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Abstract
Background: Esophageal squamous cell carcinoma (ESCC) is the predominant histological type of
esophageal cancer in China and has an extremely poor prognosis. Circulating free DNA (cfDNA) and
plasma heat shock protein 90alpha (Hsp90a) are two novel noninvasive biomarkers for diagnosis and
prognostic prediction of several types of cancer. However, to the best of our knowledge, the roles of the
two biomarkers in ESCC are still unknown.

Methods: We recruited 93 primary ESCC patients and detected plasma concentrations of the two markers
at different time points, including 1–3 days pre-chemotherapy, 1–7 days pre-surgery and 7–14 days post-
surgery. Baseline concentrations of the two markers were associated with main characteristics of ESCC
patients which were collected at �rst diagnosis. Correlation between the two markers and traditional
serum biomarkers at baseline was also examined. Furthermore, dynamic changes of the cfDNA and
Hsp90α concentrations among different time points and the potential clinical signi�cance were assessed.

Results: There was no signi�cant association between baseline concentrations of the two markers and
clinical features. Especially, cfDNA demonstrated stronger correlation with other circulating biomarkers
than Hsp90α at baseline level. Importantly, both cfDNA and Hsp90α concentrations were signi�cantly
increased after surgery. Kaplan-Meier survival analysis showed that a change in concentration of cfDNA
(ΔcfDNA) but not Hsp90α (ΔHSP90 ) between pre-surgery and post-surgery had signi�cant effect on the
overall survival of surgical patients with ESCC. Thus, ΔcfDNA evaluation could be a promising prognostic
marker for surgical ESCC patients.

Conclusions: Our �ndings may improve the understanding of the function of cfDNA and Hsp90α in ESCC.

Background
Esophageal cancer is the eighth most highly diagnosed type of cancer and the sixth leading cause of
cancer-related death worldwide [1, 2]. Its incidence and mortality continue to rise. Nearly half of the new
cases of esophageal cancer worldwide are found in China, and esophageal squamous cell carcinoma
(ESCC) is the predominant histological type [3]. Due to the late-stage at diagnosis for most patients, the
prognosis of ESCC patients remains poor, with an overall 5‐year survival rate of 15‐25% [4, 5]. Massive
efforts have been made to develop diverse methods to detect early cancer, monitor treatment response
and predict prognosis [6–10]. To date, nevertheless, works to indentify molecular markers in association
with the pathogenesis and response to therapy of ESCC have proved to be essentially unsuccessful [11].
Further studies are needed to learn more about the progression of ESCC and to develop new approaches
for diagnosis and prognostic prediction of patients.

The term liquid biopsy refers to sampling of analytes from various biological �uids, usually blood [12]. In
the era of precision oncology, the advent of liquid biopsy for cancers has generated great enthusiasm for
potential applications in monitoring tumor progression and guiding treatment decision [13, 14].
Circulating free DNA (cfDNA) corresponds to cell-free DNA fragments circulating in the blood, which is
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released through necrosis, apoptosis or active secretion by nucleated cells such as lymphocytes
[15].Changes in the levels of cfDNA in plasma or serum have been associated with tumour burden and
malignant progression in several types of cancer [16–20]. For example, cfDNA concentration is an
independent prognostic indicator in lung cancer, and also serves as a biomarker for diagnosis and
prognostic prediction of colorectal cancer [17, 18]. Similarly, heat shock protein 90alpha (Hsp90a) levels
in plasma signi�cantly increase in cancer patients, and positively correlate with tumor malignancy and
metastatic ability [21]. As an intracellular molecular chaperone, Hsp90a can be translocated to the cell
surface and secreted into the extracellular space by cancer cells [22, 23]. Yuankai Shi et al have showed
that plasma levels of Hsp90a signi�cantly associated with lung cancer development and treatment
responses [24]. Besides, plasma Hsp90α acts as a biomarker for the diagnosis of liver cancer, and can be
used to evaluate the therapeutic e�cacy of patients [25]. Accordingly, both cfDNA and Hsp90α have been
used as blood biomarkers for cancer screening, prognosis and monitoring of the e�cacy of anticancer
therapies, which performs as one of the accurate and reproducible methods of liquid biopsy. However, the
roles of cfDNA and Hsp90α in ESCC are yet to be elucidated.

