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Abstract

Osteosarcoma (OS) remains the most common bone tumor and the prognosis for many patients remains stagnant due to the
unsatisfactory therapeutic effect of conventional treatment regimens. This research explored the effect and mechanism of a
novel natural product, Eriocalyxin B (EB), in pathogenesis and immunotherapy in OS. Cell Count Kit 8 assay, colony formation
assay, and wound healing assay were employed to detect the proliferative, colony-forming, and migratory abilities of human
OS cells following EB treatment. Moreover, xenograft growth assay was performed to assess the effect of EB on OS in vivo.
Subcutaneous OS models constructed in immunocompetent mice were employed to evaluate the effect of EB treatment
in combination with immune checkpoint blockades (ICBs) PD1ab and CTLA4ab. Immunohistochemistry (IHC) staining
was utilized to detect the level of CD8+ T cells infiltration and Ki67 expression. TARGET database, RNA interference
technology, and qPCR assay were employed to explore the mechanism of EB on OS. EB inhibited the proliferative, colony-
forming, and migratory abilities of the human OS cells MG63 and U2OS both in vitro and in vivo. TARGET data analysis
demonstrated that up-regulation of TCEA3 was significantly negatively correlated with overall survival in OS patients.
EB exerted anti-tumor activity via downregulation of TCEA3. EB, in conjunction with ICBs, synergistically optimized anti-
tumorigenic activity against OS in immunocompetent mice. EB may promote infiltration of CD8+ T cells and down-regulate
Ki67 expression. These results signaled that EB may have a role as a candidate therapeutic or preventive agent for the
treatment of OS.
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Introduction

As is well documented, osteosarcoma (OS) remains
the most frequent primary bone malignancy and typically
afflicts children, adolescents, and young adults, with a
median age of 16 years at diagnosis (1–3). Curative
surgery remains the mainstay of OS treatment, and
commonly used chemotherapeutic agents, including
high-dose cisplatin, doxorubicin, ifosfamide, and metho-
trexate, are recommended to be added to the standard
regimen (4). However, due to the high propensity for
recurrence and metastasis, the therapeutic effect of
current treatment regimens remains unsatisfactory.
Indeed, the 5-year overall survival rate for non-metastatic

OS patients ranges between 60 to 70%, while that of lung-
metastasis patients is merely 20% (5). The lack of
response to the standard chemotherapy regimens may
be responsible for cancer progression. Increasing the
dose of first-line therapy or second-line chemotherapy in
patients with a poor response to the chemotherapy has
very limited efficacy (6,7). The prognosis for OS patients
has stagnated over the last few decades (8). Therefore,
there is an urgent need to develop innovative and
selective strategies to improve the survival of OS patients.

In recent years, numerous clinical trials have estab-
lished that immunotherapy is an effective approach for the
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treatment of human malignancies. Immune checkpoint
blockades (ICBs), encompassing monoclonal antibodies,
programmed death receptor-1 antibody (PD1ab), and anti-
cytotoxic T lymphocyte antigen-4 antibody (CTLA4ab),
have been licensed for the treatment of solid tumors, such
as bladder cancer, lung cancer, and melanoma, owing to
their prolonged, excellent therapeutic effects and mild
adverse effects (9). For example, due to the recognizable
advantage of ICBs, the Food and Drug Administration
(USA) has already approved some ICBs to treat triple-
negative breast cancer (TNBC), and developing novel
strategy in combination with adenosine A2A receptor
antagonists to treat lung cancer, prostate cancer, renal
cancer, and related trials are ongoing (9). However, due to
the low T cell infiltration in the tumor microenvironment of
OS, the majority of OS patients were refractory to ICBs,
yielding unsatisfactory outcomes (10).

Numerous drugs, such as paclitaxel, were derived
from natural plant species and eventually incorporated
into standard therapy regimens (11,12). Eriocalyxin B
(EB), identified by Handong Sun’s group in 1982, is a
natural ent-kaurene diterpenoid compound extracted from
the traditional Chinese herb Isodon eriocalyx var. laxiflora,
which is predominantly distributed in Southwest China
(13) (Figure 1A). Recent studies have reported that EB
displays multifunctional activities, including modulating
various biological processes, such as anti-inflammatory
processes in Crohn’s disease-like colitis by modulating
the JAK2/STAT1 signaling and inhibiting adipogenesis via
cell cycle arrest. Furthermore, EB suppresses malignant
behaviors such as proliferation, migration, and invasion
in several types of cancers, including breast cancer,
prostate cancer, colorectal cancer, and ovarian cancer
(14–22). Notwithstanding, most research focusing on the
anti-tumorigenic activity of EB is limited to in vitro
experiments, and the exploration of its mechanism has
largely concentrated on apoptosis, cell cycle arrest,
angiogenesis, and autophagy. In other words, studies on
anti-tumorigenic effects of EB are scarce. Considering
previous reports regarding the multifunctional activity
of EB, exploring and validating its role in OS holds
considerable implications.

Transcription elongation factor a3 (TCEA3) belongs
to the TFIIS (TCEA) family and is one of the best-
characterized transcription elongation factors (23). Its
role in tumor pathology and development has attracted
extensive attention, with earlier studies documenting that
it can serve as a potent tumor suppressor owing to its
ability to facilitate apoptosis in rhabdomyosarcoma,
gastric cancer, and ovarian cancer via multiple signaling
pathways (24–26). However, its role in OS remains
largely unknown.

