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Abstract
BACKGROUND 
The expression status of serum and glucocorticoid-induced protein kinase 3 
(SGK3) in superficial esophageal squamous cell neoplasia (ESCN) remains 
unknown.

AIM 
To evaluate the SGK3 overexpression rate in ESCN and its influence on the 
prognosis and outcomes of patients with endoscopic resection.

METHODS 
A total of 92 patients who had undergone endoscopic resection for ESCN with 
more than 8 years of follow-up were enrolled. Immunohistochemistry was used to 
evaluate SGK3 expression.

RESULTS 
SGK3 was overexpressed in 55 (59.8%) patients with ESCN. SGK3 overexpression 
showed a significant correlation with death (P = 0.031). Overall survival and 
disease-free survival rates were higher in the normal SGK3 expression group than 
in the SGK3 overexpression group (P = 0.013 and P = 0.004, respectively). Cox 
regression analysis models demonstrated that SGK3 overexpression was an 
independent predictor of poor prognosis in ESCN patients (hazard ratio 4.729; 
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95% confidence interval: 1.042-21.458).

CONCLUSION 
SGK3 overexpression was detected in the majority of patients with endoscopically resected ESCN 
and was significantly associated with shortened survival. Thus, it might be a new prognostic factor 
for ESCN.

Key Words: Superficial esophageal squamous cell neoplasia; Serum and glucocorticoid-induced protein 
kinase; Endoscopic submucosal dissection; Immunohistochemistry; Overall survival
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Core Tip: This study demonstrated that the expression status of serum and glucocorticoid-induced protein 
kinase 3 (SGK3) was high in the majority of patients with superficial esophageal squamous cell neoplasia 
(ESCN) and that high expression of SGK3 predicts a poor prognosis. These findings provide a new 
prognostic factor for ESCN.
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INTRODUCTION
Esophageal cancer remains a leading cause of cancer-related death, and the incidence rates of 
esophageal cancer worldwide are increasing[1]. Esophageal squamous cell carcinoma (ESCC) accounts 
for the majority of esophageal cancer cases[2]. It is usually detected at an advanced stage after the 
symptoms of dysphagia appear[3]. Thus, its prognosis is the worst among digestive carcinomas[4]. 
Early detection of the malignant epithelium at an early stage followed by endoscopic resection has 
become the most effective way to improve clinical outcomes[5]. However, the prognosis of patients with 
superficial esophageal squamous cell neoplasia (ESCN) remains poor[6,7].

The serum and glucocorticoid-induced protein kinase (SGK) family consists of three isoforms (SGK1, 
SGK2 and SGK3), and they regulate a range of fundamental cellular processes, such as tumor growth, 
metastasis, autophagy and survival[8]. SGK is a ubiquitously expressed serine/threonine kinase and 
plays an active role in a multitude of pathophysiological conditions[9]. It is activated by insulin and 
growth factors via phosphatidylinositol 3-kinase (PI3K) and is frequently altered in human cancers, 
including breast cancer and hepatocellular carcinoma[10,11]. Although SGK1, SGK2 and SGK3 share a 
highly similar domain, the lack of a plasma membrane-targeting domain indicates nonoverlapping 
functions[12].

Previous studies have shown that SGK3 is expressed in all tissues tested thus far and is especially 
highly expressed in the heart and spleen[13]. Encoded by chromosome 8q12.2, SGK3 is known as a 
downstream factor of PI3K signaling and has been reported to play a pivotal role in the development 
and progression of diverse cancers[14]. Therefore, it has been regarded as a potential target for cancer 
intervention[15]. However, a minority of studies have evaluated the impact of SGK3 expression on 
clinical outcomes, and the expression of SGK3 in ESCN has not been investigated[16]. Whether SGK3 is 
associated with the prognosis of ESCN remains unknown. Herein, we assessed the SGK3 expression 
levels of patients with ESCN via immunohistochemistry (IHC) to investigate the possible role of SGK3 
as a prognostic factor.

