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Abstract: Despite a series of attempts during the last decades, the prognosis of esophageal 

squamous cell carcinoma (ESCC) remains poor. Different responses of individual tumors 

encouraged us to look for valuable prognostic markers. As a key regulator controlling the 

anabolic ketogenic pathway, 3-hydroxy-3-methylglutaryl-CoA synthase 2 (HMGCS2) has been 

reported to play a crucial role in colorectal cancer and prostate cancer. However, its importance 

to ESCC has not been verified. Therefore, a large cohort retrospective study was planned, to 

investigate the relationship between HMGCS2 expression and ESCC prognosis. By adopting 

real-time polymerase chain reaction (PCR) and immunohistochemical (IHC) staining, HMGCS2 

expression was examined in tissues of 300 ESCC patients with complete resection. Besides, 

the association between HMGCS2 protein expression and survival time was evaluated through 

chi-square test and Kaplan–Meier analysis. With the use of Cox-proportional hazards model, 

the prognostic impact of clinicopathologic variables and biomarker expression was evaluated. 

Compared with their non-tumor counterparts, HMGCS2 downregulation occurred in 65.5% and 

37.6% of primary ESCCs on the mRNA and protein levels (P,0.001), respectively. On the 

protein level, HMGCS2 expression was associated with tumor cell differentiation (P=0.003), 

pT status (P=0.006), and TNM stage (P=0.010). In the down-HMGCS2 expression group, the 

5-year overall survival (OS) and relapse-free survival (RFS) are poorer than those in the normal 

expression group (19 months vs 24 months, P=0.002; 13 months vs 17 months, P=0.007, respec-

tively). According to the TNM stage, stratified analysis revealed that its discernibility on RFS 

was only pronounced in patients with advanced clinical stage (P=0.001). In addition, multivariate 

Cox regression analysis showed that HMGCS2 expression was an independent risk factor for 

RFS (P=0.032) instead of OS (P=0.099). The findings of this study provided the evidence that 

HMGSC2 represented a potential novel prognostic biomarker for ESCC patients.
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Introduction
As the predominant histological type of esophageal cancer, esophageal squamous 

cell carcinoma (ESCC) is one of the most common malignancies and associated with 

a poor prognosis.1,2 It should be noted that despite improvements in diagnostic tech-

niques and multimodal therapies, 5-year survival rates of ESCC remain to be 15% 

on average in many countries.3 Poor survival rates highlight the need to investigate 

potential therapeutic targets and develop effective treatments. As a complicated and 

heterogeneous disease, ESCC is driven by accumulative genetic epigenetic altera-

tions in multiple cancer-related genes. Therefore, it is imperative to search reliable 

biomarkers for clinical diagnosis, prognosis, and specific therapies.
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In order to obtain a clear picture of genetic alteration 

occurring in ESCC, cDNA microarray technology was 

applied to simultaneously detect changes in the expression 

of thousands of genes. Consisting of 47,000 transcripts, 

Affymetrix human genome U133 Plus 2.0 GeneChip was 

performed in this group, so as to compare gene expres-

sion profiles between tumor tissues and matched adjacent 

non-tumor tissues from 10 ESCC specimens. Numerous 

differentially expressed genes have been identified, such as 

CTTN, AZGP1, 3-hydroxy-3-methylglutaryl-CoA synthase 2  

(HMGCS2), and SORBS2.4 Due to its significantly down-

regulated expression in ESCC specimens, HMGCS2 draws 

the attention. HMGCS2 encodes a mitochondrial enzyme 

HMGCS2, which is a potential regulatory point converting 

acetyl-CoA to ketone bodies in the pathway.5,6 Expressed 

in liver and a number of extrahepatic tissues, like colon, 

HMGCS2 has been reported to play a crucial role in several 

cancers, such as rectal cancer, breast cancer, and prostate 

cancer.7–9 However, the relationship between HMGCS2 

expression and ESCC occurrence and development has not 

been studied by far.

In this article, the expression level of HMGCS2 in ESCC 

and matched adjacent non-tumor tissues was measured, and 

its clinicopathological significance and prognostic value in 

ESCC were further explored.

