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Abstract. While the aberrant expression and the controversial 
results of serum‑ and glucocorticoid‑regulated kinase (SGK1) 
have been reported in a number of malignancies, the expres-
sion of SGK1 and its possible association with the progression 
of adenocarcinoma in the esophagogastric junction (AEG) 
remain to be elucidated. To the best of our knowledge, the 
expression and localization of SGK1 was examined for the first 
time in the present study in cancerous and adjacent tissue from 
60 patients with AEG, and compared with 20 healthy mucosa 
control tissue samples. Furthermore, the association between 
SGK1 expression and the clinicopathological characteristics, 
and prognosis of patients with AEG was statistically analyzed. 
The expression level of SGK1 was identified to be significantly 
higher (P<0.0001) in the cancerous AEG tissue samples (65%) 
compared with that of the adjacent tissue (31.7%) and healthy 
control (10%) samples. Enhanced SGK1 was primarily local-
ized in the cytoplasm and the expression level of SGK1 was 
associated with the differentiation (P=0.045) and lymph node 
metastasis (P=0.006) of AEG. Notably, increased expression 
of SGK1 was demonstrated to be significantly correlated with 

poor overall survival (P=0.027). The results of the present 
study revealed the expression profile of SGK1 in AEG and 
demonstrated that SGK1 expression in cancerous tissue is an 
indicator for the progression of AEG. Thus, SGK1 may be a 
potential molecular marker for the diagnosis, interference 
therapy and prognosis of AEG.

Introduction

Adenocarcinoma of the esophagogastric junction (AEG) is a 
type of adenocarcinoma at the junction between the esophagus 
and stomach. As classified by Siewert and Stein (1), the proto-
typical AEG is located within the region 1 cm above and 
2 cm below the esophagogastric junction. Due to its unique 
epidemiological, genetic and prognostic characteristics, AEG 
has been regarded as a disease that is distinct from other types 
of gastric cancer  (2). Previous studies have demonstrated 
that the incidence of AEG has increased in Western coun-
tries during last decade (3,4). Due to the lack of diagnostic 
molecular biomarkers, >80% of AEG cases are diagnosed at 
the advanced stage, resulting in a poor prognosis with <30% of 
patients having 5‑year overall survival (OS) (5).

SGK1 (serum‑ and glucocorticoid‑induced protein 
kinase‑1) is a ubiquitous serine/threonine kinase belonging 
to the protein kinase A, G and C family, which is able to be 
activated by multiple stimuli, such as serum, follicle stimu-
lating hormone, osmotic shock, ischemia, glucocorticoids and 
other cytokines (6,7). As a downstream molecule in the phos-
phatidylinositol‑3 kinase (PI3K) signaling pathway, SGK1 
regulates numerous target genes, influencing many physi-
ological processes, such as proliferation, differentiation and 
apoptosis (8,9). Previous studies have demonstrated that the 
expression of SGK1 is significantly increased in many types 
of cancer, including colorectal, breast and lung cancer (10‑12). 
Inhibition of SGK1 or SGK1 gene knockdown was revealed to 
inhibit the growth of tumor cells and increase the resistance of 
cells to chemically‑mediated carcinogenesis (10,13). However, 
several studies reported conflicting results, whereby SGK1 
expression was demonstrated to be decreased in cancerous 
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tissue compared with adjacent control groups in prostate 
cancer, ovarian cancer, and adrenocortical tumor  (14‑16). 
Although these results suggest aberrant expression of SGK1 
occurs in various cancerous tissue, which may affect the 
progression and prognosis of different types of cancer, the 
expression of SGK1 in AEG, particularly the association 
with the clinicopathological characteristics and prognosis of 
patients with AEG, remains to be established.

In the present study, the expression of SGK1 was deter-
mined in cancerous tissue samples of patients with AEG. 
Furthermore, the association between SGK1 expression and 
various clinicopathological characteristics were assessed in 
order to determine whether SGK1 is a potential molecular 
marker for the diagnosis, interference therapy and prognosis 
of AEG.

