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Abstract: Gasdermin D (GSDMD), a recently discovered pyroptosis-related protein, has been extensively studied in
inflammatory diseases. Research has indicated that inflammation is a causative factor of malignant tumors, including osteosarcoma. Nevertheless, the specific functions of GSDMD in osteosarcoma have not well been studied. This
study aimed to explore the clinicopathologic values of GSDMD in osteosarcoma. The expression of GSDMD protein
in 41 samples of primary osteosarcoma and 20 normal bone tissues were evaluated by immunohistochemistry and
western blot. The χ2 test and Student’s t test were applied to analyze the differences of GSDMD expression between
osteosarcoma and normal bone tissues. The χ2 test and Fisher’s exact test were used to assess the associations
of GSDMD expression with clinicopathologic characteristics of osteosarcoma patients. Moreover, the Kaplan-Meier
and Cox regression model methods were used to analyze the relations between GSDMD expression and diseasefree survival (DFS) and overall survival (OS) of osteosarcoma patients. The GSDMD protein was significantly overexpressed in osteosarcoma compared to non-neoplastic bone samples. Additionally, GSDMD overexpression was
related to poor chemotherapy response (P = 0.031), distant metastasis (P < 0.001), as well as worse prognosis of
osteosarcoma patients. Furthermore, GSDMD protein overexpression was an independent predictor of poor survival
time in primary osteosarcoma patients. In conclusion, GSDMD overexpression was related to adverse clinical outcome of osteosarcoma, and could be a therapy target in osteosarcoma. Further study should focus on the related
mechanism of GSDMD in osteosarcoma.
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Introduction
Osteosarcoma, with an annual incidence of 3.4
patients per million worldwide, is a common
aggressive tumor of bone which usually affects
young populations [1, 2]. Osteosarcoma tends
to occur in the metaphysis of the distal femur,
followed by proximal tibia and humerus [3].
With the application of neoadjuvant chemotherapy incorporated with surgical treatment,
the disease-free survival of patients with localized osteosarcoma has greatly improved from
under 20% to some 70%. However, patients
with metastatic status still suffer from unfavorable clinical outcomes [4-6], attributed to resistance to standard chemotherapy [7, 8].
Recently, alkaline phosphatase (AKP) and lactate dehydrogenase (LDH), have been shown

