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Abstract
The serum- and glucocorticoid-regulated kinase (SGK) family consists of three members, 
SGK1, SGK2 and SGK3, all displaying serine/threonine kinase activity and sharing structural 
and functional similarities with the AKT family of kinases. SGK1 was originally described as 
a key enzyme in the hormonal regulation of several ion channels and pumps. Over time, 
growing and impressive evidence has been accumulated, linking SGK1 to the cell survival, 
de-differentiation, cell cycle control, regulation of caspases, response to chemical, mechanical 
and oxidative injury in cancer models as well as to the control of mitotic stability. Much 
evidence shows that SGK1 is over-expressed in a variety of epithelial tumors. More recently, 
many contributions to the published literature demonstrate that SGK1 can mediate chemo- 
and radio-resistance during the treatment of various human tumors, both in vitro and in 
vivo. SGK1 appears therefore as a dirty player in the stress response to chemical and radio-
agents, responsible of a selective advantage that favors the uncontrolled tumor progression 
and the selection of the most aggressive clones. The purpose of this review is the analysis of 
the literature describing SGK1 as central node of the cell resistance, and a summary of the 
possible strategies in the pharmacological targeting of SGK1.

Insight into SGK1

The serum- and glucocorticoid-regulated kinase 1 (SGK1) is a serine/threonine kinase, 
member of the AGK Kinase family, that shares structural and functional similarities with 
C. Talarico and V. Dattilo contributed equally to this work and thus share the first authorship.



Cell Physiol Biochem 2016;39:1863-1876
DOI: 10.1159/000447885 
Published online: October 24, 2016 1864
Talarico et al.: SGK1 in Chemo- and Radio-Resistance

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

AKT (Protein Kinase B), PKC (Protein Kinase C) and S6K (Ribosomal S6 Kinase) [1-3]. SGK1 
is regulated at different levels by insulin, cAMP [4-6], IGF-1 (Insulin like growth factor-I) 
[7], steroids [8], IL-2 (Interleukin-2) [9] and TGFβ (Transforming growth factor-beta) [10] 
and has been considered an essential convergence point for peptide and steroid hormone 
regulation of ENaC-mediated Na+ transport [11]. Interestingly, a SGK1 polymorphic variant, 
carried by approximately 3-5% of Caucasians and approximately 10% of Africans, is 
associated with type 2 diabetes, obesity and increased blood pressure [12]. This peculiar role 
of SGK1 suggested a possible involvement in the pathogenesis of some of the components 
of  the metabolic syndrome, like insulin resistance and hypertension [13, 14]. Obesity and 
metabolic syndrome are, in turn, associated with an increased risk of cancer [15]. As a 
matter of fact, the association between obesity and/or metabolic syndrome and an elevated 
mortality from cancer has been confirmed by several studies in different populations, so that 
obesity is now recognized to be a relevant cancer risk factor worldwide. Unfortunately, the 
underlying molecular mechanisms of this association are still lacking [16, 17].