MATERIALS AND METHODS
Patients
Patients who underwent gastrointestinal endoscopy followed by endoscopic submucosal dissection 
(ESD) between November 2009 and July 2011 at the First Medical Center of PLA General Hospital were 
included. The inclusion criteria were as follows: (1) Patients were diagnosed with primary ESCN; (2) the 
histological type of tumor was ESCN; and (3) the tumor penetrated the submucosal layer < 200 μm or 
200 μm from the muscularis mucosa. The exclusion criteria were as follows: (1) ESCN was previously 
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Figure 1 Study flow chart. ESD: Endoscopic submucosal dissection; LIN: Low-grade intraepithelial neoplasia; SM2: Penetration of the submucosal layer > 200 
μm from the muscularis mucosa; ESCN: Esophageal squamous cell neoplasia; ESCC: Esophageal squamous cell carcinoma; EP: Epithelium; SM1: Penetration of 
the submucosal layer < 200 μm or 200 μm from the muscularis mucosa; SGK3: Serum and glucocorticoid-induced protein kinase 3.

treated with surgery or chemoradiotherapy ESCN; (2) pathological evaluation post-ESD indicated 
noncurative resection; (3) patients received additional treatment immediately after ESD; and (4) 
incomplete follow-up. All follow-up data were obtained at least 8 years after the first detection of the 
tumor. Eventually, 92 patients with complete follow-up data were included in the analysis (Figure 1). 
This study was approved by the Ethics Board of the First Medical Center of PLA General Hospital 
(approval No. S2020-251-01).

ESD procedure
All procedures were performed under general anesthesia by experienced endoscopists. A single-channel 
upper gastrointestinal endoscope (GIF-Q230; Olympus, Tokyo, Japan) was used during the procedure. 
The standard ESD is described as follows: the lesions were detected on endoscopy under white light or 
narrow band imaging, lesion margins were shown by iodine staining, argon plasma coagulation (ERBE 
Elektromedizin GmbH) was used to mark 5 mm outside the boundary of the lesion, submucosal circum-
ferential injection was performed to lift the lesions, and submucosal dissection followed by a circumfer-
ential mucosal incision was performed to remove the lesion.

Pathological examination
Tissue specimens were fixed in formalin. All samples were subjected to histological analysis of differen-
tiation type, depth of invasion, and lymphovascular invasion. Lymphovascular invasion was recognized 
as any invasion using hematoxylin and eosin staining. Curative resection was defined as complete 
resection of a mucosal lesion with no lymphovascular invasion, and noncurative resection implied a 
pathologically positive margin or clinically incomplete resection.

IHC
For IHC, we used a rabbit anti-human SGK3 antibody (Roche Diagnostics Japan. Tokyo, Japan) and 4-
µm-thick sections. All sections were deparaffinized in xylene 3 times and rehydrated in a graded series 
of ethanol with decreasing concentrations. Then, we used Tris-buffered saline (pH 7.4) for rinsing. Heat-
induced epitope retrieval was conducted by immersing the slides in Coplin jars filled with 10 mmol/L 
citrate buffer (pH 6.0) and microwaving the buffer for 25 min. The jars were then cooled for 20 min. The 
reaction products were visualized with diaminobenzidine and counterstained with hematoxylin. Two 
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Figure 2 Serum and glucocorticoid-induced protein kinase 3 protein expression in superficial esophageal squamous cell neoplasia 
(magnification: × 400). A: No serum and glucocorticoid-induced protein kinase 3 (SGK3) expression in esophageal squamous cell neoplasia (ESCN) samples 
(normal for SGK3 overexpression; 0); B: Weak SGK3 expression in ESCN samples (normal for SGK3 overexpression; 1+); C: Moderate SGK3 expression in ESCN 
samples (positive for SGK3 overexpression; 2+); D: Strong SGK3 expression in ESCN samples (positive for SGK3 overexpression; 3+).

experienced pathologists independently judged the immunostaining intensity. The staining intensity 
was graded based on the American Society of Clinical Oncology/College of American Pathology 
guidelines[17]. The criteria were as follows: 0 = no nuclear staining in tumor cells; 1+ = weak (staining in 
less than 10% of cells); 2+ = intense complete staining (up to 30% of tumor cells); and 3+ = uniform 
intense staining (more than 30% of tumor cells). The expression status of SGK3 was classified into 2 
groups: normal (0 and 1+) and overexpression (2+ and 3+) (Figure 2).

