
Biochemical and Biophysical Research Communications 425 (2012) 177–181
Contents lists available at SciVerse ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier .com/locate /ybbrc
Combined inhibition of p38 and Akt signaling pathways abrogates cyclosporine
A-mediated pathogenesis of aggressive skin SCCs

Aadithya Arumugam a,1, Stephanie B. Walsh a,1, Jianmin Xu a, Farrukh Afaq a, Craig A. Elmets a,b,
Mohammad Athar a,b,⇑
a Department of Dermatology, University of Alabama at Birmingham, Birmingham, AL 35294-0019, USA
b Skin Diseases Research Center, University of Alabama at Birmingham, Birmingham, AL 35294, USA
a r t i c l e i n f o

Article history:
Received 7 July 2012
Available online 20 July 2012

Keywords:
OTR
SCC
Cyclosporine A
mTOR
p38
Akt
0006-291X/$ - see front matter � 2012 Elsevier Inc. A
http://dx.doi.org/10.1016/j.bbrc.2012.07.062

Abbreviations: CsA, cyclosporine A; NFjB, nucl
melanoma skin cancer; SCC, squamous cell carcinom
UVB, ultraviolet B; OTRs, organ transplant recipients
ability pore; VEGF, vascular endothelial growth facto
b-activated kinase1; TAB1, TAK binding protein 1; M
ase; mTOR, mammalian target of rapamycin; NFAT, n
cells; CNI, calcineurin inhibitors; EMT, epithelial-mes
Terminal deoxynucleotidyl transferase dUTP nick end
⇑ Corresponding author at: Department of Dermatol

Birmingham, Volker Hall, Room 509, 1530 3rd Ave
35294-0019, USA. Fax: +1 205 934 7500.

E-mail address: mathar@uab.edu (M. Athar).
1 These authors contributed equally to this study.
a b s t r a c t

Non-melanoma skin cancers (NMSCs) are the most common neoplasm in organ transplant recipients
(OTRs). These cancers are more invasive and metastatic as compared to those developed in normal
cohorts. Previously, we have shown that immunosuppressive drug, cyclosporine A (CsA) directly alters
tumor phenotype of cutaneous squamous cell carcinomas (SCCs) by activating TGF-b and TAK1/TAB1 sig-
naling pathways. Here, we identified novel molecular targets for the therapeutic intervention of these
SCCs. We observed that combined blockade of Akt and p38 kinases-dependent signaling pathways in
CsA-promoted human epidermoid carcinoma A431 xenograft tumors abrogated their growth by more
than 90%. This diminution in tumor growth was accompanied by a significant decrease in proliferation
and an increase in apoptosis. The residual tumors following the combined treatment with Akt inhibitor
triciribine and p38 inhibitors SB-203580 showed significantly diminished expression of phosphorylated
Akt and p38 and these tumors were less invasive and highly differentiated. Diminished tumor invasive-
ness was associated with the reduced epithelial–mesenchymal transition as ascertained by the enhanced
E-cadherin and reduced vimentin and N-cadherin expression. Consistently, these tumors also manifested
reduced MMP-2/9. The decreased p-Akt expression was accompanied by a significant reduction in p-
mTOR. These data provide first important combinatorial pharmacological approach to block the patho-
genesis of CsA-induced highly aggressive cutaneous neoplasm in OTRs.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Organ transplant recipients (OTRs) are prone to increased risk
for developing various cancers including skin cancers such as basal
cell carcinomas (BCCs) and squamous cell carcinomas (SCCs). SCCs
are the most frequently diagnosed malignancies in OTRs compared
to normal cohorts [1–3]; their incidence is more than 65-fold high-
er in OTRs [2,4–6]. The chronic immunosuppression, age and light
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exposure are often correlated with increased cancer risk in OTRs.
These tumors affect more than 40% of OTRs and are responsible
for significant morbidity and increased mortality rate in this pop-
ulation [1–8]. The mechanism of the increased tumor risk involves
decreased immunosurveillance, impaired DNA repair and/or other
direct oncogenic effects of immunosuppressive drugs [9,10].

