers (18-25) underscoring the possibility of a
role of YY1 in colon tumor biology. The YY1 gene product
has been found expressed in a variety of different mammalian
cell lines and it has been proposed that YY1 is a ubiquitously
expressed GLI-Kriippel class zinc finger transcription factor
in normal human and mouse tissues (26). However, original
experimental data supporting the latter notion have not been
published to our knowledge. Prompted by the possible link of
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YY1 and colon cancer as well as the paucity of knowledge
regarding its normal tissue distribution, we determined YY1
expression in normal mouse, human adult and fetal tissues as
well as in a series of human cancer cell lines, characterized
its mRNA isoforms and demonstrated its significant over-
expression in human colon cancer samples.

Materials and methods

Materials. Antibodies for YY1 were from Santa Cruz (sc-7341;
Santa Cruz, CA); antibodies against B-actin were purchased
from Sigma (St. Louis, MO). Actinomycin D and other
chemicals were from Sigma unless stated otherwise.

Cell culture. A431, LoVo, Caco2, HT-29, DLD-1 cells were
obtained from the American Type Culture Collection
(Manassas, VA) and maintained in minimum essential
medium Eagle (MEM) supplemented with 10% fetal calf
serum at 37°C in 5% CO, atmosphere.

Western blot analysis. Cells were harvested and lysed in
ice-cold lysis buffer (0.15 M sodium chloride, 50 mM Tris,
0.5% Triton X-100 and protease inhibitors cocktail from
Roche, Indianapolis, IN) for 30 min, followed by centrifugation
at 14,000 rpm for 10 min and the pellet was discarded. Protein
concentration of the cell lysate was detected by protein
assay kit from Bio-Rad (Hercules, CA) and adjusted such
that each sample contained an equal amount of protein.
Protein samples were dissolved in loading buffer (60 mM
Tris-HCI, pH 6.8, 2% SDS, 100 mM dithiothreitol, and
0.01% bromophenol blue); heated to 100°C for 5 min, and
loaded onto the gel in electrophoresis buffer containing 25 mM
Tris-HCI, pH 8.3, 250 mM glycine, and 0.1% SDS. After
the completion of electrophoresis, proteins were transferred
to a nitrocellulose membrane (Hybond ECL, Amersham
Life Science). Membranes were blocked with 5% non-fat
powdered milk in TBS (10 mM Tris, pH 7.5, 100 mM NacCl,
0.1% Tween-20) and incubated with the YY1 primary
antibody (Santa Cruz, sc-7341) at 4°C overnight followed by
horseradish peroxidase-conjugated secondary antibody.
Immuno-complexes were visualized using the ECL Western
blotting detection reagents (Amersham Pharmacia Biotech,
Piscataway, NJ).

Northern blot analysis. Total cellular RNA was isolated
using the RNeasy kit from Qiagen (Valencia, CA) or TRIzol
reagent (Invitrogen Corp.; Carlsbad, CA) according to the
recommendations by the manufacturer. Aliquots of 20 ug
of total cellular RNA were denatured in gel-running buffer
[0.04 M 3-(N-morpholino)propanesulfonic acid/10 mM
sodium acetate/0.5 mM EDTA, pH 7.5/50% formamide/6%
formaldehyde] and then electrophoresed on a 1% agarose/6%
formaldehyde gel. The integrity of the RNA samples was
determined by the visualization of 28S and 18S ribosomal
RNA bands with ethidium bromide staining (10 pxg/ml).
After electrophoresis at 10 V/cm, the RNA was transferred
from the gel to a nylon filter (Schleicher & Schuell, Keene,
NH) by capillary action, as described by Thomas (27). Multiple
tissue Northern blots (Clontech, Palo Alto, CA) were used to
determine the YY1 expression in human and mouse tissues
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by hybridization with the radioactively labeled full-length
human YY1 cDNA.

