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Cutaneous  squamous  cell carcinomas  (cSCCs)  are  common  human  carcinomas.  Despite  having  metasta-
sizing  capacities,  they  usually  show  less  aggressive  progression  compared  to  squamous  cell  carcinoma
(SCC)  of  other  organs.  Metastasis  suppressor  proteins  (MSPs)  are  a group  of  proteins  that  control  and
slow-down  the  metastatic  process.  In this  study,  we  established  the  importance  of seven  well-defined
MSPs  including  NDRG1,  NM23-H1,  RhoGDI2,  E-cadherin,  CD82/KAI1,  MKK4,  and  AKAP12  in  cSCCs.

Protein  expression  levels  of the  selected  MSPs  were  detected  in  32  cSCCs,  6  in  situ  SCCs,  and  two  skin  cell
lines  (HaCaT,  A-431)  by immunohistochemistry.  The  results  were  evaluated  semi-quantitatively  using
the  HSCORE  system.  In addition,  mRNA  expression  levels  were  detected  by qRT-PCR  in the  cell lines.

The HSCOREs  of  NM23-H1  were  similar  in cSCCs  and  normal  skin  tissues,  while  RGHOGDI2,  E-cadherin
and  AKAP12  were  significantly  downregulated  in  cSCCs  compared  to normal  skin.  The  levels  of  MKK4,
NDRG1  and  CD82  were  partially  conserved  in  cSCCs.  In  stage  I SCCs,  nuclear  staining  of  NM23-H1  (NM23-

H1nuc)  was  significantly  lower  than  in stage  II/III  SCCs.  Only  nuclear  staining  of  MKK4  (MKK4nuc)  showed
significantly  higher  scores  in in situ carcinomas  compared  to  invasive  SCCs.

In  conclusion,  similar  to  other  human  tumors,  we  have  demonstrated  complex  differential  expres-
sion  patterns  for the  MSPs  in in-situ  and  invasive  cSCCs.  This  complex  MSP  signature  warrants  further
biological  and  experimental  pathway  research.
. Introduction

Non-melanoma skin cancers (NMSC) are the most common
uman malignant neoplasms, and create significant medical, eco-
omical, and social problems for the healthcare services worldwide
1–3]. Although there are other types of NMSC, this term commonly
efers to the two  common neoplasms of cutaneous squamous cell
arcinoma (cSCC) and basal cell carcinoma (BCC) [1]. BCCs are slow
rowing, malignant, yet rarely metastasizing carcinomas [4]. On
he contrary, cSCCs are more aggressive in behavior, and have con-

iderably higher metastatic capacities than BCCs [4].

Metastasis is a very complex and multistep biological process
irected by various proteins and pathways [5]. Though various

∗ Corresponding author at: Bilkent University, Faculty of Science, Department of
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proteins support metastasis, a group of proteins called metastasis
suppressor proteins (MSPs) specifically inhibit or slow metastasis
[6,7]. As a definition, pure MSPs should only suppress metastasis
without any effect on tumorigenicity (e.g. proliferation). However,
in the complex environment of a cell, they usually have other
important properties as tumor suppressor activities, affecting car-
cinogenesis, besides these MSP  functions [6]. cSCCs differ from
internal identical organ cancers in that they have lower metastatic
rates and result in better prognosis [4]. Thus, cSCCs are interesting
biological models for the research of metastasis suppressors. To
establish the importance of the MSPs in non-melanoma skin can-
cer, we selected seven essential and well-defined MSPs (NDRG1,
NM23-H1, RhoGDI2, E-cadherin, CD82/KAI1, MKK4, and AKAP12)
that affect different steps of metastasis.
The main aim of this study was  to analyze the expression
patterns of these seven important MSPs that may contribute to
the inhibition of metastasis pathways in cSCCs, as well as in
squamous cell lines. We  also established the association between

dx.doi.org/10.1016/j.prp.2015.12.018
http://www.sciencedirect.com/science/journal/03440338
http://www.elsevier.com/locate/prp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.prp.2015.12.018&domain=pdf
mailto:yulug@fen.bilkent.edu.tr
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hese proteins and important clinicopathological parameters in
SCC.