SGK1 regulates, beside ENaC (amiloride-sensitive sodium channel), other ion 
channels (e.g., KCNE1/KCNQ1), carriers (such as NCC, NHE3, SGLT1), Na(+)/K(+)-ATPase, 
enzymes (including glycogen-synthase-kinase-3) and transcription factors or regulators 
(including FOXO3a, β-catenin, NF-kappaB, SP1, p27) [18-20]. Ion channel physiology 
and pathophysiology of membrane polarization have  an impact on cell proliferation by 
mechanisms that have been only recently elucidated in part [21, 22]. Taken together, all this 
information suggests that SGK1, originally described as a kinase responsible for regulating 
several cellular ion channels and pumps [23-25], can indeed have a role in oncology and 
immunology as well [26-28]. SGK1 function is tightly dependent on mTOR phosphorylation. 
Following the mTOR-dependent hydrophobic motif (H-motif) phosphorylation on serine 
422 [29], the kinase evolves into an open conformation for phosphorylation and full 
activation by 3-phosphoinositide-dependent kinase-1 (PDK1) [30]. Increased SGK1 
expression and/or activity has been found in several human tumors, including breast [31, 
32], tongue [33], ovarian [34], prostate [35], multiple myeloma [36] and non-small cell lung 
cancer [37]. Currently, SGK1 expression is described as related to events of invasiveness 
and metastasization [38-42]. Conversely, SGK1 knock-out models have been shown to be 
strongly resistant to chemical carcinogenesis [43]. It has recently been demonstrated that 
SGK1 is essential and limiting in regulating cell survival, proliferation and differentiation 
via phosphorylation of Mouse Double Minutes 2 (MDM2), which governs p53 ubiquitylation 
and proteosomal degradation [44]. SGK1 also affects mitotic stability in colon carcinoma 
cells by regulating the expression of RANBP1 (Ran-specific binding protein 1), the pivotal 
regulator of GTPase RAN. SGK1 modulates RAN/RANBP1 abundance at the transcriptional 
level via SP1 activation and phosphorylation on Serine 59, thus affecting taxol sensitivity 
in these cells [45]. Taken together, all the evidence points to SGK1 as a key element in the 
development and/or progression of human cancer (Fig. 1).

SGK1 and chemo-resistance

One of the first observations that postulated a role of SGK1 in chemo-resistance came 
from the work of Amato et al. in 2007. He showed that the ectopic IL-2 receptor expression 
in renal carcinoma cells was able to activate SGK1 through PI3K. Activated SGK1 mediates 
hyper-proliferation and survival, but also induces resistance to doxorubicin through a FAS/
FASL (CD95-CD95L) dependent mechanism [9].

In the last few years, several works have focused on AKT as an important mediator in the 
chemo-resistance [46]. Indeed, a great number of clinical trials evaluating the therapeutic 
efficacy of AKT inhibitors for cancer-treatment have been designed and conducted or are 
ongoing worldwide [47]. However, resistance to these inhibitors has been observed, typically 
in tumors characterized by elevated expression of SGK1 [31]. Therefore, the interest is now 
shifting to SGK1, due to its structural and functional similarity with AKT. SGK1 has the 
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potential to affect chemo-sensitivity of cancer cells through different mechanisms. One of 
these is dependent on the specific NDRG1 phosphorylation on three C-terminus residues 
(Thr328, Ser330 e Thr346) [48]. NDRG1 is considered an hallmark of carcinogenesis, by 
affecting cell proliferation, differentiation, migration, invasion, and stress response [49] as 
well as resistance to alkylating chemotherapy [50]. Multiple events, including stress signals, 
changes in the oxidative balance [51], nickel toxicity [52], DNA damage, elevated p53 
expression [53] and hypoxia [54] stimulate the NDRG1 expression. The specificity of NDRG1 
phosphorylation is still controversial, in fact NDRG1 appears to be phosphorylated by AKT in 
vitro, although less efficiently than SGK1 [48]. Sommer et al. showed that several breast cancer 
cells displaying high AKT and low SGK1 activity (BT-474, CAMA-1 and T47D) were sensitive 
to AKT inhibitors that also determined a decrease in NDRG1 phosphorylation. Conversely, in 
several breast cancer cell lines displaying high SGK1 activity (BT-549, JIMT-1, MDA-MB-436 
e HCC-1937), NDRG1 phosphorylation is sensitive to SGK1 down regulation, but not to 
AKT inhibitors [31]. Since the expression of SGK1 is strongly induced by steroid hormones, 
including the glucocorticoids (e.g. dexamethasone) [55] which are routinely administrated 
in cancer patients, the concomitant use of glucocorticoids and AKT inhibitors may result 
in high SGK1 levels thus inducing chemo-resistance [31]. Briefly, SGK1 expression levels 
represent a predictive marker of response to AKT inhibitors in the treatment of breast cancer 
[31]. Moreover, the network SGK1/NDRG1 appears to be also implicated in the resistance 