In this study, we sought to identify the function of cfDNA and Hsp90α in ESCC. Using plasma samples
from 93 primary ESCC patients, we detected concentrations of the two markers at different time points.
Blood samples were collected at the following times: 1–3 days pre-chemotherapy, 1–7 days pre-surgery
and 7–14 days post-surgery. Baseline concentrations of the two markers were associated with clinical
characteristics and levels of other circulating biomarkers. Plasma cfDNA or Hsp90α levels among
different time points were further compared and the potential clinical signi�cances were investigated. To
our knowledge, we present the �rst demonstration of the roles of cfDNA and Hsp90α in ESCC. Particularly,
a change in cfDNA concentration between pre-surgery and post-surgery may be a promising indicator for
predicting prognosis in surgical patients with ESCC.

Materials And Methods

Patients and samples
We totally recruited 93 primary ESCC patients who received medical treatments at the Heping Hospital
(Shanxi, China) between January 2018 and June 2019. Plasma samples were collected from patients for
quanti�cation of cfDNA and Hsp90α at different time points (Fig. 1). Demographic and clinical
characteristics of patients were recorded at �rst diagnosis, including gender, age, body mass index,
smoking, drinking, family history, TNM stage, differentiation, tumor size, lymphatic metastasis, etc
(Table 1). The follow-up data of patients were prospectively collected. Overall survival of these patients
were calculated at last follow-up on March 2020. The experiments were performed with the
understanding and written consent of each patient, and the investigation was performed in accordance
with The Code of Ethics of the World Medical Association (Declaration of Helsinki), printed in the British
Medical Journal. The present study was approved by the Medical Ethics Committee of Heping Hospital,
Changzhi Medical College.
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Table 1
Baseline demographic and clinical characteristics of the patients.

Characteristics Subjects

ESCC  

Yes 93

No 0

Han nationality  

Yes 93

No 0

Region  

Inside Changzhi City 93

Outside Changzhi City 0

Family history  

Yes 0

No 93

Smoking  

Yes 0

No 93

Drinking  

Yes 0

No 93

Gender  

Male 61

Female 32

Age (years)  

> 60 63

≤ 60 30

BMI (kg/m2)  

ESCC, esophageal squamous cell carcinoma. BMI, body mass index. NA, not available.
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Characteristics Subjects

< 18.5 7

≥ 18.5 and ≤ 23.9 53

≥ 24 33

Pre-existing hypertension  

Yes 27

No 66

Distance to incisors (cm)  

20–30 35

30–40 37

NA 21

Stage  

I-II 40

III-IV 48

NA 5

Differentiation  

Well 8

Moderate 44

Poor 3

NA 38

Tumor size (cm)  

≤ 3.5 19

> 3.5 14

NA 60

Lymphatic metastasis  

Positive 35

Negative 58

ESCC, esophageal squamous cell carcinoma. BMI, body mass index. NA, not available.
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cfDNA extraction and quanti�cation
10 ml venous blood was collected in an ethylenediaminetetraacetic acid (EDTA) tube and centrifuged at
3000 rpm for 10 min within 4 hours. Plasma was isolated and centrifuged again at 13000 rpm for
10 min. Plasma samples were stored at − 80 °C and shipped in dry ice. cfDNA was extracted from plasma
samples using the QIAamp Circulating Nucleic Acid Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. Electropherograms were obtained using an Agilent 2100 Bioanalyzer platform
(Agilent Technologies, Santa Clara, CA, USA). DNA was then stored at − 80 °C until further analysis.

Quanti�cation of cfDNA was performed using a quantitative PCR (qPCR)-method [18, 26]. To assess the
concentration and integrity index of plasma cfDNA, both short fragment (115 bp) and long fragment
(247 bp) from a consensus sequence with abundant genomic ALU repeats were ampli�ed and quanti�ed
as described previously [27]. The concentration of cfDNA (ALU115 and ALU247) in each sample was
calculated according to the standard curve. DNA integrity index was calculated as the ratio of qPCR result
(ALU247/115). Each PCR assay included a plasma DNA sample, a water template as negative control,
and a human genomic DNA as positive control. All reactions were carried out in duplicates. Researchers
performing the qPCR assays were blinded to the patient’s clinical outcomes.