by studies to be useful biomarkers for the prognosis of osteosarcoma [9, 10]. Unfortunately,
these candidate biomarkers are not specific
and accurate enough to predict the prognosis
and chemosensitivity in osteosarcoma patients. Therefore, the identification of new prognostic biomarkers in osteosarcoma is urgent.
Gasdermin D (GSDMD), one of the gasdermin
family members, is mostly expressed in skin
and gastrointestinal tract [11]. Under stimulating conditions of intracellular pathogens,
GSDMD can be cleaved into fragments of Nand C-terminal domains by pyroptotic caspases
[12]. The N domain of GSDMD is a key executioner of pyroptosis, which is a specific programmed cell death with inﬂammatory involvement [12]. After the initiation of pyroptosis, the
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N domain translocation of GSDMD to the plasma membrane of cancer cells results in the discharge of inflammatory factors, cellular osmotic pressure change, membrane rupture, and
eventually pyroptosis [13-15]. GSDMD-induced
pyroptosis exerts critical roles in numerous
inflammatory diseases and in cancer [16]. Pyroptosis in tumor cells leads to the activation
of the NLRP3 inflammasome, as well as the
subsequent pro-inflammatory cytokines, including interleukin-1β (IL-1β) and IL-18 [16, 17].
Increased levels of IL-1β and IL-18 could promote cell proliferation and metastasis by the
NF-κB pathway in some cancers, such as pancreatic ductal adenocarcinoma, renal cell carcinoma, oral squamous cell carcinoma, and T-cell
lymphoma [18-21]. Besides indirectly promoting tumor development by inducing release
of inflammatory factors, GSDMD conveys wide
prognostic value by regulating signaling pathways. For example, Gao et al. [22] found that
GSDMD was overexpressed in lung cancer and
contributed to a larger tumor size and advanced tumor stage by promoting the EGFR/Akt signaling pathway.
Although many studies have reported that inflammatory factors play critical roles in osteosarcoma development, apoptosis, tumor initiation and metastasis [23, 24], the clinicopathologic significance of GSDMD expression in osteosarcoma is uncertain. In addition to GSDMD
roles in pyroptosis, possible functions of GSDMD in osteosarcoma should be fully elucidated. The present study investigated the expression of GSDMD by immunohistochemistry and
western blot, and explored its clinicopathologic
roles in osteosarcoma patients, so as to provide a new biomarker for predicting the prognosis of osteosarcoma.
Materials and methods
Patients and samples
Our study selected 41 primary osteosarcoma
patients who underwent surgical resection in
our hospital between 1 January 2012, and
31 December 2015. Histopathologic diagnosis
was verified by a senior pathologist. Patients
with metastasis at diagnosis, special other
than conventional (osteoblastic, chondroblastic and fibroblastic) subtypes and insufficient
clinicopathological data or follow-up loss were
excluded in this study. All patients underwent
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conventional treatment with ifosfamide, cisplatin, and doxorubicin. Their clinicopathologic features, including sex, age at diagnosis, tumor
size, tumor location, Enneking staging, and
chemotherapy response, were reviewed from
medical records. Formalin-fixed and paraffinembedded (FFPE) as well as frozen surgical
tumor specimens were obtained for protein
determination. Moreover, 20 non-neoplastic
bone specimens selected in 2015 were used
as controls.
After the surgery, all patients received regular imaging examinations every 3-6 months to
monitor disease recurrence and metastasis.
Disease-free survival (DFS) and overall survival
(OS) time were used to determine the prognosis
of patients, which was defined as the duration
from diagnosis to first tumor progression and
death, respectively. Cases without the occurrence of tumor progression or death were censored at the time of the last follow-up. Informed consent was provided by all participants
involved in our study, and the study protocol
followed the ethical guidelines of the Declaration of Helsinki and was approved by the
Ethics Committee of our hospital (Approve
Number: IEC-FOM-013-1.0).
Immunohistochemistry
Protein expression of GSDMD in FFPE osteosarcoma and non-neoplastic bone specimens
were examined by applying an ElivisionTM plus
Polyer HP Kit (Maixin Biotechnologies, Inc.,
Fuzhou, China). In brief, serial cross-sections
(4 μm thick) of paraffin-embedded specimens
underwent deparaffinate and hydration, then
incubation with 3% hydrogen peroxide for 10
min at 26°C. After antigen retrieval in boiling
citrate buffer, the sections were incubated with
anti-GSDMD (cat no. DF12275; 1:100 dilution,
Affinity Biosciences, USA) antibody overnight at
4°C. After that, the sections were incubated
with horseradish peroxide conjugated antibody
for 30 min at room temperature and then
diamino-benzidine (DAB) for 5 min. Two investigators explored the immunohistochemical signals of sections under a light microscope (Axioskop 40; Zeiss GmbH, Jena, Germany) at
five random fields independently. The GSDMD
expression scores were according to the mean
signal intensity (0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining) and the positively stained percentage of
Int J Clin Exp Pathol 2020;13(12):3149-3157
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Table 1. Characteristics of osteosarcoma patients
Clinicopathologic data
n (%)
Sex
Male
28 (68.29)
Female
13 (31.71)
Age (years), mean (range)
25.3 (5-55)
≤ 18
18 (43.90)
> 18
23 (56.10)
Tumor size (cm)
≤8
23 (56.10)
>8
18 (43.90)
Tumor location
Femur
22 (53.65)
Tibia
4 (9.76)
Humerus
4 (9.76)
Radius
4 (9.76)
Pelvis
3 (7.31)
Others
4 (9.76)
Enneking staging
IIA
12 (29.27)
IIB
29 (70.73)
Response to chemotherapy*
Good
15 (36.59)
Poor
26 (63.41)
Follow-up duration (month), mean (range) Survival outcome 49.12 (5-77)
Distant metastasis
17 (41.46)
Relapse
1 (2.44)
5-year survival rate
(61.29)
*Good: tumor necrosis ≥ 90%; poor: tumor necrosis < 90%.

