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ABSTRACT

Identification of markers of squamous cell
carcinoma in sarco/endoplasmic reticulum C&
ATPase isoform 2 heterozygote mice keratinocytes

with altered Ca** signaling

Jeong Hee Hong
Department of Dental Science

The Graduate School, Yonsei University

(Directed by Professor Dong Min Shin)

A mutation of Atp2a2 gene encoding the sarco/endoplasmic reticulum
Cd"-ATPase 2 (SERCA2) causes a skin disorder suchasie’® disease in
human and null mutation in one copyAtp2a2 leads to a high incidence of
squamous cell carcinoma (SCC) in an animal modehofise. However, a
precise mechanism between SERCA2 gene and mode®s8sceptibility is

not clear. In this study, | investigated “Caignaling and differential gene



expression in primary cultured keratinocytes frolBREA2 heterozygote
(SERCAZ") mice. SERCAY keratinocytes showed reduced initial increases
in intracellular concentration of calcium ([€R) and and decreased [Cla
reduction rate in response to ATP, a G-protein tmmlipeceptor agonist
compare to wild type kerationcytes. Higher’Cantry was maintained in
SERCAZ" keratinocytes after treatment with thapsigargin, ishibitor of
SERCA pump, than wild type keratinocytes. Proteipressions of plasma
membrane Ca ATPases, NFATcl, phosphorylated ERK, JNK, and
phospholipasgl were increased in SERCAZXeratinocytes. Using the gene
fishing system, | found that gene level of tumosesdated calcium signal
transducer 1, thymosifi4, crystallineaB, nuclear factor I-B, procollagen
XVIII al, and mouse porcupine A mRNA were increased. Fyieajpressions

of keratinocyte differentiation-related genes, ilneoin, and dermokine3
were decreased in SERCA2keratinocytes. These results suggest that
SERCA2 haploinsufficiency are related to perturkraicellular C&' level
through the alterations of €asignaling-related genes and proteins and
alternates the gene expression of tumor inductio &eratinocytes
differentiation.

Keywords: SERCA2, squamous cell carcinoma, keratinocyté! €lgnaling,

Cancer-related genes, differentiation
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Identification of markers of squamous cell
carcinoma in sarco/endoplasmic reticulum C&
ATPase isoform 2 heterozygote mice keratinocytes

with altered Ca”* signaling

Jeong Hee Hong

Department of Dental Science
The Graduate School, Yonsel University

(Directed by Professor Dong Min Shin)

l. INTRODUCTION

Skin cancer is the most common type of human carlat can
metastasize and lead to death. Squamous Cell Garam (SCCs), which
arise in multilayered epithelia such as the epidgreervix, lip, tongue, and

floor of the mouth (Janeat al, 2006), are the most common type of oral



cancers and more than 90% of the reported SCCmalignant (Cheret al,
2004).

It has been suggested that SCCs of the skin irertsasugh a variety of
process that involve activation of proto-oncogeaesi/or inactivation of
tumor suppressor genes, ultraviolet irradiation JUMV-induced oxidative
stress (Kubat al, 2002; Melnikoveet al, 2005), inflammation (L&t al, 2006),
DNA damage (Berhanet al, 2002), and p53-gene instability (Brashal,
1991; Ideet al, 2003). p53 heterozygosity was found to be caredlavith
tumor induction in a mouse model, which suggesi$ 53 mutation is an
early event in UVB-induced skin carcinogenesis @ebal, 2001). Loss of
transforming growth factd® (TGF ) type Il receptor and the overexpression
of K-or H-ras have been shown to induce SCC ohtted and neck (Let al,
2006). In a study evaluating chemical carcinogenasimice, topical 9,10-
dimethylbenzanthracene aptiorbol 12-myristate 13-acetate was found to
induce papilloma formation that subsequently pregte carcinoma (Alleat
al, 2003). Thapsigargin (Tg), a specific inhibitor thie sarco/endoplasmic
reticulum C&" ATPase (SERCA) (Hakiiet al, 1986) pump, and 1@-
Tetradecanoylphorbol-13-acetate (Mufssral, 1979) have been identified as
tumor promoters that alter the growth and diffeiegitin of mouse epidermis
(Lowry et al, 1996). Notably, the loss of one copy of tAg2a2 allele

encoding SERCAZ2 induced the formation of SCCs iRSE2 heterozygote



(SERCAZ") mice (Liuet al, 2001). Finally, SERCAZ mice show enhanced
tumor susceptibility that is followed by tumor iation and progression via
elevated expression of wild type H-ras, K-ras, pd in SERCAZ" (Prasad
et al, 2005), which suggests that aberrant’Gagnaling due to SERCA2
haploinsufficiency is associated with susceptipild carcinogenesis.