Fig. 1. Signaling pathway of SGK1 in neoplastic models. Black arrows: molecular activation with strong 
evidence  in literature. Red arrows: molecular inactivation with strong evidence in literature. Black dashed 
line: molecular activation with slight evidence in literature. Strong: evidence supports a direct regulation/
interaction; Slight: evidence supports an indirect or mediated regulation/interaction.
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to alkylating agents, such as temozolomide (TZM), commonly associated with radiotherapy 
in the treatment of malignant gliomas [56]. In malignant gliomas, NDRG1 is expressed at 
high levels and is considered predictive of poor response to alkylating-chemotherapy, via 
distinct molecular pathways involving hypoxia-inducible factor (HIF)-1alpha, p53 and the 
complex mTORC2/SGK1. In fact, the SGK1-dependent phosphorylation of NDRG1 on T346 
is increased in TMZ-resistant cell lines. Accordingly, the pharmacological inhibition of SGK1 
by EMD638683 overcomes the NDRG1- mediated resistance to TMZ. All the evidence points 
to NDRG1 as a predictive biomarker for TMZ response in advanced gliomas and suggests 
a possible therapeutic role of SGK1 inhibition [56]. This aspect has been also highlighted 
by Kim et al. and Skor et al. who defined the role of SGK1 in the resistance to paclitaxel in 
dexamethasone-pretreated MDA-MB-231 cells (GR+, triple negative breast cancer (TNBC) 
cells) [57, 58]. In early-stage TNBC the high expression and activity of GR, positively 
correlates with chemotherapy resistance and increased recurrences. GR activation by either 
physiologic concentrations of glucocorticoids or dexamethasone treatment, mediates a potent 
antiapoptotic response, by stimulating SGK1 and MKP1/DUSP1 expression. This protective 
effect is observed when apoptosis is induced by growth factor deprivation or mediated by 
paclitaxel-based chemotherapy and is dependent on caspase-3 and PARP signaling both in 
vitro (MDA-MB-231 cells) and in vivo (TNBC xenograft model). Notably, in these conditions 
the addition of mifepristone, an antagonist of GR activity, blocks the GR-mediated survival 
of TBNC cells, and inhibits the expression of associated genes and apoptotic pathways [58]. 
Beside dexamethasone, oxidative stress also enhances the expression of SGK1, that in turn, 
inhibits SEK1 (MKK4/JNKK) by phosphorylation on Ser78, reduces SEK1 binding to JNK1 
and counteracts the paclitaxel-induced apoptosis. In fact, the RNAi-mediated SGK1 depletion 
abolishes the dexamethasone-dependent inhibition of SEK1-JNK1 signaling and increases 
the paclitaxel-related cell death in MDA-MB-231 breast cancer cells[57]. Interestingly Ser78  

in SEK1 is also a phosphorylation target of AKT through an oxidative stress/dexamethasone-
independent mechanism [59]. All these pieces of evidence together with the observation of 
high SGK1 expression in several breast cancers [60, 61], suggest that the SGK1 inhibition  and/
or GR antagonism can improve the efficiency of breast cancer treatment [57], particularly for 
patients with chemotherapy-resistant TNBC [58]. Another putative mechanism for the SGK1-
dependent paclitaxel resistance was described by Amato et al. in colon cancer cells. In this 
work it has been demonstrated that SGK1 affects taxol-induced mitotic arrest in RKO cells 
via modulation of RANBP1 expression [45]. RANBP1 is a major effector of the GTPase RAN: it 
cooperates with RANGAP1 (RAN GTPase-activating protein) in regulating GTP hydrolysis on 
RAN, thus promoting RAN-dependent signals in all downstream-regulated processes, such 
as nuclear import and export during interphase or mitotic spindle organization and nuclear 
reformation after mitosis [62-64]. RANBP1 expression is regulated by the transcription 
factor SP1, that is activated by SGK1-dependent phosphorylation on Ser59. As a result, 
SGK1 over-expression enhances RANBP1 transcript levels, whereas its silencing through 
RNA interference reduces RANBP1 abundance. Therefore, SGK1 silencing enhances taxol-
induced apoptosis, recapitulating the effects of direct RANBP1 inactivation. Moreover, the 
ectopical RANBP1 expression counteracts the effects of SGK1 silencing in paclitaxel treated 
cells, proving that the effect of SGK1 on paclitaxel sensitivity is indeed mediated by RANBP1. 
An important implication of these findings is that SGK1 overexpressing tumors may be 
resistant to paclitaxel-dependent cell death due to their elevated RANBP1 expression [45]. 
Somewhat confirmatory data came from other groups. The modulation of miR-491-3p/
mTORC2/FOXO1 axis appears to be important in the development of chemo-resistance. miR-
491-3p was observed to be down-regulated in retinoblastoma cells under hypoxic condition 
[65] and in glioblastoma multiforme samples [66]. Zheng et al. have focused on the role of 
miR-491-3p in chemo-resistance of tongue cancer (TG). They found that the levels of miR-
491-3p were decreased in multidrug-resistant TC cells and that the induction of miR-491-
3p expression sensitized TC cells to chemotherapy. miR-491-3p directly targeted mTORC2 
component Rictor and inhibited mTORC2 activity, which was increased in resistant TC cells 
with high p-AKT Ser473), p-SGK1(Ser422) and p-FOXO1(Thr24) levels [67].
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SGK1 and radio-resistance