tumor cells (0, 0%; 1, 0-25%; 2, 26-50%; 3,
51-75%; and 4, 76-100%) determined the score of GSDMD. Cases with immunohistochemical scores ≤ 2 contained non-expression and
low-expression, scores > 2 were defined as the
high-expression groups [25] (10889820).
Western blot
Proteins from 61 frozen tissues (100 mg) were
extracted by lysis buffer (cat no. 98035; Cell
Signaling Technology, Danvers, MA, USA) following the manufacturer’s instructions. After
quantification by a Bicinchonininc Acid (BCA)
Protein Assay kit (cat no. P0011, Beyotime
Biotechnology, China), the lytic proteins (40
μg) underwent separation by 10% SDS-PAGE
and transfer to PVDF membranes (Merck Millipore Co. ISEQ00010, Darmstadt, Germany).
After that, the membranes were blocked with
bovine serum albumin (ST023-50 g; Beyotime
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Biotechnology, China) for 1 h,
and then incubated with primary anti-GSDMD (cat no. DF12275; 1:1000 dilution, Affinity Biosciences, USA) antibody at 4°C overnight, subsequently with a horseradish peroxidase-conjugated secondary antibody (goat antirabbit monoclonal antibody,
cat no. S0001; 1:3000 dilution, Affinity Biosciences) at
room temperature for 1 h.
Finally, an Enhanced Chemiluminescent (cat no. P10100;
New Cell & Molecular Biotech, China) and FluorChem R
detection system (ProteinSimple, USA) were used to visualize the signal. Beta-tubulin
(cat no. T0023; 1:100000 dilution, Affinity Biosciences,
USA) was simultaneously detected as loading control.
Statistics analysis

GraphPad Prism 7.0 (GraphPad Software Inc., San Diego,
CA, USA) and SPSS 19.0 software (IBM Corp., Armonk, NY,
USA) were used to analyze the
statistical data. The χ2 test
and independent-sample Student’s t-test were applied to compare the difference of GSDMD expression between osteosarcoma and normal bone tissues. The χ2 test
and Fisher’s exact test were used to evaluate
the correlations of GSDMD expression with clinicopathologic characteristics in osteosarcoma
patients. The Kaplan-Meier and the log-rank
test methods were performed on survival analysis. Moreover, all parameters significant by
univariate analysis underwent multivariate analysis by Cox regression model. P < 0.05 was
regarded as significant.
Results
Patient features
Table 1 demonstrated the main clinicopathological parameters of osteosarcoma patients.
The study included 13 females and 28 males
with a mean age of 25.3 years old (range, 5-55
Int J Clin Exp Pathol 2020;13(12):3149-3157
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Figure 1. IHC and western blot (WB) analyses of GSDMD expression in non-neoplastic bone tissues and osteosarcoma specimens. A. Representative immunohistochemical staining of GSDMD expression in osteosarcoma and
non-neoplastic bone tissues. The cells with positive expression were stained brown. Scale bars, 100 μm and 50
μm. B. WB results of the expression of GSDMD in the lysed osteosarcoma and non-neoplastic bone tissues. Tubulin
was used as an internal loading control. C. Relative expression level of GSDMD in the indicated group by t-test. OS:
osteosarcoma; N: non-neoplastic bone tissue; ***P < 0.001.

