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and IDO in esophageal
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patients: potential clinical
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immunotherapeutic targets
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Background: High mobility group box 1 (HMGB1) and indoleamino-2, 3-
dioxygenase (IDO) participate in the occurrence and development of
esophageal squamous cell carcinoma (ESCC), regulate the tumor immune
microenvironment, and are closely related to tumor growth and metastasis.
However, the regulatory mechanism of serum HMGB1 and IDO has not been
clarified and needs further exploration.

Methods: Blood samples of 55 ESCC patients initially hospitalized in the Fourth
Hospital of Hebei Medical University from August 2021 to January 2022 were
selected as the ESCC group, and relevant clinical data were collected, and blood
samples from 40 healthy people during the same period were selected as the
control group. Serum HMGB1 and IDO levels were determined by ELISA, and
lymphocyte subsets in peripheral blood of all subjects were detected by flow
cytometry. The correlation between the expression levels of HMGB1 and IDO in
ESCC cells was detected by Western blot.

Results: Serum HMGB1 and IDO levels were significantly increased in ESCC
patients, and with the progression of ESCC patients, serum HMGB1 and IDO
levels were also gradually increased; serum HMGB1 was significantly correlated
with IDO; serum HMGB1 and IDO combined with CEA and SCC-Ag were of high
value in predicting the clinical progression of ESCC patients; the absolute counts
of CD4*CD28"T cells and CD8*CD28*T cells in high HMGB1 group were
significantly lower than those in low HMGB1 group, while the percentage of
CD4"PD-1*T cells was significantly higher than that in low HMGB1 group; the
percentage and absolute counts of CD4*CD28*T cells and the absolute counts
of CD8*CD28*T cells in high IDO group were significantly lower than those in
the low IDO group, while the percentage of CD8*PD-1"T cells was significantly
higher than that in the low IDO group; increased serum HMGB1 and IDO
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expression levels were closely related to poor prognosis in ESCC patients; and
HMGB1 may promote IDO expression by activating NF-«B signaling pathway.

Conclusion: Serum HMGB1 and IDO have a synergistic effect, they inhibit
immune function and promote tumor progression in ESCC patients, and also
lead to poor prognosis.
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1 Introduction

Esophageal carcinoma (EC) is a kind of malignant tumor of
digestive tract which is highly aggressive and has a poor prognosis.
Global Cancer database (GLOBOCAN) shows that in 2022, the global
incidence of esophageal cancer ranked 11th and the mortality rate
ranked 7th (1). China is the region with a high incidence of
esophageal cancer, ranking 6th in incidence and 4th in mortality.
Both the incidence and mortality of male EC are higher than those of
female (2, 3). Among them, ESCC is the main pathological type of
EC. At present, EC is mainly treated by surgery, combined with
radiotherapy and chemotherapy, but the overall prognosis of patients
is still poor (4). In recent years, the emergence of immunotherapy has
made up for the deficiency of traditional therapy such as radiotherapy
and chemotherapy to some extent. However, the onset of ESCC is
insidious, the early diagnosis rate is low and most patients have
already entered the middle or late stages when they have symptoms,
which is one of the most important factors leading to the poor
prognosis of ESCC (5). Therefore, it is particularly important to
search for tumor markers and new immunotherapy targets, which is
helpful for the auxiliary diagnosis and therapeutic effect monitoring
of ESCC.

HMGBI is a highly conserved non-histone protein widely
found in eukaryotic cells. It not only participates in cell
proliferation, differentiation and invasion, but also can be actively
secreted by immune cells or passively secreted by apoptotic and
necrotic cells to bind to a variety of receptors outside the cells,
activate relevant signaling pathways, and mediate anti-tumor
immune response (6, 7). Previous literature has reported that
HMGBI is highly expressed in ESCC tissues and is significantly
associated with poor prognosis (8, 9).

IDO is a protein containing ferroheme, which is mainly
expressed in immune cells and tumor cells, and can also be
secreted into the extracellular to play a role. IDO is a key enzyme
in tryptophan metabolism along kynurenine pathway, which can
create a tryptophan starvation environment and accumulate
metabolites to cause tumor immune tolerance and immune
escape (10). At present, there are three known IDO family
subtypes, namely IDO1, IDO2 and tryptophan-2, 3-dioxygenase.
IDO1 is the main isotype in the IDO family, it is more widely

Frontiers in Oncology

distributed than the other two and the catalytic tryptophan activity
is higher, so it has been the most widely studied (11).

In previous studies, we have demonstrated that the expression
levels of HMGBI and IDO is abnormally high in ESCC tissues, and
the down-regulation of HMGB1 expression can inhibit the
proliferation, migration and invasion ability of ESCC cells and
promote their apoptosis, and the expression level of HMGBI is
closely related to the progression of ESCC tumors (12); At the same
time, we also demonstrated that the expression level of IDO in the
tumor microenvironment was positively correlated with
CD3*CD4'T cells, CD3"CDS8"T cells, CD3 CD16"CD56"NK cells,
and negatively correlated with CD3°CD19"'B cells and
CD4'CD25'Treg cells. IDO may induce poor prognosis in ESCC
patients by participating in tumor immune escape (13). Therefore,
this study continued to further explore the relationship between
serum HMGBI, IDO and T lymphocyte functional phenotype, as
well as the correlation between serum HMGB1 and IDO expression
levels and prognosis of ESCC patients, in order to provide new ideas
for clinical assistant diagnosis and immunotargeted therapy of ESCC.

2 Materials and methods

2.1 Collection and statistics of
clinical samples

Blood samples of 55 ESCC patients initially hospitalized in the
Fourth Hospital of Hebei Medical University from August 2021 to
January 2022 were collected as the ESCC group. All patients were
confirmed as ESCC by imaging and pathology and had complete
clinical data. None of the ESCC patients received cancer-related
treatment. There were 40 males and 15 females, ranging in age from
44 to 87 years old, with a median age of 67 years old. Clinical (or
pathological) staging of ESCC was performed according to the eighth
edition of the American Joint Committee on Cancer (AJCC)/Union
International Against Cancer (UICC) staging method. Another 40
blood samples from healthy people in the same period were selected
as the control group. Among them, 27 were males and 13 were
females, ranging in age from 47 to 83 years old, with a median age of
64 years old. None of the cases was associated with other serious
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diseases such as other tumors, serious immune diseases, serious
cardiovascular diseases, and serious infectious diseases. The study
was conducted in accordance with the principles of the Declaration of
Helsinki, informed consent was obtained from all patients, and the
Ethics Committee of the Fourth Hospital of Hebei Medical University
approved the study (2021KS037).