Clinicopathologic parameters and definitions
In each case, clinicopathologic parameters were retrospectively obtained from the pathological results of 
our hospital. Basic clinical parameters included age, sex, smoking history and family history of cancer. 
The longest diameter of the lesion in the specimen was defined as the tumor size. Tumor location was 
categorized as upper thoracic, middle thoracic and lower thoracic. Based on the histological outcome, 
tumors were characterized into low-grade intraepithelial neoplasia, high-grade intraepithelial neoplasia, 
well-differentiated squamous cell carcinoma, intermediate differentiated squamous cell carcinoma, and 
poorly differentiated squamous cell carcinoma. The T stage of the tumor was categorized based on the 
11th Japanese classification of esophageal cancer[18]. Tumors limited to the epithelium and tumors that 
invaded into the submucosa ≤ 200 or > 200 μm from the muscularis mucosae were classified as EP, 
submucosa 1 (SM1) or submucosa 2 (SM2), respectively. The two recurrence patterns, metachronous 
recurrence and metastatic recurrence, were both included in this study, and tumor recurrence was 
identified using endoscopy and histological biopsy. Tumor recurrence was defined as an ESCN or 
cancerous lesion detected on the esophagus during the follow-up period. Lymph node or distant 
metastasis was evaluated by contrast-enhanced computed tomography scan or magnetic resonance 
imaging and verified via histological examination of the biopsy.

Prognostic outcomes
The follow-up of patient survival status and cancer recurrence was completed in July 2022. Prognostic 
outcomes were obtained by calling patients themselves or asking the family members for the recorded 
death certificate of the patients. Two main variables were assessed: Overall survival (OS) and disease-
free survival (DFS). OS was defined as the time that elapsed from the date of endoscopic treatment to 
the date of death from any cause. DFS was defined as the duration between the endoscopic treatment 
and any disease recurrence or any cause of death, whichever occurred first.
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Statistical analysis
Continuous variables are expressed as the mean ± SD or median (interquartile range) and were 
compared using Student’s t test. Categorical variables are expressed as percentages and were compared 
using the chi-square test or Fisher’s exact test. Multivariate Cox regression was used to further analyze 
the relationship between SGK3 overexpression and clinical outcomes, and the covariates were screened 
using stepwise regression. The extended-model method was used to conduct covariate correction: 
Model 1 was corrected based on SGK3 expression status; Model 2 = model 1 + (age and gender); Model 
3 = model 2 + (smoking history + family history of cancer); and Model 4 = model 3 + (tumor location + 
tumor size + T stage + differentiated types). Multicollinearity was tested using the variance inflation 
factor (VIF) method, and a VIF ≥ 10 was considered to indicate severe multicollinearity. Kaplan-Meier 
analysis was used to establish the survival curves based on each prognostic outcome. Survival curves 
were graphed using GraphPad Prism 8. A P value < 0.05 in the two-tailed tests was considered to 
indicate statistical significance. All statistical analyses were performed using SPSS 26.0 (SPSS, Inc., 
Chicago, IL, United States).

