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Abstract
Zinc finger protein 267 (ZNF267) belongs to the family of Kruppel-like transcription factors,
which regulates diverse biological processes that include development, proliferation, and
differentiation. We have previously demonstrated that ZNF267 mRNA is up-regulated in liver
cirrhosis, which is the main risk factor for hepatocellular carcinoma (HCC). Here, we analyzed the
expression of ZNF267 in human HCC cells and tissue specimens and found a significant up-
regulation compared to primary human hepatocytes and corresponding non-tumorous liver tissue.
Over-expression of the transcription factor Ets-1 further enhanced ZNF267 expression, and
reporter gene assays revealed that mutation of the Ets-1 binding site to the ZNF267 promotor
markedly inhibited ZNF267 promotor activity. Hypoxic conditions induced Ets-1 in HCC cells via
HIF1alpha activation, and hypoxia induced ZNF267 expression while HIF1alpha inhibition
significantly reduced both hypoxia-induced as well as basal ZNF267 expression in HCC cells. It is
known that hypoxic conditions in tumorous tissues induce the formation of reactive oxygen
species (ROS), and ROS have been identified as important factor in the regulation of Ets-1
expression in tumor cells. Here, we found that ROS induction induced and ROS scavenging
reduced ZNF267 expression in HCC cells, respectively. Loss and gain of function analysis
applying siRNA directed against ZNF267 or transient transfection revealed that ZNF267 promotes
proliferation and migration of HCC cells in vitro. These findings indicate Ets-1 and HIF1alpha as
critical regulators of basal and hypoxia- or ROS-induced ZNF267 expression in HCC, and further
suggest that the pro-tumorigenic effect of these factors is at least in part mediated via increased
ZNF267 expression in HCC. Since ZNF267 is already elevated in cirrhosis, ZNF267 appears as
promising target for both prevention as well as treatment of HCC in patients with chronic liver
disease.
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Introduction
Hepatocellular carcinoma (HCC) is currently the fifth most common cancer worldwide and
the third leading cause of cancer-related deaths. The number of new cases is estimated to be
more than 500,000 per year, accounting for 4% of all newly diagnosed cancers (El-Serag
and Rudolph, 2007). Despite some progress in the treatment, the overall prognosis of HCC
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is poor, which is due to many patients at presentation already being in an advanced and un-
resectable state (El-Serag et al., 2008). At least 90% of HCC cases occur in patients with
chronic liver disease, and most have cirrhosis. Liver cirrhosis is characterized by an
excessive deposition of extracellular matrix (ECM) proteins, and the activation of hepatic
stellate cells (HSCs) is a critical step in this process as activated HSCs are the main ECM
protein producing cells during hepatic fibrogenesis (Bataller and Brenner, 2005; Friedman,
2008).

The Kruppel-like factor (KLF) family of transcription factors regulates diverse biological
processes that include development, differentiation, growth, and responses to external stress
(McConnell and Yang, 2010). KLFs contain multiple zinc fingers, which represent one of
the most common DNA binding domains. A zinc finger contains two cysteine and two
histidine residues (Cys2His2 zinc finger) that coordinate a single zinc ion and fold the
domain into a finger-like projection (Collins et al., 2001). Seventeen mammalian KLFs have
been identified and some of them have been recognized to be involved in disorders such as
inflammatory conditions, fibrosis and cancerogenesis in different organs including the liver
(McConnell and Yang, 2010). KLF6 (also named human zinc finger 9 (ZF9) or COPEB) is
up-regulated in liver fibrosis and is a tumor suppressor gene for HCC (Ratziu et al., 1998;
Wang et al., 2007). Conversely, KLF8 is also up-regulated but promotes tumor invasion and
indicates poor prognosis for HCC (Li et al., 2010).

One further member of the Kruppel-like zinc finger family is zinc finger protein 267
(ZNF267; also named human zinc finger 2 or HZF2) (Abrink et al., 1995). It contains a
conserved Kruppel associated box (KRAB) domain in the amino terminal part, which is
separated through a linker region from a clustered zinc finger domain (Abrink et al., 1995).
The first zinc finger is followed by three degenerated fingers, and then continues with 13
zinc fingers at the carboxy terminus (Abrink et al., 1995). The function of ZNF267 is widely
unknown; its mRNA is up-regulated upon nitric oxide treatment in venous endothelial cells
(Schafer et al., 2000), and previously, we have demonstrated that ZNF267 mRNA is up-
regulated during the activation process of human HSCs and in cirrhotic human liver tissue
(Schnabl et al., 2005). Furthermore, we found that matrix metalloproteinase-10 (MMP-10)
gene expression in activated HSCs is inhibited by in activated HSCs (Schnabl et al., 2005),
which might result in an increased accumulation of ECM and promote liver fibrogenesis and
herewith also the development of liver cirrhosis and HCC, respectively.