2.2 The expression levels of HMGB1 and
IDO in serum and cell culture supernatant
were detected by enzyme-linked
immunosorbent assay

Serum or cell culture supernatant of all subjects were taken out of
the refrigerator at -80°C, ELISA kits for HMGBI1 detection
(Elabscience, Wuhan, China) and IDO detection (Elabscience,
Wuhan, China) were taken out of the refrigerator at 4°C for 20
minutes in advance, and equilibrated to room temperature. The tests
were performed according to the instruction of the ELISA kit. Finally,
add 50ul of termination solution to each reaction hole and
immediately detect the absorbance value by the enzyme-labeled
instrument (PHOMO, Zhengzhou, China). Using the concentration
of standard substance as the horizontal coordinate and absorbance
value as the vertical coordinate, plot a standard curve in order to
calculate expression levels of HMGB1 and IDO in serum and cell
culture supernatant.

2.3 Flow cytometry was used to detect the
percentage and absolute counts of T
lymphocyte subsets in peripheral blood

20uL anticoagulant whole blood and 2uL monoclonal antibody
CD3-ECD (Beckman Coulter, California, USA), CD45-Percp
(Becton, Dickinson and Company, New Jersey, USA) CD4-PEcy7
(Becton, Dickinson and Company, New Jersey, USA), CD8-APC
(Beckman Coulter, California, USA), CD28-FITC (Biolegend,
California, USA), CD279 (PD-1) -PE (Biolegend, California, USA)
mixed antibody were added to a 5mL flow tube. Then 150uL of red
blood cell lysate (Beckman Coulter, California, USA) was added and
incubated at room temperature and dark for 15 minutes. ImL of
normal saline was added and centrifuged at 2000r/min for 5 minutes.
The supernatant was discarded. Each tube was added with 20uL flow-
counting fluorescent microspheres (Beckman Coulter, California,
USA) and measured by flow cytometry (Beckman Coulter,
California, USA). Kaluza Analysis software (Beckman Coulter,
California, USA) analyzed the percentage and absolute counts of
CD4"CD28"T cells, CD4"PD-1"T cells, CD8"CD28"T cells and
CD8'PD-1"T cells.

2.4 Culture and transfection of human
ESCC cells

Human ESCC cell lines (KYSE30 and ECA109) were obtained
from the Scientific Research Center of the Fourth Hospital of Hebei

Frontiers in Oncology

10.3389/fonc.2024.1452282

Medical University. The cells were cultured with RPMI 1640
medium containing 10% fetal bovine serum (Biological Industries,
Shanghai, China) at 37°C and 5% CO,. KYSE30 and ECA109 cells
were inoculated into a six-well plate at a concentration of 1x10°/L.
When the bottom coverage reached 80%, Lipofectamine®2000
transfection reagent (Invitrogen, California, USA) and HMGBI1-
siRNA plasmid (GenePharma, Shanghai, China) (Sense: 5 '
GGGAGGAGCAUAAGAAGAATT-3'; Antisense: 5 -UUCUU
CUUAUGCUCCUCCCTT-3") and negative control siRNA (NC-
siRNA) plasmid (GenePharma, Shanghai, China) (Sense: 5'-UUCU
CCGAACGUGUCACGUTT-3’; Antisense: 5 - ACGUGACACG
UUCGGAGAATT-3') was respectively prepared into a mixed
suspension and transfected into KYSE30 and ECA109 cells. The
final transfection concentration was 50nmol/L. The control group,
si-NC group, si-HMGB1 group and si-HMGB1+PMA group were
cultured with RPMI 1640 medium containing 10% fetal bovine
serum 6 hours later. si-HMGB1+PMA group was added with NF-
KB signaling pathway activator Phorbol 12-myristate 13-acetate
(PMA) (MedChemExpress, Shanghai, China), after transfection for
24 hours.

2.5 Western blot analysis

After transfection for 48 hours, total protein was extracted with
RIPA protein lysate (Solarbio, Beijing, China), and total protein
concentration was determined with BCA protein concentration
assay kit (Solarbio, Beijing, China). Added proper Loading Buffer
according to the volume of superalbumin, and cook the sample in
boiling water bath at 100°C for 10 minutes to get the final protein
sample. The protein was transferred to PVDF membrane by 12%
SDS-PAGE electrophoresis for 120 minutes. 5% skimmed milk
powder was enclosed at room temperature for 2 hours and then
respectively added with HMGBI (1:10,000) (Abcam, Cambridge, UK)
diluted with TBST, IDO (1:1000) (Abcam, Cambridge, UK), p65
(1:10,000) (Abcam, Cambridge, UK) and GAPDH (1:500) (Abbkine,
New Jersey, USA) rabbit primary antibody was incubated at 4°C for at
least 16 hours, and then TBST-diluted rabbit secondary antibody
(1:10,000) (Tiandeyue Biotechnology Co., Beijing, China) and
incubated for 1 hour. ECL chemiluminescence solution (Solarbio,
Beijing, China) was exposed. The Image J software detected the gray
values of HMGBI, IDO, p65 and GAPDH strips. The experiment was
repeated independently for 3 times.

2.6 Statistical analysis

SPSS 26.0 was used for statistical analysis, and GraphPad Prism
8.4.0 software was used for mapping. The normal distribution of
measurement data was expressed by mean + standard (x + )
deviation, the skewed distribution was expressed by the median (M)
[interquartile (P,s, P;5)]. Mann-Whitney U test was used to
compare the serum HMGBI1 and IDO levels between the control
group and ESCC group and ESCC patients with different clinical
stages, and analyze the correlation between different levels of serum
HMGBI, IDO and T lymphocyte subsets. Spearman correlation test
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analyzed the levels of serum HMGBI1 and IDO in ESCC patients.
Receiver operating characteristic curve (ROC) was plotted to
analyze the auxiliary diagnosis value of HMGBI1 and IDO in both
the normal people and ESCC patients, and the predictive value of
serum tumor markers (CEA and SCC-Ag) and HMGBI, IDO of the
clinical progression in ESCC patients. Delong test was used to
analyze the significance of area under the ROC curves. The
correlation between HMGB1 and IDO and the clinicopathological
features of ESCC patients was analyzed by y° test. Kaplan-Meier
curves of ESCC patients with different levels of serum HMGBI,
IDO were analyzed by Log-rank test. Multivariate Cox regression
model was constructed to analyze the effects of serum HMGBI,
IDO, CEA and SCC-Ag on the survival status of ESCC patients.
One-way ANOVA compared the mean difference between multiple
sets of data for ESCC cells, The minimum significance difference
test (LSD) was used to analyze the multi-group comparison. P<0.05
was considered as statistically significant difference.

3 Results

3.1 Expression levels of serum HMGB1 and
IDO between normal people and
ESCC patients

The expression levels of serum HMGB1 and IDO in all groups
were compared. The results showed that the expression levels of

10.3389/fonc.2024.1452282

serum HMGBI and IDO in ESCC group were significantly higher
than those in control group (P<0.001) (Figures 1A, B), They had
good value of auxiliary diagnosis in both the healthy people and
ESCC patients (P<0.001) (Figure 1C). And the expression levels of
serum HMGBI1 and IDO in ESCC patients in clinical stage III-IV
were significantly higher than those in stage I-II (P<0.001)
(Figures 1D, E). Meanwhile, the expression levels of serum
HMGBI1 and IDO in ESCC patients were closely correlated
(r=0.308, P=0.022) (Figure 1F). These results suggest that serum
HMGBI and IDO levels in ESCC patients are significantly higher
than those in healthy people, and with the progression of the disease
in ESCC patients, serum HMGB1 and IDO levels are gradually
increasing, which may have a synergistic effect in the progression of
the disease in ESCC patients.