. Materials and methods

.1. Study groups

A total of 38 SCCs composed of 32 tissue samples of classical
quamous cell carcinoma (SCC-NOS) of the skin and 6 in situ carci-
oma tissues, obtained from 37 patients (26M/11F), were included

n this study. All patients were Caucasians, and the detailed char-
cteristics of the study group are summarized in Appendix 1. SCCs
ere graded by four-tiered system as well (Grade 1), moderately

Grade 2) poorly differentiated (Grade 3) and anaplastic or undif-
erentiated tumors (Grade 4) [8]. Data for the SCCs were collected
y using the CAP (The College of American Pathologists) protocols
or squamous carcinoma of the skin (www.cap.org).

.2. Normal skin control group

Ten normal skin tissues (4M/6F) from reconstructive operations,
onfirmed as normal by microscopy, were included as the normal
issue group. The normal group included skin tissues from different
ocalizations; two from the face, three from the extremities, three
rom the breast, and two from the abdomen. This control group was
he same as the one used in another previous study of our group
9]. Normal, non-lesional epidermis adjacent to SCC (N-SCC) was
lso integrated in this study.

.3. Cell lines

The normal immortalized keratinocyte cell line (HaCaT) and
he vulvar squamous carcinoma cell line (A-431) were used for
mmunohistochemistry and quantitative reverse transcriptase-PCR
qRT-PCR) studies [10,11].

.4. Immunohistochemistry technique and analysis

The immunostaining procedure was performed by the classical
abeled streptavidin-biotin immuno-enzymatic antigen detection
ystem (UltraVision-Thermo Scientific; Waltham, MA, USA) with
AB chromogen, in the Thermo-Shandon Sequenza® manual stain-

ng station (Waltham, MA,  USA). The primary antibody step was
kipped for the negative control. The sources of primary antibodies
nd the technical details are demonstrated in Appendix 2.

All immunohistochemically stained slides were evaluated
y external and internal controls. Stained slides were semi-
uantitatively evaluated using a specific immunohistochemical
istological score technique, (HSCORE), with minor modifications.
he analysis technique was described in detail in the literature and
n our previous study [9,12].

.5. Cell culture

The A-431 cell line was cultured in Dulbecco’s Minimal Essen-
ial Medium (DMEM-low glucose, Hyclone-Thermo Scientific,

altham, MA,  USA), and HaCaT cell line was grown in DMEM-
igh glucose (Hyclone), supplemented with 10% fetal bovine serum

FBS) and 50 mg/ml  penicillin/streptomycin, at 37 ◦C, and in 5% car-
on dioxide.
.6. Real-time PCR (qRT-PCR)

500 ng of total RNA was reverse-transcribed using oligo-dT
rimers with the First Strand cDNA Synthesis Kit (Fermentas,
 and Practice 212 (2016) 608–615 609

Thermo, Waltham, MA,  USA). All qRT-PCR experiments were per-
formed using the SYBR® Green reagent (Thermo) in an MX3005P
thermocycler (Strategene®, Agilent, Santa Clara, CA, USA). The
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) and HPRT1
(hypoxanthine phosphoribosyl transferase 1) reference genes were
selected for normalization. Data was  analyzed using the free REST©

2009 software (Qiagen, Hilden, Germany) [13]. The sequences of
primers used are accesible from our previously published paper
[9].

2.7. Statistical analysis

Statistical analyses were performed using the PASW® Statis-
tics 18 software (Chicago, IL, USA). The differences between the
HSCOREs of the groups were first analyzed with the non-parametric
Kruskal–Wallis one-way analysis test; followed by Mann–Whitney
U test was applied. p ≤ 0.05 was  accepted as significant. The “Bon-
ferroni correction” was  used to reduce type I errors. The correlation
between the parameters was  analyzed by Spearman’s correlation
test, where r ≥ 0.25 and p ≤ 0.05 were accepted as significant.

2.8. Ethics statement

This study was financially supported by the Scientific and
Technical Research Council of Turkey (TUBITAK, grant number
SBAG-108S184). The project was  approved by the Kırıkkale Uni-
versity Local Ethics Committee (07.04.2008/2008-039).