In the present study, a series of in vitro and in vivo
experiments were performed to explore the effect and
mechanism of EB in pathogenesis and immunotherapy
in OS.

Material and Methods

Cell lines
Human normal osteoblast cell line (hFOB1.19), human

OS cell lines (MG63, U2OS, Saos-2, and HOS), and
murine OS cell line K7M2 were purchased from Cellcook
(China), originating from American Type Culture Collection
(ATCC, USA), which also supplied the STR identification
report for all cell lines. All cell lines have undergone
mycoplasma tests by MycAwayt Mycoplasma Real-time
qPCR Detection Kit (Cat#40618ES25, YeSen, China) and
were routinely cultured in Dulbecco’s modified Eagle’s
medium (Cat#C11995500BT,DMEM; Gibco, USA) contain-
ing 10% fetal bovine serum (FBS,Cat#10091148,Gibco) at
37°C in a 5% CO2 humidified incubator. hFOB1.19 was
cultured in DMEM/F12 with 10% FBS at 34°C in a 5% CO2

humidified incubator.

Animal experiments
To construct subcutaneous tumor models, 1�106

MG63 and U2OS cells were added to 100 mL PBS and
subcutaneously injected into BALB/c-nude mice (female,
4–5 weeks old, 16–18 g). In addition, 0.5–1�106 K7M2
cells were added to 100 mL PBS and then subcutaneously
injected into wild-type BALB/c mice (female, 5–6 weeks
old, 18–20 g). Tumor volumes were measured and
calculated using the formula: 0.5 *A * B2 (A: length; B:
width). Upon attaining a volume of 50 mm3, the engrafted
tumors were treated according to the following protocol:
PD1ab (BioXCell (USA) Cat#BE0146, 250 mg/per mouse,
ip 1� /2days), CTLA4ab (BioXCell, Cat#BE0146, 100 mg/
per mouse, ip 1� /2days), or IgG isotype control
(BioXCell, BE0089, ip 1� /2days) and Eriocalyxin B
(MedChemExpress (USA), Cat#HY-N2303,10 mg/kg, ip
1� /day). After being anesthetized by pentobarbital, the
mice were euthanized upon attaining a tumor volume of
roughly 1000 mm3 or evidence of ulceration was
observed, which occurred approximately 14–16 days after
cell injection. Lastly, the subcutaneous tumors were
excised and fixed in formalin (10%) for 48 h.

Immunohistochemistry
All tumor tissues were initially fixed in formalin (10%)

and cut into sections. Each tumor section was depar-
affinized and dehydrated by utilizing sodium citrate buffer
and hydrogen peroxide (3%). Then, the sections were
incubated with primary antibodies (overnight) and the
appropriate secondary antibodies for 1 h. After washing
with PBS three times, the sections were incubated with
the ABC solution, followed by 3,30-diaminobenzidine
(DAB) staining. Lastly, the sections were dehydrated
using xylene and mounted using neutral glue. The
sections were photographed, and the number of positive
cells was counted. The antibodies used in this experi-
ment were as follows: CD8 (1:1000, Cat#ab209775,
Abcam, USA),Ki67 (1:400, Cat#ZM-0166, ZSGB-BIO,
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Figure 1. Eriocalyxin B (EB) inhibited the cell proliferative, colony-forming, and migratory abilities of osteosarcoma (OS) cells. A, The
molecular formula of EB. B and C, Cell proliferation ability of MG63 (B) and U2OS cells (C) were detected using the CCK-8 assay after
treatment with different concentrations of EB. D–G, Cell colony-forming ability of MG63 and U2OS cells after treatment with EB
(100 mM). H–K, Cell migration capacity of MG63 and U2OS cells following treatment with EB (100 mM). Scale bars, 200 mm. Data are
reported as means±SD. *Po0.05, **Po0.01, ***Po0.001, ****Po0.0001. The data of CCK-8 experiments were analyzed by analysis
of variance of factorial design. The data of colony-formation experiments were analyzed by Student’s t-test.
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China), and secondary antibody (1:2000, Cat#7074, Cell
Signaling, USA).

CCK8 assay
MG63 and U2OS were first seeded onto 96-well

plates at a density of 200 cells/well. Next, various
concentrations of EB (0,10, 100 mM) were added to the
wells, and the cell culture was incubated with the CCK-8
reagent (Cat#C0037, Beyotime, China) for pre-defined
durations (1, 2, 3, 4, 5, and 6 days). Cell survival was
evaluated using a microplate reader (Bio-Rad Labora-
tories Inc., USA) by measuring the absorbance value at
450 nm.

Colony formation assay
MG63 and U2OS cells were initially seeded onto 6-

well plates containing 100 mM EB at a density of 500–800
cells/well and incubated for 10–14 days. On days 6–7, the
medium was replaced by DMEM supplemented with 10%
fetal bovine serum. On days 10–14, visible cell colonies
were fixed in methyl alcohol and stained with Giemsa dye.
Finally, the plates were dried and photographed, and the
number of cell colonies was counted by ImageJ software
(NIH, USA).

Wound healing assay
MG63 and U2OS cells were initially seeded onto

6-well plates at a density of 104 cells/well. Upon the
formation of a cell monolayer, wounds in the cell layer
were created using a 10-mL pipette point, and the
cultured medium was replaced with a medium containing
100 mM EB. The straight lines were photographed at
specified time points (0, 12, 24, and 36 h), and the
migrated cells were independently counted by two
individuals (L.Q.Z. and M.L.C.).