3.2 Predictive value of serum HMGB]1, IDO
and traditional ESCC serum tumor markers
for clinical progression in ESCC patients

The predictive value of serum HMGBI, IDO and ESCC serum
tumor markers (CEA and SCC-Ag) on the clinical progression of
ESCC was analyzed. ROC curves results showed that serum
HMGBI, IDO, CEA and SCC-Ag all had predictive ability for
clinical progression of ESCC, among which the predictive value of
combined detection of serum HMGBI1 and IDO (AUC=0.888,
P<0.001) was significantly higher than that of CEA and SCC-Ag
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FIGURE 1

Stage I-Il Stage llI-IV

HMGB1/(ng/mL)

Comparison of serum HMGB1 and IDO expression levels in different groups. (A) Comparison of serum HMGB1 expression levels between control
group and ESCC group. (B) Comparison of serum IDO expression levels between control group and ESCC group. (C) ROC curves of the auxiliary
diagnosis of serum HMGB1 and IDO in both the normal people and ESCC patients. (D) Comparison of serum HMGB1 expression levels in ESCC
patients with clinical stages I-1l and llI-1V. (E) Comparison of serum IDO expression levels in ESCC patients with clinical stages I-1l and IlI-IV.

(F) Correlation analysis of serum HMGB1 and IDO. **P<0.001.
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(AUC=0.754, P=0.001). The four-part combined test has the

10.3389/fonc.2024.1452282

highest predictive value for predicting clinical progress in ESCC 100
patients and the largest area under the curve (AUC=0.906, P<0.001)
(Table 1; Figure 2). These results indicate that serum HMGB, IDO, 807
CEA and SCC-Ag may have similar roles in predicting the ‘E 60
progression of ESCC, the combined detection of serum HMGBI1 'é HMGB1
and IDO has a higher predictive value than the combined detection 3 40 _ I(?Ec,’,\
of CEA and SCC-Ag, and the combined detection of the four is 204 - :(:II‘(:E-;?HDO
more valuable in predicting the progression of ESCC. . - gfnggifﬁgacmmcc.;\g
I I 1 I 1
0 20 40 60 80 100
3.3 Correlation between serum HMGB, 1- Specificity
IDO expression levels and FIGURE 2

clinicopathological features of
ESCC patients

The relationships between serum HMGBI, IDO and
clinicopathological parameters of ESCC patients were analyzed.
According to the cut-off values of serum HMGBI and IDO (2.61ng/
mL and 9.66ng/mL) obtained by ROC curve analysis, ESCC patients
with different expression levels of HMGBI1 were divided into low
group (<2.61ng/mL) and high group (>2.61ng/mL). And the
different expression levels of IDO were divided into low group (<
9.66ng/mL) and high group (29.66ng/mL). Serum HMGBI1 and
IDO expression levels were significantly correlated with lymph
node metastasis and clinical stage (P<0.001), but there was no
significant correlation with age, sex and depth of tumor invasion
(P>0.05) (Tables 2, 3). These findings suggest that elevated levels of
HMGBI or IDO in ESCC patients are associated with an increased
likelihood of lymph node metastasis and a more advanced
clinical stage.

3.4 Correlation between serum HMGB],
IDO expression levels and T lymphocytes
in ESCC patients

The expression levels of T lymphocyte subsets in whole blood of
ESCC patients were detected by flow cytometry. The absolute
counts of CD4"CD28"T cells (P=0.013) and CD8"CD28'T cells
(P=0.018) in the high HMGBI1 group were significantly lower than

ROC curves of the predictive value of serum HMGBL1, IDO, CEA and
SCC-Ag in the clinical progression of ESCC patients.

those in the low HMGBI group, while the percentage of CD4"PD-
1T cells (P=0.018) was significantly higher than that in the low
HMGBI group (Table 4; Figure 3); the percentage and absolute
value counts of CD4"CD28"'T cells (P=0.002, P=0.047) and the
absolute value counts of CD8"CD28T cells (P=0.029) in the high
IDO group were significantly lower than those in the low IDO
group, while the percentage of CD8"PD-1"T cells (P=0.030) was
significantly higher than that in the low IDO group (Table 5;
Figure 4). These results suggest that serum HMGBI and IDO are
closely related to the functional phenotype of lymphocytes in ESCC
patients, and may be involved in the immune tolerance and
immune escape of tumors.

3.5 Correlation between serum HMGBI1,
IDO expression levels and prognosis of
ESCC patients

Kaplan-Meier curves results showed that the survival rate of
ESCC patients in the high HMGBI group was significantly lower
than that in the low HMGBL1 group (95%CI=0.120-0.703, P<0.001)
(Figure 5A), and the survival rate of ESCC patients in the high IDO
group was significantly lower than that in the low IDO group (95%
CI=0.109-0.560, P=0.013) (Figure 5B). Multivariate Cox regression
results showed that HMGBI1 was an independent risk factor for

TABLE 1 ROC curves analysis of serum HMGB1, IDO, CEA and SCC-Ag on clinical progression of ESCC patients.

Characteristics 95% ClI P value Sensitivity (%) = Specificity (%) Cut off
HMGBI (ng/mL) 0.819 0.710, 0.929 <0.001 61.3 917 261
IDO (ng/mL) 0.791 0.674, 0.908 <0.001 90.3 542 9.66
CEA (ng/mL) 0.727 0.589, 0.865 0.004 93.5 458 1.46
SCC-Ag (ng/mL) 0.661 0.515, 0.807 0.042 64.5 66.7 1.48
HMGBI+IDO 0.888 0.799, 0.978 <0.001 80.6 917 —
CEA+SCC-Ag 0.754 0.624, 0.884 0.001 80.6 70.8 —
HMGBI1+IDO+CEA 0.906 0.824, 0.988 <0.001 77.4 95.8 —
+SCC-Ag

Frontiers in Oncology 05 frontiersin.org


https://doi.org/10.3389/fonc.2024.1452282
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cui et al.

10.3389/fonc.2024.1452282

TABLE 2 Correlation between serum HMGBL1 expression level and clinicopathological features of ESCC patients.