In 2012 Feng et al. published on PNAS an impressive work that correlated the in vivo 
expression of SGK1 to the MDM2-dependent p53 degradation. SGK1 expression was up 
regulated in mice by means of chronic restraint stress that induced the activation of the 
hypothalamic-pituitary-adrenal axis. Activated SGK1 enhanced MDM2 mediated p53 deg-
radation and greatly promoted ionizing radiation (IR)-induced tumorigenesis in p53(+/-) 
mice and, furthermore, promoted  the growth of human xenograft tumors [68]. These data 
confirmed the first original demonstration  that SGK1 was a key negative regulator of p53 
through MDM2 activation [44]. Towhid et al. [69] demonstrated in a  colon carcinoma (CaCo-
2) cell line that  pharmacological inhibition of SGK1 by EMD638683 (50 µM) synergized 
with low doses of radiation (3GY), causing  mitochondrial depolarization and late apopto-
sis (necro-apoptosis), with relative increase of caspase-3. Liu et al. [70] demonstrated that 
the treatment of MCF7 breast cancer cell lines with TAC (Testosterone albumin conjugates), 
triggers androgen receptor independent non genomic signaling mediated by the membrane 
androgen receptor and  induces a calcium-dependent actin remodeling that sensitizes the 
cells to apoptosis. The concomitant use of a SGK1 specific inhibitor (EMD638683) potenti-
ates the effects of TAC and synergizes with radiotherapy. The authors conclude that mAR 
activation in combination with SGK1 inhibition and radiation may provide a powerful novel 
anti-tumorigenic strategy in the combat against breast cancer [64]. The role of SGK1 in the 
development of radio-resistance of human tumors was later extensively analyzed as a key 
theme by Talarico et al. [71, 72]. The effects of radiation therapy in cellular models of liver 
tumors in the presence of either SGK1 inhibition or SGK1 over-expression  are described in 
a special section of this review [71]. Also in glioblastoma cells, the treatment with inhibi-
tors of SGK1 was able to potentiate the effects of radiotherapy in a dose-dependent man-
ner. In these cells radiotherapy exerts its anti-cancer effects through induction of ROS based 
oxidative-stress. Since SGK1 protects cells from oxidative stress mediated apoptosis, con-
comitant treatment with radiotherapy and the SGK1 inhibitor SI113 was indeed expected to 
circumvent the recovery from oxidative damage after irradiation. Similarly, radiotherapy in 
glioblastoma cells also induced cell death as a consequence of cytoplasmic-reticulum stress. 
Again, SGK1 allows recovery from such stress and SGK1 inhibition enhances the cytotoxic  
effects of radiotherapy mediated by cytoplasmic reticulum stress. These observations  
explain why the SI113-dependent SGK1 inhibition is able to exert  a consistent additive effect 
with radiotherapy [72].