Cyclosporine A (CsA) is a most common and powerful immuno-
suppressive agent which has shown success in recipients of kidney,
liver and bone marrow transplants [11]. Apart from this, it has also
shown clinical importance in treatment of some autoimmune dis-
orders [12]. It belongs to the class of calcineurin inhibitors (CNIs)
and mediates its immunosuppressive effects through inactivation
of calcineurin [13]. Inhibition of calcineurin suppresses the expres-
sion of interleukin (IL)-2 through the nuclear factor of activated T
cells (NFAT) pathway [14]. CNI-based immunosuppressive regi-
mens such as CsA and tacrolimus have been associated with great-
er incidence of skin cancer [15]. We earlier demonstrated a role of
TGF-b signaling pathway in the formation of larger and aggressive
tumors in CsA-treated A431 human epidermoid xenograft
murine model involving an enhancement of epithelial–mesenchy-
mal transition (EMT) [16]. CsA enhanced the tumor growth of
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subcutaneously injected colon adenocarcinoma cells in immuno-
deficient mice bearing a heart allograft [17]. We also showed that
CsA alters the functioning of mitochondria and blocks the mito-
chondrial permeability pore (MPP) opening, thereby interfering
with the ability of these cells to undergo apoptosis [18]. Additional
studies from our laboratory demonstrated that CsA treatment en-
hances the growth of SCCs by activating nuclear factor jB (NF
jB) and p38 MAP kinase pathways and regulating tumor growth
factor b-activated kinase 1 (TAK1) [19].

Here, we have identified Akt and p38 as potential novel molec-
ular targets for the therapeutic intervention of CsA-mediated
aggressive SCCs that occur in OTRs. Combined blockade of Akt
and p38 signaling pathways in these tumors reduced their growth
considerably which was accompanied by a significant decrease in
proliferation and a concomitant increase in apoptosis. Restoration
of the epithelial phenotype was noted in tumors excised from mice
receiving the combined treatment with Akt/p38 inhibitors. The
mechanism of this inhibition was related to diminution of mTOR
signaling pathway.
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Fig. 1. p38 and Akt inhibitors attenuate the cyclosporine A-augmented growth of
cutaneous SCCs in xenograft murine model. (A) Profile of tumor growth and (B)
histology of tumors excised from various treatment groups.
2. Materials and methods

2.1. Chemicals, reagents and antibodies

Triciribine (EMD chemicals), SB-203580 (LC-laboratories), anti-
bodies against p-Akt (Ser473), pMAPKAP-2, PCNA, MMP-2, MMP-9
(Santa Cruz Biotechnology, Inc.), N-cadherin, p-mTOR, Bcl-2, Bax
(Cell Signaling Technology, Inc.), Cyclin D1 (Thermo Scientific),
and secondary anti-mouse, anti-goat and anti-rabbit antibodies
(Peirce Biotechnology, Inc.) were purchased.

2.2. Cells

Human epidermoid carcinoma A431 (CR-2592) cells were ob-
tained from the American Type Culture Corporation (Manassas,
VA, USA). Cells were cultured in Dulbecco’s modified Eagle’s med-
ium (DMEM) supplemented with 10% fetal bovine serum (FBS),
100 U/ml of penicillin, and 100 lg/ml of streptomycin at 37 �C in
a CO2 humidified chamber.

2.3. Animal study

Female Athymic NCr nude mice (3–5 weeks old) were pur-
chased from NCI-Frederick Animal Production Program (Frederick,
MD, USA) and were kept under conditions of constant temperature
(23 ± 2 �C) and humidity (55 ± 15%) with a 12-h light/dark cycle
and had free access to food and water. As shown in Suppl. Fig. 1,
animals were inoculated subcutaneously on their right and left
flanks, each with A431 human epidermoid carcinoma cells
(2.5 � 106 in 100 ll PBS). These animals were randomly divided
into five groups of ten mice each and subjected to following treat-
ment protocol with various agents administered intraperitoneally
(I.P) for a period of 2 weeks. Group I received 200 ll of PBS (vehi-
cle) served as a control; group II received CSA (20 mg/kg in PBS);
group III received CSA (20 mg/kg in PBS) + SB-203580 (10 mg/kg);
group IV received CSA (20 mg/kg in PBS) + triciribine (1 mg/kg)
and group V received CSA (20 mg/kg in PBS) + SB-203580 (10 mg/
kg) + triciribine (1 mg/kg). Tumors were measured twice a week
with a digital microcaliper, and tumor volume was calculated as
mean of length �width � height/mouse. Fifteen days after cell
inoculation, animals were sacrificed and their tumors were ex-
cised. Portions of each tumor were either preserved in formalin
for histological analysis/immunofluorescence or snap frozen in li-
quid nitrogen for western blot studies. This animal study was ap-
proved by our Institutional Animal Care and Use Committee.
2.4. Western blot analysis

