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ABSTRACT

Despite high immunogenicity and marked presence of immune cells in the
RCC(renal cell carcinoma), immunotherapy fails to develop effective anti-tumor
immune responses. This is due to the negative regulatory factors in the tumor
microenvironment. As the main contributor of immunosuppression, myeloid-derived
suppressor cells (MDSCs) inhibited anti-tumor immunity and promoted tumor
progression. Meanwhile, it is confirmed that high mobility group box-1 protein
(HMGB1) shows a high expression in many solid tumors and HMGB1 with high
expression is involved in tumor immune escape. However, the mechanisms linking
HMGB1 with tumor immune escape are unclear. The present study aimed to explore
whether HMGB1 can promote RCC immune escape by inducing the generation of
MDSCs. In this study, Renca mouse model was established and the influence of HMGB1
on MDSCs was investigated by using HMGB1 antibody to downregulate the expression
of HMGB1 in tumor-bearing mice. The result showed that with the down-regulation
of HMGB1, the tumor growth was inhibited significantly and the mice survival was
prolonged greatly. Furthermore, the differentiation and proliferation of MDSCs were
inhibited both in vitro and in vivo, and the inhibition rate showed a positive correlation
with the degree of down-regulation of HMGB1. When MDSCs were eliminated with
Gr-1 antibody in vivo, the ability of the HMGB1 to promote tumor growth was severely
impaired. Thus, our findings indicated that HMGB1 might mediate tumor immune
escape by promoting MDSCs cell proliferation, which provided a novel theoretical
basis for preventing RCC using HMGB1 as the target.

INTRODUCTION carcinoma) tumor tissue [2—4]. However, the efficiency
was not high when the renal carcinoma patients were

Immunotherapy develops effective anti-tumor treated with IL-2 and interferon (IFN)-a [5, 6]. In response
immune responses, which is mainly to mobilize immune to this problem, the researchers found that fresh CD8+T
system to produce a large number of immune factors or to lymphocytes isolated from renal cell carcinoma exhibited
give exogenous immune factors [1]. As renal cancer cell weak cytotoxicity, whereas these cells showed strong
is characterized as an immunogenic tumor, there is the cytotoxicity after they were cultured in vitro for a period
marked presence of immune cells in the RCC(renal cell of time [7, 8]. This implies that the ability of the immune

response to control tumor growth is severely inhibited.
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Myeloid-derived suppressor cells (MDSCs) are a
group of heterogeneous cells derived from bone marrow that
have a significant inhibitory effect on immune cell responses.
Gradually, the key role of MDSCs in the development
of tumors had also been confirmed [9, 10]. Many studies
showed that MDSCs was involved in tumor immune
escape and promoted tumor progression [11, 12]. On one
hand, vascular endothelial growth factor, granulocyte-
colony stimulating factor, granulocyte-macrophage colony
stimulating factor, IL-6, tumor necrosis factor (TNF)-a, and
so forth promote the proliferation and differentiation of bone
marrow stromal cells into MDSCs by activating nuclear
factor kappa B (NF-«xB) and Janus kinase/signal transducers
and activators of transcription (JAK/STAT) signal pathway
[13—16]. The mediators such as IFN-y and TGF-f3 generated
by tumor stromal cells and activated T cells can also directly
activate MDSCs [17], which help tumor escape from
immune surveillance and attack. On the other hand, MDSCs
can inhibit the viability of nature killer (NK) cell [18],
increase the expression and activity of inducible nitric oxide
synthase and arginasel [19, 20], enhance the secretion of
suppressive cytokines (such as TGF-B) [21, 22], and induce
the generation of tumor antigen-specific cells [23, 24],
further directly or indirectly influencing the proliferation
and activation of T cells and inhibiting antitumor immunity.
In addition, MDSCs can interact with immunosuppressive
M2 tumor-associated macrophage via TGF-$ and IL-10,
which improve suppressive immune microenvironment
[25, 26]. MDSCs have been confirmed as the important cell
subset causing tumor immune escape. Therefore, clearing
immunosuppressive MDSCs, removing tumor immune
tolerance status and mobilizing systemic immune killing
function can provide possibly promising strategies for tumor
immunotherapy.

High-mobility group box-1 (HMGBI) is a kind of
non-histone protein in chromatin, abundant in eukaryotic
cell nuclei. Wang et al. reported the involvement of HMGB1
in the pathogenesis of septicopyemia as an important
inflammatory factor at first [27]. Lately, some studies
demonstrated that HMGB1 was highly expressed in many
solid tumors, such as melanoma, nasopharynx cancer, breast
cancer, colorectal cancer, cervical cancer and bladder cancer
[28-32]. A previous study also indicated that HMGB1 was
highly expressed in RCC, and the expression level showed
a positive correlation with cancer bearing, metastasis, and
clinical staging and grading [33]. By inhibiting caspase
activity, increasing NF-kB activity and upregulating the
cellular inhibitor of apoptosis protein-2, HMGBI can inhibit
apoptosis of tumor cells, thus promoting the occurrence and
development of tumor [34]. Also, Liu et al. proved that
the high expression of HMGB1 could promote regulatory
T (Treg) cells to secrete IL-10 and weaken the antitumor
effect of CD8+ T cells [35]. As a multifunctional cytokine,
HMGBI plays a key role in tumor formation, metastasis and
immune escape [36].