Materials and methods
Statement of ethics
This research was approved by the Committees for Ethical 

Review of Research Involving Human Subjects at Zhengzhou 

University, and all patients provided written informed 

consent for the use of ESCC and normal tissue samples. 

Besides, written informed consents for the original human 

work producing tissue samples were obtained.

clinical samples
Cohort 1 – a total of 55 paired primary ESCC tumor tissues 

and their matched adjacent non-tumor tissues were obtained 

from Linzhou Cancer Hospital (Henan, China) between 

2012 and 2013, which were immediately put into vials and 

stored in liquid nitrogen after surgical removal (for RNA and 

DNA extraction).

Cohort 2 – along with clinicopathological summaries, 

a total of 300 paired primary ESCC tumor tissues and their 

matched non-tumor tissues were obtained from Linzhou 

Cancer Hospital, between 2001 and 2005, which were for-

malin fixed and paraffin embedded after surgical resection 

for tissue microarray (TMA) construction.

The inclusion criteria were listed as follows: 1) histological 

evidence of ESCC; 2) complete surgical resection (R0); 3) 

no perioperative chemotherapy and/or radiotherapy treat-

ment; and 4) a complete follow-up period of 60 months.

cDna synthesis and quantitative 
real-time Pcr
By utilizing TRIzol (Thermo Fisher Scientific, Waltham, 

MA, USA), total RNA was extracted from frozen ESCC tis-

sues. According to the manufacturer’ instructions, an equal 

amount of cDNA was synthesized through the application of 

Advantage RT-for-PCR kit (Clontech Laboratories, Moun-

tain View, CA, USA). In order to analyze the expression 

level of the corresponding GAPDH and HMGCS2, quanti-

tative real-time polymerase chain reaction (qRT-PCR) was 

performed by using a SYBR Green PCR Kit (Thermo Fisher 

Scientific) and ABI7900HT Fast Real-Time PCR system 

(Thermo Fisher Scientific). Meanwhile, GAPDH served as an 

internal control for HMGCS2. HMGCS2 and GAPDH prim-

ers are listed in Table 1. SDS2.3 software (Thermo Fisher 

Scientific) was employed to analyze the relative expression 

levels. By means of the Ct method, the real-time value for 

each sample was averaged and compared. ΔΔCt(sample) = 
ΔCt(sample) - ΔCt(calibrator), ΔCt(sample) = Ct(sample) 

of target gene - Ct(sample) of GAPDH; ΔCt(calibrator) = 
Ct(calibrator) of target gene - Ct(calibrator) of GAPDH; 

calibrator was defined as pooled samples from 55 adjacent 

non-tumor tissues.

escc tissue microarray and 
immunohistochemical staining
TMAs containing 300 pairs of primary ESCC tissue samples 

and their matched adjacent non-tumor tissues were con-

structed as previously described.10 TMA blocks with a thick-

ness of 5 μm were sectioned for immunohistochemical (IHC) 

staining. By employing the standard streptavidin–biotin–

peroxidase complex method, IHC staining was performed.10 

Briefly, sections were deparaffinized and rehydrated, and the 

endogenous peroxidase activity was blocked with 3% hydro-

gen peroxide for 10 minutes. For the sake of antigen retrieval, 

Table 1 Primer sequences used for qPCR analyses

Gene Sequence Accession 
number

HMGCS2 q-F 5′-cgTcccgTcTaaaggTgTTcT NM_005518.3
HMGCS2 q-R 5′- cgcTagagaTggcTccTcac
β-Actin q-F 5′-caTgTacgTTgcTaTccaggc XM_006715764.1
β-Actin q-R 5′-cTccTTaaTgTcacgcacgaT

Abbreviation: qPcr, quantitative polymerase chain reaction.
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TMA slides were boiled in 10 mmol/L sodium citrate buffer 

(pH 6.0) for 15 minutes in a microwave oven. Nonspecific 

binding was blocked with 5% normal goat serum for 10 min-

utes. In a humidified chamber, slides were incubated in a 1:50 

dilution of anti-HMGCS2 (Abcam, Cambridge, UK) at 4°C 

overnight. In the next step, the TMA section was sequentially 

incubated with biotinylated goat anti-rabbit immunoglobulin 

at a concentration of 1:100 at 37°C for 30 minutes. Using 

ImPress Universal kit (Vector Laboratories), primary anti-

body staining was visualized, during which NovaRed (Vector 

Laboratories, Burlingame, CA, USA) acted as a substrate. 