Tissue lysates were prepared in ice-cold lysis buffer (50 mM
Tris–HCl (pH 7.5), 1% Triton X-100, 0.25% sodium fluoride, 10 mM
b-glycerol phosphate, 1 mM EDTA, 5 mM sodium pyrophosphate,
supplemented with complete protease inhibitor cocktail (Roche
Molecular Biochemicals), 10 mM DTT, 0.5 mM sodium orthovana-
date and phosphatase inhibitors) using PowerGen 1000 homoge-
nizer (Fischer Scientific). The lysates were centrifuged at
10,000 r.p.m for 15 min at 4 �C. The supernatant obtained was used
for further analysis as described earlier [19].
2.5. Immunofluorescent staining

Tumor tissues were excised and fixed in cold formalin solution
overnight at 4 �C. These sections were dehydrated by passing
through a gradient of 70% ethanol, 95% ethanol and 100% ethanol
and were embedded in paraffin wax and sectioned onto slides. Sec-
tions measuring 5 lM were cut using a microtome and were depa-
raffinized in xylene, rehydrated and treated with Vector antigen
unmasking solution according to the manufacturer’s protocol (Vec-
tor Laboratories, Burlingame, CA, USA). To prevent the non-specific
binding, slides were blocked with 2% bovine serum albumin (BSA)
in phosphate-buffered saline (PBS). Primary antibodies (diluted in
2% BSA/PBS) were added and incubated overnight at 4 �C followed
by incubation with Alexa Fluor conjugated anti-goat or rabbit sec-
ondary antibodies for 1 h. The slides were rinsed with PBS and
mounted with mounting medium containing DAPI (Vector Labora-
tories). Fluorescence was immediately recorded on an Olympus
EX51 microscope.
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2.6. Apoptosis

Apoptosis was determined immunohistochemically by the ter-
minal deoxynucleotidyl transferase-mediated dUTP nick end label-
ing (TUNEL) assay using formalin-fixed tissues employing the In
Situ Cell Death Detection Kit, POD (Roche) as per manufacturer’s
instructions. Positive control was generated by the treatment of
samples with DNase I.

2.7. Statistical analyses

Tumor data and western blot quantification were summarized
using descriptive statistics and graphical displays. Statistical anal-
ysis was done by Student’s t test, and p < 0.05 was considered to be
significant.
3. Results and discussion

3.1. p38 and Akt inhibitors block CsA-mediated aggressive skin
neoplasia in human epidermoid carcinoma xenograft murine model

As observed earlier [16], we found that CsA treatment led to the
development of larger tumors as compared to the vehicle-treated
controls (Fig. 1A). These tumors continued to grow beginning from
day 6 to day 14. The mean tumor volume in CsA-treated mice was
3982 ± 850 as compared to 1673 ± 412 in vehicle-treated controls
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Fig. 2. p38 and Akt inhibitors block proliferation and induce apoptosis. (A) Immuno
expression of proliferation-related biomarkers cyclin D1 and PCNA, and apoptosis related
of single and combined treatments with p38 and Akt inhibitors on the expression of cy
(p = 0.01). However, a significant reduction in tumor volumes in
mice treated with SB-203580 (p = 0.004) and triciribine (p = 0.02)
alone as well in combination (p = 0.01) with mean tumor volumes
of 1486 ± 284, 1718 ± 344 and 802 ± 93, respectively was observed.
The animals in group III, IV and V showed enormous reduction in
tumor growth as compared to those in CsA (alone)-treated group.
In addition, unlike the tumors isolated from CsA (only)-treatment
group showing increased number of mitotic cells and poorly differ-
entiated histology, the SB-203580 + triciribine-treated tumors
were highly differentiated (Fig. 1B).
3.2. p38 and Akt inhibitors reduced CsA-mediated proliferation and
augmented apoptosis