The C&" signal evoked by stimulation of plasma membrareeptors
induces activation of phospholipase C (PLC) thalrblyses phosphoinositide
bisphosphate to generate inositol 1,4,5-trisphaspfis), which triggers the
release of C4 from intracellular C& stores (Berridgeet al, 1998). The
release of Ca from the ER is followed by activation of store cgted C&
influx channels, which increase the intracellulaeef C4" concentration
([Ca?"])) (Berridgeet al, 1998). Cells then use €aATPase pumps, such as
SERCA and plasma membrane?CaTPases (PMCAs) pumps to remove
cd" from the cytosol to establish a higher steadyest@&®. Upon
termination of the stimulus, SERCA2 reloads thevéifR C&* to prepare the
cells for a next round of stimulation. SERCA alstoads the stores with €a
in the periods between Eapikes during Cd oscillations (Shiret al, 2001).

SERCAZ2 is an endoplasmic reticulum-resident pratiedt plays a critical
role in the regulation of G4 homeostasis. The SERCA2 pumps have two
primary isoforms, SERCA2a and SERCA2b (Lyttbal, 1988). SERCA2a is

the main isoform expressed in cardiac muscle, vaei®ERCA2b is the



house-keeping, ubiquitous ER/SR pump found in adllsc Life is
incompatible without SERCA2, as evident from theklaf generation of
SERCA?2" embryos from mating of the heterozygotes (Perigszral, 1999).

The SERCA2 pumps are responsible for loading thewtR C&* and
maintaining the C4 gradients between the cytosol and the lumen oEfRe
(Gunteski-Hambliret al, 1988). In addition to its role in &asignaling, ER
Ca" also control several cellular activities, in peutar protein folding and
the unfolding protein response (Ron and Walter,720@everal cell types,
including epidermal cells, are particularly sensitto reduction in SERCA2
activity and ER stress. It has been suggested teatER C& content
contributes to the maintenance and the differesdiapidermis, including skin
barrier function (Bikleet al, 2001; Eliast al, 2002).

Loss of ER C#& causes increased cell proliferation and decreased
expression of differentiation markers, such as limnuin, filaggrin, and
loricrin (Bikle et al, 2001). In addition, defective €ahomeostasis causes
skin diseases such as Darier’s disease (DD) (Sakhatet al, 1999; Zhacet
al, 2001; Ahnet al, 2003; Foggia, 2004), which is an autosomal dontina
skin disorder characterized by multiple keratotapyles caused by a null
mutation in one copy of thatp2a2b gene (Sakuntabhai al, 1999). The
SERCAZ2b isoform is abundantly expressed in keratites (Panét al, 2006)

and inhibition of SERCA2 with Tg disrupts a varietlybiological processes,



particularly during terminal differentiation of lemocytes (Lowryet al,
1996). However, the exact role of SERCA2b in epiggrcells C&' signaling
and its direct relation to SCC are not known. Ie firesent work, | took
advantage of the SERCA2mice to address these questions.

SERCAZ" mice serve as an animal model for skin tumorsadimived us
to study the effect of altered SERCA2 expressiodti signaling in primary
cultured keratinocytes as well as expression obtigenic factors associated
with aberrant SERCA2 functioim an attempt to assess the rtiat the

signaling pathway plays in the development of SCC.



Il. MATERIALS AND METHODS

1. Animals

Wild-type (WT) and SERCAZ mice in a Black Swiss background were
generated as described (Periasatal, 1999), and housed with free access to
food and water in a temperature-controlled room $231°C) under artificial
illumination (lights on 06:00 h ~ 18:00 h) and 55%ative humidity. All
animal protocols were performed according to ingthal guidelines of
Yonsei University College of Dentistry. Genotypesrg determined by PCR

analysis of tail DNA as described previously (Psarayet al, 1999).