Characteristics n Low High 2 value P value
HMGB1 (%) HMGB1 (%)

Age <68 26 15 (44.1) 11 (52.4) 0.356 0.551
>68 29 19 (55.9) 10 (47.6)

Sex Female 15 11 (32.4) 4 (19.0) 0.585 0.444
Male 40 23 (67.6) 17 (81.0)

Tumor <4.5cm 26 15 (44.1) 11 (52.4) 0.356 0.551

invasion depth
>4.5cm 29 19 (55.9) 10 (47.6)

Lymph Negative 23 22 (64.7) 1(4.8) 16.788 <0.001

node metastasis
Positive 32 12 (35.3) 20 (95.2)

Clinical stage I~1 24 22 (64.7) 2(9.5) 13.907 <0.001
I~V 31 12 (35.3) 19 (90.5)

prognosis in ESCC patients (P=0.035), however, IDO is not an
independent risk factor for the prognosis of ESCC patients (P>0.05)
(Table 6). The results suggest that high levels of serum HMGB1 may
lead to poor prognosis in ESCC patients, HMGBI has higher value
than IDO in predicting the prognosis of ESCC patients. HMGBI is a
more important marker for the prognosis of ESCC than IDO.

3.6 HMGB1 promotes IDO expression level
in ESCC cells through NF-xB
signaling pathway

Western blot results showed that after HMGBI1 gene expression
was knocked out in KYSE30 and ECA109 cells, the expression level
of IDO was also significantly decreased (P=0.006, P=0.030), and
after the addition of NF-kB signaling pathway activator (PMA), the
level of IDO was significantly increased (P=0.002, P=0.043), while
the level of HMGBI1 was only slightly increased (P>0.05)
(Figure 6A). At the same time, the results of cell culture

supernatant were consistent with those of Western blot. In the
cell culture supernatant of KYSE30 and ECA109 cells, the
expression level of IDO was also significantly decreased (P=0.006,
P<0.001), and after the addition of NF-xB signaling pathway
activator (PMA), the level of IDO was significantly increased
(P<0.001, P<0.001) (Figure 6B). These indicate that HMGBI in
ESCC cells may promote the expression level of IDO by activating
the NF-xB signaling pathway, and at the same time, the levels of
HMGBI and IDO in the cell culture supernatant also changed.

4 Discussion

HMGBI is widely present in eukaryotic cells. When the body is
stimulated by the outside world, HMGBI can be passively secreted
into the extracellular by damaged and necrotic cells or actively
secreted by immune cells to participate in the occurrence and
development of tumors, which is closely related to the clinical
progress and prognosis of patients (14, 15). It has been reported that

TABLE 3 Correlation between serum IDO expression level and clinicopathological features of ESCC patients.

Characteristics n Low IDO (%) High IDO (%) 2 value P value

Age <68 26 7 (43.8) 19 (48.7) 0.112 0.737
>68 29 9 (56.3) 20 (51.3)

Sex Female 15 6 (37.5) 9 (23.1) 1.190 0.275
Male 40 10 (62.5) 30 (76.9)

Tumor invasion depth <4.5cm 26 10 (62.5) 16 (41.0) 2.099 0.141
24.5cm 29 6 (37.5) 23 (59.0)

Lymph Negative 23 13 (81.3) 10 (25.6) 12.225 <0.001

node metastasis
Positive 32 3 (18.8) 29 (74.4)

Clinical stage I~1I 24 13 (81.3) 11 (28.2) 10.912 <0.001
I~V 31 3 (18.8) 28 (71.8)
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TABLE 4 Correlation analysis of serum HMGB1 and T lymphocyte subsets.

Characteristics Low HMGB1 High HMGB1 Z value P value
CD4'CD28" (%) 90.22 (76.34, 95.88) 80.31 (72.02, 91.37) -1.438 0.150
CD4*CD28" (x10°/L) 0.39 (0.28, 0.45) 0.26 (0.18, 0.41) -2.477 0.013
CD4*PD-1* (%) 21.34 (16.08, 26.81) 29.30 (21.90, 38.20) -2.373 0.018
CD4"PD-1" (x10°/L) 0.09 (0.07, 0.14) 0.09 (0.06, 0.12) -0.563 0.573
CD8"CD28" (%) 42.34 (26.33, 63.44) 40.29 (22.20, 51.00) -1.057 0.291
CD8*CD28" (x10°/L) 0.11 (0.08, 0.17) 0.07 (0.05, 0.11) -2.365 0.018
CD8*PD-1" (%) 24.98 (17.21, 34.16) 28.18 (24.28, 34.82) -1.291 0.197
CD8'PD-1" (x10°/L) 0.06 (0.04, 0.09) 0.06 (0.04, 0.08) -0.277 0.782

HMGBI can be secreted extracellular by ESCC cells in the form of
exosomes to promote the proliferation of tumor cells (16). IDO can
be used as an exosomal tumor immune protein to predict the
clinical progression of patients with non-small cell lung cancer (17).
But it is less studied in ESCC.

According to the statistical results of this study, the expression
levels of serum HMGB1 and IDO in ESCC patients were
significantly higher than those in healthy people, they also had

good value of auxiliary diagnosis in both the healthy people and
ESCC patients. And with the aggravation of the disease, the
expression levels of serum HMGBI and IDO in ESCC patients
were also significantly increased, and the expression levels of
the two were closely related in ESCC patients. The analysis of
clinical data related to ESCC patients showed that serum HMGBI
and IDO were closely related to lymph node metastasis and
clinical stage.
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FIGURE 3

Representative flow diagram of peripheral blood T lymphocyte subsets in different levels of HMGBL. (A) Representative flow diagram of peripheral
blood T lymphocyte subsets in low HMGB1 group. (B) Representative flow diagram of peripheral blood T lymphocyte subsets in high HMGB1 group.
(C) Comparison of percentage and absolute counts of T lymphocyte subsets in high HMGB1group and low HMGB1 group. *P<0.05.
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TABLE 5 Correlation analysis of serum IDO and T lymphocyte subsets.

10.3389/fonc.2024.1452282

Characteristics Low IDO High IDO Z value P value
CD4'CD28" (%) 95.79 (89.80, 98.02) 80.66 (70.63, 90.82) -3.141 0.002
CD4*CD28" (x10°/L) 0.39 (0.33, 0.44) 0.28 (0.19, 0.44) -1.983 0.047
CD4*PD-1* (%) 24.56 (15.49, 33.95) 24.88 (18.35, 35.12) -0.574 0.566
CD4"PD-1" (x10°/L) 0.11 (0.09, 0.13) 0.09 (0.06, 0.12) -1.344 0.179
CD8"CD28" (%) 44.74 (22.96, 59.83) 40.29 (26.46, 58.92) -0.093 0.926
CD8*CD28" (x10°/L) 0.12 (0.10, 0.20) 0.08 (0.06, 0.15) -2.187 0.029
CD8'PD-1" (%) 18.40 (13.84, 30.04) 28.18 (23.81, 35.62) -2.168 0.030
CD8'PD-1" (x10°/L) 0.06 (0.04, 0.09) 0.06 (0.04, 0.08) -0.213 0.831