3. Results

3.1. Immunohistochemical staining results

3.1.1. Tissue study
Cytoplasmic positivity of NM23-H1 (NM23-H1cyt) and NDRG1

(NDRG1cyt) was  detected to be strong and homogeneous in all of
the in situ and invasive cSCCs (Fig. 1A, B, F, G). However, nuclear
NM23-H1 (NM23-H1nuc) expression was significantly weaker and
was detected in only two  of in situ SCCs (IS-SCC, 33.3%) and 15 cSCCs
(46.8%) compared to normal skin. Nuclear positivity of NDRG1
(NDRG1nuc) was seen in 4 of 6 IS-SCCs (66.6%), and 29 of 32 cSCCs
(90.6%).

E-cadherin, CD82 and AKAP12 proteins show only weak and
medium cytoplasmic-membranous staining (Figs. 2A, B, F, G
and 3A, B). E-cadherin and CD82 positivity was detected in all of
IS-SCCs, but AKAP12 positivity was  observed in 4 IS-SCCs (66.6%).
E-cadherin, CD82, and AKAP12 expressions were detected in 84.3%,
68.7% and 40.6% of the cSCCs, respectively.

RHOGDI2 showed cytoplasmic positivity in 5 (83.3%) and 30
(93.7%) of the in situ and invasive cases, respectively, though with
weak to medium strength only (Fig. 3F, G). Nuclear positivity of
RHOGDI2 (RHOGDI2nuc) was weaker, yet more heterogeneous, in 4
of 6 IS-SCCs (66.6%) and 14 of 32 cSCCs (43.7%).

MKK4cyt was detected in all of IS-SCCs, and weak MKK4nuc was
detected in 5 of 6 IS-SCCs (83.3%) (Fig. 4A). MKK4 immunostaining
of cSCCs showed weak to medium cytoplasmic positivity in 25 cases
(78.1%), and weak nuclear positivity in 7 cSCCs (21.8%) (Fig. 4B).

3.1.2. Cell lines
NM23-H1 showed strong cytoplasmic positivity in the both

HaCaT and A-431 cell lines (Fig. 1C, D). However, focal nuclear posi-
tivity was stronger in the HaCaT cell line. Significant positivity was
observed with NDRG1 antibody in both of the cell lines (Fig. 1H,

I). E-cadherin expression was stronger in the HaCaT cell line com-
pared to A-431 (Fig. 2C, D). CD82/KAI1 showed medium levels of
positivity in both cell lines (Fig. 2H, I). RHOGDI2 showed strong but
heterogeneous positivity in the HaCaT and A-431 cell lines (Fig. 3H,

http://www.cap.org/
http://www.cap.org/
http://www.cap.org/
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Fig. 1. NM23-H1 expression in in situ (A) and invasive carcinoma (B). Besides strong cytoplasmic expression, weak nuclear expression of NM23-H1 is occasionally detected in
invasive carcinoma (B). HaCaT (C) and A-431 cells (D), both show cytoplasmic NM23-H1 expression, but staining in A-431 is stronger. There is no statistical difference between
HSCOREs of the groups (E). NDRG1 expression in in situ carcinoma (F). Although cytoplasmic expression is heterogeneous, it is generally high. Focal nuclear expression is
also  detected. Similarly, cytoplasmic expression of NDRG1 is very strong in SCCs, but nuclear staining is downregulated (G). HaCaT cells show cytoplasmic expression (H)
whereas nuclear positivity is dominant in A-431 cell line (I). HSCOREs show significant downregulation in SCCs compared to normal groups (J). * Shows p values; *p < 0.05;
*

I
l

3

i
a

*p  < 0.01. Original magnification: A; B; F; G ×100, C; D; H; I ×200.