years). A tumor size of < 8 cm and ≥ 8 cm were
observed in 23 and 18 patients (8 cm size
based on Union for International Cancer Control
(UICC) staging). The tumor location was as follows: 22 cases in femur; 3 patients in pelvis; 4
patients in tibia, humerus, radius and others.
Regarding the Enneking staging, 12 and 29
patients were classified as IIA and IIB stages.
Fifteen patients showed good chemotherapy
response and 26 patients had a poor respon3152

se to chemotherapy. A mean follow-up period of
49.12 months (range, 5-77 months), and with a
5-year survival rate of 61.29%.
Expression profile of GSDMD in osteosarcoma
and normal bone tissues
Immunohistochemical results demonstrated
that GSDMD was mainly expressed in the cytoplasm and nucleus of osteosarcoma cells
(Figure 1A). The first investigator observed that
Int J Clin Exp Pathol 2020;13(12):3149-3157
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Table 2. GSDMD status in osteosarcoma

GSDMD
High expression
Low expression

Osteosarcoma (%)

Non-neoplastic bone
tissues (%)

20 (48.78)
21 (51.22)

0 (0.00)
20 (100.00)

P-value
< 0.001

Table 3. Relationship of GSDMD expression with clinicopathologic data
of osteosarcoma
Clinicopathologic data
Sex
Male
Female
Age (years)
≤ 18
> 18
Tumor size (cm)
≤8
>8
Tumor location
Tibia or femur
Others
Enneking staging
IIA
IIB
Response to chemotherapy
Good
Poor
Distant metastasis
Yes
No

GSDMD
Case
High
expression
Low expression
number
P-value
(n = 20)
(n = 21)
28
13

13
7

15
6

NS

18
23

8
12

10
11

NS

23
18

10
10

13
8

NS

26
15

13
7

13
8

NS

12
29

3
17

9
12

NS

15
26

4
16

17
24

14
6

NS: no significance.

(score 0, N = 9; score 1, N = 8; score 2, N = 4;
score 3, N = 6; score 4, N = 8; score 6, N = 4;
score 8, N = 2) in osteosarcoma tissues, (score
0, N = 20) in normal bone tissue. The second
investigator observed that (score 0, N = 10;
score 1, N = 9; score 2, N = 2; score 3, N = 5;
score 4, N = 9; score 6, N = 3; score 8, N = 3) in
osteosarcoma tissues, and (score 0, N = 20) in
normal bone tissues. The results also achieved good interobserver agreement between the
two independent pathologists (kappa coefficient = 0.908, P < 0.001). Therefore, twenty
(48.78%) of the 41 osteosarcoma tissues exhibited high GSDMD staining, which was not
observed in any 20 normal tissues (Table 2).
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The expression level of
GSDMD was markedly
increased in osteosarcoma compared to nonneoplastic bone specimens (P < 0.001). To further confirm the expression difference of GSDMD protein in osteosarcoma and normal bone
specimens, western blot assay was performed. GSDMD protein level was validated to be
higher in osteosarcoma
compared to normal bone tissues (P < 0.001)
(Figure 1B, 1C). The above results indicated
that GSDMD was overexpressed in surgically
resected osteosarcoma
specimens.
Association between
GSDMD expression in
osteosarcoma and clinicopathologic features

Based on the immunohistochemical scores
of GSDMD, we explored
11
0.031
the correlation of GSD10
MD expression with clinicopathologic features
in osteosarcoma, inclu3
< 0.001
ding sex, age, tumor si18
ze, tumor location, Enneking staging, chemotherapy response and
distant metastasis. The results demonstrated
that GSDMD protein expression was significantly related to poor chemotherapy response (P <
0.05, Table 3) and distant metastasis (P <
0.001, Table 3). None of other clinicopathologic
characteristics of osteosarcoma showed significant association with the expression of GSDMD
in the present study.
Association between GSDMD expression in
osteosarcoma and survival
Subsequently, the DFS and OS time were investigated by univariate and multivariate analysis
to determine the prognostic role of GSDMD
Int J Clin Exp Pathol 2020;13(12):3149-3157
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Table 4. Univariate analysis of GSDMD expression and osteosarcoma patient survival based on the
log-rank test
Characteristic
Sex
Male
Female
Age (years)
≤ 18
> 18
Tumor size (cm)
≤8
>8
Tumor location
Tibia or femur
Others
Enneking staging
IIA
IIB
Response to chemotherapy
Good
Poor
Distant metastasis
Yes
No
GSDMD
High expression
Low expression