It has been confirmed that the aggregation of
MDSCs at tumor site helps the immune escape of

tumor cells. Meanwhile, HMGBI is significantly highly
expressed in tumor tissue. However, the relationship
between HMGB1 and MDSCs in tumor immune escape
is studied rarely [37]. In this study, by in vitro and in vivo
experiments, we indicated that HMGB1 mediated tumor
immune escape by promoting MDSC cell proliferation.

RESULTS

Downregulation of HMGBI1 slows the
progression of RCC

To study the effect of HMGBI on cancer, the
influence of two doses (5 and 20 pg) of aHMGBI
antibody(Ab) on the Renca-bearing mice was first
detected. Renca tumor cells were subcutaneously injected
into the BALB/c mice. Meanwhile, the mice were
intraperitoneally injected with 100 pL PBS, 20 pg mouse
IgG2b isotype Ab, 5 pg or 20 pg aHMGBI1Ab every 3
days for total seven times. The tumor growth and mice
survival were monitored periodically. Compared with
the two control groups, the tumor growth was inhibited
significantly and the host survival was prolonged greatly
in aHMGB1Ab-treated groups, which displayed a dose-
dependent manner (Figure 1). Our results demonstrated
that blockage of HMGB1 inhibited RCC progression.

HMGBI1 does not mediate the pro-tumor effect
by directly inhibiting the proliferation of T cells
and B cells

Then, we investigated the mechanism underlying
the promotion of tumor growth in the Renca-bearing mice
model by HMGBI1. One hypothesis was that HMGB1
directly inhibited the differentiation and proliferation of T
cells and B cells, and then caused tumor cell to escape from
monitoring and killing by the immune system. Therefore,
bone marrow cells were isolated from Renca-bearing mice
by MACS and stimulated with PBS, 10 pg/mL isotype
control Ab, 10 pg/mL HMGBI, 2 pg/mL or 10 pg/mL
oaHMGBI1Ab in vitro. Two days later, the percentage and
cell number of T and B cells were detected by FACS and
trypan blue assay. The data showed that there was no
difference in the percentage and cell number T and B cells
(Figure 2). Furthermore, the Renca-bearing mice were
intraperitoneally injected with 100 uL PBS, 20 pg mouse
IgG2b isotype Ab, 5 pg or 20 ug aHMGBI1 Ab every 3
days for total seven times. One day after the final treatment,
the expression levels of CD3 and B220 in spleens were
analyzed by FACS. As shown in Figure 4A, no significant
difference was observed between the aHMGB1 Ab-
treated mice and the control mice. The above in vitro and
in vivo data indicated that HMGB1 couldn’t mediate the
occurrence and development of tumor by directly inhibiting
the differentiation and proliferation of T cells and B cells.

After that, different doses of tHMGB1ADb were used
to induce differentiation of lineage-depleted bone marrow
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cells in vitro. The results showed that in the 10 pg/mL
aHMGBI1AD group, the expressions of CD3 and B220
were only slightly increased; however, no improvement
in the differentiation of T cells and B cells in the 2 ug/mL
HMGBI and control groups was observed (Figure 3A).

Downregulation of HMGBI1 induces CD11c+
dendritic cells and inhibits CD11b+ Gr-1+ MDSCs

Next, in order to study the influence of HMGBI1
on MDSC differentiation, lineage-depleted bone marrow
cells were sorted from Renca-bearing mice by MACS,
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which didn’t express CD3, B220, CDll¢, CD11b, and
Gr-1 (Figure 3A). Then, PBS (100 uL), isotype control
Ab (10 ug/mL), HMGBI (10 pg/mL), cHMGBI1ADb (2
png/mL), or tHMGB1ADb (10 pg/mL) with IL-6 and GM-
CSF was added into lineage-depleted bone marrow cells
and incubated for 5 days. The flow cytometry results
showed that no significant difference was observed in the
10 pg/mL HMGBI1 group and the 2 pg/mL aHMGB1Ab
group, compared with the control group, whereas 10 pg/
mL oHMGBI1AD significantly increased the expression
of CDl1l1c and decreased the expression of CD11b and
Gr-1 (Figure 3B). Furthermore, 10 pg/mL. HMGBI
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Figure 1: Dose-dependent effect of cHMGB1 on tumor remission and host survival. BALB/c mice were implanted with Renca
tumor cells on day 0 and injected with i.p. PBS, isotype antibody, or different doses of aHMGB1Ab every 3 days. Tumor development
(A) and mortality (B) was monitored regularly and statistically analyzed using a log-rank test (n=8). Data are mean+SEM. Representative

