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Abstract

Non-melanoma skin cancer (NMSC) represents the most common cancer in the United States.
Squamous cell carcinoma (SCC) of the skin is a sub-type of NMSC that shows a greater potential
for invasion and metastasis. The current study identifies the Protein Kinase C-associated Kinase
(PKK), which is also known as the Receptor-Interacting Protein Kinase 4 (RIPK4), as a
suppressor of tumor growth in SCC of the skin. We show that expression of PKK is decreased in
human SCC of the skin compared to normal skin. Further, suppression of PKK in human
keratinocytes leads to increased cell proliferation. Use of RNA interference to reduce PKK
expression in keratinocytes leads to an increase in S phase and in proteins that promote cell cycle
progression. Consistent with the results obtained from cell culture, there is a dramatic increased
tumorigenesis after PKK knockdown in a xenotransplant model and in soft agar assays. The loss
of tumor suppression involves the NF-xB and p63 pathways. NF-kB is inhibited through
inhibition of IKK function and there is increased nuclear TP63 activity after PKK knockdown.
This study opens new avenues both in the discovery of disease pathogenesis and for potential
treatments.
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Introduction

Non-melanoma skin cancer (NMSC) represents the most common group of cancers in the
United States. There are more than 3.5 million cases per year (Rogers et al., 2010).
Moreover the incidence has been increasing (Karia et al., 2013; Rogers et al., 2010). SCC of
the skin, a sub-type of NMSC, shows a greater potential for invasion and metastasis (Kim
and Armstrong, 2012). Cutaneous SCC is a neoplasm of epidermal keratinocytes with a
complex pathogenesis. Mutations in the tumor suppressor, p53 are identified in 58% of
SCCs (Brash, 2006; Kim and Armstrong, 2012; Li et al., 1998). p53 plays a key role in the
surveillance of keratinocytes excessively damaged by ultraviolet light (Brash, 2006; Li et
al., 1998). SCCs have also been shown to have mutations in Hras, Notch, MYC, p16
(INK4A), and EGFR (Jacobs et al., 2013; Mortier et al., 2002; Proweller et al., 2006;
Yuspa, 1994). Clearly there are multiple genes and pathways important in SCC
development. Here we identify a previously unreported tumor suppressor, PKK, in
keratinocytes, which may play a crucial role in human SCC development.

PKK is a membrane-associated serine-threonine kinase that interacts with protein kinase C
(PKC) and mediates responses to cellular stress (Meylan and Tschopp, 2005; Zhang et al.,
2010). PKK has an N-terminal kinase, intermediate region for cleavage by caspases, and C-
terminal ankyrin repeats. Previously it has been shown that disruption of PKK in mice leads
to severe skin defects (Holland et al., 2002). PKK knockout mice die at birth with fusion of
multiple skin folds and orifices. The knockout shows marked acanthosis (epidermal
thickening) of the skin (Holland et al., 2002). However there is no increase in BrdU staining
observed in the knockout mouse (Holland et al., 2002). Moreover when a plasmid, encoding
an siRNA targeting PKK, was transiently transfected with liposomes into HaCaT or
Tca-8113 cells, there was no significant alteration in cell proliferation (Adams et al., 2007;
Wang et al., 2014).

A recent study showed increased proliferation in cell cultures after inactivation of PKK
through insertional mutagenesis studies (Heim et al., 2014). Heim, et al also showed that
PKK expression was decreased in 80% of hepatocellular carcinomas examined. In addition
low levels of PKK expression were associated with more aggressive human SCCs of the
tongue and with increased anchorage independent growth of cells in culture, although as
noted, not alteration in keratinocyte proliferation (Wang et al., 2014). These studies suggest
that in some cell types or model systems, PKK can function as a tumor suppressor.