Consequently, in the present study we aimed to assess the expression and function of
ZNF267 in HCC.

Materials and methods
Cells and cell culture

The HCC cell lines HepG2 (ATCC HB-8065), PLC (ATCC CRL-8024), Hep3B (ATCC
HB-8064) and HuH-7 (JCR B0403) were cultured as described previously (Hellerbrand et
al., 2008).

Primary human hepatocytes (PHHs) and hepatic stellate cells (HSCs) were isolated and
cultured as described (Muhlbauer et al., 2003). In vitro activation of HSCs was achieved by
cell culture on uncoated tissue culture dishes as described (Muhlbauer et al., 2006). Human
liver tissue for cell isolation was obtained according to the guidelines of the charitable state-
controlled foundation Human Tissue and Cell Research (HTCR) with the patient’s informed
consent.
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Hypoxia was induced by incubation with 2,2′-dipyridyl (DP; 100 μM; Sigma Aldrich,
Deisenhofen, Germany). For pharmacological inhibition of HIF-1 activity, cells were
incubated with 10 nM of echinomycin (Alexis Biochemicals, Lörrach, Germany) (Amann et
al., 2009). To induce ROS formation cells were incubated with 0.75 μM arsenic trioxide
(Sigma Aldrich) for the indicated periods of time.

Human tissues
Paired HCC and non-neoplastic liver tissues were obtained from 11 HCC patients
undergoing surgical resection. Tissue samples were immediately snap frozen and stored at
−80 °C until subsequent analysis. Informed consent was obtained from all patients and the
study was approved by the local Ethics Committee.

Expression analysis
Isolation of total cellular RNA from cultured cells and tissues and reverse transcription were
performed as described previously (Muhlbauer et al., 2003). Quantitative real-time PCR was
performed with primers specific for ZNF267 (forward: 5′-ATG GGA GCT GTG ATC TTG
AGA; reverse: 5′-GCA ATG ATG AAT GAG TAA AGA CC) and Collagen I (forward: 5′-
CGG CTC CTG CTC CTC TT; reverse: 5′-GGG GCA GTT CTT GGT CTC) employing
LightCycler technology (Roche, Mannheim, Germany) (Hellerbrand et al., 2005).
Expression of Snail-1 and Slug mRNA was analyzed applying the QuantiTect primer assay
according to the manufacturer’s instructions (Qiagen, Hilden, Germany).

Transfection experiments
Generation of the ZNF267 promoter luciferase reporter construct and a construct with a
mutated Ets-1 binding site to the ZNF-promotor has been previously described (Schnabl et
al., 2005). Cells (2×105 per well) were seeded into six-well plates and transfected with 0.5
mg of reporter constructs using lipofectamine plus (Invitrogen). After 24 h cells were lysed
and the luciferase activity was measured. To normalize for transfection efficiency, 0.2 mg of
a pRL-TK plasmid (Promega, Mannheim, Germany) was co-transfected, and renilla and
luciferase activities were measured by a luminometric assay (Promega).

Furthermore, HCC cells were transfected with an Ets-1 expressing construct in pcDNA3 or
the empty vector, respectively. Applying the HiPerFect method (Qiagen, Hilden, Germany),
two different small interfering RNA (siRNA; Hs_ZNF267_1 and Hs_ZNF267_2; both from
Qiagen) were transiently transfected into HCC cells to deplete ZNF267 expression. In
parallel, HCC cells were transiently transfected with control siRNA (AllStars Negative
Control siRNA; Qiagen). The transfection efficiency of siRNA in HCC cells was
approximately 90%, as measured by fluorescence-activated cell sorting analysis applying
Alexa Fluor 488-labeled control siRNA (Qiagen).

Proliferation and migration assays
Cell proliferation was measured using the XTT assay (Roche) (Hellerbrand et al., 2006).
Migration assays were performed as previously described (Hellerbrand et al., 2008).

Statistical analysis
Statistical analyses were performed using GraphPad Prism Software (GraphPad Software,
Inc., San Diego, USA). Results are expressed as mean±standard error. Comparisons between
groups were made using the unpaired t-test. P-values ≤ 0.05 were considered statistically
significant.