Materials and methods

Patient tissue samples. A total of 60  cases of postopera-
tive pathologically diagnosed AEG and 20 healthy controls 
between 2012 and 2014 from The First Affiliated Hospital of 
the University of Henan University of Science and Technology 
(HAUST; Luoyang, China) and Anyang Tumor Hospital 
(Anyang, China were investigated. The tissue samples 
(cancerous and adjacent healthy) resected from patients were 
retrieved from the pathology departments of the two hospitals. 
The specimens were fixed in 10% formalin at 37˚C for 24 h 
and embedded in paraffin wax. The paraffin embedded tissue 
blocks were freshly cut into 4‑µm thick slices for subsequent 
immunohistochemistry analysis. Adjacent tissue samples 
were obtained 3 cm away from the cancerous tissue. Healthy 
control samples were selected from esophagogastric junc-
tion biopsy tissues obtained during endoscopic examinations 
of 20 age‑  and gender‑matched participants. All samples, 
including healthy controls, were confirmed histologically by 
two pathologists. Demographics (gender and age) and clinico-
pathological characteristics (differentiation status, lymphatic 
invasion, lymph node metastasis and tumor‑node‑metastasis 
stage) were obtained from patient medical records. OS rates 
were determined over 60 months. Up to the date of follow‑up, 
2 were unavailable, 45 succumbed and 13 were alive by the 
end of the follow‑up period. The present study was approved 
by the Institutional Review Board of HAUST. Ethical permis-
sion was received from the Regional Ethical Board of the First 
Affiliated Hospital of HAUST and Anyang Tumor Hospital, 
and the written informed consent was obtained from all 
patients.

Immunohistochemistry analysis. The slides were dewaxed 
and rehydrated in a descending series of alcohol, immuno-
histochemical detection was performed using an indirect 
immunoperoxidase technique (17) following high‑temperature 
(100˚C) antigen retrieval in 10 mM citric acid monohydrate 
buffer (pH 6.5; Sigma; Merck KGaA, Darmstadt, Germany) 
for 13  min. Blocking of endogenous peroxidase and 
non‑specific staining was performed. Samples were incubated 
at 4˚C overnight with primary rabbit monoclonal antibody 
directed against SGK1 (cat. no.  ab32374; dilution, 1:200; 
Abcam, Cambridge, MA, USA) and PBS was used as a nega-
tive control for the primary antibody. Signal amplification 

was achieved using biotin‑labeled anti‑rabbit/rat and chain 
mildew avidin‑peroxidase conjugated secondary antibody 
(cat. no. ZS‑9001; OriGene Technologies, Inc., Beijing, China) 
at room temperature for 1 h. The Streptavidin‑Biotin DAB kit 
(cat. no. ZLI‑9019; OriGene Technologies, Inc.) was used to 
stain sections for between 2 and 5 min, nuclei were counter-
stained with hematoxylin. SGK1 was exclusively expressed in 
the cytoplasm. Immunostaining scores were calculated using 
light microscopy (Eclipse 80i; Nikon Corporation, Tokyo, 
Japan) by two independent experienced pathologists who were 
unaware of the patients' clinical details. Whenever discrepan-
cies occurred, the results were jointly assessed by the two 
investigators and the final score was formed by consensus. 
The staining intensity of SGK1 expression was classified 
using the following numerical scale: <10% stained cells, nega-
tive (grade 0); 10‑30%, weak (grade 1); 30‑60%, moderate 
(grade 2); and ≥60%, strong (grade 3). A grade of ≥2 was 
considered positively‑stained for the SGK1 antibody.