Interestingly, in multiple, non-keratinocyte cell lines, PKK expression can activate WNT
signaling and cause stabilization of beta-catenin, suggesting that overexpression of PKK can
promote tumorigenesis. These findings were noted to be cell-type dependent (Huang et al .,
2013). Additionally, PKK mediates NF-xB activation in B cells and is required for survival
in certain B cell lymphomas (Kim et al., 2008). Therefore the current literature supports that
PKK can function as both an oncogene or tumor promoter and a tumor suppressor in a cell-
type dependent manner.

In our current study, we demonstrate, in skin keratinocytes, PKK functions as a tumor
suppressor rather than as an oncogene. We have utilized multiple models which provide
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mutually reinforcing data to support this previously unreported role for PKK in
keratinocytes. We have identified multiple mechanistic pathways, which are affected by
PKK, in skin keratinocytes, namely the p63 and NF-«xB pathways.

TP63 is a master regulator of epidermal cell proliferation and differentiation (Mills et al.,
1999; Yang et al., 1999). Humans with mutations in p63 develop human ectodermal
dysplasia syndromes such as ectrodactyly, ectrodermal dysplasia and clefting (EEC) or
ankyloblepharon-ectodermal dysplasia-clefting (AEC) among others. (van Bokhoven et al.,
2001) Humans with a catalytically inactive PKK kinase have skin and limb defects that are
similar to those observed after mutation of p63 in humans (Kalay et al., 2012; van Bokhoven
et al., 2001). This suggests TP63 and PKK are on the same or parallel pathways. Moreover
p63 is known to be important in the development of SCC (Li et al., 2011; Westfall et al.,
2003). p63 negatively regulates p21 expression in keratinocytes, which controls the cell
cycle and proliferation in skin keratinocytes (Truong et al., 2006; Westfall et al., 2003).
Therefore p63 is one potential target of PKK in keratinocytes. We provide data that PKK
increases p63 pathway activity, thereby altering p21 levels.

NF-kB also plays major roles in epidermal proliferation and differentiation (Wullaert et al.,
2011) In normal epidermis, NF-«xB proteins are in the cytoplasm of basal cells and in the
nuclei of suprabasalilar cells. This indicates that NF-xB activity may be involved in the
switch from proliferation to growth arrest and differentiation (Seitz et al., 1998). Inhibition
of NF-xB by expressing dominant-negative NF-xB inhibitory proteins in transgenic mice
induced hyperplastic epithelium (van Hogerlinden et al., 1999). In addition, application of a
pharmacologic inhibitor of NF-xB to intact skin induced epidermal hyperplasia and
overexpression of p50 and p65 NF-kB subunits in epithelium and leads to hypoplasia and
growth inhibition (Seitz et al., 1998). It is known that PKK mediates NF-«xB activity in 293T
cells (Meylan et al., 2002; Muto et al., 2002). Moreover a functional analysis of PKK has
shown that normal PKK can activate an NF-xB dependent luciferase reporter while mutant
forms from patients with Bartsocas-Papas Syndrome cannot (Kalay et al., 2012). In this
report we show that PKK exerts an effect on NF-xB activity in keratinocytes.

PKK expression is decreased in human SCCs

To study PKK function in SCC, we developed a tumor bank of skin SCCs excised during
Mohs Micrographic Surgery. Tumors from one patient are coupled with adjacent, normal
control tissue from the same patient (non-cancerous skin) when available. We examined the
MRNA expression level of PKK in skin samples. Quantitative PCR was performed for PKK
and GAPDH as an internal control. When compared to normal skin, PKK expression was
decreased in 11 of 12 SCC tumors compared to the average, normalized control (blue line)
(Fig. 1a). Therefore, this strong association of decreased PKK expression in human SCCs of
the skin supports that PKK may play an important role in tumorigenesis.