Schnabl et al. Page 3

Exp Mol Pathol. Author manuscript; available in PMC 2012 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
ZNF267 expression in HCC

Quantitative PCR analysis revealed markedly increased ZNF267 expression in four HCC
cell lines (Hepg2, Hep3B, PLC, Huh7) compared to primary human hepatocytes (PHH)
(Fig. 1A).

Next, we assessed ZNF267 expression in HCC specimens and corresponding non-tumorous
liver tissue of 11 patients. In 8 cases we observed a significant up-regulation of ZNF267 in
the tumorous tissue (Fig. 1B). In only 3 HCC tissues ZNF267 expression was similar
(patients #2 and #7) or slightly lower (patient #3) than in the corresponding non-tumorous
tissue. It has to be noted that these 3 patients were the ones with the highest ZNF267
expression in non-tumorous tissues compared to the other 8 HCC cases, and that all 11
HCCs had developed in cirrhotic liver tissue on the ground of chronic liver injury. We have
shown before that ZNF267 expression is elevated in cirrhotic livers compared to healthy
control liver tissue, and that ZNF267 is up-regulated during the activation process of HSCs
(Schnabl et al., 2005). The activation of HSCs is the key event of hepatic fibrosis, and
activated HSC are the cellular source of collagen type I, which is the main extracellular
matrix protein in cirrhotic livers (Bataller and Brenner, 2005; Friedman, 2008). Notably,
activated human HSCs revealed significantly higher ZNF267 expression levels than primary
human hepatocytes (Fig. 1C), and ZNF267 expression in non-tumorous but cirrhotic liver
tissues revealed a striking correlation with collagen I expression (Fig. 1D). This indicates
that activated HSCs are the main source of ZNF267 expression in non-tumorous (cirrhotic)
liver tissue. In contrast, there was no correlation between ZNF267 and collagen I mRNA
expression in HCC tissue (data not shown).

Together these findings indicate that in vitro as well as in vivo ZNF267 expression in HCC
cells is significantly increased compared to (non-malignant) hepatocytes.

Regulation of ZNF267 expression in HCC cells
Next, we wanted to assess the molecular mechanisms responsible for the increased ZNF267
expression in HCC. Previously, we have characterized the human ZNF267 promotor and
identified an Ets-1 binding site as critical for ZNF267 expression in human HSCs (Hu et al.,
2005). Further, the expression of this transcription factor is increased during
hepatocarcinogenesis and affects tumorigenicity of HCC cells (Jiang et al., 2001; Kanda et
al., 2002). Therefore, we analyzed whether Ets-1 also affects ZNF267 expression in HCC
cells and found that transient transfection with an Ets-1 expression plasmid significantly
induced ZNF267 expression in Hep3B cells (Fig. 2A). Next, we transfected HCC cells with
luciferase reporter plasmids containing the ZNF267 promotor or the same construct with a
mutation in the Ets-1 binding site, respectively (Hu et al., 2005). Analysis of reporter gene
activity revealed that mutation of the Ets1-binding site dramatically inhibited the promotor
activity in Hep3B cells (Fig. 2B).

We have shown before that Ets-1 activity was increased in HCC cells under hypoxic
conditions via HIF1alpha (Maegdefrau et al., 2009), and that pharmacologically induced
hypoxia with 2,2′-dipyridyl (DP) induced HIF1alpha activity in HCC cells (Amann et al.,
2009). In accordance, stimulation with DP led to a significant increase of ZNF267
expression (Fig. 2C), and conversely, preincubation with the HIF1alpha inhibitor
echinomycin dramatically reduced both DP induced as well as basal ZNF267 expression in
HCC cells (Fig. 2C).

Hypoxic conditions in tumorous tissues induce the formation of reactive oxygen species
(ROS), and ROS have been identified as important factor in the regulation of Ets-1
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expression in tumor cells (Wilson et al., 2005). In line with this, ROS induction by arsenic
acid (Chou et al., 2004) led to a time-dependent induction of ZNF267 expression in HCC
cells, starting after 16 h and reaching a plateau after 24 h, respectively (Fig. 2D).
Conversely, incubation with the ROS scavenger histidine dose-dependently reduced
ZNF267 expression in HCC cells (Fig. 2E).

In summary, these data revealed hypoxia and ROS formation as critical regulators of
ZNF267 expression in HCC cells via the transcription factor Ets-1.