2. Materials

Trypsin, ATP, DNase, Hanks’ balanced salt solu{idBSS), trypsin, type
| collagen, and collagen were purchased from Sigbefined keratinocyte
media, gentamycin, penicillin, streptolysin, thgasgin, and fetal bovine
serum were purchased from Invitrogen (Carlsbad, @SA); fura-2,
acetoxymethyl ester (fura-2, AM) was purchased fiteflabs (Austin, TX,

USA). All other chemicals were used reagent grade.

3. Primary cultured keratinocyte preparations from WT and



SERCAZ2""

Dorsal and ventral skin of one mouse was useddoatinocytes culture.
The skins were carefully shaved off all body hsiretched, tissue debris was
removed carefully with a scrapper, and the skinseevileated on 0.5% trypsin
in HBSS for 25 min at 37°C. The floated epidermisvearefully separated
from the dermis, neutralized by HBSS including @0BNase and 20% fetal
bovine serum, and minced with scissors. The sugpemss filtrated through
autoclaved nylon nets to take off the remainingyblogir and tissue fragments.
After sedimentation, the epidermal cells were wdskigh HBSS, centrifuged
for 5 min at 1,000 rpm, and re-suspended genttlefined keratinocyte media
including 5 pg/ml gentamycin. The cells were cultured on typeollagen-
coated dishes in an incubator at 5% ,C&hd 37°C and used at 80%

confluency. The media was periodically changedye2e® days.

4. Histology

Mouse skins from the lip and genitalia were fixed 4%
paraformaldehyde in phosphate-buffed saline ovatrag4°C, and embedded
in paraffin wax. Images of 6 um thick paraffin sess stained with
hematoxylin and eosin (H & E) were obtained usindtedca microscope

(Germany).



5. Measurement of intracellular calcium concentratn ([Ca®'];)

[Ca’™]; was determined in primary mouse keratinocytesusg-2, AM in
an extracellular physiologic salt solution (PS8& tomposition of which was
as follows (mM): 140 NaCl, 5 KCI, 5mM; 1 Mg& 11l CaC4, 10 HEPES, and
10 glucose, titrated to pH 7.4 with NaOH. The osrit} of the PSS was 310
mOsm. C4&'-free medium contained 1 mM EDTA and 1 mM ethyldpeq)-
bis-(3-aminoethylether)-N, N, N N'-tetra acetic acid (EGTA) in PSS. The
primary keratinocytes were cultured on collagentedacover glasses for
measuring [C4];. The cells were loaded with 3uM fura-2/AM for 1hr and
after washing with standard solution, fJawas measured by alternately
illuminating the cells at wavelengths 340 and 38&@ and the emitted light
was passed through a 510 nm cutoff filter and wakaed with a CCD
camera and analyzed with a MetaFluor system (Usaletmaging Co.,
Downingtown, PA, USA). The 340/380 fura-2 ratio waken as a measure of

[Ca®"]; and fluorescence images were obtained at 3 svalger

6. Western immunoblotting

Cells were lysed by adding RIPA (radio-immuno ppéetion assay)
buffer containing in mM; 10 HCI (pH 7.8), 150 NaCQIEDTA, 1% NP-40, 10

NagVO,, 10 NaF, 10 pg/ml aprotinin, 10 pg/ml leupeptin, and 10 pg/mi



PMSF. Lysates were centrifuged at 11,000 rom for 10 min, and
supernatants were collected for immunoblotting.tétnoconcentration was
determined using the BCA assay kit (Pierce, RoakfdL, USA). Equal
protein amounts (4@Qig) were separated by 10% SDS-PAGE gel (Bio-Rad,
CA, USA) and electro-transferred onto nitrocelldosnembranes. The
membranes were then incubated in 5% skim milk povrdd@BST (mM); 20
Tris-HCI, (pH 7.6), 137 NaCl, and 0.1% Tween 20 idw, and incubated
sequentially with primary antibody and followed bgrseradish peroxidase-
conjugated secondary antibody (SantaCruz Inc., Samta CA, USA).
Blotted proteins were visualized by an enhancedndheninescence reagent

(IntRON, South Korea).