Disease-free survival (months)
Case
number Mean SD
95% CI
p-value

Overall-free survival (months)
Mean SD
95% CI
p-value

28
13

45.46 6.36 33.00-57.92
37.65 9.83 18.39-56.92

NS

57.72 5.20 47.54-67.91
53.31 6.62 40.34-66.28

NS

18
23

45.46 8.05 29.70-61.23
42.63 7.20 28.52-56.73

NS

57.70 5.66 46.60-68.79
55.03 5.94 43.39-66.66

NS

23
18

47.03 7.50 32.32-61.73
37.10 7.32 22.75-51.44

NS

56.87 5.62 45.86-67.88
55.32 6.12 43.33-67.32

NS

26
15

48.81 6.64 35.80-61.82
34.29 9.11 16.43-52.14

NS

58.32 5.24 48.05-68.59
52.25 6.61 39.29-65.21

NS

12
29

52.63 8.15 36.65-68.60
38.36 6.60 25.44-51.29

NS

63.64 5.22 53.40-73.87
52.48 5.24 42.22-62.75

NS

15
26

63.76 6.39 51.24-76.28
30.71 6.73 17.51-43.91

0.005

66.57 5.13 56.53-76.62
50.15 5.53 39.31-60.99

0.036

17
24

21.26 6.47 8.59-33.93 < 0.001 43.49 6.11 31.52-55.46 < 0.001
61.20 5.93 49.58-78.81
65.72 4.93 56.05-75.39

20
21

14.53 4.17 6.36-22.70 < 0.001 38.35 5.99 26.61-50.10 < 0.001
65.71 5.50 54.93-76.48
72.62 2.91 66.91-78.33

SD: standard deviation; CI: confidence interval; NS: no significance.

Figure 2. Kaplan-Meier analysis of DFS and OS time by expression of GSDMD in osteosarcoma patients. Significant
differences in DFS (A, P < 0.001) and OS (B, P < 0.001) time were observed between patients with high GSDMD
expression and low GSDMD expression. DFS: disease-free survival; OS: overall survival.

expression in osteosarcoma patients. Univariate analysis of patient survival as a function
of GSDMD expression level is presented at
Table 4. Patients with high GSDMD expression
3154

suffered shorter mean DFS and OS time (DFS,
14.53 months; OS, 38.85 months) when compared to those with low GSDMD expression
(DFS, 69.97 months; OS, 79.05 months). Figure
Int J Clin Exp Pathol 2020;13(12):3149-3157

Gasdermin D in osteosarcoma
Table 5. Multivariate analysis of GSDMD expression and osteosarcoma patient survival
Characteristic

Comparison

Progression-free survival
(months)
HR

GSDMD
Response to chemotherapy
Distant metastasis

95% CI

high expression vs. low expression 6.43 1.60-25.77
Good vs. poor
Yes vs. no

0.31

0.08-1.14

3.36 1.08-10.43

P-value

Overall survival (months)
HR

95% CI

P-value

0.009

7.44 1.97-28.17

0.079

0.47

0.13-1.69

0.003
0.249

0.036

4.13 1.19-14.36

0.026

HR: hazard ratio; CI: confidence interval; NS: no significance.