At present, there are not many serum tumor markers that have
been mature for clinical auxiliary diagnosis and prognosis
assessment of ESCC. Therefore, it has great clinical significance to
search for serum biomarkers with higher stability, sensitivity and
specificity. In this study, the abilities of serum HMGBI, IDO, CEA
and SCC-Ag expression levels to predict clinical progression in
ESCC patients were analyzed. The results showed that HMGBI1 and
IDO were similar to CEA and SCC-Ag, both of which could better
reflect the progression of ESCC tumors. Moreover, ROC curve

analysis results suggested that the accuracies of serum HMGBI1 and
IDO were higher than CEA and SCC-Ag, whether detected alone or
in combination. It shows that serum HMGB1 and IDO have high
predictive value for clinical progression of ESCC patients. In
addition, the results of this study also showed that the combined
detection of serum HMGBI1, IDO and SCC-Ag had better
diagnostic efficacy, and relatively high sensitivity and specificity.
The above results further reflect the potential of serum HMGB1 and
IDO as tumor markers of ESCC.
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Representative flow maps of peripheral blood T lymphocyte subsets in different levels of IDO. (A) Representative flow diagram of peripheral blood T
lymphocyte subsets in low IDO group. (B) Representative flow diagram of peripheral blood T lymphocyte subsets in the high IDO group. (C)
Comparison of percentage and absolute counts of T lymphocyte subsets in high IDO group and low IDO group. *P<0.05.
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Survival analysis curves of the different levels of serum HMGB1 and IDO in ESCC patients.

Next, we detected the expression levels of peripheral blood
CD4*CD28*T cells, CD4*PD-1"T cells, CD8"CD28"T cells and
CD8'PD-1"T cells by flow cytometry, and explored the correlation
between serum HMGBI, IDO and surface receptors CD28 and PD-
1 of CD4'T cells and CD8'T cells. Both CD28 and PD-1 are
members of the B7-CD28 superfamily (18). The B7-CD28
superfamily is involved in the second signal of T cell activation
and is an important factor affecting T cell response. The co-
stimulatory molecules B7.1/B7.2 (also known as CD80 and CD86)
in the B7 family, when B7.1 is stimulated by antigen, B7.1 and B7.2
are highly expressed in antigen presenting cells (APCs), and interact
with activated phenotype CD28 to induce T cells to produce IL-2,
thereby inducing T cell proliferation (19). PD-1/PD-LI is a co-
inhibitory molecule in the B7 family. During the activation of T
cells, PD-L1 binds to the inhibitory phenotype PD-1 to promote the
production of immunosuppressive cytokine IL-10, thereby
inhibiting the immune response of T cells (19).

Previous literature has suggested that serum HMGBI was
closely related to the level of peripheral blood T lymphocyte
subsets, and has a dual regulatory effect on the body’s immune
function (20, 21). On the one hand, HMGBI, as a damage-
associated molecular pattern molecule (DAMP), can induce the
maturation of dendritic cells (DCs), thereby promoting the
generation and activation of CD8'T cells and promoting anti-
tumor immune response (22, 23). On the other hand, HMGBI1
can cause the body’s immune function to be inhibited (24). Our
results showed that with the increase of serum HMGBI expression
level, the absolute counts of CD4"CD28"T cells and CD8"CD28"T
cells decreased significantly, while the percentage of CD4"PD-1"T
cells increased significantly. Wang established a mouse model of
sepsis and found that plasma HMGBI level was increased in mice
with sepsis, while the expression of CD28 on the surface of CD4"T
cells was inhibited, and the expression of PD-1 was increased (25).
This is consistent with the results of our study. It suggests that high
level of HMGBI can inhibit the function of T cells and induce
immune escape. In tumor immunotherapy, blocking the expression
of extracellular HMGBI1 can improve the efficacy of anti-PD-1
tumor immunotherapy (26). The release of HMGBI can further
trigger the expression of CD274 (PD-L1) in tumor cells and inhibit
T cell immune function (27). The findings suggest a close
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association between HMGBI1 and the immune checkpoint PD-1/
PD-L1, indicating that serum HMGB1 may exert inhibitory effects
on T cell proliferation and activation by modulating the expression
of CD28 and PD-1 on T cell surfaces, which plays a pivotal role in
tumor immune evasion.

IDO plays a dual role in tumor immune response (28, 29).
Among them, the immunosuppressive effect of IDO has been
relatively more widely studied. The results of this study revealed
that with the increase of serum IDO expression level, the percentage
and absolute counts of CD4"CD28T cells and the absolute counts
of CD8"CD28™T cells were significantly decreased, while the
percentage of CD8"PD-1"T cells was significantly increased. This
result may be due to the stronger binding of cytotoxic T-cell-
associated protein-4 (CTLA-4) to CD80/CD86 than CD28, while
activating IDO, which inhibits T cell activity through tryptophan
depletion or local accumulation of inhibitory metabolites (30). Liu
found that decreased tryptophan expression and increased IDO1
expression were associated with increased PD-1 expression on the
surface of cytotoxic T cells (31). This is consistent with the results of
this study. The combined application of IDO as an
immunosuppressant and PD-1/PD-L1 immunosuppressant
provides a new idea for clinical tumor immunotherapy (32).
These results suggest that IDO may inhibit the function of T cells
and promote tumor immune escape by affecting the functional
phenotype of T cells.

At the same time, we found that overexpression of serum
HMGBI was significantly associated with shorter survival in ESCC
patients and was an independent risk factor for prognosis in ESCC
patients. Li showed that the expression of HMGBI was strongly
correlated with the clinicopathological features of ESCC patients, and
high expression of HMGB1 could shorten the survival of ESCC
patients (15). High expression of serum IDO is closely associated with
poor prognosis in ESCC patients, which is consistent with our
previous findings (12). However, multivariate Cox regression
results showed that IDO had no significant correlation with the
prognosis of ESCC patients, suggesting that serum HMGB1 was more
valuable than IDO in predicting the prognosis of ESCC patients.
Although serum IDO cannot be used as an independent risk factor
for the prognosis of ESCC patients, its application to Cox
proportional risk model can provide certain theoretical basis,
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TABLE 6 Cox regression analysis of serum HMGB1 and IDO at different levels in ESCC patients.

Univariate analysis

W GYETTEICIET EIWA

Hazard ratio P value Hazard ratio P value
Characteristics (95% Cl) (95% Cl)
HMGBI (>2.61 ng/mL) 3.807 (1.639, 8.843) 0.002 2.658 (1.073, 6.579) 0.035
IDO (29.66 ng/mL) 4.100 (1.223, 13.747) 0.022 2.359 (0.633, 8.801) 0.201
CEA (>1.46 ng/mL) 3.465 (1.028, 11.674) 0.045 2.728 (0.795, 9.366) 0.111
SCC-Ag (21.48 ng/mL) 0.592 (0.252, 1.390) 0.228

indicating that elevated serum IDO level is a risk factor for poor
prognosis of ESCC patients.