ELISA detection of plasma Hsp90α levels
Peripheral blood samples (EDTA-K2 anticoagulant) were collected and centrifuged at 3000 rpm for
10 min within 4 hours. Plasma was isolated and stored at − 20 °C until use. Plasma Hsp90α
concentrations were quantitatively measured using the commercially available ELISA kit (Yantai Protgen
Biotechnology Development Co., Ltd, Yantai, China) according to the manufacturer’s instruction. Brie�y,
the 96-well microplates pre-coated with monoclonal antibody to Hsp90α were �rst preincubated at 37 °C
for 30 minutes. Then, plasma samples and standard samples were diluted and loaded into the 96-well
microplates. Anti–Hsp90a-HRP-conjugated antibodies (50 µl) were added to the plates and incubated at
37 °C for 1 hour. Subsequently, the plates were washed four times with the washing buffer, and the
reaction was visualized by adding 50 µl 3, 3, 5, 5-tetramethylbenzidine (TMB) substrate and incubated for
20 minutes at 37 °C before stoppage with 50 µl Stop Solution. Finally, using a spectrophotometer
(Thermo Scienti�c, Wilmington, DE, USA), the optical density was measured at 450 nm and referenced to
570 nm. The amount of Hsp90α protein in each plasma sample was calculated according to a standard
curve of optical density values. Researchers performing the ELISA assays were blinded to clinical
information of patients.

Quanti�cation of traditional serum biomarkers
The concentrations of serological tumor markers, including carbohydrate antigen 19 − 9 (CA19-9),
carbohydrate antigen 72 − 4 (CA72-4), carbohydrate antigen 125 (CA125), carcinoembryonic antigen



Page 8/21

(CEA), and serum ferritin (SF), were determined in the Clinical Pathology Laboratory of the Heping
Hospital according to the standard protocols.

Statistical analysis
Statistical analysis were performed using GraphPad Prism 7 (GraphPad Software, La Jolla, CA, USA) or
SPSS12.0 program (SPSS Inc., Chicago, IL, USA). Data were presented as mean ± SEM. Gaussian
distribution of the data was assessed using Shapiro-Wilk normality test, KS normality test and D’Agostino
& Pearson normality test. If the data pass the Gaussian distribution test, unpaired t test was used,
otherwise Mann-Whitney test for unpaired two groups or Kruskal-Wallis test for groups of three were
used. Spearman's correlation analysis was applied to analyze the correlation between different
biomarkers.

Overall survival (OS) was de�ned as the time from esophagectomy to either death or �nal follow-up. The
change in cfDNA concentrations between pre-surgery and post-surgery, ΔcfDNA (cfDNApost−surgery minus
cfDNApre−surgery), was calculated. The change in Hsp90α concentrations between pre-surgery and post-
surgery, ΔHSP90  (HSP90 post−surgery minus HSP90 pre−surgery), was also calculated. A minimum P-value
approach was performed to evaluate the optimal cut-off value of ΔcfDNA (high, > 1390 ng/ml; low, ≤ 
1390 ng/ml) or ΔHSP90  (high, > 10.55 ng/ml; low, ≤ 10.55 ng/ml) to divide the patients into high and
low groups based on duration of OS. In this approach, the log-rank test was applicated for different levels
of ΔcfDNA or ΔHSP90  to determine the optimal cut-off point with the lowest P value. The survival curve
was plotted according to the Kaplan-Meier method, and differences of survival distributions between
subgroups were compared by the log-rank test.

Differences were considered to be statistically signi�cant for P < 0.05, ** P < 0.01 and *** P < 0.001.