7. First strand cDNA Synthesis

Total RNA was extracted from cultured keratinocysesl was used for
the synthesis of first-strand cDNAs by reverse dcaiptase. Reverse
transcription was performed for 1.5 h at 42°C imal reaction volume of 20
pl containing 3ug of the purified total RNA, 4ul of 5 X reaction buffer
(Promega, Madison, WI, USA), @ of dNTPs (each 2 mM), @l of 10 uM
dT-ACP1 (5-CTGTGAATGCTGCGACTACGATIINT-3), 0.5 pl of
RNasirf RNase Inhibitor (Promega), andpl of Moloney murine leukemia

virus reverse transcriptase (Promega). First stcidAs were diluted by the



addition of 80ul of purified water for RT-PCR.

8. ACP-based GeneFishing' PCR for second strand synthesis

Differentially expressed genes (DEGs) were screbdyediCP-based PCR
method (Kimet al, 2004) using the GeneFishifgDEG kits (Seegene, South
Korea). The PCR for second strand synthesis wderpged according to the
manufacturer’s protocol. The amplified PCR produetse separated in 2%
agarose gel stained with ethidium bromide. Exposstvels of DEGs were
calculated by the MetaMorph system (Universal ImggCo., Downingtown,

PA, USA).

9. Direct sequencing

The bands of the DEGs were re-amplified and ex¢thftom the gel using
the GENCLEANII Kit (Q-BIO gene, CA, USA), and directly sequedce
with ABl PRISM®3100AvantGenetic Analyzer (Applied Biosystems, CA,

USA).

10. Data analysis and Statistics
All data were given as mean = SE. Statistical $icamces of between

groups were determined using the Student's t-test.

10



lIl. RESULTS

1. Development of squamous cell carcinoma in SERCA2mice
Cancer, which was first observed in 22-week old SER’ mice,
reached 100% incidence by the time the mice weravégk of age. Skin
samples were removed from the lips, tongues, aoldmsed perineum of 52-
week-old SERCAZ mice and analyzed by H & E staining. A comparisbn
these samples with samples obtained from wild typee revealed that the
lesions on the tongue were composed of tumor eslisnthat had invaded the
connective tissues (WT, insert) (Fig. 1, A). In iidd, tissue samples
obtained from exposed skin exhibited the highestidfency of carcinoma.
Furthermore, the skin lesions on the lip and pemmeshowed sheets of
invasive squamous cells that lacked an architecpattern with frequent
central necrosis (Fig. 1, B and C). Observing trstoles under high-power
revealed the presence of common features of celadaormalities such as
pleomorphism, hyperchromatism, frequent mitosis, d anaberrant

accumulations of keratin (Fig. 1, D-F).

2. Expressions of [CA]; signaling proteins in SERCAZ"
keratinocytes

Western blot analysis was performed on keratinolygg&tes obtained

11
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Fig. 1. Squamous cell carcinomas in the tongue arstins of 52-week-
old SERCAZ" mice. A, The tongue lesions are composed of tumor celisne
(T) invading the connective tissues (CT). Examplewdd type tissue is
provided in the insert (H & E, original magnificati X< 40). B-C, The skin
lesions of lip and perineum (H & E, original mageettion x40). D-F, High-
power view of tongue, lip, and perineum lesions &1 E, original
magnification x100). T: tumor cells, EP: normal epithelium of tie&gue.
CT: underlying connective tissues, epi: epiderrdiy; dermis, N: necrosis,

Keratin (arrow)

13



from WT and SERCAZ mice to test for adaptive expression of*Ca
signaling proteins caused by a partial loss of SERCAIl analyses were
conducted on mice that were more than 6 weeks eftagensure that the
epidermal layer was sufficiently mature. Figs. 2/l&@B show that the level
of SERCA2b protein was 31.2 1.1% lower in SERCA? than in WT mice

(n=4). As | found before in brain extracts (Zhabal, 2001), reduced
expression of SERCA2b resulted in up-regulationPBICA expression.

Densitometric analysis of the results revealed thatlevel of PMCA protein
was 4.54+ 0.89-fold higher in SERCA2 than in WT keratinocytes (2A

and B, n=4).