). AKAP12 and MKK4 staining was either very weak or completely
ost in both cell lines (Figs. 3C, D and 4C, D).
.1.3. Comparative statistics
When HSCOREs of normal epidermis (N) were compared to

n situ carcinomas, E-cadherin (p = 0.016), RHOGDI2nuc (p = 0.002),
nd NDRG1nuc (p = 0.003) stainings showed significantly lower
scores in in situ carcinomas. However, when compared to nor-
mal  epidermis adjacent to SCC (N-SCC), only HSCOREs of NDRG1nuc

were significantly lower in in situ carcinomas (p = 0.011).

NDRG1nuc/cyt (p = 0.001/p = 0.007), E-cadherin (p = 0.001),

RHOGDI2nuc/cyt (p = 0.001/p  = 0.001), MKK4nuc (p = 0.001), and
AKAP12 (p = 0.001) expressions were decreased in cSCC com-
pared to N. When HSCOREs of N-SCC were compared to cSCCs,
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Fig. 2. Membranous E-cadherin expression in in situ (A) and invasive (B) carcinoma. The downregulation is easily detected in SCC. A-431, squamous carcinoma cell line,
shows  very weak positivity (D) when compared to HaCaT (C). The difference between the normal skin and in situ carcinoma is statistically significant for E-cadherin staining.
In  in situ carcinomas, the HSCOREs of E-cadherin are lower than the normal epidermis (E). However there is no statistical difference between in situ carcinoma and normal
epidermis adjacent to neoplasia (N-SCC). Invasive SCC shows lower levels of E-cadherin expression than normal epidermis and N-SCC. CD82 shows membranocytoplasmic
s enous
( ows p
×

N
(

t
s
i

taining in in situ (F) and invasive SCCs (G). In situ SCC samples show more heterog
H).  No statistical difference is detected between the HSCOREs of the groups (J). * sh
200.

DRG1nuc (p = 0.001), E-cadherin (p = 0.001), and RHOGDI2nuc/cyt
p = 0.001/p  = 0.001) showed significantly lower scores in cSCCs.
NM23-H1nuc showed significantly lower scores in stage I cSCCs
han stage II/III SCCs (p = 0.049). MKK4nuc was the only one that
howed higher scores in in situ carcinomas when compared to
nvasive SCCs (p = 0.011).
 staining than invasive SCCs. A-431 cells show weaker staining (I) than HaCaT cells
 values. *p < 0.05; **p < 0.01. Original magnification: A ×40, B; D; F; G ×100, C; H;  I

3.1.4. Correlation analysis
There were limited numbers of positive significant corre-
lations (p = 0.01 level) between several markers as follows:
E-cadherin-RHOGDI2cyt (r = 0.452), RHOGDI2cyt-MKK4cyt

(r = 0.486), and MKK4nuc-MKK4cyt (r = 0.481) in invasive
SCCs.
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.1.5. Real time PCR results
NM23-H1 and E-cadherin expression levels did not differ

etween A-431 and HaCaT cell lines. Yet, NDRG1 expression was

pregulated (34.4-fold, p = 0.001), whereas ARHGDIB (RHOGDI2,
4.7-fold, p = 0.001), MKK4 (−2.1-fold, p = 0.001), CD82/KAI (−2.4-

old, p = 0.001) and AKAP12 (−9.7-fold, p = 0.001) expressions were
ownregulated in A-431 cells compared to HaCat cells.

ig. 3. AKAP12 positivity in in situ carcinoma (A). AKAP12 staining is clearly lost in atyp
xpression in SCC (B). Very weak, hardly detected positivity in the HaCaT cell line (C). A
ompared to N (E). RHOGDI2 positivity in in situ carcinoma (F). There is no significant diff
ecrease can be seen in invasive SCCs compared to the normal group. Inflamatory cells sh
H).  Downregulated but nuclear positivity in A-431 (I). In in situ SCCs, only RHOGDI2nu
evels  of RHOGDI2nuc/cyt compared to both N and N-SCC (E). * shows p value. *p ≤ 0.05; 
 and Practice 212 (2016) 608–615

4. Discussion

In this study, we  demonstrated different expression patterns of

MSPs in cutaneous SCCs. NM23-H1 levels were conserved in in situ
and invasive carcinomas, and in squamous carcinoma cell lines.
Although the role of NM23-H1 in metastasis suppression is well
described in other carcinomas, it is not clear in NMSC [6,7]. Similar

ical cells, and positivity is seen only in mature benign keratinocytes. Low AKAP12
KAP12 is negative in the A-431 cell line (D). Invasive SCC shows downregulation

erence in in situ carcinoma compared to adjacent epidermis. However, a significant
ow strong positivity (G). Strong, mainly cytoplasmic RHOGDI2 positivity in HaCaT

c shows significantly reduced levels compared to N. Invasive SCCs shows reduced
**p ≤ 0.01. Original Magnification: Fx40, A; B; G ×100, D; E; H; I ×200.