Finally, 3,3′-diaminobenzidine (DAB) Substrate Kit (Dako 

Ltd) was used for color development and then Mayer’s hema-

toxylin counterstaining. The positive localization in the cells 

of IHC staining is cytoplasm. The positive expression cells 

were quantified by ImageJ software. As previously described, 

an immunoreactivity score system was applied.11 HMGCS2-

positive cell percentage was scored as 0, ,5%, negative; 

1, 5%–25%, sporadic; 2, 25%–50%, focal; 3, .50%, diffuse. 

In addition, HMGCS2-positive staining intensity was scored 

as 0, negative; 1, weak; 2, moderate; 3, strong. Both positive 

cell percentage and cell staining intensity were determined 

in a double-blinded manner. According to the following 

formula, the total score was determined (20× microscope 

field with 10 random fields per subject): staining index = 
intensity × positive rate. In this article, a staining index ,4 

was considered as downexpression and a staining index of .4 

was regarded as normal expression.

statistical analysis
SPSS standard version 16.0 was adopted to perform statisti-

cal analysis, and paired two-tailed t-test was employed to 

compare HMGCS2 expression in primary ESCC tumors 

and their paired non-tumor tissues. Moreover, the statisti-

cal significance of correlations between HMGCS2 protein 

expression and clinicopathologic characteristics was assessed 

by chi-square test or Fisher’s exact tests. The points for 

overall survival (OS) and relapse-free survival (RFS) were 

calculated from the date of surgery to the date that event 

developed. Survival curves were plotted by the Kaplan–Meier 

method, and statistical analysis was performed through log-

rank test. And then, parameters demonstrating prognostic 

significance in the univariate test were enrolled into mul-

tivariate comparisons with the aid of the Cox-proportional 

hazards model. A P-value ,0.05 was considered to be 

statistically significant.

Results
HMGCS2 is significantly downregulated 
in primary esccs
In order to investigate HMGCS2 expression in ESCC 

specimens, the RNA expression level of HMGCS2 was 

examined in 55 pairs of primary ESCC tumors and their 

matched non-tumor tissues obtained from Linzhou Cancer 

Hospital (cohort 1). With the use of qRT-PCR, HMGCS2 was 

significantly downregulated in ESCC samples (P,0.001), 

and ~36 of 55 (65.5%) ESCC specimens demonstrated 

lower HMGCS2 expression compared with their matched 

non-tumor specimens (Figure 1).

A panel of TMAs consisting of 300 matched pairs of 

primary ESCC and non-tumor specimens collected from 

Linzhou Cancer Hospital (cohort 2) were constructed, so as 

to confirm the findings and investigate the clinical implica-

tion of HMGCS2 during ESCC development. In 290 matched 

Figure 1 A and B: HMGCS2 was downregulated in escc tumor tissues. HMGCS2 was markedly decreased in tumor tissues when compared with paired adjacent non-tumor 
tissues. ***P,0.0001, paired t-test.
Abbreviation: escc, esophageal squamous cell carcinoma.
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pairs of ESCC and non-tumor specimens, informative results 

of IHC staining were observed. Non-informative samples 

were not used as valid data, including lost samples, inappro-

priately stained samples, and samples with very few cells. By 

performing IHC staining, differential cytoplasmic expression 

of HMGCS2 was observed between primary ESCC tumor 

and their matched non-tumor tissues (Figure 2). Since the 

staining index of HMGCS2 was $4 in non-tumor tissues, 

a staining index of .4 was counted as normal. In addition, 

a detailed analysis of IHC data revealed that HMGCS2 was 

downregulated in 37.6% (109/290) of informative ESCC 

tumor tissues (P,0.001). In terms of HMGCS2 protein 

expression, there was obvious difference between ESCC and 

their matched non-tumor specimens.