RESULTS
Baseline characteristics of patients with ESCN
A total of 92 patients aged 43 to 80 years were finally included in our study. Table 1 lists the baseline 
characteristics of the normal SGK3 expression group and the SGK3 overexpression group. The normal 
SGK3 expression group included 37 patients and consisted of 27 males and 10 females. There were 55 
patients (36 males and 19 females) in the SGK3 overexpression group. No significant differences were 
observed in the baseline indicators (age, sex, tumor location, tumor size, T stage, differentiated types, 
smoking history, lymphovascular infiltration and family history of cancer) between the normal 
expression and overexpression groups.

Prognostic outcomes
Table 2 summarizes the prognostic outcomes in each group. Tumor recurrence occurred in 10 patients. 
Of these patients, 2 (5.4%) were in the normal SGK3 expression group, and 8 (14.5%) were in the SGK3 
overexpression group. Metastasis was detected in only 1 patient in the normal SGK3 expression group 
during the follow-up period. No significant associations were observed between SGK3 expression and 
tumor recurrence and metastasis. Death occurred in 3 (8.1%) patients in the normal SGK3 expression 
group and 15 (27.3%) patients in the SGK3 overexpression group. A significant correlation was observed 
between SGK3 expression status and death (P = 0.031).

SGK3 expression is related to prognostic outcomes
To evaluate the association between SGK3 overexpression and OS, a multivariate Cox regression model 
was performed (Table 3): Model 1 [hazard ratio (HR) 4.243; 95% confidence interval (CI): 1.219-14.773], 
Model 2 (HR 3.648; 95%CI: 1.030-12.917), Model 3 (HR 3.637; 95%CI: 1.028-12.866), and Model 4 (HR 
4.729; 95%CI: 1.042-21.458). The P value of all four models was less than 0.05. The results of the multicol-
linearity test showed an average VIF of 1.525 (all VIF < 10). Figure 3 show the Kaplan-Meier curves of 
the relationship between SGK3 expression status and OS and DFS, respectively. The OS and DFS rates 
of patients were higher in the normal SGK3 expression group than in the SGK3 overexpression group 
during the follow-up period (P = 0.013 and P = 0.004, respectively).

DISCUSSION
The SGK family is widely dysregulated in numerous human cancers and plays a vital role in tumor 
development and progression[19]. Among the three members of this family, SGK1 has been well 
researched, and its correlation with clinical outcomes has been reported in some cancers[20]. It has been 
suggested that low SGK1 expression in some tumors might induce feedback inhibition by activating the 
AKT pathway and might result in high SGK3 expression[21]. However, due to the later detection of 
SGK3, its relationship with tumors or other diseases has been revealed in only a few studies[22,23]. For 
instance, SGK3, as a novel regulator of renal phosphate transport, is associated with autosomal 
dominant hypophosphatemic rickets[24,25]. Its relationship with the clinical prognosis of tumors has 
rarely been reported thus far.

SGK3 exhibits structural and sequence similarity to the AKT family[26]. Its activation is mediated by 
the PI3K pathway and requires phosphorylation at two regulatory sites, Thr-320 and Ser-486[27]. 
Deletion of Thr-320 of SGK3 or disruption of the SGK3 protein tertiary structure yields nonfunctional 
proteins. To our knowledge, the SGK3 expression status of ESCN has not been illustrated. Our analysis 
of the expression of SGK3 in 92 ESCN tissues identified the expression status of SGK3 in ESCN tissues. 
Among the 92 tissue samples, the overexpression rate of SGK3 was close to 60%, confirming its high 
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Table 1 Basic characteristics according to serum and glucocorticoid-induced protein kinase 3 expression status

Characteristics SGK3 normal, n = 37 SGK3 overexpression, n = 55 P value

Age (yr, mean ± SD) 58.73 ± 6.81 61.21 ± 8.05 0.118

Sex (male), n (%) 27 (73.0) 36 (65.5) 0.447

Tumor location, n (%)1 0.560

    Upper esophagus 4 (10.8) 7 (12.7)

    Middle esophagus 14 (37.8) 26 (47.)