Densitometry. Autoradiograms of Northern blot analyses
were scanned and intensities of bands were determined using
the Model GS-700 Imaging Densitometer (Bio-Rad, Hercules,
CA). Results are expressed as arbitrary units whereby the
corresponding human B-actin mRNA expression levels were
used to normalize YY1 mRNA isoform expression levels.
Background levels were determined in representative areas
on each autoradiogram, averaged and subtracted from each
individual densitometry reading.

Cytogenetics and fluoresence in situ hybridization (FiSH).
Cytogenetic studies were performed as described elsewhere
(28). The BAC clone containing the YY1 gene (RP11-3621.22)
was purchased and DNA was extracted by using a large
construct kit (Qiagen). The YY1 probe was directly labeled
with spectrum green dUTP (Vysis Inc., IL). The sub-telomeric
probe for the human chromosome 14 was purchased from
Vysis (Downers Grove, IL). FISH technique was carried out
by standard procedure (28) and analyses were performed
using Nikon fluorescent microscope with a CCD camera.

Immunohistochemistry. Two identical human tissue micro-
arrays were purchased from Imgenex, Inc. (cat# IMH-359, San
Diego, CA). Tissue microarrays containing 60 characterized
colonic tissue cores (2 mm), including one normal sample,
were de-paraffinized and subjected to antigen retrieval using
low pH citrate buffer with microwave treatment. Slides
were incubated with a monoclonal antibody specific for
human YY1 (H-10; Santa Cruz, sc-7341) for one hour at
room temperature. After washing, signal was detected using
a Multilink HRP kit (Biogenex) with DAB as the chromagen.
Internal controls gave appropriate results with specific nuclear
staining. The tissue sections were scored for nuclear staining
intensity (0, no staining to 6, intense staining) in tumor cells
and non-neoplastic colonocytes.

Results

Expression of YY1 mRNA in normal human tissue. While it
has been reported that YY1 is a ubiquitously expressed gene,
data on expression pattern in normal human and mouse
tissues are surprisingly absent in the literature. Therefore, we
first performed hybridization experiments of several multiple
tissue mRNA blots (Clontech) representing a wide array of
normal human and mouse tissues. Using a full-length human
YY1 cDNA probe, we detected human and mouse YY1
mRNA expression present in all samples tested. Very low
expression levels were noted in the human lung, colon and
small intestine, whereas in contrast, skeletal muscle and heart
displayed by far the most abundant expression levels (Fig. 1).
Furthermore, we identified at least six YY1 mRNA isoforms
present in all tissue samples with the most prominent ones of
approximately 4.9, 2.9 and 1.2 kb in length (Fig. 1A). Weak
bands of approximately 0.5, 1.9 and 7.5 kb were also
present in adult human tissues. The expression pattern and
levels of human YY1 mRNA isoforms in fetal tissues,
including lung, brain, kidney and liver (MTN F; Clontech)
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Figure 1. Human and mouse YY1 mRNA expression in normal tissues samples is ubiquitous. Human and mouse multiple mRNA tissue blots were
hybridized first with the radioactively labeled full-length human YY1 ¢cDNA, washed and exposed to X-ray film as described in Materials and methods.
Nylon filters were then stripped and re-probed with a human B-actin probe. A displays two MTN (tissues as indicated) showing the human YY1 multiple
specific mRNA isoforms with most abundant expression in normal human heart and skeletal muscle. The autoradiogram of the mouse MTN is shown in B.

were similar to those detected in adult tissues (data not shown).
At least six mouse mRNA isoforms were distinguished,
including the most abundantly expressed of approximately
2.6,4.3 and 6.5 kb in size (Fig. 1B).