Results

Patient cohorts
93 primary ESCC patients recruited from Changzhi City were of Han nationality, and there was no bias in
smoking, drinking and family history (Table 1). Three cohorts were divided according to the patient's
treatment strategies, including chemotherapy with paclitaxel (TAX/PTX) plus cisplatin (DDP/CDDP) for
1–3 period and/or combined laparoscopic and thoracoscopic esophagectomy (Fig. 1). Plasma samples
were collected at three time points, including 1–3 days before chemotherapy (1st ), 1–7 days before
surgery (2nd ), and 7–14 days after surgery (3rd ), from 10 cases who received chemotherapy and
underwent curative resection successively. 61 of 75 cases who only received the surgical treatment were
monitored for two times, including 1–7 days before surgery (1st ) and 7–14 days after surgery (2nd ),
while other 14 cases just for one time before surgery. The remaining 8 cases were only detected 1–3 days
before chemotherapy (1st ). Plasma samples collected from these patients were simultaneously
quanti�ed for cfDNA and Hsp90α concentrations.
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Association between baseline concentrations of the two
markers and main characteristics of patients
To evaluate the differences in baseline concentrations of the two markers before receiving any
treatments, we divided ESCC patients into numerous groups according to their demographic and clinical
characteristics which were collected at �rst diagnosis (Table 1). There was no statistically signi�cant
association between baseline cfDNA concentrations and main characteristics of patients, including
gender (male versus female), age (> 60 versus ≤ 60 years), body mass index (< 18.5 versus 18.5–23.9
versus ≥ 24 kg/m2), pre-existing hypertension (yes versus no), distance to incisors (20–30 versus 30–
40 cm), TNM stage (I-II versus III-IV), differentiation (well versus moderate versus poor), tumor size (≤ 3.5
versus > 3.5 cm), and lymphatic metastasis (positive versus negative) (Fig. 2). Similarly, the association
between baseline Hsp90α concentrations and ESCC clinicopathological features was also compared, and
the differences were not signi�cant (P > 0.05, Fig. 3). Although no signi�cant association was observed in
the present study, due to limited sample size, further studies with a larger sample size are required, in
order to provide further insight into the effects of the two markers on ESCC development.

Correlation between the two markers and other circulating
biomarkers at baseline
Circulating tumor markers provide important information for cancer diagnosis and evaluating the clinical
response to treatment. Correlation between the two markers and traditional serum biomarkers at baseline
was subsequently examined, including CA19-9, CA72-4, CA125, CEA, and SF. Signi�cant correlations were
observed between cfDNA and the commonly used protein tumor markers, CA72-4 and CA125, at baseline
(Fig. 4). However, there was no signi�cant correlation between baseline Hsp90α concentrations and levels
of these serological tumor markers (Fig. 5). On the whole, cfDNA demonstrated stronger correlation with
other circulating biomarkers than Hsp90α (Figs. 4 and 5).

Up-regulation of cfDNA and Hsp90α concentrations after
surgery
Further, the cfDNA and Hsp90α concentrations detected at different time points were compared
respectively. In the cohort of 10 patients, the postoperative (3rd ) cfDNA concentrations were signi�cantly
increased compared with that of pre-chemotherapy (1st ) and pre-surgery (2nd ), whereas Hsp90α
concentrations exhibited no signi�cant difference among three time points (Fig. S1). Meanwhile, in 61
patients who only received the surgical treatment, concentrations of the two markers were signi�cantly
increased 7–14 days after surgery (2nd ) compared with that of 1–7 days before surgery (1st ) (Fig. S2).
Taken together, in total 71 ESCC patients who received esophagectomy, both cfDNA and Hsp90α
concentrations were signi�cantly increased following surgery (Fig. 6).
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cfDNA has been identi�ed as a biomarker for diagnosis and prognostic prediction of several types of
cancer [16–20]. Plasma Hsp90a protein levels have also been reported to be associated with tumor
development and treatment responses [24, 25]. However, to the best of our knowledge, they have not yet
been studied in ESCC. Here, concentrations of the two markers were dynamically monitored at the same
time, and the correlations between them were investigated at three time points including pre-
chemotherapy, pre-surgery and post-surgery. Consequently, signi�cant correlation existed between cfDNA
and Hsp90α at the preoperative time point but not pre-chemotherapy and post-surgery (Fig. S3).

ΔcfDNA, but not ΔHSP90 , performs as a candidate
prognostic marker for surgical patients
To explore the clinical signi�cance of the above-described up-regulation of the two markers after surgery,
the changes in cfDNA and Hsp90α concentrations between pre-surgery and post-surgery were calculated,
which were named as ΔcfDNA and ΔHSP90  respectively. We divided our ESCC cohort into two groups,
high and low, according to the levels of ΔcfDNA or ΔHSP90  as described in the methods, and then
performed Kaplan-Meier survival analysis in GraphPad Prism using the follow-up data. As a result, we
found that ESCC patients with high ΔcfDNA levels had shorter OS than those with low ΔcfDNA levels,
while ΔHSP90  levels had no signi�cant effect on the OS of patients with ESCC (Fig. 7). The results
revealed that a change in cfDNA but not Hsp90α concentrations between pre-surgery and post-surgery
could be applied for predicting the clinical e�cacy of treatment in surgical patients with ESCC.