results of one of three independent experiments. *P<0.05, **P<0.01.
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Figure 2: HMGBI1 does not influence the development and proliferation of T cells and B cells. Bone marrow cells were
stimulated with HMGB1 (10 pg/mL), cHMGB1Ab (2 pg/mL), tHMGB1ADb (10 pg/mL), PBS (10 pg/mL) or isotype control Ab (10 pg/
mL) in vitro. (A, B and C) Two days later, the percentage and cell number of T and B cells were detected by FACS and trypan blue assay.
Data are mean+=SEM. Representative results of one of three independent experiments.
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increased significantly the frequency of CD11c+ dendritic
cells (DC) (70.7%) and decreased greatly the frequency
of CDI1b+Gr-1+ MDSC (24.9%) (Figure 3C, 3D).
Meanwhile, the migration and viability of CD11b+Gr-1+
MDSC were detected by transwell and trypan blue assay.
Compared with control groups, 10 pg/mL aHMGB1Ab
could significantly inhibit the migration of MDSC, and
slightly decrease the activation of MDSC (Figure 3E,
3F). After that, these CD11b+Gr-1+ MDSCs were co-
cultured with CFSE-labeling T cells at a ratio of 1:5. Four
days later, the proliferation of T cells were determined
by FACS. As shown in Figure 3G, the proliferation of
T cells were greatly enhanced when co-cultured with 10
pg/mL aHMGB1Ab-pretreated MDSC, compared with
other groups. Thus, the blockage of HMGB1 could induce
the production of DC and inhibiting the differentiation,
migration and suppressive functions of MDSCs.

HMGBI1 promotes renal cell carcinoma immune
escape by inducing MDSC proliferation in the
Renca-bearing mice

It has been confirmed that MDSC participates in
tumor immune tolerance, and the downregulation of
HMGBI in bone marrow cells in vitro could significantly
inhibit the differentiation of MDSCs. Therefore, we
further investigated whether HMGB1 could promote renal
cell carcinoma by enhancing the proliferation of MDSCs.
The Renca-bearing mice were intraperitoneally injected
with 100 uL PBS, 20 pg isotype, 5 or 20 png cHMGB1Ab
every 3 days for total seven times (n=5). One day after the
final treatment, mice were sacrificed, and the expression
of surface markers in spleens was detected using flow
cytometry. It was found that 20 pg aHMGBI1Ab did
not change the expression level of CDl1lc in the mice
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Figure 3: Downregulation of HMGBI1 induced differentiation of DCs and inhibited differentiation of MDSCs in vitro.
Lineage-depleted bone marrow cells were purified from tumor-bearing mice using the MACS. Then, HMGB1 (10 pg/mL), cHMGB1AD (2
pg/mL), tcHMGB1Ab (10 pg/mL), PBS (10 pg/mL) or isotype control Ab (10 pg/mL) was added into lineage-depleted bone marrow cells
and incubated for 5 days. (A) The expression of CD3, B220, CD11c, CD11b, and Gr-1 on the surface of bone marrow cells and lineage-
depleted bone marrow cells was measured by flow cytometry. (B) The expression of CD3, B220, CDI1c, CD11b, and Gr-1 of lineage-
depleted bone marrow cells from each group was measured by flow cytometry. (C and D) The CD11b+Gr-1+ MDSCs ratio and CD11c+
DCs ratio were analyzed by FACS. (E) The migrated cell number of CD11b+Gr-1+ MDSCs from each group was determined by FACS and
transwell assay. (F) The percentage of viable CD11b+Gr-1+ MDSCs from each group was analyzed by FACS and trypan blue assay. (G) The
CD11b+Gr-14+ MDSCs from each group were purified and co-cultured with CFSE-labeling T cells. After 4 days, the proliferation of T cells
was detected by flow cytometry. Data are mean+SEM. Representative results of one of three independent experiments. *P<0.05, **P<0.01.
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model, but it significantly decreased the expression of
CD11b and Gr-1 (Figure 4A). Besides, the frequency of
CD11b+Gr-1+ MDSC in the spleens of the tumor-bearing
mice was significantly decreased (Figure 4B). At the
tumor sites, the frequency of MDSCs and TAMs were
decreased greatly in 20 ng aHMGB1Ab group, but not the
frequency of Treg, compared with those in other control
groups (Figure 4C). Also, the Figure 1 results suggested
that the growth of subcutaneous tumor cells treated with
20 pg aHMGB1ADb was significantly inhibited, and the
survival rate also increased. Therefore, it could be deduced
that HMGBI1 could realize renal cell carcinoma immune
escape by inducing the proliferation and differentiation of