Statistical analysis. The continuous data are presented as the 
mean ± standard deviation. The χ2 test was used to analyze the 
differences in the distribution of clinicopathological character-
istics and to analyze differences between categorical variables. 
OS was defined as the time between the date of primary diag-
nosis and mortality. Kaplan‑Meier estimator analysis and the 
log‑rank test were used to estimate differences in OS in strata 
according to high and low SGK1 expression. All tests were 
two‑tailed. The corresponding 95% confidence interval (CI) 
was calculated, and the univariate and multivariate analysis 
were performed using SPSS software (version  21.0; IBM 
SPSS, Armonk, NY, USA). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Expression of SGK1 is higher in the cancerous tissue of 
patients with AEG compared with non‑cancerous tissue and 
the healthy control group. To determine SGK1 expression 
in cancerous, adjacent and healthy control tissue samples, 
immunohistochemical staining for SGK1 was performed 
on samples from 60 cases of paraffin‑embedded AEG and 
healthy control tissues. The results revealed that SGK1 was 
positively expressed as brown‑yellow granules, which were 
primarily localized to the epithelial cell cytoplasm and weakly 
expressed in the nuclei (Fig. 1). The expression of SGK1 was 
significantly higher in cancerous tissue from patients with 
AEG (65%), compared with the adjacent non‑cancerous 
tissues (31.7%) and healthy controls (10%) (both P<0.0001; 
Fig. 1; Table I), indicating that the expression of SGK1 may be 
a biomarker for AEG.

Higher expression of SGK1 is positively correlated with poor 
differentiation and severe lymph node metastasis. As the 
expression of SGK1 was demonstrated to be higher in the 
cancerous AEG tissue, the association between the expres-
sion of SGK1 and the progression of AEG was examined. 
Clinicopathological characteristics of the patients with AEG 
are presented in Table II. Although the expression of SGK1 
was not significantly associated with age, gender, patho-
logical type, tumor size and tumor stage, SGK1 expression 
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was positively associated with the differentiation and lymph 
node metastasis status (both P<0.05; Table  II). Positive 
SGK1 immunostaining was present in 61.5% (24/39) of the 
poorly differentiated tissue samples, which was significantly 
higher compared with the well (3/39; 7.7%) or moderately 
(12/39; 30.8%) differentiated samples (both P<0.05; Table II). 
Furthermore, the percentage of SGK1‑positively stained tissue 
in the N2‑3 lymph node metastasis group was 79.4% (31/39), 
which was significantly higher compared with that in the N0‑1 
group (20.6%) (P=0.006; Table II). These results reveal that a 
higher expression of SGK1 is positively correlated with poor 
differentiation and severe lymph node metastasis, suggesting 
that higher SGK1 expression may be a novel etiological agent 
and potential indicator of poor prognosis for AEG.

SGK1 expression is negatively correlated with overall AEG 
survival rate. In order to assess the potential consequence of 
higher SGK1 expression on patients with AEG, the overall 
cumulative survival rate in patients was compared with 
different levels of SGK1 expression. A total of 58 patients 
(2 patients were not available) were followed up for survival 
analysis over a period of 60 months. Because of the limited 
follow‑up time, the survival rate of the two groups was 
>25% and the median survival time could not be calculated. 
However, the mean survival time for patients with AEG 
with strong SGK1‑positive staining was 26.08  months, 
significantly lower compared with the SGK1‑negative group 
(39.10 months) (P=0.027; Fig. 2A, Table III). Additionally, 
further analysis demonstrated that the patients with weak 
and moderate SGK1‑positive staining also exhibited a 
significantly shorter mean survival time of 36.50 months, as 
compared with the SGK1‑negative group (P=0.049; Fig. 2B, 
Table III). In addition, univariate and multivariate prognosis 
analyses were performed using the Cox's proportional hazards 
regression model to analyze if higher expression of SGK1 was 
an independent prognostic factor for the overall survival of 
patients. As illustrated in Table IV, univariate prognosis anal-
ysis revealed that the overall survival of patients with AEG 
was significantly associated with a higher expression level 
of SGK1 (P=0.023) and poorer lymph node stage (P=0.020). 
However, the multivariate Cox's proportional hazards model 
revealed no significant association between overall survival 
and the lymph node status (P=0.074) or the expression of 
SGK1 (P=0.135) (Table  IV), suggesting that the status of 
SGK1 expression is not an independent prognostic factor in 
patients with AEG.