Discussion
ESCC is one of the most common and lethal malignancies in China. Due to the fact that early ESCC lacks
speci�c symptoms, most patients are diagnosed in the intermediate or terminal stage with poor
prognosis. Therefore, it is urgent to develop more effective methods for monitoring tumor progression
and predicting prognosis of patients. As two noninvasive biomarkers, plasma cfDNA and Hsp90α exert
diagnostic and prognostic values in many types of cancer. However, the function of them in ESCC is still
obscure. In this study, we explored the roles of cfDNA and Hsp90α in ESCC at the same time.

Previous studies have demonstrated that blood levels of cfDNA and Hsp90α were signi�cantly
associated with tumor progression [16, 18, 20, 24, 25]. For example, the serum concentration of cfDNA
has been recognized as a promising candidate biomarker for early detection of colorectal cancer, and
plasma Hsp90a levels in patients with advanced lung cancer (stage III–IV) were higher than in patients
with early-stage lung cancer (stage I–II) [18, 24]. To detect the effect of the two markers on ESCC
development, we performed association analysis between baseline concentrations and
clinicopathological features of patients which were collected at �rst diagnosis, including distance to
incisors, TNM stage, differentiation, tumor size and lymphatic metastasis. Unexpectedly, there were no
signi�cant differences in the baseline concentrations of the two markers (Figs. 2 and 3). Actually, in the
present study, we have tried our best to homogenize the ESCC cohort and minimized confounding factors
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including histological type, nationality, region, family history, smoking, drinking, gender, age, body mass
index, and even pre-existing hypertension (Table 1). Thus, cfDNA or Hsp90α evaluation for one time may
not be a promising method for monitoring ESCC progression. Notably, the �ndings of the present study
are limited due to the small number of patients. A prospective study with a larger sample size is
necessary, in order to evaluate the clinical signi�cance of the cfDNA or Hsp90α detection for patients with
ESCC.

Although both cfDNA and Hsp90α perform as blood biomarkers for cancer screening and prognostic
prediction, to the best of our knowledge, they have not yet been dynamically monitored at the same time.
In the present study, cfDNA and Hsp90α levels were simultaneously quanti�ed at different time points
and further compared for the �rst time. Intriguingly, cfDNA demonstrated stronger correlation with other
circulating biomarkers than Hsp90α at baseline, including CA19-9, CA72-4, CA125, CEA, and SF (Figs. 4
and 5). Moreover, a change in cfDNA but not Hsp90α concentrations between pre-surgery and post-
surgery signi�cantly correlated with patients’ outcome after surgery, despite the fact that both cfDNA and
Hsp90α concentrations were signi�cantly up-regulated after surgery (Figs. 6 and 7). Overall, these results
provide evidence that cfDNA may play a more important role in the prognostic prediction of ESCC
patients than Hsp90α. As one of the molecular chaperones, Hsp90α has many well-established
intracellular functions and acts in a variety of cellular processes [28–33]. Therefore, multiple stimuli can
regulate the translocation and secretion of Hsp90α protein [34]. This, coupled with our �ndings, suggests
the possibility that cfDNA is a more reliable tumor marker than plasma Hsp90α protein in ESCC
prognosis. Further studies are required to verify how the up-regulation of the two markers following
surgery arise and whether the differences in prognostic function exist in a larger cohort.

Taken together, we investigated the potential clinical utility of cfDNA and Hsp90α in ESCC patients. By
detecting plasma concentrations of the two markers and further associating with clinical characteristics,
we did not �nd signi�cant association between plasma levels of the two markers and ESCC development,
although cfDNA demonstrated stronger correlation with traditional serum biomarkers than Hsp90α.
Importantly, we observed that both cfDNA and Hsp90α concentrations were signi�cantly increased after
esophagectomy. Besides, a change in cfDNA concentration between pre-surgery and post-surgery could
be a candidate prognostic indicator for surgical ESCC patients. How precisely the dynamic changes of
the cfDNA and Hsp90α concentrations occur and whether prognostic value of the ΔcfDNA level is still
signi�cant in more ESCC patients from different regions remain to be determined in future studies.