In order to determine if the decreased expression of PKK mRNA was associated with
decreased expression of PKK protein, we performed immunohistochemistry on tissue
samples from Figure 1a. PKK expression in normal skin was highest in the cytoplasm of
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basal keratinocytes but also present throughout all layers of the epidermis (1b and ¢). Unlike
normal skin, SCC tumors showed very low PKK expression in almost all keratinocytes.
Figure 1d and e show SCC-17 as a representative sample. Therefore, because both PKK
mRNA and protein expression are low in SCC, we further explored the function of PKK in
the skin.

Suppression of PKK expression in keratinocytes promotes cell proliferation

In order to evaluate PKK function in SCC, two retroviral vectors carrying two different short
hairpin RNAs (shRNAs, named shPKK-1 and shPKK-2) and a control viral construct
(shControl) were created to target the PKK mRNA. The cells transduced with the retrovirus
were selected to establish GFP-positive cell lines (shControl, shPKK-1 or shPKK-2). After
establishing cell lines that had stable transfection (i.e. close to 100% GFP positivity) of the
shRNA vectors, cells were re-plated and assessed on multiple days. Trypan blue exclusion
studies established that knockdown of PKK in keratinocytes leads to an increased number of
cells in culture compared to cells transfected with GFP control vector. Multiple keratinocyte
cell lines were examined including: HaCaT cells, A431 cells, and two previously described
keratinocyte cell lines from SCCs (Mantel, 2014). (Supplemental Fig. S1) Representative
cultures from day 3, when cells were at 70-80% confluence and in a logarithmic growth
phase, are shown (Fig 2a.). Total living cells are represented. An immunoblot for PKK
confirmed the knockdown in SCC cells transduced with both shPKK-1 and shPKK-2 (Fig.
2b). Therefore knockdown of PKK expression is associated with an expansion of cell
number in HaCaT, A431, and two human SCC cell cultures.

Suppression of PKK leads to cell cycle progression but does not affect apoptosis in
keratinocytes

Since suppression of PKK promotes cell number expansion, we next analyzed the cell cycle
distribution of PKK knockdown cells with flow cytometry. Similar results were found with
HaCaT, human foreskin and multiple SCC cell cultures (flow cytometry from a
representative SCC cell culture is shown). 5-ethynyl-2’-deoxyuridine (EdU) was used to
label the cells. As shown in Fig. 2c, there was an increase (48.3% and 39.2%) of EdU
positive cells in SCC cells expressing shPKK-1 and shPKK-2, respectively, compared with
control cells (27%). Further, PKK knockdown is associated with an increased S phase
population (ShPKK-1, 47.7 % and shPKK-2, 36.4%), when compared with SCC cells
transduced with control viruses (29.7%) (Fig. 2d).

In light of increased cell numbers, apoptosis was examined. There was no difference in
Annexin V staining between control and PKK knockdown cells (Fig. 2e). Therefore
suppression of PKK in human keratinocytes leads to increased cell proliferation but not
decreased cell survival.

Since PKK knockdown promotes cell cycle progression, we next analyzed cell cycle-related
protein expression in keratinocytes from SCCs stably expressing shControl, shPKK-1 or -2.
Fig. 2f shows that the cyclin-dependent kinase 4 (Cdk4) and Cyclin E, cell cycle stimulators
were markedly increased and p21, a cell cycle inhibitor, was greatly decreased after PKK
knockdown.
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TP63 nuclear accumulation occurs after PKK knockdown

The cyclin dependent kinase inhibitor, p21 plays a major role in controlling keratinocyte
proliferation. The presence of p21 leads to a growth arrest and terminal differentiation
(Parker et al., 1995) and inhibits multiple cyclins, inhibiting cells from entering S phase
(Xiong et al., 1993). In skin keratinocytes, p21 has been previously shown to be regulated
by TP63 (Truong et al., 2006; Westfall et al., 2003) Therefore we next examined TP63
expression in keratinocytes after PKK RNA interference. Nuclear immunofluorescence of
TP63 showed a significantly increased nuclear TP63 level in PKK knockdown cells
compared to control (Fig. 3a). Multiple mechanisms for TP63 activity have been proposed
including binding p53-response elements of targeted genes or activity of its transactivation
domain. In each case, nuclear localization of TP63 is associated with its activity (Su et al.,
2009; Truong et al., 2006; Westfall et al., 2003). Nuclear preparations of keratinocyte
cultures showed that TP63 was increased in nuclei of keratinocytes containing shPKK (Fig.
3b). Whole cell lysates of these keratinocytes showed that SCC cell lines and normal human
keratinocytes had an increase in TP63 levels after shPKK transduction whereas HaCaT cells
did not (Fig. 3c). Therefore in multiple keratinocyte cell lines, PKK knockdown leads to
increased cellular TP63 and decreased p21.