In the previous part of our study, the expression levels of serum
HMGBI and IDO were significantly positively correlated. Up to now,
no literature has explored the direct regulatory relationship between
HMGBI and IDO in tumor tissues, and only previous studies have
suggested that there may be a related regulatory mechanism between
them. Overexpression of HMGBI in tumor tissue can promote the
proliferation and invasion of Hela cells through NF-xB signaling
pathway (33). HIV-1 Tat protein can also promote the proliferation
and invasion of Hela cells by enhancing the expression of IDO through
NF-xB pathway (34). HMGBI1 in the tumor microenvironment
activates MDSC:s via the NF-kB signaling pathway (35), and MDSCs
produce high levels of immunosuppressive molecules (such as IDO)
that inhibit T cell function (36). Therefore, we can preliminarily
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FIGURE 6

speculate that HMGBI1 may promote the expression of IDO through
NEF-kB signaling pathway. According to the above literature reports,
we constructed the vitro ESCC tumor models and designed relevant
experiments, the results showed that after knocking down the
expression of HMGBI1 and adding PMA, the expression level of
IDO was significantly changed, while HMGBI level increased only
slightly, which may be due to the activation of NF-kB signaling
pathway to induce the expression of HMGBI receptor, and then
promote the expression of HMGBI1 (37). The results of cell culture
supernatant were consistent with this. These results show that HMGB1
and IDO are closely related to NF-xB signaling pathway, suggesting
that serum HMGBI1 and IDO may be due to the increased expression
of intracellular HMGBI in ESCC, which may activate NF-«B signaling
to promote the expression of IDO and release HMGB1 and IDO to the
outside of cells.

ECA109

45kDa
25kDa

36kDa

O N
&
X L
& 9
B
&
ECA109
25 * ha |—|.
c | - &, 5 Control
g20 * &, o siae
;- 15 = si-HMGB1
[ 3 si-HMGB1+PMA
§
@ 1.0
g
E- 0.5
o
0.0
HMGB1 D0 P65
** g *
“I - *% * 1
M s Mk
™1 3 Control * =3 Control
o siNe 5 » 3 siNG
= si-HMGB1 % 15 3 si-HMGB1
= SiHMGBI+PMA £ B si-HMGB1+PMA
3 10
3
a
5
0
ECA109 KYSE30 ECA109

The expression levels of HMGBL, IDO and p65 in different groups of KYSE30 and ECA109 cells. (A) Comparison of the expression levels of HMGB1,
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The disease of cancer patients is complex and diverse, and single
therapy has certain limitations, while the combination of multiple
methods to achieve complementary advantages can improve the
clinical treatment effect. Kang found that the combination of the
EGFR/HER2 inhibitors gefitinib and lapatinib with the IGF-1R
inhibitor Lincitinib overcomes monotherapy resistance and
enhances the antitumor efficacy of ESCC (38). Based on the
potential association between HMGBI and IDO, dual-target
combination therapy with HMGBI1 and IDO inhibitors may have
better efficacy than tumor immunotherapy by inhibiting the activity
of HMGBI or IDO alone in the future.

In summary, serum HMGBI1 and IDO are abnormally high
expressed in ESCC patients, and HMGB1 may promote the
expression of IDO through NF-xB signaling pathway, which may
regulate the functional phenotype of T lymphocytes, inhibit the
immune function of the body, promote tumor progression in ESCC
patients and cause poor prognosis. However, our study also has some
limitations, such as collecting only cases from 2021 to 2022 and being
unable to assess the association of HMGB1 and IDO with five-year
survival in ESCC patients. The correlation model of combined
detection of tumor markers has not been established to evaluate its
value in differential diagnosis and prediction of clinical progression in
different tumor types, so it is not clear whether the combined detection
of serum HMGBI and IDO has high tissue specificity in differential
diagnosis and prediction of clinical progression of ESCC. It was not
investigated whether the expression of HMGBI1 and IDO could be
interfered at the animal levels to achieve a better treatment of ESCC.
Next, we will expand the sample size and construct a tumor immune
microenvironment model to further explore the role and related
mechanisms of HMGBI and IDO in tumor immunity.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by The Ethics
Committee of the Fourth Hospital of Hebei Medical University. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study. Ethical approval was
not required for the studies on animals in accordance with the local
legislation and institutional requirements because only commercially

References

1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global
cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. (2024) 74:229-63. doi: 10.3322/caac.21834

Frontiers in Oncology

11

10.3389/fonc.2024.1452282

available established cell lines were used. Written informed consent
was obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

WC: Data curation, Formal analysis, Investigation,
Visualization, Writing - original draft. YN: Data curation, Formal
analysis, Investigation, Visualization, Writing — original draft. XZ:
Methodology, Resources, Validation, Visualization, Writing -
review & editing. BH: Data curation, Investigation, Writing -
original draft. XS: Data curation, Investigation, Writing — original
draft. WZ: Data curation, Investigation, Writing - original draft.
XY: Formal analysis, Investigation, Writing — original draft. YM:
Investigation, Resources, Validation, Writing — original draft. MM:
Conceptualization, Funding acquisition, Project administration,
Writing - review & editing. JZ: Conceptualization, Funding
acquisition, Supervision, Writing - review & editing. XXY:
Conceptualization, Funding acquisition, Resources, Writing -
review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The present
study was supported by the National Natural Science Foundation of
China (NO. 81903118 and 81703073), the Natural Science
Foundation of China of Hebei Province (NO. H2020206292), and
the Medical Research Institute of Hebei Province (nos. 20180483
and 20240092).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

2. Zheng RS, Zhang SW, Sun KX, Chen R, Wang SM, Li L, et al. Analysis on the
prevalence of Malignant tumors in China in 2016. Chin ] Cancer. (2023) 45:212-20.
doi: 10.3760/cma.j.cn112152-20220922-00647

frontiersin.org


https://doi.org/10.3322/caac.21834
https://doi.org/10.3760/cma.j.cn112152-20220922-00647
https://doi.org/10.3389/fonc.2024.1452282
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cui et al.