MDSC:s. In order to further confirm the above conclusion,
Renca-bearing mice were intraperitoneally injected Gr-1
antibody to deplete MDSC and treated with or without 20
ng HMGBI every 3 days for total seven times (n=5). As
expected, compared with control groups, the tumor growth
was significantly delayed after MDSC depletion, which
was similar with that in 20 pg aHMGBI1Ab group. And
even exogenous HMGBI1 couldn’t recover the delayed
tumor growth by Gr-1 antibody (Figure 4D). Thus,
HMGB1 might promote renal cell carcinoma mainly via
MDSC. Furthermore, compared with the control groups, in
the 5 ug HMGB1AD group, the expression of CD11b and
Gr-1 as well as CD11b+Gr-1+MDSC ratio in spleens and
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Figure 4: Downregulation of HMGBI1 inhibited MDSCs proliferation in the Renca tumor-bearing mice. The Renca-
bearing mice of each group (n=5) were intraperitoneally injected with 5 and 20 pg aHMGB1Ab, 100 pL of PBS and 20 pg isotype control
Ab, respectively. Splenocytes and tumors were isolated from tumor-bearing mice. (A) The surface expression of CD3, B220, CDllc,
CD11b, and Gr-1 on splenocytes was detected by flow cytometry. (B) The splenic MDSCs ratio was measured by FACS. (C) The MDSCs,
TAM and Treg ratio at tumor site was measured by FACS. (D) The Renca-bearing mice of each group were intraperitoneally injected with
100 pL of PBS, 20 pg isotype control Ab, 20 ng tcHMGB1AD, 10 pg aGr-1, and 10 pg aGr-1Ab plus 20 pg HMGBI every 3 days from day
0. Tumor development and mortality was monitored regularly and statistically analyzed using a log-rank test (n=5). Data are mean+=SEM.
Representative results of one of three independent experiments. *P<0.05, **P<0.01.
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tumors did not significantly change (Figure 4B, 4C). Our
data demonstrated that the effect of HMGB1 on MDSC
was dose dependent, and only high dose of HMGBI1 could
inhibit the differentiation and proliferation of MDSCs and
mobilize the body's immune activity to kill tumor.

DISCUSSION

As an important contributor of immunosuppression,
MDSCs promote tumor immune escape by various
immunologic mechanisms [18-26, 38, 39]. This study
found that, by down-regulating HMGB1 secretion and
expression in the Renca-bearing mice, HMGBI1ADb
induced a significant decrease in the proliferation
and differentiation of MDSCs in bone marrow cells.
Meanwhile, the tumor growth in the mice was also
inhibited. HMGBI1 could potentially regulate the
amplification and involvement of MDSCs in tumor
immune escape.

Currentlyy, HMGB1 Ab, HMGBI antagonist,
HMGBI inhibitor, and nucleic acid technology inhibit
expression, secretion, and signal transduction of
HMGBI in tumor cells, which plays a key role in anti-
inflammation therapy [40-43]. However, these methods
are still needed further verification in vitro/in vivo.
Zitvogel [44] proved that dead tumor cells could release
HMGBI, thus activating tumor-specific T cell immunity,
and inducing antitumor effect via toll-like receptor
4 stimulating dendritic cells. Other studies [45—48]
reported that HMGBI1 could also induce the maturation
of immature dendritic cells and initiate adaptive immune
response as an in vitro signal. Tracey group [49] found
that dendritic cells activated by HMGBI1 could stimulate
the activation and proliferation of T cells as helper T
lymphocytes. However, the present study showed that by
increasing the immunosuppression of MDSCs, HMGBI1
successfully promoted the proliferation and development
of renal cell carcinoma cells. The results indicated that
HMGBI signal generated two different immune effects
during tumor development. The possible reason was
that HMGB1 mediated different signaling pathways and
further caused dual biological effects [50]. Such dual
regulation mechanism provided greater challenges for
immunotherapy using HMGBI as the target.

In the present study, HMGB1Ab was used to down-
regulate HMGBI secretion in the tumor-bearing mice.
The result indicated that the proliferation of mature T
lymphocytes and B lymphocytes in bone marrow cells was
not directly influenced. It suggested that highly expressed
HMGBI1 did not mediate the proliferation of tumor
cells by directly inhibiting adaptive immune response.
Furthermore, HMGB1ADb could induce the differentiation
of mature DC cells, inhibit the differentiation of MDSCs,
and indirectly lead to a slightly high expression of CD3
and B220 in vitro. This verified that HMGB1 promoted
the differentiation and amplification of MDSCs primarily

and inhibited innate and adaptive response by activated
MDSCs to escape body's monitoring and killing. However,
the present results did not exclude other effects of
HMGBI in tumor immune escape. For example, HMGBI1
could activate the JAK/STAT pathway, decrease tumor cell
apoptosis, promote cell cycle, and induce resistance and
immune escape in tumor cells [51, 52]. Besides, Liu et al.
[36] also proved that the high expression of HMGB1 could
promote Treg cells to secrete IL-10 and weaken antitumor
effect of CD8+ T cells.

Furthermore, it was noted that a low dose of
HMGBI1Ab did not inhibit the proliferation and
differentiation of MDSCs significantly in the in vitro
experiment (Figures 2 and 3). Compared with the high
dose, the inducing effects of the low dose of HMGB1Ab
on tumor remission and host survival were poor. It was
because the tumor cells and activated immune cells,
such as macrophages, dendritic cells, and NK cells,
could actively secrete HMGB1 [53, 54]. The low dose
of HMGBI1 Ab could not significantly change the
expression and secretion of HMGB1 in mouse model
and influence the inducing effect of HMGBI1 on the
amplification of MDSCs. The result indicated that only
HMGBI in the mouse model was down-regulated to a
certain level; the role of HMGBI in regulating MDSC
proliferation and indirectly mediating immune escape
could be eliminated.

This study reported the tumor-inhibiting effect of
HMGBI1AD in the Renca-bearing mouse model. More
importantly, the study indicated that HMGBI1 could
mediate tumor immune escape by improving MDSC
proliferation, which provided a novel theoretical basis for
antitumor therapy using HMGBI as the target. However,
the detailed mechanism underlying the regulation of
MDSC proliferation by HMGBI1 is not clear. The dual
immunological effect of HMGBI1 on tumor therapy is also
unexploited, which needs further exploration.