YY1 mRNA isoform over-expression in human cancer cell
lines. Prompted by previous reports of YY1 over-expression
in human cell lines and our findings in normal human tissues,
we then determined YY1 mRNA expression in a series of
human cancer cells and one mouse colorectal cancer cell
line (MC-26) using identical amounts of total cellular RNA
of each cell line in Northern blot analyses. Cell lines that
were examined included colon adenocarcinoma cells (HT-29,
DLD-1, Caco-2), gastric cancer SIIA cells, a pancreatic
endocrine cancer cell line BON-I, epidermoid carcinoma
A431 cells and HeLa cervical cancer cells. The autoradiogram
and corresponding densitometry analyses are shown in Fig. 2.
When compared with the normal human tissue of highest
YY1 mRNA expression level, the skeletal muscle, all tested
cell lines demonstrated over-expression YY1 mRNA isoforms
7.5 and 2.9 kb. Densitometry data (Fig. 2B) were obtained
from the autoradiogram (Fig. 2A) and all data points were
normalized to human B-actin expression level. The major YY1
mRNA 2.9 kb isoform was found 3-6-fold over-expressed in
cancer cells, except in gastric cancer SIIA cells with similar
levels as compared to skeletal muscle. Correspondingly, the
YY1 mRNA 7.5-kb isoform over-expression was detected to
be manifold higher and ranged from 2-3-fold in BON-I cells
to 40-60-fold in A431 and HeLa cells, respectively (Fig. 2B).
Moreover, when Northern blots were exposed for various time
periods, an apparent loss of two normal human YY1 mRNA

isoforms of approximately 4.9 and 1.9 kb, was noted in
HT-29, Caco-2 and DLD-1 CRC cells (Fig. 2C; asterisk).

YYI mRNA stability. Based on the absence of evidence for
YY1 gene amplification and translocation, we began to
examine human YY1 mRNA stability in selected cancer cell
lines. We chose two colon cancer cell lines with extensive
aneuploidy (Caco-2) and almost normal karyotype (LoVo-1)
as well as A431 cells. Cells were maintained in the presence
of actinomycin D (10 pg/ml) to inhibit RNA synthesis for a
time period as indicated, total cytoplasmic RNA was isolated
and then subjected to Northern blot analysis (Fig. 3, top
panel). Both YY1 mRNA isoforms of 2.9 and 7.5 kb were
depicted and densitometry analysis was performed with
normalization to human B-actin expression levels (Fig. 3,
bottom panel). Estimation of 2.9 kb mRNA half-lives in three
different cell lines (LoVo ~3 h, A431 ~4 h, and Caco-2 ~8 h)
suggested varying mRNA stability. The less abundant 7.5 kb
mRNA isoform showed similar stability when compared to
the corresponding 2.9 kb isoform in the same cell line (Fig. 3,
bottom panel). Additional experiments in several colon cancer
cells showed cell line specific YY1 mRNA stability of
considerable variation while YY1 protein expression levels
were very similar (data not shown).

YY1 chromosomal localization and exclusion of gene
amplification. We performed FISH analysis on a selected
number of colon cancer and A431 cells to examine the
possibility of gene amplification and chromosomal trans-
location. Five colorectal cancer cell lines, A431 cells and
peripheral white blood cells, serving as a control sample,
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normal heart and human skeletal muscle and various human cancer cell lines
were subjected to Northern blot analysis as indicated. The nylon filter was
hybridized with radioactively labeled, full-length human YY1 cDNA,
washed at high stringency and exposed to X-ray film (top panel). The filter
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Figure 3. YY1 mRNA stability varies in human cancer cells. Top panel, human cancer cells were grown in culture and exposed to actinomycin D (10 pg/ml)
for indicated times, total cellular RNA was isolated, subjected to Northern blot analysis and hybridized with radioactively labeled full-length human YY1
c¢DNA and human B-actin as described. Bottom panel, the densitometry analysis of the autoradiogram is shown. Expression levels are depicted as relative
values (Y'Y 1/B-actin), whereby the control value at time O was arbitrarily set as 1. Human YY1 mRNA stability varies significantly in cell lines examined.
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Figure 4. Expression of human YY1 in tissue samples of normal colon and
colorectal cancer specimens. Immunohistochemistry was performed on
tissue array specimens of colorectal cancer using an anti-human YY1
antibody. The top panel (A) shows a normal control sample (magnification
x200) and (B) depicts an adenocarcinoma of the colon (magnification x400).