Discussion

To the best of our knowledge, the present study is the first to 
examine the expression of SGK1 and investigate its associa-
tion with the clinicopathological characteristics and prognosis 
of patients with AEG. In the present study, it was established 
that SGK1 expression is significantly higher in the cancerous 
tissue of patients with AEG as compared with adjacent tissue 
and the healthy control group. Furthermore, the analysis indi-
cates that a higher expression level of SGK1 was correlated 
with multiple clinicopathological factors including cancer cell 
differentiation, lymph node metastasis and the overall survival 
rate of patients with AEG. These results provide the first 

Figure 1. Immunohistochemical detection of SGK1 in cancerous and 
adjacent tissues from patients with AEG, and the healthy control group. 
(A) Prototypical image of SGK1‑positive staining in the cancerous tissue of 
AEG, demonstrating SGK1 was primarily immunolocalized to the cell cyto-
plasm and barely present in the nuclei. Representative images of the (B) high, 
(C) medium, and (D) low expression of SGK1 in AEG. Representative images 
of SGK1 expression in (E) adjacent non‑cancerous tissue from the patients 
with AEG and (F) healthy control tissue. (G) Representative negative image 
of SGK1 immunostaining using pre‑immune rabbit immunoglobulin G in 
the cancerous AEG tissue. Magnification, x40; scale bars, 50 µm. SGK1, 
serum‑ and glucocorticoid‑regulated kinase; AEG, adenocarcinoma of 
esophagogastric junction. 

Table I. Expression of serum‑ and glucocorticoid‑regulated 
kinase in the cancerous and adjacent tissues of patients with 
AEG and the healthy control group.

	 No. of	 Positive	 Negative
Group	 patients	 (%)	 (%)	 P‑value

AEG cancerous	 60	 39 (65)	 21 (35)
Adjacent control	 60	 19 (31.7)	 41 (62.3)	 <0.0001
Healthy control	 20	 2 (10)	 18 (90)

The P‑value compared the groups of AEG cancerous tissue and 
adjacent control tissue. AEG, adenocarcinoma of esophagogastric 
junction.
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evidence that high SGK1 expression may be a novel risk factor 
for the progression of AEG, and may also serve as a prognostic 
biomarker for this increasingly prevalent cancer.

SGK1 has been demonstrated to share >50% sequence 
similarity with another serine/threonine kinase protein 
kinase B (Akt), a downstream target of the PI3K signaling 

Table II. Association between the expression of SGK1 and clinicopathological characteristics of patients with adenocarcinoma 
of esophagogastric junction.

Clinicopathological	 Null/low	 Medium	 Strong
characteristic	 SGK1 expression	 SGK1 expression	 SGK1 expression	 No. of patients	 χ2	 P‑value

Gender					     0.277	 0.87
  Male	 11	 10	 13	 34
  Female	   8	   6	 12	 26
Age, years					     0.371	 0.543
  ≤62	 12	   8	 11	 31
  >62	   9	   8	 12	 29
Differentiation					     9.746	 0.045a

  Well	   6	   1	   2	   9
  Middle	   9	   3	   9	 21
  Low	   6	 12	 12	 30
Lymph node status					     7.447	 0.006a

  N0‑N1	 13	   3	   5	 21
  N2‑N3	   8	 13	 18	 39
Tumor size					     3.313	 0.191
  T2	   8	 10	   8	 26
  T3	 13	   6	 15	 34
Tumor‑node‑metastasis					     3.504	 0.061
  I‑II	   9	   3	   4	 16
  III	 12	 13	 19	 44
Pathological type 					     0.196	 0.658
  Protruding	   2	   0	   6	   8
  Ulcerative	 12	   9	   9	 30
  Ulcer infiltrating	   3	   2	   3	   8
  Infiltrate	   4	   5	   5	 14

aP<0.05. SGK1, serum‑ and glucocorticoid‑regulated kinase.