Conclusion
In conclusion, we investigated the function of cfDNA and Hsp90α in ESCC. We did not �nd signi�cant
association between plasma levels of the two markers and ESCC development, although cfDNA
demonstrated stronger correlation with traditional serum biomarkers than Hsp90α at baseline level. We
observed that both cfDNA and Hsp90α concentrations were signi�cantly increased after surgery.
Importantly, a change in cfDNA concentration between pre-surgery and post-surgery could be a candidate
prognostic indicator for surgical ESCC patients.
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minus cfDNApre-surgery; ΔHSP90 : HSP90 post-surgery minus HSP90 pre-surgery.
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Figures

Figure 1

Overview of the study. ESCC, Esophageal squamous cell carcinoma. cfDNA, Circulating free DNA.
HSP90 , Heat shock protein 90alpha. CEA, Carcinoembryonic antigen. CA19-9, Carbohydrate antigen 19-
9. TAX/PTX, Paclitaxel. DDP/CDDP, Cisplatin. OS, Overall survival. Etc includes CA72-4 (Carbohydrate
antigen 72-4), CA125 (Carbohydrate antigen 125), and SF (Serum ferritin).
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Figure 2

Relationship between cfDNA concentration at baseline and different clinicopathological features of
esophageal cancer patients, including gender (A, P=0.7402), age (B, P=0.1712), BMI (C, P=0.9492), pre-
existing hypertension (D, P=1.0000), distance to incisors (E, P=0.3555), stage (F, P=0.2492),
differentiation (G, P=0.8087), tumor size (H, P=0.2588), and lymphatic metastasis (I, P=0.0990). BMI,
Body mass index.
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Figure 3

Relationship between Hsp90α concentration at baseline and different clinicopathological features of
esophageal cancer patients, including gender (A, P=0.3278), age (B, P=0.2482), BMI (C, P=0.2377), pre-
existing hypertension (D, P=0.6385), distance to incisors (E, P=0.2391), stage (F, P=0.5379),
differentiation (G, P=0.0843), tumor size (H, P=0.8986), and lymphatic metastasis (I, P=0.4536).
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Figure 4

Correlation between cfDNA concentration at baseline and levels of other circulating biomarkers including
CA19-9 (A, n=56, r=0.1786, P=0.1880), CA72-4 (B, n=55, r=0.3703, P=0.0054), CA125 (C, n=13, r=0.5858,
P=0.0354), CEA (D, n=57, r=0.06911, P=0.6095), and SF (E, n=34, r=0.1589, P=0.3694).

Figure 5
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Correlation between Hsp90α concentration at baseline and levels of other circulating biomarkers
including CA19-9 (A, n=56, r=-0.1137, P=0.4039), CA72-4 (B, n=55, r=0.07234, P=0.5997), CA125 (C, n=13,
r=-0.1670, P=0.5856), CEA (D, n=57, r=-0.03773, P=0.7805), and SF (E, n=34, r=-0.01329, P=0.9405).

Figure 6

Concentrations of plasma cfDNA and Hsp90α before and after surgery. A. Scatter plot of cfDNA
concentrations before and after surgery. B. Scatter plot of Hsp90α concentrations before and after
surgery. C. Dynamic monitoring of cfDNA and Hsp90α concentrations in 10 ESCC patients who received
chemotherapy and underwent curative resection successively. 1st, 2nd and 3rd mean different time
points of detecting as showed in Figure 1. ** P < 0.01, *** P < 0.001.
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Figure 7

Kaplan-Meier analysis of OS performed according to the ΔcfDNA (A, n=67) and ΔHSP90  (B, n=71) levels
in surgical patients. ΔcfDNA=cfDNApost-surgery-cfDNApre-surgery. ΔHSP90 =HSP90 post-surgery-
HSP90 pre-surgery. cfDNApre-surgery, cfDNA concentration before surgery. cfDNApost-surgery, cfDNA
concentration after surgery. HSP90 pre-surgery, HSP90  concentration before surgery. HSP90 post-
surgery, HSP90  concentration after surgery.
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