Quantitative real-time PCR
MG63 and U2OS cells were seeded onto 6-well

plates at a density of 104 cells/well. On the next day, 0,
10, 50, and 100 mM EB was added to the wells. After
48 h, the cells were collected using TRIzol reagent
(Invitrogen, USA). The PrimeScript RT reagent kit
(TaKaRa, Japan) was utilized to reverse transcribe the
mRNA of EB-treated cells. SYBR Premix ExTaq (TaKaRa)
was employed to carry out the qPCR assay on the
Applied Biosystems 7500 System. mRNA expression
levels were quantified using the 2�DDCt method. The
sequences of the TCEA3 mRNA primers were as follows:
50-CCCCAAAACACCTAGCAGC-30 (forward) and 50-CTT
CATGTCCGTGCTCTTGAG-30 (reverse) (synthesized by
RIBOBIO, China). The mRNA expression of GAPDH
was chosen to be the internal parameter and the primers
were as follows: 50-TGTGGGCATCAATGGATTTGG-30

(forward) and 50-ACACCATGTATTCCGGGTCAAT30

(reverse).

Western blotting analysis
Total cell proteins were separated by SDS-polyacryl-

amide gel electrophoresis (PAGE) and electrotransferred
onto a polyvinylidene difluoride (PVDF) membrane (Pall
Corp. USA). The membranes were then blocked with 5%
skimmed milk and incubated using primary antibodies
against TUBULIN (1:1000 dilution, Cat#RM2003) and
anti-TCEA3 (1:1000 dilution, Cat#MA5-24565), followed
by incubation with the appropriate secondary antibodies.
An enhanced chemiluminescence (Pierce, USA) was
used to detect signals.

Cell cycle analysis
For cell cycle analysis, B106 cells were collected and

fixed in 70% ethanol at 4°C overnight. Cells were washed
with PBS and incubated with propidium iodide and RNase
A solution (9:1; Cat#KGA512, KeyGEN BioTECH, China)
following manufacturer instructions. Fluorescence at
488 nm wavelength was detected and analyzed using
BD LSRFortessa X-20 cell analyzer and BD FACSDiva
(Becton Davidson and Co., USA).

Cell transfection
Briefly, MG63 and U2OS cells were seeded onto

6-well plates and cultured in an incubator overnight.
Upon reaching 70–80% confluence, cells were transfected
with the siRNA targeted TCEA3. The sequences were
as follows: CCATCCAGCTA, CTACAGACAA, synthesized
by RIBOBIO Institute, using Lipofectamine 2000
(Cat#11668019, ThermoFisher, USA). The efficiency of
RNA interference and overexpression was determined via
qPCR.

Statistical analyses
The data were recorded and processed using EXCEL

software (Microsoft, USA), whilst GraphPad Prism 9.02
software (USA) was employed for statistical analyses.
Data are reported as means±SD. The Student’s t-test
was used for between-group comparisons. Po0.05 was
considered statistically significant.

Results

EB inhibited the proliferative, colony-forming, and
migratory abilities of human OS cells

In the current study, EB significantly suppressed the
proliferative ability of both human OS cell lines, namely
MG63 and U2OS, and showed no significant toxicity to the
normal osteoblast cell line hFOB1.19 at different concen-
trations (0, 10, 100 mM) (Figure 1B and C, Supplementary
Figure S1A). Likewise, the results of the colony formation
assay indicated that EB impaired the colony-forming
ability of both MG63 and U2OS human OS cells (Figure
1D–G). EB attenuated cell cycle progression in both
MG63 and U2OS human OS cells (Supplementary Figure
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S1B and C). Furthermore, the result of the wound healing
assay using the MG63 cell line demonstrated that EB
significantly inhibited the migratory ability of human OS
cells (Figure 1H and I). At the same time, the inhibitory
effect of EB on the migratory ability of OS cells was also
examined by using U2OS human OS cells (Figure 1J and
K). As a result of these findings, it can be concluded that
EB can inhibit the proliferative, colony-forming, and
migratory abilities of OS cells in vitro.

EB suppressed the proliferative ability of human OS
cells in vivo

The results of the animal study demonstrated that in
the MG63 OS model, mice in the EB-treated group
possessed considerably smaller tumor mass and lower
weight than those in the control group (Figure 2A–D).
These results were consistent with those noted in the
U2OS OS model (Figure 2E–G). Thus, our findings
implied that EB could further suppress human OS growth
in vivo.

EB might suppress the progression of human OS
cells by downregulation of TCEA3 expression.

TCGA database analysis showed that up-regulation of
TCEA3 expression was negatively correlated with overall
survival (OS) and disease-free survival (DFS) in brain

lower-grade glioma (LGG) patients (A and B) and OS in
testicular germ cell tumors (TGCT) (Figure 3C). More
importantly, TARGET database analysis determined that
up-regulation of TCEA3 expression was significantly
negatively correlated with overall survival in OS patients
(Figure 3D), indicating that the clinical significance of
TCEA3 in the prognosis of OS patients cannot be
overlooked. The result of western blot assay indicated
that TCEA3 expression was significantly higher in human
OS cells (MG63, U2OS, and HOS) compared with that in
osteoblast cells (hFOB1.19) (Figure 3E). Furthermore, EB
treatment significantly down-regulated the protein expres-
sion of TCEA3 both in MG63 and U2OS human OS cell
lines (Figure 3F). The result of qPCR detection revealed
that EB treatment down-regulated the expression of
TCEA3 in vivo (Supplementary Figure S1A). According
to the findings of the CCK8 assay, knocking down TCEA3
expression by targeted interference RNA (Supplementary
Figure S1B and C) suggested that TCEA3 knockdown
impaired the proliferative ability of MG63 cells compared
with that of control cells. Contrastingly, this inhibitory effect
was comparable between the si-TCEA3 group and
EB+si-TCEA3 group (Figure 3G). In other words, EB
did not suppress OS cell growth after knocking down the
expression of TCEA3. Similar outcomes were observed in
the human OS cell line U20S (Figure 3H). Furthermore,