Figure 2. Kaplan‑Meier survival analysis of the association between the expression of SGK1 and the overall survival rate of patients with adenocarcinoma of 
esophagogastric junction. SGK1 with (A) strong (P=0.027) or (B) medium (P=0.049) SGK1‑positive immunochemistry staining were associated with a poorer 
overall survival rate. SGK1, serum‑ and glucocorticoid‑regulated kinase.
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pathway (18,19). Additionally, SGK1 is able to be fully acti-
vated through phosphorylation at Thr256 by phosphoinositide 
dependent protein kinase‑1 (PDK) 1 and Ser422 by PDK2 
similar to Akt, suggesting that SGK1 may be involved in 
the parallel signaling pathways that Akt is involved in (20). 
Considering the extensively distributed and essential func-
tion of PI3K‑AKT pathway in the progression of various 
cancers (21), the aberrant expression of SGK1 in cancerous 
tissues was expected. For the first time, the results of the 
present study have demonstrated that SGK1 is highly expressed 
in AEG, which is similar to its expression in colon, breast and 
lung cancer (10‑12). However, decreased expression of SGK1 
has also been reported in certain cancers, including prostate 
and ovarian cancer, and adrenocortical tumor (14‑16). These 
controversial results may be due to the specificity of different 
types of cancer, particularly considering that these three 
cancer types with a low expression of SGK1 are all associated 

with the endocrinal system, which may contribute to the lower 
expression of SGK1 through certain unidentified mechanisms. 
These controversial results also encourage further investiga-
tions in other cancer types from the same body system, such 
as esophageal and gastric cancer, which may be helpful to 
clarify the expression profile of SGK1 and its significance in 
the progression of cancer.

In the present study, it was identified that a higher expres-
sion level of SGK1 is associated with the poor differentiation 
and worse prognosis of patients with AEG. This result is 
consistent with the majority of previous studies that demon-
strated that SGK1 was increased in the cancerous tissue of 
multiple cancers such as lung, breast and colorectal cancer. 
Using SGK1 knockout mice, Nasir et al (10) demonstrated that 
SGK1 deficiency increased the resistance of mice to chem-
ical‑induced carcinogenesis. Combined with the results from 
the study performed by Abbruzzese et al (12), which revealed 

Table III. Means and medians for the survival time (months) of patients with adenocarcinoma of esophagogastric junction with 
expression of SGK1.

	 Mean 95%
	 confidence interval	 Median
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  ----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 		  Lower	 Upper	 		  Lower	 Upper
SGK1	 Estimationa	 SEa	 bound	 bound	 Estimationa	 SEa	 bound	 bound	 P‑value

Null/low	 39.100	 3.371	 32.493	 45.706	 N/A	 N/A	 N/A	 N/A
Strong	 26.087	 3.845	 18.551	 33.623	 17.000	 N/A	 N/A	 N/A
Overall	 32.862	 2.881	 27.216	 38.508	 N/A	 N/A	 N/A	 N/A	 0.027b

Null/low	 39.100	 3.371	 32.493		  N/A	 N/A	 N/A	 N/A
Medium	 36.500	 5.533	 25.654		  N/A	 N/A	 N/A	 N/A
Strong	 26.087	 3.845	 18.551		  17.000	 N/A	 N/A	 N/A
Overall	 35.218	 2.685	 29.955		  N/A	 N/A	 N/A	 N/A	 0.049c

aEstimation is limited to the longest survival time. b and c indicate the comparison of overall survival time between the null/low and strong 
groups, and between the null/low, medium and strong groups, respectively. SE, standard error; N/A, not available; SGK1, serum‑ and gluco-
corticoid‑regulated kinase.

Table IV. Univariate and multivariate analysis showing overall survival in patients with adenocarcinoma of esophagogastric 
junction.