3. Uhlenhopp DJ, Then EO, Sunkara T, Gaduputi V. Epidemiology of esophageal
cancer: update in global trends, etiology and risk factors. Clin J Gastroenterol. (2020)
13:1010-21. doi: 10.1007/s12328-020-01237-x

4. Wang CH, Han YT. Interpretation of esophageal cancer diagnosis and treatment
guidelines of the chinese society of clinical oncology in 2020. Cancer Prev Treat. (2020)
33:285-90. doi: 10.3969/j.issn.1674-0904.2020.04.001

5. Huang FL, Yu S]. Esophageal cancer: Risk factors, genetic association, and
treatment. Asian ] Surg. (2018) 41:210-5. doi: 10.1016/j.asjsur.2016.10.005

6. Wang SM, Zhang Y. HMGBI in inflammation and cancer. ] Hematol Oncol.
(2020) 13:116. doi: 10.1186/s13045-020-00950-x

7. Wang H, Bloom O, Zhang M, Vishnubhakat JM, Ombrellino M, Che J, et al.
HMG-1 as a late mediator of endotoxin lethality in mice. Science. (1999) 285:248-51.
doi: 10.1126/science.285.5425.248

8. Zhang WG, Zhang PP, Jiang JF, Peng KM, Shen ZM, Kang MQ. Development and
validation of a prognostic model related to pyroptosis-related genes for esophageal
squamous cell carcinoma using bioinformatics analysis. ] Thorac Dis. (2022) 14:2953-
69. doi: 10.21037/jtd-22-948

9. Guan H, Zhong M, Ma KY, Tang C, Wang XH, Ouyang MZ, et al. The
comprehensive role of high mobility group box 1 (HMGBI1) protein in different
tumors: A pan-cancer analysis. J Inflammation Res. (2023) 16:617-37. doi: 10.2147/
JIR.S386898

10. Zhai L], Bell A, Ladomersky E, Lauing KL, Bollu L, Sosman JA, et al.
Immunosuppressive IDO in cancer: Mechanisms of action, animal models, and
targeting strategies. Front Immunol. (2020) 11:1185. doi: 10.3389/fimmu.2020.01185

11. Song XT, Si QQ, Qi R, Liu WD, Li M, Guo MY, et al. Indoleamine-2, 3-
dioxygenase 1: A promising therapeutic target in Malignant tumor. Front Immunol.
(2021) 12:800630. doi: 10.3389/fimmu.2021.800630

12. Zhang XY, Yang XX, Zhu SC, Li QF, Zou NY. Radiosensitization of esophageal
carcinoma cells by knockdown of HMGBI expression. Oncol Rep. (2019) 41:1960-70.
doi: 10.3892/0r.2018.6923

13. Jia YL, Wang HY, Wang Y, Wang TT, Wang M, Ma M, et al. Low expression of
Binl, along with high expression of IDO in tumor tissue and draining lymph nodes, are
predictors of poor prognosis for esophageal squamous cell cancer patients. Int ] Cancer.
(2015) 137:1095-106. doi: 10.1002/ijc.29481

14. Dong J, Zhang XY, Du XY, Zou NY, Shen WB, Ma M, et al. HMGBI1
overexpression promotes a Malignant phenotype and radioresistance in ESCC. |
Cancer. (2022) 13:2717-26. doi: 10.7150/jca.73761

15. Li LZ, Beeraka NM, Xie L, Dong L, Liu JQ, Wang L. Co-expression of high-
mobility group box 1 protein (HMGB1) and receptor for advanced glycation end
products (RAGE) in the prognosis of esophageal squamous cell carcinoma. Discovery
Oncol. (2022) 13:64. doi: 10.1007/s12672-022-00527-9

16. Du XY, Zhang XY, Dong J, Zou NY, Guo D, Yao WN, et al. Irradiation-induced
exosomal HMGBI to confer radioresistance via the PI3K/AKT/FOXO3A signaling
pathway in ESCC. J Transl Med. (2022) 20:507. doi: 10.1186/s12967-022-03720-0

17. Akbar S, Raza A, Mohsin R, Kanbour A, Qadri S, Parray A, et al. Circulating
exosomal immuno-oncological checkpoints and cytokines are potential biomarkers to
monitor tumor response to anti-PD-1/PD-L1 therapy in non-small cell lung cancer
patients. Front Immunol. (2023) 13:1097117. doi: 10.3389/fimmu.2022.1097117

18. Zhang CQ, Wang F, Sun N, Zhang Z, Zhang GC, Zhang ZH, et al. The
combination of novel immune checkpoints HHLA2 and ICOSLG: A new system to
predict survival and immune features in esophageal squamous cell carcinoma. Genes
Dis. (2020) 9:415-28. doi: 10.1016/j.gendis.2020.08.003

19. Yang M, Tian SM, Lin ZJ, Fu ZK, Li CG. Costimulatory and coinhibitory
molecules of B7-CD28 family in cardiovascular atherosclerosis: A review. Med
(Baltimore). (2022) 101:e31667. doi: 10.1097/MD.0000000000031667

20. Wang Z, Yang CH, Li LL, Jin XY, Zhang ZG, Zheng HY, et al. Tumor-derived
HMGBI induces CD62Ldim neutrophil polarization and promotes lung metastasis in
triple-negative breast cancer. Oncogenesis. (2020) 9:82. doi: 10.1038/s41389-020-00267-x

21. Wang HY, Yu TS, An N, Sun YQ, Xu PC, Han PP, et al. Enhancing regulatory T-
cell function via inhibition of high mobility group box 1 protein signaling in immune

Frontiers in Oncology

12

10.3389/fonc.2024.1452282

thrombocytopenia. Haematologica. (2023) 108:843-58. doi: 10.3324/
haematol.2022.281557

22. Gao Q, Wang SM, Chen XF, Cheng SY, Zhang Z, Li F, et al. Cancer-cell-secreted
CXCL11 promoted CD8'T cells infiltration through docetaxel-induced-release of
HMGBI1 in NSCLC. ] Immunother Cancer. (2019) 7:42. doi: 10.1186/s40425-019-
0511-6

23. Gao Q, Li F, Wang SM, Shen ZB, Cheng SY, Ping Y, et al. A cycle involving
HMGBI, IFN-y and dendritic cells plays a putative role in anti-tumor immunity. Cell
Immunol. (2019) 343:103850. doi: 10.1016/j.cellimm.2018.08.011

24. Chen XQ, Liu Q, Wu EQ, Ma ZY, Tuo BG, Terai SJ, et al. The role of HMGBI1 in
digestive cancer. BioMed Pharmacother. (2023) 167:115575. doi: 10.1016/
j.biopha.2023.115575

25. Wang Y, Kong BB, Yang WP, Zhao X, Zhang R. Immunomodulatory
intervention with Gamma interferon in mice with sepsis. Life Sci. (2017) 185:85-94.
doi: 10.1016/j.1fs.2017.07.010

26. Hubert P, Roncarati P, Demoulin S, Pilard C, Ancion M, Reynders C, et al.
Extracellular HMGBI1 blockade inhibits tumor growth through profoundly remodeling
immune microenvironment and enhances checkpoint inhibitor-based
immunotherapy. J Immunother Cancer. (2021) 9:¢001966. doi: 10.1136/jitc-2020-
001966

27. Li CF, Zhang Y, Cheng X, Yuan H, Zhu S, Liu J, et al. PINK1 and PARK2
suppress pancreatic tumorigenesis through control of mitochondrial iron-
mediated immunometabolism. Dev Cell. (2018) 46:441-55. doi: 10.1016/j.devcel.
2018.07.012

28. Yoshioka S, Ikeda T, Fukuchi S, Kawai Y, Ohta K, Murakami H, et al.
Identification and characterization of a novel dual inhibitor of indoleamine-2, 3-
dioxygenase 1 and tryptophan-2, 3-dioxygenase. Int ] Tryptophan Res. (2022)
15:11786469221138456. doi: 10.1177/11786469221138456