    Lower esophagus 19 (51.4) 22 (40.0)

Tumor size (cm, mean ± SD) 3.16 ± 1.94 3.30 ± 1.89 0.742

Tumor stage, n (%) 0.720

    Tis 25 (67.6) 38 (69.1)

    T1a 6 (16.2) 11 (20.0)

    T1b 6 (16.2) 6 (10.9)

Differentiated types1, n (%) 0.487

    HIN 25 (67.6) 39 (70.9)

    Well-differentiation 7 (18.9) 13 (23.6)

    Intermediate differentiation 2 (5.4) 2 (3.6)

    Poor differentiation 3 (8.1) 1 (1.8)

Smoking history, n (%) 0.313

    Yes 10 (27.0) 10 (18.2)

    No 27 (73.0) 45 (81.8)

Lymphovascular infiltration, n (%)1 0.402

    Present 1 (2.7) 0 (0)

    Absent 36 (97.3) 55 (100)

Family history of cancer1, n (%) 0.698

    Yes 2 (5.4) 5 (9.1)

    No 35 (94.6) 50 (90.9)

1Tested by Fisher exact test.
SGK3: Serum and glucocorticoid-induced protein kinase 3; HIN: High-grade intraepithelial neoplasia.

Figure 3 Kaplan-Meier curves for overall survival and disease-free survival. A: Overall survival; B: Disease-free survival.
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Table 2 Prognosis outcomes in the serum and glucocorticoid-induced protein kinase 3 normal and overexpression groups

Prognosis factors, n (%) SGK3 normal, n = 37 SGK3 overexpression, n = 55 P value

Tumor recurrence1, n (%) 0.306

    Present 2 (5.4) 8 (14.5)

    Absent 35 (94.6) 47 (85.5)

Metastasis1, n (%) 0.402

    Present 1 (2.7) 0 (0)

    Absent 36 (97.3) 55 (100)

Death1, n (%) 0.031

    Yes 3 (8.1) 15 (27.3)

    No 34 (91.9) 40 (72.7)

1Tested by Fisher exact test.
SGK3: Serum and glucocorticoid-induced protein kinase 3.

Table 3 Hazard ratio (95% confidence interval) for all-cause mortality between serum and glucocorticoid-induced protein kinase 3 
normal and serum and glucocorticoid-induced protein kinase 3 overexpression

Model HR (95%CI) P value

Model 1 4.243 (1.219-14.773) 0.023

Model 2 3.648 (1.030-12.917) 0.045

Model 3 3.637 (1.028-12.866) 0.045

Model 4 4.729 (1.042-21.458) 0.044

Adjusted covariates: Model 1 = serum and glucocorticoid-induced protein kinase 3; Model 2 = model 1 + (age + sex); Model 3 = model 2 + (smoking history 
+ family history of cancer); Model 4 = model 3 + (tumor location + tumor size + T stage + differentiated types). HR: Hazard ratio; CI: Confidence interval.

expression in esophageal neoplasia tissues. However, the defined functions of SGK3 in the growth or 
progression of ESCN have not been clarified.

ESCC is the most common pathological type of esophageal cancer and has a high incidence in some 
districts of China. It is difficult to detect at the early stage because its symptoms are insidious, and the 
majority of patients seek medical help when advanced symptoms of significant dysphagia occur. As a 
consequence, the traditional treatment of ESCN is mainly based on a combination of open surgery and 
chemotherapy/radiotherapy. Progress in imaging modalities and multidisciplinary comprehensive 
treatment has improved early diagnosis and clinical outcomes, respectively. However, the 5-year 
survival rate for ESCC is still lower than 30% because of its invasiveness and metastatic ability[28,29]. 
Recently, the development of endoscopy techniques has transformed the early diagnosis and treatment 
of diseases of the entire digestive system. In particular, the introduction of amplification techniques and 
narrow band imaging enables endoscopists to detect neoplasia at an early stage or in an asymptomatic 
period. In addition, the minimally invasive removal of lesions by ESD improves the clinical prognosis 
and even the quality of life. Although the 5-year survival rate of patients who undergo ESD is higher 
than that of patients who undergo open surgery, death caused by tumor recurrence or other reasons still 
occurs in some patients during the follow-up period[30]. This research focused on further exploration of 
ways to improve the survival rates of these patients.