The SGK1 kinase inhibitors: the new side of the force

Under non pathological conditions, the expression of SGK1 results to be low in several 
tissues and apparently not required for basic functions. In fact, SGK1 knock-out mice show 
a very mild phenotype, only characterized by the inability to control sodium homeostasis 
when subjected to low sodium diet [24]. On the other hand, SGK1 is rapidly up-regulated 
under specific stress and pathological conditions [18]. In light of the emerging evidence 
highlighting a role for SGK1 in mediating several neoplastic features and properties, a real 
race to the definition of specific and selective inhibitors of SGK1 has arisen. The first in-
hibitor of SGK1 that was reported in the literature with potential therapeutic significance 
is a heterocyclic indazole derivate, later defined GSK650394 by Sherk et al. [73]. Originally 
described as being able to block the cell growth of androgen-dependent prostatic cell lines 
[73], GSK650394 has more recently shown some in vivo ability to synergize with cisplatin in 
the treatment of head/neck cancer and in the depletion of the CD44+ initiating-cancer cells 
[74]. However, the toxicity data of this molecule are not clearly and organically reported in 
the literature. Moreover, GSK650394 is equally active towards both SGK1 and SGK2. Besides, 
this inhibitor is only around 30-fold more selective for SGK1 than for IGF1R, Rho-associated 
protein kinase (ROCK), Janus kinase isoforms (JAK1, JAK3), protein kinase B isoforms (AKT1, 
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AKT2, AKT3), dual-specificity tyrosine phos-
phorylation-regulated kinase (DYRK1A) and 
PDK1, and less than 10 fold selective for 
SGK1 than for Aurora and c-Jun N-terminal 
kinase [73, 75]. The second oldest SGK1 in-
hibitor reported in the literature is a benzo-
hydrazide derivative, named EMD638683 by 
Ackermann et al. [76]. Originally described 
as an inhibitor of the SGK1-dependent meta-
bolic effects, it was more recently evaluated 
in experimental models of colon cancer. The 
molecule has been shown to induce apop-
tosis and modulate radiations-dependent 
effects, at least at very low dose-rate (3Gy). 
Also, in vivo EMD638683  has been able  to 
prevent the chemically-induced colon car-
cinogenesis, in accordance with the murine 
knock-out model for SGK1 [69]. Specificity at 
the dose of 1µM has been well tested over a 
broad panel of kinases. The comparison re-
vealed that EMD638683 has an inhibitory ef-
fect also on cAMP-dependent protein kinase 
(PKA), mitogen- and stress-activated protein 
kinase 1 (MSK1), protein kinase C-related ki-
nase 2 (PRK2), and the SGK isoforms SGK2 
and SGK3 [76]. However in oncological  pa-
pers, the molecule was tested at a dose of 50 
µM [69], that appears to be well beyond the 
one used for specificity assay. It is therefore 
not impossible that other kinases are inhib-

Fig. 2. Structural formula of EMD638683 (adapted 
from [76]), SI113 and GSK650394 (adapted from 
[73]).

ited at this dose range. The structural formula of EMD638683 and GSK650394 are provided 
(Fig. 2, top and bottom panel). More recently, we screened a family of dual SRC/ABL small 
molecule inhibitors, characterized by a substituted pyrazolo[3,4-d]pyrimidine scaffold, for 
their ability to inhibit SGK1 and AKT kinase activity, competing with ATP for its binding do-
main [77]. Among these molecules, SI113 (Fig. 2, middle panel) resulted particularly selec-
tive in inhibiting SGK1 kinase activity, while being much less effective on AKT1. A model of 
the in silico interaction between SI113 and the catalytic domain of SGK1 is provided in Fig. 
3. A docking and chemical analysis revealed homologies among the target active sites: the 
ratio between average SGK1 and AKT1 values has shown differences in the range of 10% 
for all measurements, except for the hydrophobic site. In fact, the SGK1 lipophilic area was 
47% larger than that of AKT1. It is possible that the differential hydrophobic interaction may 
explain the preference of SI113 in SGK1 recognition and inhibition compared with AKT1. 
Moreover, a dose dependent curve of SI113-dependent SGK1 and AKT1 inhibition showed 
that the inhibition of the SGK1 activity occurred with an IC50 value of 600 nmol/L with a 100-
fold selectivity compared to AKT1. In fact, AKT1 was inhibited with an IC50 value equal to 50 
μmol/L [77]. Similarly, the molecule was significantly less effective in the inhibition of other  
SI113-targeted substrates, toward which the molecules was originally developed e.g. ABL 
and SRC [78]. Additionally, in our hands, SI113 induced cell death, thus altering the growth 
rate in various malignant cell lines. Specifically, SI113 induced apoptosis in RKO colon carci-
noma cells, both alone or synergizing with paclitaxel [78].