Figure 2. Eriocalyxin B (EB) inhibited human osteosarcoma (OS) growth in vivo. A, Schematic representation of the study protocol for
the effect of EB treatment on U2OS or MG63 subcutaneous tumors in nude mice. B, Representative images of U2OS xenograft tumors.
C and D, U2OS tumor growth curve and tumor weight in each group. E, Representative images of MG63 xenograft tumors. F and G,
MG63 tumor growth curve and tumor weight in each group. Data are reported as means±SD. *Po0.05, **Po0.01. The data of tumor
growth curve were analyzed by analysis of variance of factorial design. The data of tumor weight were analyzed by Student’s t-test.
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Figure 3. Eriocalyxin B (EB) might suppress osteosarcoma (OS) progression by downregulation of TCEA3 expression. A and B, Overall
survival and disease-free survival analyses by TCEA3 expression in brain lower grade glioma (LGG) patients from TCGA datasets.
C, Overall survival analysis by TCEA3 expression in testicular germ cell tumors (TGCT) patients from TCGA datasets. D, Overall
survival analysis by TCEA3 expression in OS patients from TARGET datasets. E, Levels of TCEA3 expression in OS cell lines and a
human normal osteoblast cell line (hFOB1.19). F, TCEA3 expression in OS cell lines MG63 and U2OS after EB treatment. G and H, Cell
proliferation ability of MG63 (G) and U2OS cells (H) after downregulation of TCEA3 expression and EB (100 mM) treatment, n=3. I, Cell
proliferation ability of MG63 after downregulation of TCEA3 expression and EB (100 mM) treatment, n=3. Data are reported as means
±SD. **Po0.01, ***Po0.001, ****Po0.0001. The data of CCK-8 experiments were analyzed by analysis of variance of factorial design.
The data of OS and DFS were analyzed by log-rank test.
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when compared with the control group, the TCEA3
overexpression group exerted a stimulatory effect on
MG63 growth. However, compared with the TCEA3
overexpression group, the EB plus TCEA3 group showed
a significant inhibiting effect (Supplementary Figure S1D,
Figure 3I). In other words, EB neutralized the tumor
stimulatory effect induced by TCEA3 overexpression.
Indeed, the aforementioned results supported the hypoth-
esis that EB might suppress OS progression by down-
regulating TCEA3 expression. Nonetheless, further
studies are warranted to validate the aforesaid results.

EB increased CD8+ T cell infiltration and sensitized
ICBs therapy to OS in vivo

EB is hypothesized to be directly involved in inhibiting
the progression of various types of cancer (17,19,27,28).
Conversely, its role in the tumor environment, especially in
the immune environment, is underexplored. In this study,
a subcutaneous K7M2 tumor model was constructed in
immunocompetent mice, and the findings revealed that
the inhibitory effect was similar between the control group
and the PD1ab group, whereas significant differences
were observed in the inhibitory effect of the EB group.

Furthermore, compared with the PD1ab group, the
therapeutic effect was higher in the EB+ PD1ab group
(Figure 4A–C). Interestingly, EB and PD1ab treatment
did not significantly alter the weight of mice (Figure 4D).
There were no significant differences between tumor-
bearing mice receiving CTLA4ab and those in the control
group, whereas OS growth was limited in mice receiving
EB (Figure 4E). In addition, the EB+ CTLA4ab group
exhibited a slower tumor growth rate and lower tumor
weight than the CTLA4ab group (Figure 4F–G). The
weight of mice was comparable across the groups
(Figure 4H).

Immunohistochemistry analysis of K7M2 tumors
demonstrated that the CD8+ T cell infiltration level was
higher while the expression level of Ki67 was lower
following EB treatment compared with the control group.
As anticipated, CD8+ T cell infiltration levels were
improved while Ki67 expression was disrupted in the
tumor microenvironment of the EB+ PD1ab group
compared with the PD1ab group (Figure 5A–D). The
CD8+ T cell infiltration level was also higher in EB+
CTLA4ab group compared with the CTLA4ab group
(Supplementary Figure S1D and E).

Figure 4. Eriocalyxin B (EB) enhanced the therapeutic efficacy of immune checkpoint blockades (ICBs) in vivo. A–D, K7M2
subcutaneous tumor models after treatment with PD1ab and EB. A, Representative images of tumors from each group, n=2; B, Tumor
growth curve; C, Tumor weight; D, Weight of mice in each group. E–G, K7M2 subcutaneous tumor models after the administration of
CTLA4ab and EB. E, Representative images of tumors in each group, n=2; F, Tumor growth curve; G, Tumor weight in each group;
H, Weight of mice in each group. Data are reported as means±SD. *Po0.05, **Po0.01, ***Po0.001, ****Po0.0001, ns: not
significant. The data of tumor growth curve were analyzed by analysis of variance of factorial design. The data of tumor weight were
analyzed by Student’s t-test.
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Discussion

Herein, EB inhibited the proliferative, colony-forming,
and migratory abilities of human OS cells by down-
regulating TCEA3 expression both in vitro and in vivo.
Furthermore, the combination of EB and the ICBs PD1ab
and CTLA4ab significantly enhanced anti-tumorigenic
activity by driving CD8+ T cell infiltration and inhibiting
the expression of Ki67 in immunocompetent mice with OS.
To the best of our knowledge, this is the first study to
explore the activity and mechanism of action of EB in OS
both in vitro and in vivo. In summary, these findings
suggested that EB is a promising therapeutic or preventive
agent for the treatment of OS.