The integration of small datasets in the present study demonstrated the high expression level of SGK3 
in ESCN, as well as a significant relationship between its overexpression and OS. Furthermore, the 4 
regression models showed that after adjusting for confounding factors, only the expression status of 
SGK3 was significantly associated with increased mortality. All these results indicate that the overex-
pression of SGK3 is correlated with the occurrence of death in ESCN patients. However, the influence of 
SGK3 on the occurrence and development of ESCN or cell cycle pathways has not yet been determined. 
Based on the results of our study, we speculate that SGK3 can be used as a prognostic indicator to assist 
in the outcome assessment of ESCN patients.

At present, follow-up of post-ESD patients with ESCN is generally performed via endoscopy as well 
as biopsy. The application of a standard follow-up method might aid endoscopists in identifying tumor 
recurrence in time, but this is only effective when endoscopists can detect the recurrence of cancerous 
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lesions followed by accurate biopsy sampling. Otherwise, no further action could be taken to intervene. 
As the overexpression of SGK3 is an independent factor in prognosis, IHC staining of SGK3 could be 
used to identify the population with a high mortality risk. Thus, active measures, including shortening 
the follow-up intervals and using moderate radiotherapy or chemotherapy, can be taken to improve 
survival.

However, our current study has several limitations. First, the sample size of our study was small, and 
all the included patients came from one hospital. Thus, these results need to be validated by expanding 
the sample size and performing a multicenter study. Second, this was a retrospective study. Therefore, 
we could not collect information without data bias. Thus, a prospective study, similar to this study, is 
needed in the future to verify the relationship between SGK3 overexpression and mortality.

CONCLUSION
In conclusion, SGK3 overexpression is significantly correlated with shortened survival in patients with 
endoscopic resection of superficial ESCN, and SGK3 might be a useful indicator for prognosis 
evaluation. Further studies are warranted to determine its mechanisms of action in the growth or 
progression of ESCN.

ARTICLE HIGHLIGHTS
Research background
Serum and glucocorticoid-induced protein kinase 3 (SGK3) regulate a range of fundamental cellular 
processes, such as tumor growth, metastasis, autophagy and survival, but SGK3 expression levels in 
patients with esophageal squamous cell neoplasia (ESCN) and their relationship with the prognosis of 
ESCN remain unknown.

Research motivation
SGK3 expression levels in patients with ESCN were assessed by immunohistochemistry to investigate 
the possible role of SGK3 as a prognostic factor.

Research objectives
Ninety-two patients who underwent gastrointestinal endoscopy followed by endoscopic submucosal 
dissection with complete follow-up data between November 2009 and July 2011 were included.

Research methods
A total of 92 patients who had undergone endoscopic resection for ESCN with more than 8 years of 
follow-up were enrolled. Immunohistochemistry was used to evaluate SGK3 expression.

Research results
Death occurred in 3 (8.1%) patients in the normal SGK3 expression group and 15 (27.3%) patients in the 
SGK3 overexpression group. A significant correlation was observed between SGK3 status and death (P 
= 0.031). The overall survival and disease-free survival rates of patients were higher in the normal SGK3 
expression group than in the SGK3 overexpression group during the follow-up period.

Research conclusions
All these results indicate that the overexpression of SGK3 is correlated with the occurrence of death in 
ESCN patients and that SGK3 might be a useful indicator for prognosis evaluation.

Research perspectives
The sample size of this study was small, and the subjects both came from one hospital. Thus, the results 
need to be validated by expanding the sample size and performing a multicenter study. A prospective 
study, similar to this study, is needed in the future to verify the relationship between SGK3 overex-
pression and mortality.
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