The three compounds were submitted to the ADME and molecular descriptor estimation 
using the Schrödinger Software Release 2015-4 (QikProp module). The detailed molecular 
descriptors and their ranges are listed in a novel comparative table (Table 1).
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Fig. 3. SI113 recognition of  SGK1.The inhibitor is depicted in polytube CPK colored, the enzyme active site 
residues are shown as surface, the rest of the enzymes is reportedas a cartoon. Yellow, purple or cyan dotted 
lines represent hydrogen bonds, cation-π, or t-shape π−π interactions, respectively.

Preclinical model in HCC: effective model for a SGK1 drug targeting in vivo: 
evidences of clinical synergy with radiation therapy

Recently, genome-wide analysis of gene expression in human hepatocellular carcinoma 
cells (HCC) revealed that SGK1 and its cognate kinase AKT1 are similarly over-expressed 
when compared with normal human hepatocytes, thus indicating that both kinases might 
have roles in hepatocellular dysregulation [79-81]. In HCC, SGK1 is particularly relevant in 
highly malignant tumors characterized by epithelial-to-mesenchimal transition (EMT) that 
supports the underlying liver cirrhosis [80]. In a recently published work by Talarico et al. 
in Oncotarget [71], we learned relevant details in vivo and in vitro about specificity of the 
SI113-dependent SGK1 inhibition. In fact we first demonstrated that the SGK1 expression 
is mandatory for SI113 to decrease HCC cell viability and trigger apoptosis. In fact, SI113 
is completely ineffective in SGK1 silenced cells by means of shRNA technology. Under these 
conditions SI113 not only lost its anti-proliferative and pro-apoptotic effects, but also 
showed a minimal anti apoptotic effect that possibly results from the interaction with other 
targets, in absence of SGK1. This, of course, provides an important indication for a possible 
clinical use of SI113 that must take into account the expression level of SGK1 as a therapeutic 
predictor. In the studied models of HCC, SGK1 pharmacological inhibition was also able to 
recapitulate the effect of SGK1 specific silencing, at least, in three pivotal pathways involved 
in the control of neoplastic transformation and development: mitotic stability, proliferation/
cell survival and response to chemo-radiogenic damage. Indeed SI113-dependent inhibition 
of SGK1 altered the expression and the function of RAN/RANBP1, MDM2/p53 and NDRG1. 
The ability of SI113 to regulate the expression and function of RANBP1/RAN plays an 
important role in HCC models. We previously demonstrated in models of colon carcinoma 
that the specific and stable SGK1 silencing led to a down regulation of RANBP1 and 
consequently altered the balance RANBP1/RAN. We also suggested that this effect involved 
SGK1 dependent phosphorylation and activation of SP1 transcription factor that governs 
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the expression of  RANBP1 [45]. Now, also in liver models, we obtained similar results 
by SI113-dependent SGK1 inactivation. From a more functional point of view, however, 
the SI113-dependent SGK1 inhibition is expected to alter the capacity of RANBP1 to fine-
tune the mitotic checkpoint and nuclear stability [82-86]. In fact, in our experimental 
conditions, treatment with SI113 determined a profound G2/M-phase perturbation [71]. 
This imbalance in the G2/M mitotic check point apparently makes the cells more sensitive 
to all those elements acting on this specific step (e.g. taxanes and X-ray damage). In the past, 
we demonstrated for the first time that SGK1 was able to regulate both in vivo and in vitro 
MDM2, through a specific phosphorylation on serine 166, thereby activating the ubiquitin-
dependent degradation of p53 [44]. In Talarico et al. 2015 [71], we showed that the specific 
SI113-dependent inhibition of SGK1 caused a decreased phosphorylation of MDM2 that 