Cancer research on EB largely focuses on its anti-
tumorigenic action and the direct inhibition of cancer
proliferation. For instance, a prior report described that EB
suppressed triple-negative breast cancer metastasis
through reducing aldehyde dehydrogenases 1 family
member A1 (ALDH1A1) expression both in vitro and in
vivo (16). Another study documented that EB covalently
modified glutathione and selectively inhibited thio-
redoxin reductase, thereby inducing potent oxidative
stress-mediated apoptosis in colorectal carcinoma RKO
cells (18). Importantly, our findings corroborated the
anti-tumorigenic activity of EB and indicated that its
tumor-inhibitory effects may extend to various types of
cancer.

Figure 5. Immunohistochemical analysis in osteosarcoma (OS) tissue from K7 subcutaneous tumor models following PD1ab and
Eriocalyxin B (EB) treatment. Representative images (A) and quantitative analysis (B) of CD8+T cells in each group, n=2 and
representative images (C) and quantitative analysis (D) of Ki67+ cells in each group, n=2. Scale bars: 100 mm. Data are reported as
means±SD. **Po0.01, ***Po0.001,****Po0.0001, ns: not significant (Student’s t-test).
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TCEA3 is a vital transcription elongation factor
belonging to TFIIS in vertebrates (29). Of note, it has
been shown to modulate diverse biological processes,
such as promoting muscle cell differentiation and
inhibiting cardiomyocyte hypertrophy via multiple signal
pathways (30,31). Nonetheless, its role in tumor
pathogenesis and development remains controversial
and largely elusive. Earlier studies claimed that TCEA3
could serve as a potent tumor suppressor, given that it
contributed to apoptosis in rhabdomyosarcoma, gastric
cancer, and ovarian cancer via multiple signaling path-
ways (24–26). Moreover, researchers recently discov-
ered that TCEA3 acts as a tumor promoter in colorectal
cancer. In this previous study, TCEA3 was found to
attenuate pyroptosis and apoptosis of colorectal cancer
cells induced by chemotherapeutic doxorubicin (32). In
our study, the oncogenic role of TCEA3 was supported
by the detection of TCEA3 expression in osteoblasts
and OS cells. Furthermore, after knocking down TCEA3
expression, EB could not significantly suppress OS
progression. Collectively, these results established that
TCEA3 may play an oncogenetic role as well as
mediating the effect of EB in OS.

Owing to its outstanding efficacy and reduced side
effects, immunotherapy has attracted significant attention
and is currently considered a potent strategy for cancer
therapy (33). Immunotherapies remain as a promising
strategy for OS including ICBs, adoptive T-cell therapy,
cytokines, and cancer vaccines. These strategies aim to
restore immunity by reactivating the suppressed immune
environment in OS patients and targeting immune cells
(34). Among them, ICBs such as PD-1, PD-L1, and CTLA-
4 inhibitors have been reported to exert optimal therapeu-
tic effects in various malignant tumors with a lower

frequency of adverse events than conventional therapy
such as chemotherapy, especially for the treatment of
melanoma, bladder cancer, lung cancer, and hematopoietic
malignancies (35–38). However, the majority of OS patients
do not benefit from ICB therapy owing to the severely
restricted immune environment in OS (39). Herein, experi-
ments involving the murine OS model demonstrated that EB
increased CD8+ T cell infiltration levels and sensitized the
effectiveness of ICBs, namely PD1ab and CTLA4ab
therapies, in vivo. These effects may be associated with
EB increasing the permeability of vital immune cells such as
CD8+ T cells owing to its previously reported anti-
angiogenic activity. Considering a recent report, which
indicated that knockdown of TCEA-3 enhanced pyroptosis
in colorectal cells (35), and that pyroptosis showed a close
relationship with the infiltration and function of CD8+ T cell
(40), we may also hypothesize that EB sensitizes ICB
therapy through TCEA3-medicated pyroptosis (Figure 6).
However, detailed studies should be conducted in the future.
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Click to view [pdf].

Acknowledgments

The authors would like to express sincere thanks to
Nanfang Medical University for facilities and technical
support on the experiments.

Funding

The authors received funding from Taizhou Municipal
Science and Technology Bureau (No. 21ywb112).

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics,
2022. CA Cancer J Clin 2022; 72: 7–33, doi: 10.3322/
caac.21708.

2. Jiang ZY, Liu JB, Wang XF, Ma Y, Fu D. Current status and
prospects of clinical treatment of osteosarcoma. Technol

Cancer Res Treat 2022; 21: 15330338221124696, doi:
10.1177/15330338221124696.

3. Meltzer PS, Helman LJ. New horizons in the treatment of
osteosarcoma. N Engl J Med 2021; 385: 2066–2076, doi:
10.1056/NEJMra2103423.