CsA treatment significantly increased the levels of proliferation
markers cyclin D1 and proliferating cell nuclear antigen (PCNA) as
compared to vehicle-treated control group (Fig. 2A and B) con-
firming our earlier observation [16,19]. However, administration
of inhibitors of p38 or Akt alone or in combination to CsA-treated
animals significantly decreased the expression of these proteins
(Fig. 2A and B and Suppl. Fig. 2). These data suggest that the com-
bined treatment with SB-203580 + triciribine was more effective
in decreasing these proliferation marker proteins as compared
to single agent treatment. We also found increased number of
TUNEL positive cells in the combined treatment group as shown
in Fig. 2A. This was consistent with an increase in pro-apoptotic
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fluorescence staining of tumors excised from various treatment groups showing
biomarkers Bcl-2, Bax and TUNEL staining. (B) Western blot analysis showing effects
clin D1 and PCNA.
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Fig. 3. Activated p38 and Akt signaling pathways are blocked by the treatment with p38 and Akt inhibitors when administered singly or in combination. (A)
Immunofluorescence staining showing expression of phosphorylated p38, mTOR and Akt. (B) Western blot analysis showing effects of single and combined treatments with
p38 and Akt inhibitors on the expression of total and phosphorylated p38, Akt and MAPKAP-2.
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Fig. 4. Treatment with p38 and Akt inhibitors reduces aggressiveness of cyclosporine A-induced tumors as ascertained by epithelial/mesenchymal marker proteins. (A)
Immunofluorescence staining showing expression of E-cadherin and vimentin. (B) Western blot analysis showing effects of single and combined treatments with p38 and Akt
inhibitors on the expression of E-cadherin, N-cadherin, MMP-2 and MMP-9.
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protein Bax and a decrease in anti-apoptotic protein Bcl-2
(Fig. 2A).

3.3. p38 and Akt inhibitors block molecular targets involved in cell
survival pathway

The prototypic pathways that promote cell survival are the
phosphoinositide 30-kinase/Akt/mammalian target of rapamycin
(mTOR) pathways, which are constitutively activated in many can-
cer types including those that develop in the skin [20]. In this
study, using western blot analysis and immunostaining we found
increased levels of p-Akt in CsA-treated group (Fig. 3A). Earlier,
CsA treatment was shown to induce Akt pathway [21]. However,
here we found that its inhibitor triciribine decreased p-Akt and
its downstream target p-mTOR. Similar results were obtained fol-
lowing inhibition of p38 by SB-203580 (Fig. 3A and B). Moreover,
the combined inhibition of both p38 and Akt in CsA-treated ani-
mals was more effective and more significantly reduced p-Akt
(p = 0.0001), p-p38 (p = 0.02) and p-mTOR as compared to CsA
(alone)-treatment group (Suppl. Fig. 3). We also found reduced
expression of phosphorylated MAPK-activated protein kinase-2
(p-MAPKAP-2), a downstream target of p38 in tumors treated with
these inhibitors alone or in combination.

3.4. p38 and Akt inhibitors restore the epithelial phenotype by
reducing EMT

As compared to CsA (alone) treatment group, treatment of CsA-
administered animals with p38 and Akt inhibitors enhanced
expression of E-cadherin (p = 0.04), an epithelial marker and de-
creased vimentin, a mesenchymal marker (Fig. 4A). N-cadherin, an-
other mesenchymal marker was also decreased significantly
(p = 0.009) following treatment with these agents alone or in com-
bination (Fig. 4B and Suppl. Fig. 4). Similar decrease was noted in
MMP-2 (p = 0.03) and MMP-9 (p = 0.006) expression following
these treatments (Fig. 4B and Suppl. Fig. 4).

It is known that immune-suppressive drugs enhance cutaneous
and other neoplasms [22]. These drugs by directly interacting with
cancer cells augment their invasiveness and metastatic potential
[23]. We and others have shown that the mechanisms underlying
these changes involve modulation of NFAT-signaling pathways
that regulate expression of multiple cytokines, cell cycle, apoptosis
and differentiation related genes [16,24]. We also showed that CsA
by regulating TGFb-dependent signaling pathway promotes EMT
and modulate invasive potential of cutaneous SCCs [16]. In this re-
gard, our studies further demonstrated an involvement of TAK1/
TAB1 signaling pathway, which by regulating MAPK and Akt aug-
ment cancer cell survival [19]. Here, we demonstrated that com-
bined inhibition of p38 and Akt signaling pathways abrogates
CsA-mediated cancer progression. The mechanism by which this
combination works seems to involve inhibition of proliferation
and enhancement of apoptosis. It is likely that these agents to-
gether target cell survival and proliferation-related signaling path-
ways to attenuate the growth of these lesions. However, the exact
molecular mechanism remains to be investigated. In summary, our
data provide an identification of novel molecular therapeutic tar-
gets for cutaneous SCCs in OTRs. In this regard, diminution in
mTOR signaling seems to be the major underlying mechanism.
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