Functional role of ZNF267 in HCC cells
To get an insight into the functional role of increased ZNF267 expression in HCC, we
transfected HCC cells with siRNA directed against ZNF267, which lead to a marked down-
regulation of ZNF267 mRNA as compared to cells transfected with control siRNA (Fig.
3A). Microscopical analysis did not show morphological changes in Hep3B cells after
ZNF267 suppression (Fig. 3B), and also expression of the epithelial–mesenchymal transition
(EMT) markers slug and snail-1 was similar in HCC cells with and without ZNF267
suppression (Fig. 3C, D). However, functional analysis revealed that ZNF267 suppression
significantly inhibited proliferation of Hep3B cells (Fig. 3E). Furthermore, in Boyden
chamber assays migration of HCC cells with suppressed ZNF267 expression was
significantly inhibited compared to mock transfected control cells (Fig. 3F). According
results as observed in Hep3B cells were found in PLC and HepG2 cells after suppression of
ZNF267 expression with siRNA (data not shown).

In a complementary approach, we wanted to test the effect of ZNF267 overexpression in
HCC cells. Transient transfection of Hep3B cells with a ZNF267 expression plasmid
(Schnabl et al., 2005) induced a significant up-regulation of ZNF267 mRNA compared to
cells transfected with the empty vector (Fig. 4A). Similarly, ectopic expression of ZNF267
did not lead to morphological changes (Fig. 4B) or altered slug or snail1 expression (Fig.
4C, D). However, Hep3B cells over-expressing ZNF267 revealed significantly higher
proliferation (Fig. 4E) and migratory activity (Fig. 4F) compared to control cells transfected
with the empty expression vector.

Discussion
The aim of this study was to investigate the expression and function of ZNF267 in HCC.
Assessment of human HCC tissues revealed a significantly increased ZNF267 expression
compared to non-tumorous liver tissue, and the up-regulation of ZNF267 expression in HCC
cell lines compared to primary human hepatocytes was even more striking. However and as
already pointed out in the results section, it has to be noted that ZNF267 expression is
increased in liver cirrhosis compared to healthy livers (Schnabl et al., 2005), and that the
HCCs assessed in the present study arose in cirrhotic liver tissue. Although analysis of
hepatic ZNF267 expression is hampered by the lack of specific antibodies, our data strongly
indicate activated HSCs and not hepatocytes as cellular source of increased ZNF267
expression in non-tumorous but cirrhotic liver tissue. Thus, it appears that also in vivo liver
cancer cells reveal a marked up-regulation of ZNF267 expression compared to normal
hepatocytes that matches the one observed in vitro in HCC cells compared to primary
hepatocytes.

We identified different mechanisms for the increased ZNF267 mRNA levels in HCC cells
with the transcription factor Ets-1 as key regulator of basal as well as induced ZNF267
expression. Most impressively, mutation of the Ets-1 binding site to the ZNF267 promotor
leads to an almost complete loss of reporter gene activity, while over-expression of Ets-1
approximately doubled ZNF267 expression in cancerous cells. We have shown before that
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HIF1alpha is a strong inducer of the transcriptional Ets-1 activity in HCC (Maegdefrau et
al., 2009), and in line with this, HIF1alpha inhibition almost completely abrogated ZNF267
expression in HCC cells. Further, we have previously shown that hypoxia further enhances
the already basally high HIF1alpha activity in HCC cells (Amann et al., 2009; Maegdefrau
et al., 2009), and accordingly, chemically induced hypoxia led to an approximately 2-fold
induction of ZNF267 expression. Hypoxia and other conditions frequently present in the
tumor milieu as chronic inflammation induce the release of free radicals as reactive oxygen
species (ROS), which have been shown to induce the transcription of Ets-1 in tumor cells
(Wilson et al., 2005). In line with the hypothesis that Ets-1 is critical for the transcriptional
regulation of ZNF267 in HCC cells, arsenic-induced ROS formation lead to marked
induction ZNF267 mRNA levels, which exceeded the increase induced by chemically
induced hypoxia. However and different than the effects observed in response to hypoxia,
the ROS induced ZNF267 induction required a latency period of more than 12 h, which fits
to the hypothesis that ROS induced Ets-1 transcription and subsequently enhanced Ets-1
levels, respectively, lead to a delayed induction of ZNF267 expression in HCC cells.
Conversely, scavenging free radicals exhibited only a moderate effect on ZNF267
expression in HCC cells as compared to HIF1alpha inhibition. In summary, these findings
suggest that (endogenously) high HIF1alpha activity in HCC cells is responsible for the high
ZNF267 expression in HCC cells, which can be further induced via the formation of ROS
under hypoxic or other conditions frequently observed in tumorous milieu. Thus, rapid
expansion and inadequacy of the local vasculature resulting in hypoxia is a common feature
of HCC and is associated with poor tumor outcome (Farazi and DePinho, 2006). Also the
transcription factor Ets-1 is strongly linked to HCC progression, including tumor
proliferation, invasion and metastasis (Jiang et al., 2001; Kanda et al., 2002; Ozaki et al.,
2003). Importantly, loss and gain of function studies clearly showed that ZNF267 promotes
the proliferation as well as the migratory potential of HCC cells.