MATERIALS AND METHODS

Mice and cell line

Male BALB/c mice (6- 8 weeks) were purchased
from SLAC Laboratory Animal Co., Ltd. (Shanghai,
China) and raised in specific-pathogen-free animal room.
All the animal experiments complied with the Care and
Use of Laboratory Animals (No. 55 issued by the Ministry
of Health, People’s Republic of China on January 25,
1998).

The Renca murine RCC cell line was purchased from
TW Reagent (Shanghai, China). The cells were incubated
in RPMI 1640 (Gibco) containing 10% fetal bovine serum
(Gibco), 0.1mM nonessential amino acid (Gibco), ImM
sodium pyruvate (Gibco), 2mM L-glutamine (Gibco), and
1% antibiotic antimycotic solution (Gibco) under 37°C,
5% CO,, and saturated humidity.
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Tumor model

The tumor-bearing mouse model was established
by subcutaneously injecting the tumor cells, which was
convenient to measure the tumor size. Renca cells under
logarithmic phase were collected, and the density was
adjusted at 2x107/mL. Pentobarbital sodium (200 pL) was
intraperitoneally injected into the BALB/c mice. After
general anesthesia, the BALB/c mice were subcutaneously
injected with the cell suspension (100 pL) at the left groin
(2x10%mouse). The tumor volume was observed and
detected every 3 days. The tumor area was measured using
a digital caliper and calculated using the formula: (length
X width?)/2.

Isolation of lineage-depleted bone marrow cells
in vitro

One week post tumor implantation, the mice were
sacrificed, the thigh bone and tibia were peeled, and the
bone marrow cells were collected using an injection
syringe. The cells were sorted using the Lineage Cell
Depletion MACS (magnetic activated cell sorter) kit
(MiltenyiBiotec) following the manufacturer instructions,
and the lineage-depleted bone marrow cells were obtained
in vitro with a cell yield rate of 3%. The levels of CD3,
B220, CDl1l1c, CD11b, and Gr-1 were detected using flow
cytometry before and after sorting.

HMGBI transforming lineage-depleted bone
marrow cells in vitro

The cell concentration of sorted lineage-depleted
bone marrow cells was adjusted at 1x10%mL, and the cells
were added into a 24-well plate (1 mL/well,20 wells are
used). The wells with cells were randomly divided into
five groups: phosphate-buffered saline (PBS) (Hyclone),
10 pg/mL HMGBI (Biolegend), 10 pg/mL Mouse 1gG2b,
k Isotype (Biolegend), and 2 and 10 pg/mL HMGBI1
antibody (Biolegend) were addeded, respectively. All cells
were incubated with 20 ng/mL IL-6 (R&D) and GM-CSF
(R&D) for 5 days, and the levels of CD3, B220, CD11c,
CDI11b and Gr-1 were detected using flow cytometry.

HMGBI inducing experiment in the tumor-
bearing mice in vivo

During 0-21 days of tumor inoculation, the
above tumor-bearing mouse were injected with 100
pL PBS (Hyclone), 20 pg/mL Mouse IgG2b, k Isotype
(Biolegend), 5 or20 pg/mL HMGB1 antibody (Biolegend)
every 3 days for total seven times, respectively. And the
subcutaneous tumor sizes were measured every 3 days.
At day 21, the mice were sacrificed, spleen and tumor
tissues were extracted, and the single cell suspension was
prepared. The levels of CD3, B220, CDl1l1¢, CD11b, and
Gr-1 in spleens and the levels of CD11b, Gr-1, F4/80, CD4
and Foxp3 in tumors were detected using flow cytometry.

Flow cytometry

Lineage-depleted bone marrow cells, tumor cells
and spleen cells before and after treatment were collected
and re-suspended in 40 pL PBS (Hyclone). Then, 10 pL
Fc block (eBioscience) was added to the cell suspension
to block Fc receptor for 15 min at 4°C. Next, 50 uL of
fluorescence-labeled antibody was added for 30 min at
4°C, washed with PBS (2 mL) twice, and re-suspended in
PBS (300 pL). Gallios flow cytometer (Beckman Coulter,
USA) was used to detect cell phenotype. Fluorescence-
linked anti-CD3 (Clone: 145-2C11), anti-B220 (Clone:
RA3-6B2), anti-CD11c (Clone: N418), anti-CD11b (Clone:
M1/70), anti-Gr-1 (Clone: RB6-8C5), anti-F4/80 (Clone:
BMS), anti-CD4 (Clone: GK1.5), and anti-Foxp3 (Clone:
FJK-16s) (eBioscience) were used to stain surface markers
of T cells, B cells, CD11c+ dendritic cells, CD11b+Gr-1+
MDSC cells, CD11b+F4/80+ TAM cells, CD4 +Foxp3+
Treg cells.