O. Bozdogan et al. / Pathology – Research and Practice 212 (2016) 608–615 613

Fig. 4. MKK4 expression in in situ and invasive SCC (A, B). MKK4cyt expression is clearly seen in in situ (A), but shows weaker staining in SCCs (B). MKK4 shows very weak
p shows
M s are 
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ositivity in HaCaT (C), but no positivity is detected in A-431 cell line (D). MKK4nuc 

KK4cyt levels are maintained in cSCCs. In in situ carcinomas, MKK4nuc/cyt level
nvasive SCCs. * shows p value. *p < 0.05; **p < 0.01. Original magnification: A ×40, B

o our findings, Ro et al. [14] and Stephenson et al. [15] showed
hat the expression of NM23-H1 was well conserved in cSCCs of
he skin and keratoacanthomas (KA). However, Kanitakis et al. [16]
btained contradictory results and showed reduced NM23-H1
evels in cSCCs. The sustained NM23-H1 levels in cSCCs probably
ontribute to their non-metastasizing features as observed in other
arcinomas.

Despite being downregulated in carcinoma samples compared
o normal tissues, the cytoplasmic NDRG1 expression is gener-
lly maintained in in situ and invasive SCCs. Furthermore, mRNA
xpression of NDRG1 in the SCC cell line, A-431, was 34-fold
ncreased compared to normal immortalized cell line, HaCaT. In
ccordance with our findings, Dang et al. [17] demonstrated that
DRG1 mRNA expression increased 5.87-fold in actinic keratoses
nd 7.07-fold in cSCCs when compared to normal skin. The impor-
ance of NDRG1 expression has been examined in SCCs of the
nternal organs, in the literature. Dos Santos et al. [18] showed
ignificant upregulation of NDRG1 in oral and oropharyngeal SCCs,
nd concluded that NDRG1 overexpression was significantly corre-
ated with long-term survival. Similar results were also reported
y Chang et al. [19]. The prognostic importance of NDRG1 was
lso demonstrated in esophageal SCCs, as well as in other human
umors, such as tumors of prostate, breast, and colon [20–24].
owever, the MSP  function of NDRG1 is probably carcinoma-
ependent. NDRG1 overexpression in hepatocellular carcinoma has
een shown to be an indicator of poor prognosis [25]. In non small
ell lung carcinoma, its expression is significantly associated with
dvanced stages and weak vascularization [26].
Although HSCORE values of CD82 in in situ and invasive squa-
ous carcinoma were not different from normal skin, only 68.7%

f cSCCs showed CD82 positivity, while limited downregulation of
RNA expression (2.4-fold) was detected in the A-431 cell line.
 significantly lower HSCOREs than normal epidermis in invasive cSCC (B). However,
also positive. MKK4nuc shows higher scores in in situ carcinomas with respect to
, C; D ×200.

Similar to our findings, Okochi et al. [27] showed significant down-
regulation of CD82 in basal cell carcinoma of the skin, despite
conserved expression in Bowen disease. The findings regarding
CD82 expression in other types of human SCC are controversial.
CD82 downregulation has been demonstrated in oral, cervical,
penile, laryngeal, head and neck, and lung SCCs [28–30]. Interest-
ingly, when compared to cSCCs, all of these carcinomas possess
greater metastasis potential. Relatively conserved levels of CD82
may  support the non-metastasizing features of cutaneous SCCs.