Correlation of HMGCS21 protein 
expression with clinicopathological 
variables
Subsequently, the correlation between HMGCS2 protein 

expression in primary ESCC and clinicopathological fea-

tures of ESCC patients from Linzhou Cancer Hospital 

(cohort 2) are summarized in Table 2. Down-HMGCS2 

expression was significantly associated with poor tumor 

cell differentiation (P=0.002), pT status (P=0.006), and 

advanced TNM stage (P=0.010). Moreover, no correlation 

was observed between HMGCS2 expression and other 

clinicopathological characteristics, such as patient’s age 

(P=0.275), gender (P=0.627), tumor location (P=0.306), patho-

logic N status (P=0.542), general classification (P=0.664), 

smoking status (P=0.332), and drinking status (P=1.000).

Association between HMGCS2 
expression and patient survival
Univariate analysis demonstrated that tumor cell differentia-

tion, pathologic T and N status, TNM stage, and HMGCS2 

expression were prognostic factors for OS, while pathologic 

T status, TNM stage, and HMGCS2 expression were prog-

nostic factors for RFS (Table 3). In the down-HMGCS2 

expression group, the median 5-year OS (19 vs 24 months; 

Figure 3A) and median RFS (13 vs 17 months; Figure 3B) 

were significantly lower than those in normal HMGCS2 

expression group. Correlated with a number of clinical 

indexes (such as tumor cell differentiation, pathologic T or 

N status, and HMGCS2 expression), the TNM stage was not 

introduced into multivariate Cox-proportional hazard model, 

so as to avoid potential bias. Through the application of 

multivariate analysis, it was found that tumor cell differen-

tiation and pathologic N status were independent prognostic 

predictors for OS, while HMGCS2 expression and pathologic 

T status were independent prognostic predictors for RFS 

Figure 2 Representative of HMGCS2 expression in adjacent non-tumor tissue (upper) and ESCC tumor tissue (bottom) detected by immunostaining with anti-HMGCS2 
antibody (brown). The slide was counterstained was hematoxylin (original magnification: left ×100, right ×200).
Abbreviation: escc, esophageal squamous cell carcinoma.
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(Table 4). Furthermore, no significant difference in RFS 

was observed in patients with TNM stages I–II (P=0.059; 

Figure 3C) in a stratified survival analysis according to the 

TNM stage. However, HMGCS2 expression could differ-

entiate the prognosis of patients among those with TNM 

stage III (P=0.001; Figure 3D).

Discussion
Basic characteristics of cancer are closely related to major 

alternations in tumor cell metabolism, which is enhanced 

lipid biosynthesis and glycolysis to satisfy their high energy 

demand for conducting integral cellular processes.12,13 

De novo fatty acid biosynthesis is essential for cancer cells 

to synthesize new cellular membranes, which are crucial in 

multiple membrane-based biochemical and biological pro-

cesses, such as signaling cell growth receptors and protein 

assembly.7 Moreover, lipid metabolism is necessary for a 

number of transformed phenotypes in cancer cells, including 

cell proliferation, invasion, dissemination, and survival under 

oxidative or energy stress.14 By producing ketone bodies 

via decomposing acetyl-CoA, the ketogenic pathway is an 

alternative energy-producing pathway to provide energy for 

cancer cells in the form of ATP.15

As a mitochondrial enzyme involved in ketogenic path-

way, HMGCS2 catalyzes the first reaction of ketogenesis 

producing HMG-CoA, so as to provide lipid-derived energy 

during fasting. HMGCS2 expression in humans has been 

reported in liver, colon, pancreas, heart, and skeletal muscle,16 

and its expression is usually detected in differentiated cells.8,17 

Proliferating cells do not express HMGCS2 activity.18,19 On 

the contrary, its expression is the characteristic of differen-

tiated cells of colon.20 To the authors’ knowledge, no data 

concerning HMGCS2 expression in ESCC are available. 