3. Altered C&** signaling in SERCAZ" keratinocytes

The C&" signal of keratinocytes obtained from the two métmins was
then evaluated by measuring fJa The agonist-evoked [€% signal was
triggered by stimulation of the native P2Y2 receptwith high concentration
of ATP (Fig. 3A, n=10). Several parameters of tl&8* Gignal were modified
in the SERCAZ cells. The ATP-induced maximum increase of iGeof
cells maintained in media containing 1.0 mM extlatar C&* (C&"), is
reduced by 79.4t 2.1% in SERCAY keratinocytes, as reflected in the

reduction in the 340/380 ratio (Fig. 3@t panel). [C&]; was

14
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Fig. 2. Expressions of C# signaling proteins in primary
keratinocytes from wild type and SERCAZ" mice. A and B, show protein
(40 ug) levels of SERCA2b, PMCA, arfétactin in primary keratinocytes.
B-actin was used for immunoblotting control. Resalts depicted as me#n

S.E

15



S
m (=]
nTu -7
<

(08¢/0t€) oney

Time (sec)

Ca*(1 mM)

Ca* free

Tg (1uM)

1.6 1

T T
o =}

(08¢/0t¢) oneyd

T
et
S

0.4 -

Time (sec)

SERCA2"

WT

© o~ ® <+ o

=2 ! 2 L
o - o o

onel Anud _eD) 9ANE[AY

L

SERCA2™

WT

o © o © ¥ o
N - — o i
_01X(Lp/dp-) e1e1UONONPIY

SERCA2™

WT

I
o

O (0 -xewy) 9SBOIOUL WNWIX BN

16



Fig. 3. Altered C&"* signaling in primary keratinocytes from wild type
and SERCAZ" mice. A, Primary keratinocytes obtained from wild type TW
solid trace) and SERCA2 (dotted trace) mice were stimulated with 100
ATP in PSS. B, Cells were perfused with’Gisee medium (open bar) and
then treated with 1M thapsigargin (Tg) in Ca-free medium for 15min.
After completion of store depletion Eanflux was assayed by the addition of
1 mM C&" to the perfusion media (marked by dark bar). Cxikam
increase in [C4]; as revealed by the increase in Fura2.{R.) ratio in
response to ATP stimulatioteft panel) and reduction rate calculated as the
slope (fluorescence/time, -dF/dT) of sustainednisity (middle panel). The
rate of C&" entry obtained from the period of Taddition to cells with

depleted stores, as in pang(right panel). Results are depicted as me=SE.

17



reduced more slowly + in SERCAZ" keratinocytes than in WT
keratinocytes, with the reduction rate of SERCAReratinocytes being only
69.0+0.11% of that of WT keratinocytes (Fig. 3&cond). Store-operated
c&" influx (SOC) was assayed by passive depletioh@ftores by inhibition
of the SERCA pumps with Thapsigargin (Tg) and irating the cells in

nominally C&'-free medium (Fig. 3B, n=5) for 15min. Tg-trigger€x*

release was lower by 55.& 0.7% in SERCAZ than in WT keratinocytes,
probably due to reduced SERCA2 activity and reduCed content in the
stores. Although the rate of €adnflux was not statistically different in cells
stimulated with ATP, SOC activity was 1.5& 0.32-fold higher in

SERCAZ" keratinocytes than in WT keratinocytes (Fig. &ght panel).

4. Patterns of cancer-related signaling proteins

Tumor induction and development results from atitivaof a cascade of
signaling events that often involves members ofsilngerfamily of mitogen-
activated protein kinases (MAPKSs), including c-NiH-terminal kinase
(JNK) and the extracellular signal-regulated kindSBK). Remarkably, the
steady-state level of the expression of phospho-jKitein and phospho-
ERK protein is increased by 1.3% 0.04 and 2.05+ 0.47-fold in
SERCAZ" keratinocytes, respectively (Fig 4A and B, n=4). ANE1

activation is related to the level of PIyC phosphorylation and cytosolic €a

18
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Fig. 4. Effect of disrupted C&" signaling on expression of cancer-
related signaling proteins.A , show protein level of phospho-ERK (P-ERK),
total-ERK (T-ERK), phospho-JNK (P-JNK), total-JNK-JNK), phospho-
PLCyl (P-PLCyl), total-PLC yl1 (T-PLCyl), NFATcl, andp-actin in
primary cultured keratinocytes. B shows the summarfy multiple

experiments with 4.
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level (Hao et al, 2003). Therefore, | compared the level of PMC
phosphorylation between the two cell types. AltHotige level of PLG/L is
the same in the two cell types, the level of phosphCyl protein was 3.06
+ 0.58-fold higher in SERCA? than in WT keratinocytes (Fig 4A and B,
n=4). Accordingly, the expression of NFATcl was432 0.09-fold higher

in SERCAZ" than in WT keratinocytes.