were included. We used two sets of probes, one specifically
labeling theYY1 gene in green color and the other one was
the sub-telomeric probe for chromosome 14 red in color. As
expected, peripheral blood cells showed a normal karyotype
and FISH demonstrated two signals in each nucleus for the
YY1 gene (not shown). We determined that in almost all
interphase cells, the number of YY1-specific green signals
was exactly equal to the number of sub-telomeric red signals
mapping to chromosome 14. As previously reported, we
mapped the human YY1 gene to chromosome band 14q32.
Moreover, all five colorectal cancer cell lines and A431 cells
displayed various degrees of aneuploidy by YY I-specific
FISH, which correlated well with their numerically abnormal
karyotypes (Table I). The colon cancer cells Caco-2 and
epidermoid A431 cancer cells appeared to possess the most
abnormal findings. In HT-29 cells 87% cells were observed
with two YY1 signals but karyotypically this cell line is
monosome for chromosome 14. Importantly, these FISH
experiments also showed the absence of gene amplification
and chromosomal translocations of the human YY1 locus,
thus suggesting strongly that other molecular mechanisms
are likely to be relevant in YY1 over-expression in human
cancer.

YY1 protein expression in cancer cells. Protein YY1 expression
was determined in four colon carcinoma cell lines (Caco-2,
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Table I. Summary of results from molecular cytogenetic
studies in human cancer cells with FISH for YY1.

No. of signals detected in interphase chromosomes

Cell line 1 2 3 4 >5
Control 100

LoVo 95 4 1

A431 15 46 31 9
HT-29 3 87 3 7

DLD-1 21 70 3 6

Caco-2 5 36 32 27

FISH was performed in cells as indicated using a probe for the
human YY1 gene. One hundred interphase chromosomes were
analyzed quantitatively. Numbers represent the percent of signals
detected in preparations.

DLD-1, HT-29, and LoVo-1) and in A431 carcinoma cells.
Expression levels in all colon carcinoma cell lines were
almost identical whereas YY1 expression in A431 cells was
found to be substantially lower (data not shown). Protein
stability in A431, Caco-2 and LoVo-1 cells was determined
by treatment with cycloheximide (10 xg/ml). YY1 protein
levels remained stable in A431 and Caco-2 cells without
apparent decay for 6 h whereas YY1 levels in LoVo-1 cells
diminished by 50% after 6 h in the presence of cycloheximide
treatment (data not shown). A study by Austen et al, in
various mammalian cell lines and YY1 protein half-life was
determined as 3.5-4 h similar in each cell line examined (29).
Our own studies suggested that YY1 half-life in LoVo-1 cells
is comparable to the previous study (3 h) whereas in A431
and Caco-2 cells YY1 protein was found considerably more
stable (data not shown).

YY1 expression in colon cancer tissue. To further explore
the expression of YY1 in colon cancer, we performed
immunohistochemistry (IHC) studies in colon cancer tissue
microarrays. Two identical microarrays were subjected to
IHC using a YY1-specific monoclonal antibody. YY1
expression was exclusively detected in nuclei but not in
cytoplasm and no staining was seen in mitotic cells. YY1
immunostaining was detectable in normal colon epithelial
cells and colon cancer cells as well as lymphocytes,
neutrophils and muscle cells. Although our sample size
(n=45) was too small for a sufficiently powered statistical
analysis, score values of YY1 staining showed a trend toward
increased staining in poorly differentiated and mucinous
tumors (median scores 92 and 135, respectively) compared
with well and moderately differentiated tumors (median
scores 60 and 80). In addition, slightly increased staining
was observed in tumors from females (median score 80)
when compared to those from male patients (median score
65). When samples were dichotomized to tumors with score
values of <60 and =60, the hazard ratio of survival for the
former was 2.0, however, these comparisons were not
statistically significant. Representative examples of IHC of
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a normal core and a colon adenocarcinoma are depicted in
Fig. 4.