Suppression of PKK decreases NF-xB activation in keratinocytes through inhibition of IKK

Our laboratory has a special interest in the NF-xB pathway and we have previously
reviewed the importance of this transcription factor in keratinocyte proliferation (Poligone et
al., 2013). Because both increased and decreased NF-xB levels can be associated with
keratinocyte tumorigenesis, we next examined whether suppressing PKK has effect on NF-
kB signaling in keratinocytes. We analyzed expression levels by Western blot of the NF-xB
inhibitor protein IxBa, the hallmark of NF-xB activation, in HaCat and SCC cells
expressing shPKK. Consistent with a previous report (Adams and Munz, 2010), knockdown
of PKK increases basal 1xBa protein levels in the shPKK cells compared to cells with
normal PKK expression (Fig. 4a). Keratinocyte cultures were treated for various time points
with phorbol 12-myristate 13-acetate (PMA) in order to stimulate the NF-xB pathway.
Phosphorylation of IxBa is required for the activation of NF-xB. Phosphorylated IxBa was
decreased in cells expressing shPKK, which have been treated with PMA (Fig 4a). We next
examined NF-xB transcriptional activity after PMA treatment of SCC keratinocytes. The
luciferase activity of untreated cells was normalized to 1 for comparison. Control cells had a
greater than 12 fold increase in luciferase activity after PMA treatment, whereas
keratinocytes containing shPKK showed much less of an increase (Fig 4b). Lastly a
phospho-specific IKK antibody was utilized to examine IKK activity after PMA treatment
of keratinocytes. PKK knockdown leads to decreased phosphorylated IKK after PMA
treatment, which was not due to an effect on IKKa levels (Fig 4c).

PMA-induced cell cycle arrest is reduced with shPKK

PMA is a PKC and NF-kB activator, which causes cell growth arrest in keratinocytes (Sur et
al., 2009). It has previously been shown that NF-kB activity is required for PMA-induced
keratinocyte growth arrest (Takao et al., 2003). We hypothesized that suppression of PKK
expression can override PMA-mediated growth inhibition in keratinocytes. Therefore
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keratinocytes transduced with shControl or shPKK-1 were treated with 100 ng/ml of PMA
for 12 hours. As expected, PMA treatment of control keratinocytes (shControl) led to a
decrease of keratinocytes in S-phase (3.59%) (Fig 4d) representing a 6.4 fold reduction in S
phase (22.9/3.6). PMA treatment of keratinocytes with knockdown of PKK had less
reduction (18.0%) or a 1.7 fold reduction in S phase (31.8/18.0) (Fig 4d). Similar results
were found in HaCaT cells (data not shown). Therefore NF-xB is a downstream effector of
PKK function and the hyperproliferation observed after PKK knockdown is at least partly
due to inhibition of NF-xB signaling through IKK.

Inhibition of PKK expression promotes tumorigenesis

With mechanistic evidence that PKK can promote cell proliferation through effects on the
cell cycle through p63 and NF-xB, we postulated that suppression of PKK can promote
tumor formation in keratinocytes. SCC keratinocytes that were stably transduced with
shControl or shPKK viruses were plated in soft agar assays. Soon after plating, a striking
difference was noted. Control cells grew fewer, smaller (width of colony), and less dense
(GFP intensity) colonies compared to PKK knockdown cells (Fig. 5a). Mean colony
numbers are shown in Figure 5b from two different keratinocyte cell lines from SCCs
expressing the shPKK retroviral constructs. This shows that knockdown of PKK leads to an
increased anchorage-independent growth in human keratinocytes.