Statistical analysis

GraphPad Prism version 6.0 was used to analyze the
data. Single factor 7 test (comparison between groups) and
one-way analysis of variance (ANOVA) test (comparison
among groups) were used to analyze the in vitro data.
Mann-Whitney U test and ANOVA test were used to
analyze the in vivo data. A P value <0.05 (bilateral) was
considered statistically significant.

CONFLICTS OF INTEREST

We have no conflicts of interest to disclose.

GRANT SUPPORT

This work was supported by National Natural
Science Foundation of China (U1204820).

REFERENCES

1. Rosenblatt J, McDermott DF. Immunotherapy for renal
cell carcinoma. Hematol Oncol Clin North Am. 2011;
25:793-812.

2. Yang JC, Childs R. Immunotherapy for renal cell cancer. J
Clin Oncol. 2006; 24:5576-5583.

3. Kusmartsev S, Vieweg J. Enhancing the efficacy of cancer

vaccines in urologic oncology: new directions. Nat Rev

Urol. 2009; 6:540-549.

Gupta S, Spiess PE. The prospects of pazopanib in advanced

renal cell carcinoma. Ther Adv Urol. 2013; 5:223-232.

5. Amato RJ. Renal cell carcinoma: review of novel single-
agent therapeutics and combination regimens. Ann Oncol.
2005; 16:7-15.

6. Miyake H, Kurahashi T, Takenaka A, Inoue TA, Fujisawa
M. Clinical outcome of combined immunotherapy with

www.impactjournals.com/oncotarget

63296

Oncotarget



10.

11.

13.

14.

15.

16.

17.

interferon-alpha and low-dose interleukine-2 for Japanese
patients with metastatic renal cell carcinoma. Urol Oncol.
2009; 27:598-603.

Van den Hove LE, Van Gool SW, Van Poppel H, Baert
L, Coorevits L, Van Damme B, Ceuppens JL. Phenotype,
cytokine production and cytolytic capacity of fresh
(uncultured) lymphocytes
human renal cell carcinoma. Clin Exp Immunol. 1997,
109:501-509.

Nakano O, Sato M, Naito Y, Suzuki K, Orikasa S,
Aizawa M, Suzuki Y, Shintaku I, Nagura H, Ohtani H.
Proliferative activity of intratumoral CD8(+) T-lymphocytes
as a prognostic factor in human renal cell carcinoma:

tumour-infiltrating T in

clinicopathologic demonstration of antitumor immunity.
Cancer Res. 2001; 61:5132-5136.

Nelson N, Szekeres K, Cooper D, Ghansah T. Preparation of
myeloid derived suppressor cells (MDSC) from naive and
pancreatic tumor-bearing mice using flow cytometry and
automated magnetic activated cell sorting (AutoMACS). J
Vis Exp. 2012; 64:¢3875.

Finke J, Ko J, Rini B, Rayman P, Ireland J, Cohen P. MDSC
as a mechanism of tumor escape from sunitinib mediated
anti-angiogenic therapy. Int Immunopharmacol. 2011;
11:856-861.

Ostrand-Rosenberg S, Sinha P, Beury DW, Clements VK.
Cross-talk between myeloid-derived suppressor cells
(MDSC), macrophages, and dendritic cells enhances tumor-
induced immune suppression. Semin Cancer Biol. 2012;
22:275-281.

Solito S, Pinton L, Damuzzo V, Mandruzzato S. Highlights
on molecular mechanisms of MDSC-mediated immune
suppression: paving the way for new working hypotheses.
Immunol Invest. 2012; 41:722-737.

Waight JD, Hu Q, Miller A, Liu S, Abrams SI. Tumor-
derived G-CSF facilitates neoplastic growth through a
granulocytic myeloid-derived suppressor cell-dependent
mechanism. PLoS One. 2011; 6:e27690.

Condamine T, Gabrilovich DI. Molecular mechanisms
regulating myeloid-derived suppressor cell differentiation
and function. Trends Immunol. 2011; 32:19-25.

Dolcetti L, Peranzoni E, Ugel S, Marigo I, Fernandez Gomez
A, Mesa C, Geilich M, Winkels G, Traggiai E, Casati A, Grassi
F, Bronte V. Hierarchy of immunosuppressive strength among
myeloid-derived suppressor cell subsets is determined by
GM-CSF. Eur J Immunol. 2010; 40:22-35.

Kowanetz M, Wu X, Lee J, Tan M, Hagenbeek T, Qu X,
Yu L, Ross J, Korsisaari N, Cao T, Bou-Reslan H, Kallop
D, Weimer R, et al. Granulocyte-colony stimulating
factor promotes lung metastasis through mobilization of
Ly6G+Ly6C+ granulocytes. Proc Natl Acad Sci U S A.
2010; 107:21248-21255.

Qu P, Yan C, Blum JS, Kapur R, Du H. Myeloid-specific
expression of human lysosomal acid lipase corrects

malformation and malfunction of myeloid-derived suppressor
cells in lal-/- mice. J Immunol. 2011; 187:3854-3866.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Liu C, Yu S, Kappes J, Wang J, Grizzle WE, Zinn KR,
Zhang HG. Expansion of spleen myeloid suppressor cells
represses NK cell cytotoxicity in tumor-bearing host. Blood.
2007; 109:4336-4342.