2, shows survival curves of DFS (Figure 2A)
and OS (Figure 2B) time in osteosarcoma
patients with high and low GSDMD expression
groups. The two groups showed a significant
difference in survival (DFS, P < 0.001; OS, P <
0.001). It is noteworthy that in univariate analysis, the chemotherapy response and metastasis status also had significant influences on the
survival of osteosarcoma patients.
Upon multivariate analysis, GSDMD expression
was included together with chemotherapy response and distant metastasis that significantly
predicted worse survival by univariate analysis.
The results demonstrated that high expression
of GSDMD independently predicted worse DFS
(HR = 6.43, P = 0.009) and OS (HR = 4.17, P =
0.041) of patients with osteosarcoma (Table
5). Taken together, these findings demonstrated that GSDMD protein expression was an independent factor for survival status in primary
osteosarcoma.
Discussion
Osteosarcoma is a malignant bone tumor of
mainly children and young adults [1, 2]. Current
conventional treatment methods include neoadjuvant chemotherapy and surgical resection
of the localized tumor [4]. Although the combined therapy brings much improvement for
the clinical outcome of osteosarcoma, the high
rate of tumor metastasis and low 5-year survival rate of metastatic patients remain global
issues [4-6, 26]. Searching for new prognosisrelated biomarkers could improve our understanding of the complex mechanisms of osteosarcoma aggressiveness and progression. The
present study observed relationships of the
GSDMD protein expression in primary osteosarcoma with poor chemotherapy response
and distant metastasis. Moreover, GSDMD was
identified as a new prognostic biomarker that
independently contributed to the unfavorable
survival status of osteosarcoma patients.
3155

Pyroptosis is an inflammatory-mediated cell
death activated by certain inflammasomes such as NLRP3, resulting in the cleavage of GSDMD and activation of cytokines including IL1β and IL-18 [11]. The induction of pyroptosis
inhibits the proliferation and progression of
several tumor types, including malignant mesothelioma, breast cancer, esophageal cancer,
and osteosarcoma [27]. Besides being a tumor suppressor, GSDMD overexpression was
found to be closely associated with the proliferation and late TNM stage of non-small lung
cancer [22]. Additionally, a previous study reported that CD147 facilitated cell proliferation
in bladder cancer by increasing GSDMD expression, indicating that GSDMD protein was
involved in tumor cell growth [25]. In the present study, we also observed high expression of
GSDMD protein in osteosarcoma by immunohistochemistry and western blot methods. In
addition, relationships between GSDMD expression and poor chemotherapy response and
distant metastasis, as well as short survival
time were also observed in osteosarcoma,
which demonstrated that GSDMD protein may
play considerable roles in the progression and
treatment resistance of osteosarcoma.
It has been reported that GSDMD is overexpressed in immune cells and intestinal epithelial cells, and further studies showed GSDMD is
widely expressed in different tissues and cell
types [28]. Macrophages play crucial roles in
tumor progression. Ségaliny et al. [29] demonstrated that IL-34 is expressed by osteosarcoma cells, is regulated by TNF-α, IL-1β, and contributes to osteosarcoma growth by increasing
neo-angiogenesis and the recruitment of M2
macrophages. Furthermore, Wang et al. [30]
found that macrophage migration inhibitory
factor (MIF), an important cytokine in OS progression, was significantly increased in the tissue and serum samples of OS patients and was
associated with tumor size, pulmonary metasInt J Clin Exp Pathol 2020;13(12):3149-3157
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tasis, and the survival rate of OS patients.
Therefore, the function of GSDMD in osteosarcoma may induce the expression of immune
cells, such as macrophages. Further studies
should focus on the co-expression of GSDMD
and immune cells, and their mechanism in
osteosarcoma.
There are several limitations in this study. First,
current findings, which may be influenced by
the limited number of subjects and short follow-up duration of patient survival, need to be
confirmed in a larger study with a longer followup period. Additionally, preoperative neoadjuvant chemotherapy as the standardized treatment of osteosarcoma may have affected the
immunohistochemical fidelity of GSDMD. Further quantitative analysis of GSDMD using biopsy specimens of osteosarcoma may provide
more convincing results.
Conclusions
The expression of GSDMD protein is upregulated in osteosarcoma specimens, and its overexpression is significantly related to the unfavorable clinicopathologic features and clinical
outcomes in osteosarcoma patients. In addition, GSDMD expression could independently
predict reduced survival time in osteosarcoma
patients. More functional and related mechanistic studies of GSDMD involvement in osteosarcoma are warranted to improve the survival
of osteosarcoma patients.
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