Figure 6. Schematic diagram illustrating that the natural product Eriocalyxin B (EB) exerted anti-tumor activity via downregulation of
TCEA3 and sensitized immune checkpoint blockades therapy in osteosarcoma.

Braz J Med Biol Res | doi: 10.1590/1414-431X2024e14112

Eriocalyxin B exerts anti-tumor activity in osteosarcoma 9/11

http://bjournal.org/supplementary_material/14112.pdf
http://dx.doi.org/10.3322/caac.21708
http://dx.doi.org/10.3322/caac.21708
http://dx.doi.org/10.1177/15330338221124696
http://dx.doi.org/10.1056/NEJMra2103423
https://doi.org/10.1590/1414-431X2024e14112


4. Benjamin RS. Adjuvant and neoadjuvant chemotherapy for
osteosarcoma: a historical perspective. Adv Exp Med Biol
2020; 1257: 1–10, doi: 10.1007/978-3-030-43032-0.

5. Smeland S, Bielack SS, Whelan J, Bernstein M, Hogen-
doorn P, Krailo MD, et al. Survival and prognosis with
osteosarcoma: outcomes in more than 2000 patients in the
EURAMOS-1 (European and American Osteosarcoma
Study) cohort. Eur J Cancer 2019; 109: 36–50, doi:
10.1016/j.ejca.2018.11.027.

6. Meyers PA, Healey JH, Chou AJ, Wexler LH, Merola PR,
Morris CD, et al. Addition of pamidronate to chemotherapy
for the treatment of osteosarcoma. Cancer 2011; 117: 1736–
44, doi: 10.1002/cncr.25744.

7. Niu J, Yan T, Guo W, Wang W, Ren T, Huang Y, et al. The
COPS3-FOXO3 positive feedback loop regulates autophagy
to promote cisplatin resistance in osteosarcoma. Autophagy
2023; 19: 1693–1710, doi: 10.1080/15548627.2022.2150003.

8. Kim MS, Bolia IK, Iglesias B, Sharf T, Roberts SI, Kang H,
et al. Timing of treatment in osteosarcoma: challenges and
perspectives - a scoping review. BMC Cancer 2022; 22: 970,
doi: 10.1186/s12885-022-10061-0.

9. Morad G, Helmink BA, Sharma P, Wargo JA. Hallmarks of
response, resistance, and toxicity to immune checkpoint
blockade. Cell 2021; 184: 5309–5337, doi: 10.1016/j.cell.
2021.09.020.

10. Chen C, Xie L, Ren T, Huang Y, Xu J, Guo W.
Immunotherapy for osteosarcoma: Fundamental mechan-
ism, rationale, and recent breakthroughs. Cancer Lett 2021;
500: 1–10, doi: 10.1016/j.canlet.2020.12.024.

11. Yang YH, Mao JW, Tan XL. Research progress on the
source, production, and anti-cancer mechanisms of pacli-
taxel. Chin J Nat Med 2020; 18: 890–897.

12. Li X, Zhang CT, Ma W, Xie X, Huang Q. Oridonin: a review of
its pharmacology, pharmacokinetics and toxicity. Front Phar-
macol 2021; 12: 645824, doi: 10.3389/fphar.2021.645824.

13. Du G, Gong HY, Feng KN, Chen QQ, Yang YL, Fu XL, et al.
Diterpene synthases facilitating production of the kaurane
skeleton of eriocalyxin B in the medicinal plant Isodon
eriocalyx. Phytochemistry 2019; 158: 96–102, doi: 10.1016/
j.phytochem.2018.11.015.

14. Mu RF, Niu YF, Wang Q, Zhou HM, Hu J, Qin WY, et al.
Eriocalyxin B inhibits adipogenesis in 3T3-L1 adipocytes by
cell cycle arrest. Nat Prod Bioprospect 2020; 10: 131–140,
doi: 10.1007/s13659-020-00240-6.

15. Cheng Y, Li J, Wang L, Wu X, Li Y, Xu M, et al. Eriocalyxin B
ameliorated Crohn’s disease-like colitis by restricting M1
macrophage polarization through JAK2/STAT1 signalling.
Eur J Pharmacol 2023; 954: 175876, doi: 10.1016/j.
ejphar.2023.175876.

16. Gou L, Yue GG, Lee JK, Puno PT, Lau CB. Natural product
Eriocalyxin B suppressed triple negative breast cancer
metastasis both in vitro and in vivo. Biochem Pharmacol
2023. 210: 115491, doi: 10.1016/j.bcp.2023.115491.

17. Yu Z, Chen Y, Liang C. Eriocalyxin B induces apoptosis and
autophagy involving akt/mammalian target of rapamycin
(mTOR) pathway in prostate cancer cells. Med Sci Monit
2019; 25: 8534–8543, doi: 10.12659/MSM.917333.

18. Duan D, Wang Y, Jin X, Li M, Wang L, Yan Y, et al. Natural
diterpenoid eriocalyxin B covalently modifies glutathione
and selectively inhibits thioredoxin reductase inducing
potent oxidative stress-mediated apoptosis in colorectal

carcinoma RKO cells. Free Radic Biol Med 2021; 177: 15–
23, doi: 10.1016/j.freeradbiomed.2021.10.013.

19. Lu YM, Chen W, Zhu JS, Chen WX, Chen NW. Eriocalyxin B
blocks human SW1116 colon cancer cell proliferation,
migration, invasion, cell cycle progression and angiogenesis
via the JAK2/STAT3 signaling pathway. Mol Med Rep 2016;
13: 2235–2240, doi: 10.3892/mmr.2016.4800.