Raber PL, Sierra RA, Thevenot PT, Shuzhong Z,
Wyczechowska DD, Kumai T, Celis E, Rodriguez PC.
T cells conditioned with MDSC show an increased anti-
tumor activity after adoptive T cell based immunotherapy.
Oncotarget. 2016; 7:17565-17578. doi: 10.18632/
oncotarget.8197.

Aliper AM, Frieden-Korovkina VP, Buzdin A, Roumiantsev
SA, Zhavoronkov A. Interactome analysis of myeloid-
derived suppressor cells in murine models of colon and
breast cancer. Oncotarget. 2014; 5:11345-11353. doi:
10.18632/oncotarget.2489.

Yang L, DeBusk LM, Fukuda K, Fingleton B, Green-Jarvis
B, Shyr Y, Matrisian LM, Carbone DP, Lin PC. Expansion
of myeloid immune suppressor Gr+CD11b+ cells in tumor-
bearing host directly promotes tumor angiogenesis. Cancer
Cell. 2004; 6:409-421.

Gabrilovich D. Mechanisms and functional significance of
tumour-induced dendritic-cell defects. Nat Rev Immunol.
2004; 4:941-952.

Huang B, Pan PY, Li Q, Sato Al, Levy DE, Bromberg J,
Divino CM, Chen SH. Gr-1+CD115+ immature myeloid
suppressor cells mediate the development of tumor-induced
T regulatory cells and T-cell anergy in tumor-bearing host.
Cancer Res. 2006; 66:1123-1131.

Serafini P, Mgebroff S, Noonan K, Borrello I. Myeloid-
derived suppressor cells promote cross-tolerance in B-cell
lymphoma by expanding regulatory T cells. Cancer Res.
2008; 68:5439-5449.

Sinha P, Parker KH, Horn L, Ostrand-Rosenberg S.
Tumor-induced myeloid-derived suppressor cell function
is independent of IFN-gamma and IL-4Ralpha. Eur J
Immunol. 2012; 42:2052-2059.

Dufait I, Schwarze JK, Liechtenstein T, Leonard W,
Jiang H, Escors D, De Ridder M, Breckpot K. Ex vivo
generation of myeloid-derived suppressor cells that model
the tumor immunosuppressive environment in colorectal
cancer. Oncotarget. 2015; 6:12369-12382. doi: 10.18632/
oncotarget.3682.

Wang H. HMG-1 as a late mediator of endotoxin lethality in
mice. Science. 1999; 285:248-251.

Wu D, Ding Y, Wang S, Zhang Q, Liu L. Increased
expression of high mobility group box 1 (HMGBI) is
associated with progression and poor prognosis in human
nasopharyngeal carcinoma. J Pathol. 2008; 216:167-175.
Ellerman JE, Brown CK, de Vera M, Zeh HJ, Billiar T,
Rubartelli A, Lotze MT. Masquerader: high mobility group
box-1 and cancer. Clin Cancer Res. 2007; 13:2836-2848.
Li W, Wu K, Zhao E, Shi L, Li R, Zhang P, Yin Y, Shuai
X, Wang G, Tao K. HMGBI1 recruits myeloid derived
suppressor cells to promote peritoneal dissemination

WWw

.impactjournals.com/oncotarget

63297

Oncotarget



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

of colon cancer after resection. Biochem Biophys Res
Commun. 2013; 436:156-161.

Liu Y, Xie C, Zhang X, Huang D, Zhou X, Tan P, Qi L,
Hu G, Tian Y, Qiu Y. Elevated expression of HMGBI in
squamous-cell carcinoma of the head and neck and its
clinical significance. Eur J Cancer. 2010; 46:3007-3015.
Yang GL, Zhang LH, Bo JJ, Huo XJ, Chen HG, Cao M,
Liu DM, Huang YR. Increased expression of HMGBI is
associated with poor prognosis in human bladder cancer. J
Surg Oncol. 2012; 106:57-61.

Lin L, Zhong K, Sun Z, Wu G, Ding G. Receptor for advanced
glycation end products (RAGE) partially mediates HMGB1-
ERKs activation in clear cell renal cell carcinoma. J Cancer
Res Clin Oncol. 2012; 138:11-22.

Volp K, Brezniceanu ML, Bosser S, Brabletz T, Kirchner
T, Gottel D, Joos S, Zornig M. Increased expression of
high mobility group box 1 (HMGB1) is associated with an
elevated level of the antiapoptotic c-IAP2 protein in human
colon carcinomas. Gut. 2006; 55:234-242.

Liu Z, Falo LD Jr, You Z. Knockdown of HMGBI1 in tumor
cells attenuates their ability to induce regulatory T cells
and uncovers naturally acquired CD8 T cell-dependent
antitumor immunity. J Immunol. 2011; 187:118-125.

Lotze MT, Tracey KJ. High-mobility group box 1 protein
(HMGBI1): nuclear weapon in the immune arsenal. Nat Rev
Immunol. 2005; 5:331-342.

Parker KH, Sinha P, Horn LA, Clements VK, Yang H, Li
J, Tracey KJ, Ostrand-Rosenberg S. HMGB1 enhances
immune suppression by facilitating the differentiation and
suppressive activity of myeloid-derived suppressor cells.
Cancer Res. 2014; 74:5723-5733.