To test this result in vivo, NOD/SCID mice were utilized to assess tumor growth in a
xenograft model. SCC cells that were stably transduced with shControl or shPKK-1 were
injected with a subcutaneous bolus on the left and right flank. All experiments were
performed in triplicate (i.e. in three mice or six injection sites). SCC cells expressing shPKK
produced much larger tumors than SCCs transduced with shControl retroviruses (Fig. 5¢).
The tumor size of the shPKK Kkeratinocytes was often dramatic and required removal of the
animal from the study in 4 weeks (Fig. 5d). Tumor weights were obtained showing a
statistically significant increase in tumor weight associated with the shPKK construct (Fig.
5e). The tumors were analyzed histologically and maintained the histology of SCC (Fig. 5f).
Ki-67 staining was evaluated by immunofluorescence and there was increased Ki-67
staining in the shPKK tumors compared to shControl tumors (Fig 5h). The percentage of
Ki-67 positive cells per high powered (40X) field was increased in shPKK tumors compared
to shControl tumors. (Fig. 5h). shPKK tumors harvested at the end of the study continued to
have decreased PKK expression compared to the shControl tumors by RT-PCR (Fig. 5g).

Discussion

Using two different small hairpin RNAs to target knockdown of PKK in cell cultures, we
show that PKK functions as a tumor suppressor in human skin keratinocytes. Knockdown of
PKK in cells causes an increase in cell proliferation with an increased S phase. A previous
study in the skin of mice with deletion of PKK showed no increase in BrdU staining,
although there was increased epidermal thickness (Holland et al., 2002). Our results suggest
that despite negative BrdU staining in the epidermis, the increased thickness observed in the
knockout may be due to increased proliferation of keratinocytes. Moreover when PKK is
overexpressed in keratinocytes (K14-PKK), there was no effect on tumor formation during
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chemical carcinogenesis experiments (Rountree et al., 2010). This is also consistent with our
finding that PKK is a tumor suppressor in skin keratinocytes and not an oncogene as
suggested by a study in ovarian cells (Huang et al., 2013). Although targeting of PKK by
SiRNA in two previous studies failed to reveal increased proliferation after PKK knockdown
(Adams et al., 2007; Wang et al., 2014), we observed significant increases in proliferation
after PKK knockdown. It is possible that due to our retroviral transduction and development
of stable cultures, in which we observed almost 100% GFP positive cells, we were able to
observe proliferation that was not possible with lower transfection efficiencies and transient
transfections.

Here we show that PKK activity regulates cell cycle proteins including cyclin E, cdk4 and
p21 in human keratinocytes in a manner that promotes cell cycle progression when PKK
activity is diminished. Because of the increased nuclear TP63 observed after PKK
knockdown and the well-established control of TP63 of p21 in keratinocytes, we were
particularly interested to find that PKK knockdown leads to decreased p21. This is likely
due to TP63 and must be further explored in other models. In addition to the decreased p21
levels, the increase in cdk4 after PKK knockdown is also noteworthy. cdk4 has been
previously shown to enhance malignant progression to SCC of the skin (Miliani de Marval
et al., 2004). Moreover knockdown of TP63 has been shown to inhibit the expression of
cdk4 in keratinocytes (Antonini et al., 2010), which could explain the increased cdk4 after
increased TP63 associated with PKK knockdown. Ultimately the increased TP63 leading to
altered cell cycle proteins may at least partly explain why keratinocytes with knockdown of
PKK show increased anchorage-independent growth and tumor formation in
immunodeficient mice (Fig. 4). One remaining question is why the basal level of TP63 in
HaCaT was elevated compared to SCC and foreskin keratinocyte cultures and PKK
knockdown did not alter nuclear TP63 levels in HaCaT cells. This may be a cell-line
dependent observation.