5. Patterns of differentially expressed genes (DE@G& SERCA2™

keratinocytes

Increased expression of NFATc1, and probably difaerscription factors,
is likely to affect the expression of cell cycledanther tumor-related genes.
To search for genes affected by the partial deledibSERCAZ2, the mRNA
pool expressed in 52-week old WT and SERCAratinocytes (n=4) was
compared using an ACP-based gene fishing PCR meiitk this approach
| found 9 genes that were differentially expresbetiveen the keratinocytes
(Fig. 5). The DEGs that showed the greatest difiege were selected for
direct sequencing, and the sequences were thematedl using BLAST
searches of the GenBank database (Table 1). Ghatsvere increased in
SERCAZ" keratinocytes included tumor-associated calciugnalitransducer
1, thymosinf4, crystallineaB, nuclear factor I-B (NFI-B), and procollagen

XVIII al, whereas involucrin and dermokiievhich are related to
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. \WT
SERCA2™

Fig. 5. Effect of disrupted C&" signaling on expression of cytokine-
related signaling proteins. Relative expression level of ACP-based

differentially expressed genes. Results are depasameanS.E
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Table 1. Identification of differentially expressedtranscripts in response

to SERCA2 haploinsufficiency.

A. Up regulation

Identity Genbank Acc. No. Base pairs Sequence Homology
Thymosin B4 BC 018286 603 99% (377/378)
Crystallin aB BC 010768 848 100% (477/477)
Nuclear factor I-B BC 096542 2637 100% (596/596)
Procollagen type XVIIT o1 BC 064817 5029 100% (585/585)
Tumor-associated calcium transducer 1 BC 005618 1492 100% (575/575)
Mporc A mRNA for porcupine A AB 036747 1886 99% (416/418)

B.Down regulation

Identity Genbank Acc. No. Base pairs Sequence Homology
Involucrin NM_ 008412 1902 99% (369/370)
Dermokine 3 AY 622963 1554 100% (441/441)
Chromosome 15 similar - -

The percentage expressions are based on BLASThesaof the GenBank

databases. The numbers in brackets show the nwhbases (query/subject)

that were compared.
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keratinocyte differentiation, were decreased in SBR" keratinocytes.

6. Patterns of differentially expressed cytokine-riated genes in
SERCAZ2" keratinocytes
Cancer cells are capable of attracting differefit tgpes into the tumor
environment through angiogenic factors and cytakindherefore, to
determine which cytokines were involved in the oetaus carcinogenesis
caused by SERCAZ2 haploinsufficiency, ACP-based ligto PCR was
performed. Fig 6 shows the expression patterng/wkimes in 52-week old
WT and SERCAZ keratinocytes (n=4). None of the known housekegpin
genes analyzed (SDHA; HPRTL1, g@imicroglobulin;2M) was changed in
SERCAZ" keratinocytes. The expression of T@Fand 3as well as platelet-
derived growth facto (PDGF), interleukin (IL)-11, and IL-16 increased in

SERCAZ" keratinocytes.
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P: positive control

Total-RNA SDHA 1. WT
HPRT1 2: SERCA2”
p2M
TGFa
IL-5
TGFp1 L-16 IL-13
PDGFp IL-12P IL-20
TGFp2 IL-17p 1L-17
IL-18
PDGFuo IL-6
L4 IL-120

Fig. 6. Patterns of cytokine-related differentially expressed genes in
response to SERCA2 haploinsufficiencynRNA levels of cytokine-related
DEGs. P; positive control, 1; WT, 2; SERCA2 House keeping genes

(SDHA, HPRT1, an¢2M) were used as mRNA controls.
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V. DISCUSSION