Lee BR, Chang SY, Hong EH, Kwon BE, Kim HM, Kim
YJ, Lee J, Cho HJ, Cheon JH, Ko HJ. Elevated endoplasmic
reticulum stress reinforced immunosuppression in the
tumor microenvironment via myeloid-derived suppressor
cells. Oncotarget. 2014; 5:12331-12345. doi: 10.18632/
oncotarget.2589.

Pinton L, Solito S, Damuzzo V, Francescato S, Pozzuoli A,
Berizzi A, Mocellin S, Rossi CR, Bronte V, Mandruzzato S.
Activated T cells sustain myeloid-derived suppressor cell-
mediated immune suppression. Oncotarget. 2016; 7:1168-
1184. doi: 10.18632/oncotarget.6662.

van Beijnum JR, Dings RP, van der Linden E, Zwaans BM,
Ramaekers FC, Mayo KH, Griffioen AW. Gene expression
of tumor angiogenesis dissected: specific targeting of
colon cancer angiogenic vasculature. Blood. 2006;
108:2339-2348.

Yang H, Wang H, Czura CJ, Tracey KJ. HMGBI as a
cytokine and therapeutic target. J] Endotoxin Res. 2002;
8:469-472.

Mitkova E, Ugrinova I, Pashev IG, Pasheva EA. The
inhibitory effect of HMGB-1 protein on the repair of
cisplatin-damaged DNA is accomplished through the acidic
domain. Biochemistry. 2005; 44:5893-5898.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Carvajal IM, Baron RM, Perrella MA. High-mobility
group-1/Y proteins: potential role in the pathophysiology of
critical illnesses. Crit Care Med. 2002; 30:S36-42.

Apetoh L, Ghiringhelli F, Tesniere A, Obeid M, Ortiz C,
Criollo A, Mignot G, Maiuri MC, Ullrich E, Saulnier P,
Yang H, Amigorena S, Ryffel B, et al. Toll-like receptor
4-dependent contribution of the immune system to
anticancer chemotherapy and radiotherapy. Nat Med. 2007;
13:1050-1059.

Yang D, Chen Q, Yang H, Tracey KJ, Bustin M, Oppenheim
JJ. High mobility group box-1 protein induces the migration
and activation of human dendritic cells and acts as an
alarmin. J Leukoc Biol. 2007; 81:59-66.

Dumitriu IE, Bianchi ME, Bacci M, Manfredi AA, Rovere-
Querini P. The secretion of HMGBI is required for the
migration of maturing dendritic cells. J Leukoc Biol. 2007;
81:84-91.

Telusma G, Datta S, Mihajlov I, Ma W, Li J, Yang H,
Newman W, Messmer BT, Minev B, Schmidt-Wolf IG,
Tracey KJ, Chiorazzi N, Messmer D. Dendritic cell
activating peptides induce distinct cytokine profiles. Int
Immunol. 2006; 18:1563-1573.

Rovere-Querini P, Capobianco A, Scaffidi P, Valentinis B,
Catalanotti F, Giazzon M, Dumitriu IE, Muller S, lannacone
M, Traversari C, Bianchi ME, Manfredi AA. HMGBI is
an endogenous immune adjuvant released by necrotic cells.
EMBO Rep. 2004; 5:825-830.

Messmer D, Yang H, Telusma G, Knoll F, Li J, Messmer B,
Tracey KJ, Chiorazzi N. High mobility group box protein 1:
an endogenous signal for dendritic cell maturation and Th1
polarization. J Immunol. 2004; 173:307-313.

Campana L, Bosurgi L, Rovere-Querini P. HMGBI1: a two-
headed signal regulating tumor progression and immunity.
Curr Opin Immunol. 2008; 20:518-523.

Wagner KU, Schmidt JW. The two faces of Janus kinases
and their respective STATs in mammary gland development
and cancer. J Carcinog. 2011; 10:32.

Diaz T, Navarro A, Ferrer G, Gel B, Gaya A, Artells R,
Bellosillo B, Garcia-Garcia M, Serrano S, Martinez A,
Monzo M. Lestaurtinib inhibition of the Jak/STAT signaling
pathway in hodgkin lymphoma inhibits proliferation and
induces apoptosis. PLoS One. 2011; 6:¢18856.

Chen G, Li J, Ochani M, Rendon-Mitchell B, Qiang X,
Susarla S, Ulloa L, Yang H, Fan S, Goyert SM, Wang
P, Tracey KJ, Sama AE, Wang H. Bacterial endotoxin
stimulates macrophages to release HMGBI1 partly through
CD14- and TNF-dependent mechanisms. J Leukoc Biol.
2004; 76:994-1001.

Kalinina N, Agrotis A, Antropova Y, DiVitto G, Kanellakis
P, Kostolias G, Ilyinskaya O, Tararak E, Bobik A. Increased
expression of the DNA-binding cytokine HMGBI1 in human
atherosclerotic lesions: role of activated macrophages
and cytokines. Arterioscler Thromb Vasc Biol. 2004;
24:2320-2325.

WWw

.impactjournals.com/oncotarget

63298

Oncotarget