29. Kai S, Goto S, Tahara K, Sasaki A, Tone S, Kitano S. Indoleamine-2, 3-
dioxygenase is necessary for cytolytic activity of natural killer cells. Scand J Immunol.
(2004) 59:177-82. doi: 10.1111/j.0300-9475.2004.01378 x

30. Legany N, Berta L, Kovacs L, Balog A, Toldi G. The role of B7 family
costimulatory molecules and indoleamine-2,3-dioxygenase in primary Sjogren’s
syndrome and systemic sclerosis. Immunol Res. (2017) 65:622-9. doi: 10.1007/
512026-016-8880-0

31. Liu YY, Liang XY, Dong WQ, Fang Y, Lv JD, Zhang TZ, et al. Tumor-
repopulating cells induce PD-1 expression in CD8"T cells by transferring kynurenine
and AhR activation. Cancer Cell. (2018) 33:480-94. doi: 10.1016/j.ccell.2018.02.005

32. Fujiwara Y, Kato S, Nesline MK, Conroy JM, DePietro P, Pabla S, et al.
Indoleamine 2,3-dioxygenase (IDO) inhibitors and cancer immunotherapy. Cancer
Treat Rev. (2022) 110:102461. doi: 10.1016/j.ctrv.2022.102461

33. Pang XA, Zhang Y, Zhang SL. High-mobility group box 1 is overexpressed in
cervical carcinoma and promotes cell invasion and migration in vitro. Oncol Rep.
(2017) 37:831-40. doi: 10.3892/0r.2016.5317

34. Bahraoui E, Serrero M, Planes R. HIV-1 Tat - TLR4/MD?2 interaction drives the
expression of IDO-1 in monocytes derived dendritic cells through NF-kB dependent
pathway. Sci Rep. (2020) 10:8177. doi: 10.1038/s41598-020-64847-y

35. Jin SL, Yang ZZ, Hao X, Tang WX, Ma W, Zong H. Roles of HMGBI in
regulating myeloid-derived suppressor cells in the tumor microenvironment. biomark
Res. (2020) 8:21. doi: 10.1186/s40364-020-00201-8

36. Wang YY, Fan XW, Wu XW. Ganoderma lucidum polysaccharide (GLP)
enhances antitumor immune response by regulating differentiation and inhibition of
MDSCs via a CARD9-NF-xB-IDO pathway. Biosci Rep. (2020) 40:BSR20201170.
doi: 10.1042/BSR20201170

37. Gao X, Shen Y. Relationship between expression of key proteins in HMGB1-
RAGE/TLRs-NF-kB signaling pathway and diabetic nephropathy. J Trans Med. (2020)
9:331-334 + 339. doi: 10.3969/j.issn.2095-3097.2020.06.003

38. KangJ, Guo ZZ, Zhang HQ, Guo RQ, Zhu XF, Guo XF. Dual inhibition of EGFR
and IGF-1R signaling leads to enhanced antitumor efficacy against esophageal
squamous cancer. Int J Mol Sci. (2022) 23:10382. doi: 10.3390/ijms231810382

frontiersin.org


https://doi.org/10.1007/s12328-020-01237-x
https://doi.org/10.3969/j.issn.1674-0904.2020.04.001
https://doi.org/10.1016/j.asjsur.2016.10.005
https://doi.org/10.1186/s13045-020-00950-x
https://doi.org/10.1126/science.285.5425.248
https://doi.org/10.21037/jtd-22-948
https://doi.org/10.2147/JIR.S386898
https://doi.org/10.2147/JIR.S386898
https://doi.org/10.3389/fimmu.2020.01185
https://doi.org/10.3389/fimmu.2021.800630
https://doi.org/10.3892/or.2018.6923
https://doi.org/10.1002/ijc.29481
https://doi.org/10.7150/jca.73761
https://doi.org/10.1007/s12672-022-00527-9
https://doi.org/10.1186/s12967-022-03720-0
https://doi.org/10.3389/fimmu.2022.1097117
https://doi.org/10.1016/j.gendis.2020.08.003
https://doi.org/10.1097/MD.0000000000031667
https://doi.org/10.1038/s41389-020-00267-x
https://doi.org/10.3324/haematol.2022.281557
https://doi.org/10.3324/haematol.2022.281557
https://doi.org/10.1186/s40425-019-0511-6
https://doi.org/10.1186/s40425-019-0511-6
https://doi.org/10.1016/j.cellimm.2018.08.011
https://doi.org/10.1016/j.biopha.2023.115575
https://doi.org/10.1016/j.biopha.2023.115575
https://doi.org/10.1016/j.lfs.2017.07.010
https://doi.org/10.1136/jitc-2020-001966
https://doi.org/10.1136/jitc-2020-001966
https://doi.org/10.1016/j.devcel.2018.07.012
https://doi.org/10.1016/j.devcel.2018.07.012
https://doi.org/10.1177/11786469221138456
https://doi.org/10.1111/j.0300-9475.2004.01378.x
https://doi.org/10.1007/s12026-016-8880-0
https://doi.org/10.1007/s12026-016-8880-0
https://doi.org/10.1016/j.ccell.2018.02.005
https://doi.org/10.1016/j.ctrv.2022.102461
https://doi.org/10.3892/or.2016.5317
https://doi.org/10.1038/s41598-020-64847-y
https://doi.org/10.1186/s40364-020-00201-8
https://doi.org/10.1042/BSR20201170
https://doi.org/10.3969/j.issn.2095-3097.2020.06.003
https://doi.org/10.3390/ijms231810382
https://doi.org/10.3389/fonc.2024.1452282
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Overexpression of serum HMGB1 and IDO in esophageal squamous cell carcinoma patients: potential clinical auxiliary diagnostic markers and immunotherapeutic targets
	1 Introduction
	2 Materials and methods
	2.1 Collection and statistics of clinical samples
	2.2 The expression levels of HMGB1 and IDO in serum and cell culture supernatant were detected by enzyme-linked immunosorbent assay
	2.3 Flow cytometry was used to detect the percentage and absolute counts of T lymphocyte subsets in peripheral blood
	2.4 Culture and transfection of human ESCC cells
	2.5 Western blot analysis
	2.6 Statistical analysis

	3 Results
	3.1 Expression levels of serum HMGB1 and IDO between normal people and ESCC patients
	3.2 Predictive value of serum HMGB1, IDO and traditional ESCC serum tumor markers for clinical progression in ESCC patients
	3.3 Correlation between serum HMGB1, IDO expression levels and clinicopathological features of ESCC patients
	3.4 Correlation between serum HMGB1, IDO expression levels and T lymphocytes in ESCC patients
	3.5 Correlation between serum HMGB1, IDO expression levels and prognosis of ESCC patients
	3.6 HMGB1 promotes IDO expression level in ESCC cells through NF-κB signaling pathway

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