Evaluating C& signaling in keratinocyte from SERCA2mice suggests
a critical role of aberrant Gasignaling in carcinogenesis. Reduction in
SERCAZ2.activity increased both SOCs-mediated” Gaflux and PMCA
activity. Similar results have been reported by iPenal, (2006) who
concluded that disruption of ER €aontent is associated with an increase in
TRPC1 expression. In addition, in a previous workported that adaptation
of C&* signaling to partial loss of the SERCA2 pump isaaaplished via up-
regulation of the PMCA protein and activity (Zhetcal, 2001). However, the
precise mechanisms by which PMCA and TRPC1 or o@©Cs-related
proteins such as Orail (Smyth et al, 2006; Hewaxdthaet al, 2007; Cheng
et al 2008) and STIM1 (Varnait al, 2007; Joussett al 2007) expression is
induced in response to SERCA2 haploinsufficieneyraot yet known.

Another adaptation of Gasignaling protein to disruption of ER €a
content discovered in the present work is increggexsphorylation of PLC
y1. This is likely to increase cellular excitability maintain the Cé signaling
pathway in a more active state under resting cmmdiAccordingly, | found
that expression of the €aregulated transcription factor NFATc1 is markedly
increased in SERCA2 keratinocytes. The NFAT system plays a criticdé ro

in cellular hypertrophy and differentiation throuigiteraction with the MAPK
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pathways (Crabtree and Olson, 2002; Molkentin, 2@acket al, 2007)
MAPKs such as JNK, ERK, and p38 are important r&guay proteins
that transduce various extracellular signals intoacellular events (Seget
al, 1995). These MAPKs are modulated by disruptioBRfC&" homeostasis
(Liang et al, 2006), and ERK activation is an important dowesstn effecter
mechanism for cellular protection from ER stressi{¢iet al, 2003). The
SERCA level in the ER is critical in determining ERf* content (Pappt al,
2004). The results of this study suggest that dytfon of C4" homeostasis
caused by a partial loss of SERCA2 in SEREAratinocytes is related to
events of remodeling of the Easignal-related protein, such as activation of
PLCyl, increased SOCs and increased PMCA that increafiesxcitability.
Tumor development is a continuous process of narataccumulation
that lead to several intermediate phenotypes at agethe final phases of
autonomy, unlimited growth and metastasis (Smile2006). It was shown
SERCAZ2 haploinsufficiency rather than a loss othetygosity is responsible
for the cancer phenotype of SERCA2mice with enhanced tumor
susceptibility resulting in keratinized epitheli®rgsadet al, 2005). In
addition, data from human and mouse tumors strongliggest that
heterozygosity leading to haploinsufficiency fuoailly contributes to tumor
development (Smilenov, 2006). For example, hapidfitiency for

adenomatoupolyposis coli APC), flap endonuclease 1Fén 1), breast
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cancer-associated gene 1,BRCA1, BRCA2), p53, and retinoblastomaRB)
have been shown to contribute to tumorigenesis té&asaet al, 2004).
Hence, the haploid form of thatp2a2 gene can cause ER-specific stress,
which in turn has a permissive effect on tumor dmmment in mouse
keratinocytes.

In this study, | employed a new differential digdd ACP-based PCR
technique (Kimet al, 2004) to compare gene expression in SERCARd
WT keratinocytes. The results of this ACP-based R@Re then used to
clarify the mechanism by which tumor developmentuss. In terms of
increased gene expression, up-regulated DEGs atikecytes correspond to
a variety of carcinogenesis signals (Table 1A). &@mple, Tumor-associated
Ccd&" transducer (TACSTD) is involved in the early stagé human lung
adenocarcinogenesis (Shimaaal, 2005). The results of this study revealed
that TACSTDL is also involved in carcinogenesikénatinocytes. It has been
suggested that collagen type XVIII expressioniseful prognostic marker in
patients with nonsmall cell lung carcinoma (Chanhgl, 2004). Although the
detailed function of procollagen type XVIII and thee-form of collagen type
XVIII are still unknown, their expression in SERCAXeratinocyte provides
insight into the mechanism by which carcinogenesmurs. The NFI-B gene
is related to tumor generation via fusion withtienslocation partners which