The authors’ previous study showed that HGMCS2 was 

2.2-fold downregulated in ESCC cDNA microarray, and this 

Table 2 Correlation between HMGCS2 expression and 
clinicopathological features of primary ESCC

Clinicopathological 
features

All 
case

HMGCS2 expression, n (%) P-value

Downregulation Normal 
expression

Age (years) 0.275
#60 161 56 (34.8) 105 (65.2)
.60 129 53 (41.1) 76 (58.9)

gender 0.627
Male 160 58 (36.2) 102 (63.8)
Female 130 51 (39.2) 79 (60.8)

location 0.306
Upper 69 24 (34.8) 45 (65.2)
Middle 198 73 (36.9) 125 (63.1)
lower 23 12 (52.2) 11 (47.8)

Differentiation 0.002*
Well 35 5 (14.3) 30 (85.7)
Moderate 188 71 (37.8) 117 (62.2)
Poor 67 33 (49.3)  34 (50.7)

pT status 0.006*
T1–2 43 8 (18.6) 35 (81.4)
T3–4 247 101 (40.9) 146 (59.1)

pn status 0.542
n0 164 59 (36.0) 105 (64.0)
n1 126 50 (39.7) 76 (60.3)

TNM stage 0.010*
i 17 1 (5.9) 16 (94.1)
ii 175 65 (37.1) 110 (62.9)
iii 98 43 (43.9) 55 (56.1)

General classification 0.664
Medullary type 153 58 (37.9) 95 (62.1)
Ulcerative type 96 33 (34.4) 63 (65.6)
sclerotic type 16 6 (37.5) 10 (62.5)
Mushroom type 25 12 (48.0) 13 (52.0)

smoking status 0.332
Yes 155 54 (34.8) 101 (65.2)
no 135 55 (40.7) 80 (59.3)

Drinking status 1.000
Yes 116 44 (37.9) 72 (62.1)
no 174 65 (37.4) 109 (62.6)

Note: *Statistically significant.
Abbreviations: ESCC, esophageal squamous cell carcinoma; pT status, depth of 
tumor invasion; pN status, depth of node invasion.

Table 3 Uninvariate Cox regression analysis for OS and RFS in ESCC

Clinical features OS RFS

HR (95% CI) P-value HR (95% CI) P-value

age 1.236 (0.968–1.578) 0.089 1.011 (0.640–1.596) 0.964
gender 1.138 (0.890–1.455) 0.303 1.275 (0.800–2.032) 0.308
location 1.106 (0.868–1.409) 0.417 0.691 (0.418–1.143) 0.150
Differentiation 1.454 (1.183–1.787) 0.000* 1.380 (0.904–2.108) 0.136
pT status 1.273 (1.071–1.514) 0.006* 1.647 (1.074–2.525) 0.022*
pn status 1.882 (1.467–2.413) 0.000* 1.481 (0.936–2.346) 0.094
TNM stage 1.907 (1.523–2.389) 0.000* 1.719 (1.133–2.608) 0.011*
General classification 1.072 (0.933–1.232) 0.328 1.020 (0.757–1.374) 0.898
HMGCS2 expression 0.684 (0.533–0.879) 0.003* 0.544 (0.340–0.871) 0.011*

Note: *Statistically significant.
Abbreviations: OS, overall survival; RFS, relapse-free survival; ESCC, esophageal squamous cell carcinoma; HR, hazard ratio; CI, confidence interval; pT status, depth of 
tumor invasion; pN status, depth of node invasion.
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Table 4 Muitivariate Cox regression analysis for OS and RFS in ESCC

Clinical features OS RFS

HR (95% CI) P-value HR (95% CI) P-value

Differentiation 1.437 (1.164–1.773) 0.001* – –
pT status 1.161 (0.966–1.396) 0.112 1.559 (1.012–2.402) 0.044*
pn status 1.736 (1.342–2.246) 0.000* – –
HMGCS2 expression 0.805 (0.623–1.041) 0.099 0.597 (0.372–0.958) 0.032*

Note: *Statistically significant.
Abbreviations: OS, overall survival; RFS, relapse-free survival; ESCC, esophageal squamous cell carcinoma; HR, hazard ratio; CI, confidence interval; pT status, depth of 
tumor invasion; pN status, depth of node invasion.