	 Univariate analysis		  Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Covariates	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Gender	 1.676 (0.567‑4.957)	 0.350		
Age	 0.997 (0.429‑2.315)	 0.994		
Pathological type	 0.659 (0.401‑1.082)	 0.112		
Differentiation	 1.659 (0.867‑3.177)	 0.127		
Invasion depth	 1.804 (0.694‑4.692)	 0.226		
Lymph node 	 2.066 (1.121‑3.808)	 0.020*	 1.366 (0.461‑4.049)	 0.074
TNM	 4.231 (0.987‑18.133)	 0.052*	 	
SGK1	 1.838 (1.088‑3.104)	 0.023*	 1.598 (0.872‑2.930)	 0.135

SGK1, serum‑ and glucocorticoid‑regulated kinase; CI, confidence interval; HR, hazard ratio; TNM, tumor node metastasis stage.
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that higher SGK1 mRNA expression was associated with the 
prognostic indicators of lung cancer, including tumor size and 
clinical stage as classified in non‑small cell lung cancer, the 
results of the present study suggest that a higher expression 
of SGK1 is an etiological agent and/or prognosis indicator of 
AEG.

In the current study, the correlation of SGK1 expression 
with the overall survival of patients with AEG was also 
analyzed. The results demonstrated that elevated SGK1 
staining was associated with a poorer prognosis in patients. 
Thus, SGK1 upregulation may be a poor prognosis indicator 
in patients with AEG. An increase in postoperative visita-
tion for patients with high SGK1 expression may identify the 
recurrence and metastasis of AEG at an early stage, which has 
important significance for increasing the detection rate and 
early treatment of AEG. Survival follow‑up outcome analysis 
identified that the mortality rate for patients with high expres-
sion of SGK1 was almost 0% after 2 years. It was also noted 
that ~50% of the patients were followed for <36 months, thus 
further follow‑up is required and more significant results may 
be achieved once the clinical data is more complete.

Although the molecular mechanism underlying the associa-
tion between higher SGK1 expression and poor differentiation 
and worse prognosis has not been demonstrated in the present 
study, a number of aspects of activated SGK1 provide a plau-
sible basis for the potential higher risk of increased SGK1 in 
cancerous tissue. Firstly, it has been previously demonstrated 
that SGK1 is associated with the progression of inflamma-
tion (22‑24), and inflammation per se has been demonstrated 
to be associated with the development of multiple types of 
cancer (25,26). A previous study demonstrated that active SGK1 
decreases the production of pro‑inflammatory cytokines, such 
as tumor necrosis factor, interleukin (IL)‑12, and IL‑1 (23). Due 
to the essential roles of the pro‑inflammatory cytokines in the 
modulation of cancer progression, such as the role of IL‑1 in 
priming interferon γ‑producing tumor‑antigen‑specific CD8+ 
T cells, higher expression of SGK1 could inhibit the activa-
tion of specific immune responses to cancer cells, promoting 
immune evasion. Secondly, the activation of SGK1 has been 
revealed to phosphorylate forkhead box protein O3 (FoxO3), 
an established potent tumor suppressor, through inducing cell 
cycle arrest and apoptosis in multiple cancers (27‑29). Higher 
expression of SGK1‑phosphorylated FoxO3 results in its export 
from the nucleus to the cytoplasm, possibly deactivating the 
anti‑tumorigenesis property of FoxO3 (30). Thirdly, activa-
tion of SGK1 has been reported to promote the expression of 
pro‑matrix metalloproteinase 9 expression (31), which may aid 
in explaining the pro‑metastasis effects of higher expressed 
SGK1 in patients with AEG. Lastly, activated SGK1 has 
been demonstrated to promote epithelial cell survival under 
conditions of cellular stress, such as serum‑deprivation and 
chemotherapy treatment (30,32), increased SGK1 expression 
may promote the progression of AEG through this mechanism.

In conclusion, the present study has demonstrated for the 
first time that the expression of SGK1 is significantly increased 
in cancerous AEG tissue, and that upregulated SGK1 is asso-
ciated with a more aggressive and poor prognosis in patients 
with AEG. Although the pathogenesis mechanism underlying 
the role of SGK1 in AEG warrants further investigation 
in vivo and in vitro, the results of the current study indicate 

that SGK1 is a novel potential target for the early clinical 
diagnosis, intervention therapy, and prognosis of AEG.
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