In conclusion, these findings suggest that enhanced ZNF267 expression is at least one loop
by which constitutively active as well as ROS or hypoxia induced Ets-1 and HIF1alpha,
respectively, promote HCC progression. Furthermore, it has to be considered that we have
previously shown that ZNF267 is already up-regulated in human cirrhotic liver tissue and
might promote liver fibrosis through alteration of matrix degradation (Schnabl et al., 2005).
Since cirrhosis is the main risk factor for HCC development, ZNF267 appears as promising
target for both prevention as well as treatment of HCC in patients with chronic liver disease.
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Abbreviations

HCC hepatocellular carcinoma

HSC hepatic stellate cell

KLF kruppel-like factor

PHH primary human hepatocytes

ZNF zinc finger protein
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Fig. 1.
ZNF 267 expression in HCC. (A) Expression of ZNF267 mRNA in primary human
hepatocytes (PHH) and four HCC cell lines (HepG2, Hep3B, PLC, HUH-7) analyzed by
quantitative real-time PCR. (B) ZNF267 mRNA expression in human HCC tissue specimens
and corresponding non-tumorous tissue samples of 11 patients. (C) Expression of ZNF267
mRNA in PHH and activated human hepatic stellate cells (HSC) of 2 different donors. (D)
Correlation of ZNF267 and collagen I mRNA expression in cirrhotic liver tissue of 11
patients.
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Fig. 2.
Regulation of ZNF267 expression in HCC cells. (A) Analysis of ZNF267 mRNA expression
in Hep3B cells transiently transfected with an Ets-1 expression plasmid. (*: p < 0.05
compared to control plasmid pcDNA). (B) ZNF267 promoter activity in Hep3B cells
transiently transfected with luciferase reporter plasmids containing the ZNF267 promoter or
the same construct with a mutation in the Ets-1 binding site. (*: p < 0.05). (C) ZNF267
mRNA expression in HCC cells with or without pharmacological induction of hypoxia by
DP (2,2′-dipyridyl), or HIF1alpha inhibition by echinomycin (Ech). (*: p < 0.05). (D)
Expression of ZNF267 mRNA in HCC cells at different time points after incubation with the
ROS inducer arsenic acid. (*: p < 0.05 compared to control). (E) Analysis of ZNF267
mRNA expression in HCC cells after treatment with the ROS scavenger histidine. (*: p <
0.05 compared to 0 μM histidine).
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Fig. 3.
Functional effects of ZNF267 suppression in HCC cells. (A) ZNF267 mRNA expression in
HCC cells transiently transfected with two different ZNF267 siRNAs (siRNA1 and siRNA2)
and cells transfected with control siRNA. (B) Microscopical analysis of Hep3B cells after
ZNF267 suppression. Analysis of snail-1 (C) and slug (D) mRNA expression in HCC cells
transiently transfected with ZNF267 siRNA. (E) Proliferation of HCC cells after ZNF267
suppression determined by analysis of XTT activity. (F) Migratory activity of siRNA-treated
HCC cells assessed with the Boyden chamber assays. (*: p < 0.05 compared to control).

Schnabl et al. Page 11

Exp Mol Pathol. Author manuscript; available in PMC 2012 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
Effect of ZNF267 overexpression in HCC cells. (A) ZNF267 mRNA expression in Hep3B
cells transiently transfected with a ZNF expression plasmid and cells transfected with the
empty vector. (B) Microscopical analysis of Hep3B cells after overexpression of ZNF267.
Analysis of snail-1 (C) and slug (D) expression in HCC cells transiently transfected with
ZNF267 expression plasmid. (E) Proliferation of Hep3B cells overexpressing ZNF267
determined by analysis of XTT activity. (F) Migratory activity of Hep3B cells after ectopic
expression of ZNF267 assessed with the Boyden chamber assays. (* p < 0.05 compared to
control).
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