20. Leizer AL, Alvero AB, Fu HH, Holmberg JC, Cheng YC,
Silasi DA, et al. Regulation of inflammation by the NF-kB
pathway in ovarian cancer stem cells. Am J Reprod Immunol
2011; 65: 438–447, doi: 10.1111/j.1600-0897.2010.00914.x.

21. Li L, Yue GG, Pu JX, Sun HD, Fung KP, Leung PC, et al.
Eriocalyxin B-induced apoptosis in pancreatic adenocarci-
noma cells through thiol-containing antioxidant systems and
downstream signalling pathways. Curr Mol Med 2014; 14:
673–689, doi: 10.2174/1566524014666140603102459.

22. Zhang YW, Jiang XX, Chen QS, Shi WY, Wang L, Sun HD,
et al. Eriocalyxin B induces apoptosis in lymphoma cells
through multiple cellular signaling pathways. Exp Hematol
2010; 38: 191–201, doi: 10.1016/j.exphem.2009.12.005.

23. Wind M, Reines D. Transcription elongation factor SII.
Bioessays 2000; 22: 327–336, doi: 10.1002/(SICI)1521-
1878(200004)22:4o327::AID-BIES343.0.CO;2-4.

24. Kazim N, Adhikari A, Oh TJ, Davie J. The transcription
elongation factor TCEA3 induces apoptosis in rhabdomyo-
sarcoma. Cell Death Dis 2020; 11: 67, doi: 10.1038/s41419-
020-2258-x.

25. Li J, Jin Y, Pan S, Chen Y, Wang K, Lin C, et al. TCEA3
attenuates gastric cancer growth by apoptosis induction.
Med Sci Monit 2015; 21: 3241–3246, doi: 10.12659/
MSM.895860.

26. Cha Y, Kim DK, Hyun J, Kim SJ, Park KS. TCEA3 binds to
TGF-beta receptor I and induces Smad-independent, JNK-
dependent apoptosis in ovarian cancer cells. Cell Signal
2013; 25: 1245–1251, doi: 10.1016/j.cellsig.2013.01.016.

27. Riaz A, Rasul A, Hussain G, Zubair M, Samiullah K, Sarfraz
I, et al. Eriocalyxin B induces apoptosis in human triple
negative breast cancer cells via inhibiting STAT3 activation
and mitochondrial dysfunction. Pak J Pharm Sci 2019; 32:
2843–2848.

28. Li L, Zhao SL, Yue GGL, Wong TP, Pu JX, Sun HD, et al.
Isodon eriocalyx and its bioactive component Eriocalyxin B
enhance cytotoxic and apoptotic effects of gemcitabine in
pancreatic cancer. Phytomedicine 2018; 44: 56–64, doi:
10.1016/j.phymed.2018.03.055.

29. Labhart P, Morgan GT. Identification of novel genes
encoding transcription elongation factor TFIIS (TCEA) in
vertebrates: conservation of three distinct TFIIS isoforms in
frog, mouse, and human. Genomics 1998; 52: 278–288, doi:
10.1006/geno.1998.5449.

30. Guo Y, Cen XF, Li D, Qiu HL, Chen YJ, Zhang M, et al.
Identify Tcea3 as a novel anti-cardiomyocyte hypertrophy
gene involved in fatty acid oxidation and oxidative stress.
Front Cardiovasc Med 2023; 10: 1137429, doi: 10.3389/
fcvm.2023.1137429.

31. Ge Y, Li S, Hu XY, Tong HL, Li SF, Yan YQ. TCEA3 promotes
differentiation of C2C12 cells via an Annexin A1-mediated
transforming growth factor-b signaling pathway. J Cell Physiol
2019; 234: 10554–10565, doi: 10.1002/jcp.27726.

32. Hou X, Xia J, Feng Y, Cui L, Yang Y, Yang P, et al. USP47-
mediated deubiquitination and stabilization of TCEA3

Braz J Med Biol Res | doi: 10.1590/1414-431X2024e14112

Eriocalyxin B exerts anti-tumor activity in osteosarcoma 10/11

http://dx.doi.org/10.1007/978-3-030-43032-0
http://dx.doi.org/10.1016/j.ejca.2018.11.027
http://dx.doi.org/10.1002/cncr.25744
http://dx.doi.org/10.1080/15548627.2022.2150003
http://dx.doi.org/10.1186/s12885-022-10061-0
http://dx.doi.org/10.1016/j.cell.2021.09.020
http://dx.doi.org/10.1016/j.cell.2021.09.020
http://dx.doi.org/10.1016/j.canlet.2020.12.024
http://dx.doi.org/10.3389/fphar.2021.645824
http://dx.doi.org/10.1016/j.phytochem.2018.11.015
http://dx.doi.org/10.1016/j.phytochem.2018.11.015
http://dx.doi.org/10.1007/s13659-020-00240-6
http://dx.doi.org/10.1016/j.ejphar.2023.175876
http://dx.doi.org/10.1016/j.ejphar.2023.175876
http://dx.doi.org/10.1016/j.bcp.2023.115491
http://dx.doi.org/10.12659/MSM.917333
http://dx.doi.org/10.1016/j.freeradbiomed.2021.10.013
http://dx.doi.org/10.3892/mmr.2016.4800
http://dx.doi.org/10.1111/j.1600-0897.2010.00914.x
http://dx.doi.org/10.2174/1566524014666140603102459
http://dx.doi.org/10.1016/j.exphem.2009.12.005
http://dx.doi.org/10.1002/(SICI)1521-1878(200004)22:4&lt;327::AID-BIES3&gt;3.0.CO;2-4
http://dx.doi.org/10.1002/(SICI)1521-1878(200004)22:4&lt;327::AID-BIES3&gt;3.0.CO;2-4
http://dx.doi.org/10.1038/s41419-020-2258-x
http://dx.doi.org/10.1038/s41419-020-2258-x
http://dx.doi.org/10.12659/MSM.895860
http://dx.doi.org/10.12659/MSM.895860
http://dx.doi.org/10.1016/j.cellsig.2013.01.016
http://dx.doi.org/10.1016/j.phymed.2018.03.055
http://dx.doi.org/10.1006/geno.1998.5449
http://dx.doi.org/10.3389/fcvm.2023.1137429
http://dx.doi.org/10.3389/fcvm.2023.1137429
http://dx.doi.org/10.1002/jcp.27726
https://doi.org/10.1590/1414-431X2024e14112