is expected to result in a reduced degradation of p53. This particular effect appears to be 
important for the regulation of proliferation and may have consequences in terms of cellular 
response to stress. MDM2 expression and activity is indeed considered as a marker of radio-
sensitivity [87]. We demonstrate that SGK1 expression levels affect the response to X-ray 
damage [71]. In fact, in cellular models of HCC, SGK1 over-expression causes an important 
increase in radio-resistance, whereas the specific SGK1 silencing causes an important 
increase in radio-sensitivity, when compared with the appropriate controls. Interestingly, 
the combined radiation/SI113 therapy induced an almost complete de-phosphorylation of 
MDM2 on serine 166 that may indeed explain the enhanced sensitivity to radiation. SII13 
treatment also altered the phosphorylation and the abundance of NDRG1, a protein that has 
been proposed as a potential clinical target for HCC [88], thus suggesting another possible 
mechanism through which the SI113-dependent SGK1-targeting might be beneficial in HCC 
treatment. The data obtained by a proteomic approach after treatment with SI113 are also 
extremely interesting for the definition of new cellular pathways dependent on SGK1 in HCC. 
A number of new possible signaling pathways affected by the inhibition of SGK1 have been 
described, that may play a key role in the understanding the mechanisms of liver tumor 
formation and may also possibly disclose additional targets or factors of resistance to the 
treatment with SI113. We have, indeed, identified 85 proteins differentially modulated by 
SI113 dependent SGK1 inhibition. Among these, RAN and  RANBP1 were confirmed to be 
down-regulated, as expected,  together with important factors that are known to affect the 
cell cycle progression and the G2M transition: e.g. RHOA [89, 90], PAK2 [91], PHB [92]. SI113 
treatment resulted in the up-regulation of the expression of onco-suppressive genes like 
ST-13 [56, 57] and MLC [39]. In this experimental work [71], however, the most important 
point was the analysis of the effectiveness of SI113 in vivo towards HCC xenografted in 
immunodeficient mice. The analysis of tumor volume and weight demonstrated that SI113 
blocked tumor growth. Moreover, the evaluation by CT scanning corroborated the manual 
measurement on the tumor treated with either SI113 or vehicle alone, whereas histology 
demonstrated dramatic levels of necrosis in tumors from treated animals. No signs of toxicity 
or morbidity were observed by histological examination of the livers from treated mice, nor 
signs of generally adverse side effects or morbidity. In the light of this, we could conclude that 
SI113, alone or in synergy with radiotherapy, arrested tumor growth and induced cell death. 
These effects are specifically related to SGK1 inhibition, which basically turned off several 
pathways (e.g. RAN/RANBP1, MDM2/p53, NDRG1), that represent convergent molecular 
check-points of the oncogenic function of SGK1.

Conclusion

The increasing amount of data that underscores an essential and non-redundant role of 
SGK1 in the development and resistance of human tumors emphasizes that SGK1 represents 
an essential target in modern targeted therapy of tumors. The ability of SGK1 inhibitors 
to synergize with chemotherapy and radiation treatments, allowing a reduction of dose, 
and the evidence that SGK1 knock-out mice do not exhibit important pathological or toxic 



Cell Physiol Biochem 2016;39:1863-1876
DOI: 10.1159/000447885 
Published online: October 24, 2016 1872
Talarico et al.: SGK1 in Chemo- and Radio-Resistance

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

effects, led to the definition of SGK1 as a stress-kinase hyper-activated in human tumors, 
whose inhibition may lead to a more favorable outcome with standard therapy.
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