It was previously reported that 1B was elevated in cells transduced with ShRNA against
PKK (Adams et al., 2007). In addition to confirming this data, we have now shown that
phosphorylation of 1B is inhibited and NF-kB transcriptional activity is decreased (Fig 4a
and b) after PKK knockdown. It appears this is at least partly due to decreased IKK activity.
Decreased NF-xB activity has been associated in multiple model systems with increased
keratinocyte proliferation. Therefore the decrease in NF-kB transcriptional activity
associated with decreased PKK levels may explain the observation of increased keratinocyte
proliferation after PKK knockdown. Indeed in the setting of various mutations such as with
Hras, decreased NF-kB is pro-tumorigenic in keratinocytes (Dajee et al., 2003). The
increased tumor formation associated with PKK knockdown, which was observed in
multiple SCC lines during xenotransplantation experiments, may be due to this effect of
PKK on NF-kB. It is possible that increased NF-xB activity in the setting of normal PKK
may lead to keratoacanthoma formation but not SCC (Poligone et al., 2013), while
decreased NF-«xB activity due to PKK disruption causes SCC tumors, suggesting PKK may
mediate multiple pathways.

We noted in several xenotransplant mice that the tumor behaved in an aggressive manner
with large tumors forming in just weeks (Fig 5d). This is similar to the finding that
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decreased PKK was associated with more aggressive tongue SCC (Wang et al., 2014).
Although PKK can affect proliferation and pathways important in SCC tumorigenesis, it
might also play an important role in the invasiveness of tumors. It has been shown that
during normal wound healing, PKK expression is decreased (Adams et al., 2007). It is
possible that when this normal reparative pathway is disrupted by mutation, increased
invasiveness and tumarigenesis is a consequence. Ultimately the importance of our findings
in the development of SCC must be further explored. As one of the most common cancers in
the United States, there is great need to identify the causal pathways, and it is exciting to
recognize PKK as an important tumor suppressor in human SCC of the skin.

Materials and Methods

Cell Cycle and Apoptosis Analysis

Keratinocytes expressing shControl or shPKK were evaluated with the Click-iT EdU flow
Cytometry Assay Kits (BD), following the manufacturer instructions.

The apoptosis assays were performed using the annexin VV-PE apoptosis detection kit | (BD
Bioscience, San Jose, CA).

RNA isolation and real-time gRT-PCR

Primary human tissue was collected from discarded tissue in order to generate a tissue
biorepository which was approved by the investigational review board at the University of
Rocheser (RSRB 00042616 and RSRB 00046521). Patient consent was not necessary as all
skin was considered discarded. qRT-PCR was performed as described in Supplementary
Material.

Soft agar colony formation assay

Soft agar colony formation assays were performed as previously described (Ren et al., 2006)
and described in Supplementary Material.

Western Blots and Immunofluorescence

Antibodies and standard protocols are described in Supplementary Material.

Immunohistochemistry and Immunofluorescence

Immunohistochemistry and Immunofluorescence were performed per standard protocols and
are described in Supplementary Materials.

Luciferase Reporter Assay

The assay was performed as previously described (Kim et al., 2008) and in Supplementary
Materials.

Retrovirus constructs and transduction

Retroviral and lentiviral RNA interference was performed as previously described (Kim et
al., 2008) and in Supplementary Materials.
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SCC Cells

The SCC cell lines: SCCAML1 (SCC-1 in Figure 2A) and SCCJV (SCC-2 in Figure 2A) have
been previously reported (Mantel et al., 2014.).