Figure 3 Survival curves plotted by employing Kaplan–Meier estimator. A and B: Kaplan–Meier plot with univariate analysis indicated that patients with low HMGCS2 
expression had a poorer OS (P=0.002) and RFS (P=0.007) than those with normal HMGCS2 expression through a log-rank test. C and D: A stratified survival analysis 
according to the pathological stage revealed that HMGCS2 expression discernibility on RFS was only pronounced in patients with advanced clinical stage (pStage III). P=0.001, 
log-rank test.
Abbreviations: OS, overall survival; RFS, relapse-free survival; exp, expression.

significant dysregulation prompted us to investigate its role 

in ESCC. In this study, HMGCS2 expression has been shown 

to be downregulated in ESCC tissues on mRNA and protein 

levels for the first time, when compared with their matched 

non-tumor tissues. It was found that ~65.5% of ESCC patients 

showed downregulated HMGCS2 expression on mRNA level 

in their tumor specimens and ~37.6% showed downregulated 

expression on protein level. Through chromatin immuno-

precipitation experiments, HMGCS2 has been identified 

to be downregulated by c-Myc via a Miz-1-dependent  
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mechanism in colon cancer.17 Since HMGCS2 is upregulated 

by the expression of a dominant-negative form of TCF-4 in 

the colon cell line, HMGCS2 may be under the control of 

the Wnt/APC/β-catenin signal pathway.21,22 These results give 

rise to the hypothesis that HMGCS2 may induce ESCC cells 

differentiation and/or apoptosis. However, in several other 

studies, high HMGCS2 expression was found in a number of 

tumors, such as rectal cancer and prostate cancer,7–9 which 

suggested that HMGCS2 could be regarded as a negative 

prognosis factor. Based on these studies, HMGCS2 seems to 

exhibit very contradicting roles depending on cellular con-

text. Therefore, further studies in vitro and in vivo are needed 

to clarify the precise mechanism of HMGCS2 involved in 

ESCC progression.

In this study, the correlation analysis between the gene and 

clinicopathologic characteristics found that among patients 

with poor differentiation, tumor invasion, lymph node metas-

tasis, and advanced TNM stage, downexpression level of 

HMGCS2 protein was observed more frequently. In addition, 

this study demonstrated that HMGCS2 downexpression was 

significantly correlated with worse survival, including OS and 

RFS on univariate level. And then, HMGCS2 downexpression 

could be considered as an independent negative prognostic 

factor for poor RFS in the multivariate analysis. The 5-year 

OS and RFS of patients with downregulated HMGCS2 

expression were markedly shorter than that of those with 

normal expression (19 vs 24 months, 13 vs 17 months, respec-

tively). Moreover, the prognostic value of HMGCS2 expres-

sion level was analyzed in selected patient subgroups, and 

it was found that in the subgroup of patients with advanced 

clinical stage, downregulated HMGCS2 expression was asso-

ciated with a poor RFS. When compared with surgery alone, 

adjuvant chemotherapy or neoadjuvant chemoradiotherapy 

was proven to improve the clinical outcome of patients with 

locally advanced ESCC.23–27 Therefore, perioperative chemo-

therapy may be recommended for the subset of patients with 

down-HMGCS2 expression to improve their outcome.

Regulation of HMGCS2 expression mainly occurs on 

transcriptional level. Elements of HMGCS2 proximal pro-

moter may account for its regulation by hormones, such as 

insulin,28 and metabolites, such as long-chain fatty acids or 

butyrate.20,29 Insulin-mediated HMGCS2 regulation involves 

forkhead transcription factors.30 Through some signals of 

inducing cell proliferation, HMGCS2 seems to be down-

regulated, such as hormonal and metabolic signals. Although 

HMGCS2 is a direct target of c-Myc, its expression is not 

related to c-Myc levels, because only some tumors were 

Myc dependent, such as colon rectum tumors. Therefore, 

HMGCS2 and c-Myc expression levels may depend on 

additional factors related to nutritional status or intestinal 

germ flora of patients.17 Associated with the ketogenic 

capacity, HMGCS2 expression is regulated by ketone 

body acetoacetate by increasing to inhibit endothelial cell 

growth.31,32 In another study, it is shown that HMGCS2 acts 

as a tumor-suppressor gene, because p53 upregulates fatty 

acid oxidation induced by glucose starvation. As a target 

gene of p53, it may activate β-oxidation to protect the cell 

from Warburg effect.33,34

In conclusion, the result of the present study demonstrates 

that downregulated HMGCS2 expression in ESCC tumor 

specimens indicates aggressive tumor behaviors and predicts 

a worse clinical outcome for the first time. These findings 

suggest that HMGCS2 may serve as a potential target for 

diagnosis and therapy of ESCC patients, especially patients 

with advanced clinical stage.
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