Cytoplasmic MKK4 expression was maintained at relatively
higher levels in SCCs in our study. MKK4 expression was  previ-
ously shown to be reduced during cancer progression in prostate
and ovary carcinomas [31,32]. Similar results were shown in other
epithelial cancers, including endometrial carcinoma, gastric carci-
noma, and pancreatic cancer [33–35]. MKK4 is generally accepted
to be a metastasis suppressor, but there are still conflicting reports
in the literature. Huang et al. found higher expression of MKK4
in laryngeal SCCs in comparison with their normal counterparts,
in addition to a positive correlation between higher expression of
MKK4 and increased metastasis [36]. In a recent experimental arti-
cle, Finegan et al. [37] proposed that MKK4 has pro-oncogenic roles
in skin carcinoma. Our data may  support their hypothesis in cSCCs.

The HSCOREs of RHOGDI2 were significantly downregulated in
cSCCs. However, RHOGDI2 cytoplasmic expression was  maintained
in in situ carcinoma. RHOGDI2 expression has not been studied in
skin carcinomas previously as far as we  are aware. The MSP function
of RHOGDI2 was first shown to be a metastasis suppressor gene in
bladder carcinoma [38]. Because of conflicting reports, the metas-

tasis suppressor function of this protein could be considered to be
tissue or organ-dependent. RHOGDI2 has been previously shown to
be upregulated in gastric and ovarian carcinoma, and probably has
a dual role in carcinogenesis [39].
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E-cadherin levels were significantly downregulated in cSCCs.
ownregulation of E-cadherin levels has been well demonstrated

n cSCC before [40–42]. However, we found that mRNA levels were
ot changed in the squamous cell carcinoma cell line. It has also
een reported that a reduced level of E-cadherin expression was
ore evident in acantholytic subtypes of cSCCs [41].
We demonstrated that AKAP12 was downregulated in cSCC,

ith less than half of the cSCCs being positive for AKAP12 staining.
ignificant mRNA downregulation of AKAP12 was also detected in
he A-431 SCC cell line. The decrease in AKAP12 levels in human
arcinomas has been reported in various types of human cancers
43]. Yet, the expression pattern of AKAP12 is not known in skin car-
inomas. A recent study focused on epigenetic regulation of AKAP12
n skin cancer and pointed out that the promoter methylation
requencies were significantly higher in carcinomas with respect
o normal skin tissues. AKAP12 promoter methylation frequencies
ere demonstrated to be 89.6%, 87.1% and 51.2% in cSCC, BCC and
K, respectively [44].

In this study, NM23-H1, NDRG1, RHOGDI2 and MKK4 antibodies
howed both cytoplasmic and nuclear positivity. It is well known
hat the subcellular localization of the proteins alters their func-
ions [45]. The importance of this fact is not clear in MSPs. However,
pstein–Barr virus nuclear antigen 3C (EBNA-3C) promotes Nm23-
1 nuclear localization and modulate Nm23-H1 activities [46].

smail et al. [47] showed that nuclear localization of NM23-H1
rotein in breast cancer is seen more frequently in node-positive
etastatic cases. They concluded that abnormal nuclear accumula-

ion of the protein may  indicate tumor progression [47]. Similarly,
e demonstrated that nuclear NM23-H1 was significantly posi-

ively correlated with stage. The nuclear sequestration of NM23-H1
ay  reduce or alter the normal function of the protein. Besides
M23-H1, the importance of subcellular localization of NDRG1 has
lso been emphasized in the literature [48–50]. Although nuclear
ositivity of MKK4 and RHOGDI has been demonstrated in the lit-
rature, to our knowledge, its meaning is not well known [35,51].

. Conclusions

Although NM23-H1 expression was maintained at constant
evels, RGHOGDI2, E-cadherin, and AKAP12 were significantly
ownregulated in cSCCs. Furthermore, MKK4, NDRG1 and CD82
ere also partially expressed in cSCCs. Similar to other human

umors, cSCCs show a distinct MSP  profile. Data from this study
ight also reveal possible pathways among MSPs, when combined
ith the current knowledge on related pathways. This relationship

etween these MSPs warrants further biological and experimental
athway research to better understand the metastatic events with
egard to SCCs.
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