attenuates pyroptosis and apoptosis of colorectal cancer
cells induced by chemotherapeutic doxorubicin. Front
Pharmacol 2021; 12: 713322, doi: 10.3389/fphar.2021.
713322.

33. Dongye Z, Li J, Wu Y. Toll-like receptor 9 agonists and
combination therapies: strategies to modulate the tumour
immune microenvironment for systemic anti-tumour immu-
nity. Br J Cancer 2022; 127: 1584–1594, doi: 10.1038/
s41416-022-01876-6.

34. Lu Y, Zhang J, Chen Y, Kang Y, Liao Z, He Y, et al. Novel
immunotherapies for osteosarcoma. Front Oncol 2022; 12:
830546, doi: 10.3389/fonc.2022.830546.

35. Luke JJ, Rutkowski P, Queirolo P, Del Vecchio M, Mack-
iewicz J, Chiarion-Sileni V, et al. Pembrolizumab versus
placebo as adjuvant therapy in completely resected stage
IIB or IIC melanoma (KEYNOTE-716): a randomised,
double-blind, phase 3 trial. Lancet 2022; 399: 1718–1729,
doi: 10.1016/S0140-6736(22)00562-1.

36. Mei MG, Lee HJ, Palmer JM, Chen R, Tsai NC, Chen L,
et al. Response-adapted anti-PD-1-based salvage therapy
for Hodgkin lymphoma with nivolumab alone or in combina-
tion with ICE. Blood 2022; 139: 3605–3616, doi: 10.1182/
blood.2022015423.

37. Konala VM, Adapa S, Aronow WS. Immunotherapy in
bladder cancer. Am J Ther 2022; 29: e334–e337, doi:
10.1097/MJT.0000000000000934.

38. Ruiz-Cordero, Devine RWP. Targeted therapy and check-
point immunotherapy in lung cancer. Surg Pathol Clin 2020;
13: 17–33, doi: 10.1016/j.path.2019.11.002.

39. Yahiro K, Matsumoto Y. Immunotherapy for osteosarcoma.
Hum Vaccin Immunother 2021; 17: 1294–1295, doi:
10.1080/21645515.2020.1824499.

40. Tang R, Xu J, Zhang B, Liu J, Liang C, Hua J, et al.
Ferroptosis, necroptosis, and pyroptosis in anticancer
immunity. J Hematol Oncol 2020; 13: 110, doi: 10.1186/
s13045-020-00946-7.

Braz J Med Biol Res | doi: 10.1590/1414-431X2024e14112

Eriocalyxin B exerts anti-tumor activity in osteosarcoma 11/11

http://dx.doi.org/10.3389/fphar.2021.713322
http://dx.doi.org/10.3389/fphar.2021.713322
http://dx.doi.org/10.1038/s41416-022-01876-6
http://dx.doi.org/10.1038/s41416-022-01876-6
http://dx.doi.org/10.3389/fonc.2022.830546
http://dx.doi.org/10.1016/S0140-6736(22)00562-1
http://dx.doi.org/10.1182/blood.2022015423
http://dx.doi.org/10.1182/blood.2022015423
http://dx.doi.org/10.1097/MJT.0000000000000934
http://dx.doi.org/10.1016/j.path.2019.11.002
http://dx.doi.org/10.1080/21645515.2020.1824499
http://dx.doi.org/10.1186/s13045-020-00946-7
http://dx.doi.org/10.1186/s13045-020-00946-7
https://doi.org/10.1590/1414-431X2024e14112

	title_link
	Introduction
	Material and Methods
	Cell lines
	Animal experiments
	Immunohistochemistry

	Figure 1.
	CCK8 assay
	Colony formation assay
	Wound healing assay
	Quantitative realhyphentime PCR
	Western blotting analysis
	Cell cycle analysis
	Cell transfection
	Statistical analyses

	Results
	EB inhibited the proliferative, colonyhyphenforming, and migratory abilities of human OS cells
	EB suppressed the proliferative ability of human OS cells in vivo
	EB might suppress the progression of human OS cells by downregulation of TCEA3 expression

	Figure 2.
	Figure 3.
	EB increased CD8+ T cell infiltration and sensitized ICBs therapy to OS in vivo

	Figure 4.
	Discussion
	Figure 5.
	Supplementary Material
	Acknowledgments
	Funding

	REFERENCES
	References
	Figure 6.