Discussion

This present study is the first to provide evidence of YY1
over-expression in a series of human colon cancer samples.
While it has been reported that YY1 is a ubiquitously
expressed gene, experimental data were narrowly confined to
few permanent human and rodent tumor cell lines. Predictions
were mainly based on data mining using AceView (26,29,30).
This present report is the first to characterize YY1 specific
transcripts in normal human and mouse tissues (Fig. 1).
Our expression studies of normal human and mouse tissues
characterized at least 6 distinct YY1 mRNA isoforms in both
species (Fig. 1) and these findings are in line with predictions
provided by AceView (30). However, one additional abundant
YY1 mRNA of approximately 4.9 kb was consistently
identified in all normal human tissues. In contrast, when a
series of human cancer cells was examined by Northern blot
analysis, YY1 specific mRNAs were characterized by robust
over-expression of isoforms 2.9 and 7.5 kb and the absence
of 4.9 and 1.9 kb (Fig. 2) isoforms. It is likely of considerable
significance that these specific mRNA isoforms remained
undetectable in cancer cells in vitro (Fig. 2C) and the biological
relevance of these findings remains to be fully determined in
future studies. The specific YY1 mRNA pattern of gastro-
intestinal cancer cells (Fig. 2) was found identical in other
cancer cells derived from prostate, melanoma and breast
(data not shown).

Although a rare event in colon cancer (31), we also
excluded the possibility of YY1 gene amplification and
chromosomal translocation as underlying mechanisms of its
over-expression in several colon cancer cell lines by FISH
analysis (Table I). This suggests that chromosomal instability
characterized by aneuploidy represents a major pathological
event in colon cancer cells. Similar findings were reported
previously in a comprehensive genomic survey of colon
cancer cell lines examined by CGH, G-banding and M-FISH
which noted no recurrent chromosomal translocations. The
authors emphasized the similarities of their findings in cancer
cell lines in vitro with those detected in primary colon cancers
suggesting that numerical and structural abnormalities of these
cell lines were representative of colon tumors in vivo (32).
Furthermore, some previous genome-wide studies of colon
cancer samples determined a significant prevalence of loss
of heterozygosity (LOH) at chromosome 14q, specifically
in tissues from early age onset colorectal cancer patients,
metastatic late stage disease and recurrent metastatic disease
(18-25). This would imply that YY1 might be inactivated and
could be a candidate tumor suppressor gene.

Finally, YY1 protein was observed increased in nuclear
and cytoplasmic expression in osteosarcomas compared to
normal bone tissue suggesting a possible role in osteoblastic
transformation (15). The precise mechanisms of YY1 over-
expression in epithelial tumors and their specific molecular
consequences still remain to be determined although YY1
has been reported to affect cellular pathways and checkpoints
critical in tumor biology including histone modification, cell
cycle control, cell proliferation and apoptosis (14,26,33-42).
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Further studies with larger sample size cohorts of colon
tumors and the analysis of their respective clinical outcomes
will determine whether YY1 expression levels might be useful
as a molecular signature in colon cancer. While our sample size
of colon cancer cores on a tissue microarray was relatively
small and statistical analysis did not reach significant levels,
YY1 immunoreactivity of malignant colonocytes was observed
exclusively in the nuclear compartments, did not stain mitotic
cells. It was more intense in high grade colon tumors and
survival tended to be poorer with lower YY1 immunoreactivity
scores. Only a very limited number of studies regarding YY1
expression in human cancers in vivo have been published
(12,13,15). One study in prostate cancer determined
predominant cytoplasmic and nuclear YY1 over-expression
in neoplastic cells of intermediate to high morphological
grade cancers and PIN. Our experimental results overall
suggest that YY1 over-expression in colon cancer cells
might occur due to various complex mechanisms, including
transcriptional, post-transcriptional and post-translational
regulation as well as alternate promoter use.
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