In vivo xenografts

Mice were housed and animal experiments performed in the University of Rochester School
of Medicine Vivarium in compliance with IACUC guidelines (Protocol #101225,
UCAR-2008-042R). Xenografting is described in the Supplementary Material.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Relative PKK expression in primary human SCC tumors
(a) Real time PCR analysis of PKK gene expression in primary human SCC tumors. The

PKK expression was represented as a relative fold compared with average level of PKK
gene expression in normal skin samples, the level of which was indicated with the blue line
(normalized as 1). There was a significant difference for all samples except SCC15
compared to the normalized PKK expression (p<0.05). (b and ¢) Human skin stained against
PKK without a nuclear counterstain (b) and with a nuclear counterstain (c). (d and e) SCC
tumor stained with PKK without a nuclear counterstain (d) and with a nuclear counterstain
(e). Bar = (a,c = 100um) (d,e = 50um).
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Fig. 2. Effect of PKK knockdown on keratinocyte growth
(a) Keratinocytes expressing shControl, shPKK-1, or shPKK-2 were plated in triplicate. On

day 3, cells from each well were counted after staining with Trypan Blue. The total living
cell numbers are represented. Error Bars represent the standard error of the mean (SEM) of
triplicate measurements. *p<0.05. (b) Immunoblot of PKK knockdown. Anti-GAPDH was
loading control. (c) Cell cycle analysis of SCC cells stably expressing shControl or shPKK-1
or shPKK-2. The representative FACS analysis is shown. (d) FACS analysis of GFP-gated
keratinocytes labeled with EdU. (e) Keratinocytes gated for GFP, expressing shControl or
shPKK-1 or shPKK-2, were stained with Annexin V and 7AAD. (f) SCC keratinocytes
expressing shControl, shPKK-1, or shPKK-1 were examined for Cdk4, Cyclin E, p21, and
GAPDH by immunoblot analysis.
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Fig 3. Suppression of PKK expression promotes SCC cell proliferation and increased nuclear
TP63

(@) Immunofluorescence microscopy of SCC cells stained with anti-TP63. Cells transduced
with shControl or shPKK, which were in log phase growth were analyzed. Bar = 100um. (b)
Nuclear extracts from SCC cells were examined by Western blot against TP63. Lamin B
was used as a nuclear loading control. (c) Whole cell lysates were analyzed by Western blot
for TP63 levels.
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Fig 4. Suppression of PKK expression inhibits IKK leading to decreased NF-xB activity
(a) Western blot analysis of whole cell extracts of SCC cells after PMA treatment. (b)

Luciferase Promoter Assay with an NF-xB reporter of SCC cells before and after PMA
treatment. Untreated samples were normalized to 1. (¢) Western blot analysis for IKK
activity with IKKa and a phospho-specific IKK antibodies in SCC cells treated with PMA
or control. (d) Cell cycle analysis of SCC cells stably expressing shControl or shPKK-1.
PMA treated cells and untreated control cells were labeled with 10 um EdU for two hours.
Standard flow cytometry methods were used to determine the percentage of cells in the
population with EdU uptake. The representative FACS analysis is shown. Data was
confirmed with multiple, independently-run assays.
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Fig. 5. PKK knockdown promotes SCC growth in soft agar
(a) 5%10° keratinocyes stably expressing shControl of shPKK-1 were studied with soft agar

colony formation assays. (b) Bar graphs showed increased colony numbers after PKK
knockdown. Results are representative of the mean of three independent experiments.
*p<0.05. **p=<0.01. ***p=<0.005. (c) Knockdown of PKK promotes tumor growth of SCC
cells injected into NOD/SCID mice. (d) A representative mouse with shPKK-1 tumors. (€)
The tumor weight measured at day 28 after implantation. The average tumor weight from 3
injected mice was shown. p<0.005. (f) A representative H&E stain of tumors isolated from
NOD/SCID mice. (h) Immunofluorescence stain with anti-Ki67 of SCC cells (top)
Percentage of Ki-67 positive cells within the xenografted tumor (bottom). Bar = 50um. (g)
RT-PCR of xenografted tumors for PKK and GAPDH expression. Bar = 25um.
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