include HMGIC gene (Gronostajsldt al, 2000). Although the NFI-B fusion
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occupied a small percentage of tumors, aberranesgin of NFI-B NFI-B
may play a role in tumorigenesis (Gronostajakial, 2000). Thymosirf34
regulates angiogenesis, which is involved in preessuch as wound healing
and tumor progression, by controlling the actirosieleton dynamics (Smart
et al, 2007). CrystallinaB, a small heat shock protein, has chaperone
activities in its functional role of holding or ftihg multiple proteins that
have been denatured simultaneously under stresitioms (Cheret al, 2004;
Ohto-Fujita et al, 2007). Finally, porcupine (porc) encodes a mugtipl
transmembrane ER protein that is required for msiog Wingless, a family
member of Wnt family (Tanakat al, 2000 and 2003) that regulate many
developmental functions including carcinogenestse €xpression of Mporc
(mouse porcupine) A mRNA may be involved in the alegment of SCC
through Wnt signaling. Although it is unclear ifetifunctions of NFI-B,
thymosin 34, crystalline aB, and porcupine A are related to SERCA2
haploinsufficiency, these up-regulated genes mi@ctaéarcinogenesis.
Down-regulation of DEGs in keratinocytes corresmomnal a variety of
signals involved in the differentiation of kerataybes (Table 1B). For
example, Tg-induced depletion of intracellular ERZ'Gstores inhibited
trafficking of desmosomal proteins to the cell meante and perturbed the
structural organization of desmoplakin and invalucr which are

differentiation markers of keratinocytes (Joretsal, 1994). Although the
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biological mechanisms of down-regulated dermol@nein SERCAZ" mice
keratinocytes are unclear, it has been suggestgddiborder of the SERCA
pump disrupts keratinocytes differentiation. Usa SERCA2" mouse model
is an obvious candidate for studying the mechanismwhich lesional
keratinocytes are formed. Keratin 1, 10 (K1, 10yl amvolucrin are normal
differentiation markers, however K6 is indicativé enforced proliferation
and activation, which generally occurs during wourgaling and
inflammation (Prasacet al, 2005). The results of this study show that
SERCAZ2 haploinsufficiency contributes to the dowgtrlation of dermokine
B and involucrin in SERCA? keratinocytes. In our screen, | also found
reductions in similar genes of chromosome 15. Dwist associated with
chromosome 15 are thought to be involved in theelbgpment and
progression of a variety of human solid tumors,luding neuroblastoma
(Cunsoloet al, 2000), papillary serous peritoneal carcinomass$@h al,
2001) and small cell lung cancer (Keeal, 2003). The present findings
provide the base for further studies to deterntirgenholecular mechanisms by
which dysfunction of SERCA2 leads to expressionrafogenes.

Considerable complexity underlay the mechanismswiych TGF
signaling regulates cancer initiation. The TdS are multifunctional
cytokines families that play a pivotal role in tmeaintenance of tissue

homeostasis, and TGEL over-expression promotes tumor invasion in the
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skin. In addition, TGH1 over-expression in the basal layer of the epidermi
and hair follicles causes a severe inflammatory sksorder and epidermal
carcinogenesis (Lét al, 2006). IL-11 is a pleiotropic cytokine that exitsb
anti-inflammatory properties (Theodore al, 1996), and Fujitaet al
suggested that the inhibition of allogenic lymphecseactivity might be due
to the direct action of secreted IL-16 (Fujdiaal, 2000). The results of the
present study shows that SERCA2 haploinsufficieamy perturbation of G4
signaling are powerful signals that induce abnorexgiression of the TGF1
and IL-11 genes, which are likely to be involvednduction of the observed
carcinogenesis.

In conclusion, our findings show that haploinsuéfitccy of SERCA2
results in reduced intracellular free ®devels and adaptation of the Ta
signaling machinery to increase cell excitabilitfhe increased -cell
excitability, in turn induces the switch-on mectsmiof oncogenes expression
and the switch-off mechanism of keratinocyte défaration (Fig. 7).
Although the precise mechanisms by which cutaneansinogenesis occurs
remain to be elucidated, the results of this stdesnonstrate that SERCA2
haploinsufficiency is linked to the promotion ofeie genetic abnormalities

and may be crucial to carcinogenesis, at leassubget of SCCs.
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Fig. 7. Schematic diagram of differentially expressd genes (DEGS) in

response to SERCA2 haploinsufficiency.
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