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Protective potential of piroxicam 
on human peripheral 
blood mononuclear cells 
against the suppressive capacity 
of glioblastoma cell lines
Jahangir Abdesheikhi1, Farnaz Sedghy1,5*, Alireza Farsinejad2,3, Merat Mahmoudi1, 
Mahdi ranjkesh1 & Meysam Ahmadi‑Zeidabadi4

Dexamethasone, a common medication used in the treatment regimen of glioblastoma, has broad 
inhibitory effects on the immune responses. Here, in an in vitro study, we examined the effects of 
piroxicam, a potent substitute for dexamethasone, on peripheral blood mononuclear cells (PBMCs) 
co‑cultured with two glioblastoma cell lines, U‑87 MG and A‑172 cells. MTT assay was used to 
determine the proliferation of PBMCs treated with piroxicam, or dexamethasone. In addition, 
to evaluate the effects of drugs on the cell cycle distribution, DNA content per cell was analyzed 
in PBMCs and A‑172 cell lines using flow cytometry. Oxidative parameters, including superoxide 
dismutase‑3 (SOD3) activity and total anti‑antioxidant capacity, lactate dehydrogenase (LDH) 
activity, as well as IFN‑γ and TGF‑β levels were measured in PBMCs alone or in the presence of cell 
lines using ELISA. Unlike dexamethasone, piroxicam showed a protective effect on PBMCs against 
both glioblastoma cell lines. Furthermore, while dexamethasone reduced the proliferation of PBMCs, 
piroxicam had no adverse effect on the proliferation. Cell cycle analysis showed a reduction in the 
G2/M phase in piroxicam‑treated A‑172 cells. Additionally, dexamethasone limited the cell cycle 
progression by increasing the fraction of PBMCs in G0/G1. Interestingly, after co‑culturing piroxicam‑
treated PBMCs with cell lines, a remarkable rise in the LDH activity was observed. Although not 
significant, piroxicam partially decreased TGF‑β levels in both cell lines. Our findings suggested a 
protective effect of piroxicam, but not dexamethasone, on PBMCs against inhibitory mechanisms of 
two glioblastoma cell lines, U‑87 and A‑172 cells.

Glioblastoma multiform (GBM) is considered the most common and invasive malignancy of the central nervous 
system and is clinically classified into two types, primary and  secondary1,2. Primary glioblastoma, accounting 
for 80% of GBM cases, occurs suddenly in older patients (mean age 62 years); and secondary glioblastoma, 
which develops from low-grade astrocytoma or oligodendroglioma and takes place in younger patients (mean 
age 45 years)1,3. Current standard therapies for glioblastoma include surgery, followed by radiation and chemo-
therapy. Despite these treatments, the disease correlates with a poor prognosis, with a median life expectancy 
of 15 months in the  patients4,5.

Glioblastoma exerts an immense immunosuppressive microenvironment, especially on T cells, the most 
prominent immune cells providing immunity against tumors. GBM is considered a “cold tumor”, characterized 
by the lack of effector T cells in the tumor microenvironment. Further, effector functions of T cells are influenced 
mainly by the presence of various immunosuppressive factors, including TGF-β, and excessive secretion of 
reactive oxygen species (ROS) by tumor cells. Accumulation of ROS results in T-cell dysfunction and increased 
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apoptosis, while regulatory T (Treg) cells exhibit more resistance in this environment, causing the predominance 
of Treg cells in the tumor  tissue6. Besides, the overexpression of immune checkpoints on the surface of T cells, 
and the inefficiency of antigen presentation to T cells deteriorate the anti-tumor activity of these  cells7.

Dexamethasone is a potent synthetic glucocorticoid used in glioblastoma treatment regimens to relieve 
patients’ neurological symptoms as well as chemotherapy-induced nausea and  vomiting8,9. However, Dexametha-
sone-induced T cell suppression might interfere with antitumor activity. In addition, some evidence implied that 
dexamethasone administration, particularly in high doses (> 8 mg/kg), reduced survival in animal and human 
 studies10,11. Therefore, identifying novel therapeutic agents appears necessary.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are a range of medications prescribed to relieve pain, 
fever, and  inflammation12,13. These drugs exert their anti-inflammatory properties by inhibiting the enzyme 
cyclooxygenase (COX), most importantly the induced isoform of this enzyme, COX-2, and thus inhibiting the 
synthesis of prostaglandins (PGs)13. COX‐2/prostaglandin E2 (PGE2) pathway induction is a major character-
istic in cancer cells with immunosuppressive effects within the tumor  microenvironment14. Some research has 
shown that the use of NSAIDs is associated with a decreased risk of several types of cancers such as  breast15, 
 prostate16,  colorectal17, and  ovarian18 cancers. These anti-cancer effects of NSAIDs are probably due to their 
anti-inflammatory  actions19, the ability to induce apoptosis in tumor  cells13, impair angiogenesis, and enhance 
T cell-dependent cellular immune  responses20,21, probably by suppressing PGE2 synthesis. Several mechanisms 
have been suggested to describe the inhibitory role of PGE2 on T cells. For example, some evidence reported the 
elevated frequency of regulatory T  cells22, and reduced anti-tumor activity of  CTLs23,24 in the presence of PGE2. 
Also, a positive correlation between the levels of PGE2 in the lung cancer tissue and the expression of PD-1 (an 
inhibitory checkpoint molecule) on the surface of CD8 + T  cells25. Additionally, a role has been considered for 
PGE2 in the differentiation of monocytes to M-MDSC-like cells, important cells in attenuating effector T cell 
function and promoting regulatory T cell  induction24. Moreover, inhibition of the COX‐2 enzyme resulted in a 
depleted amount of TGF‐β in the tumor microenvironment, suggesting a role for this enzyme in regulatory T 
cell induction, TGF‐β production, and subsequently cancer  progression14.

Piroxicam is a class of NSAIDs with similar anti-inflammatory properties, which inhibit the COX enzyme 
and thereby, the production of  prostaglandins26. The anticancer effects of piroxicam have been indicated in some 
in vitro studies. Rai et al. in 2015 showed that piroxicam elicited the expression of reactive oxygen species (ROS), 
and as a result, apoptosis in the human breast cancer cell  line27. Moreover, the anti-edematous action of this drug 
has been  reported28,29, rendering this medication a potent candidate to treat brain cancers.

Here, we designed an in vitro study to evaluate the effects of piroxicam on peripheral blood mononuclear 
cells (PBMCs) co-cultivated with two glioblastoma cell lines, U-87 malignant glioma (MG) and A-172 cells 
and to compare these effects with dexamethasone. The main focus of this paper is to examine the viability and 
metabolic activity, as well as cytokine levels in stimulated PBMCs to explore T cell function in the presence of 
glioblastoma cell lines.

Results
Piroxicam protects PBMCs against the inhibitory effects of U‑87 MG and A‑172 cell lines. To 
measure proliferation, PBMCs were treated with three different concentrations of piroxicam (3, 14, and 30 µM) 
and dexamethasone (0.1, 0.5, and 1 µM) for 72 h at 37 °C, 5% CO2, and 95% humidity, and T cells were stimu-
lated with anti-CD3 and anti-CD28 antibodies. Data obtained from MTT [3-(4,5- dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide] assay showed that while dexamethasone reduced significantly the proliferation of 
PBMCs (Fig. 1a, Table 1s, p < 0.0001), piroxicam had no adverse effect on the proliferation (Fig. 1b, Table 1s). We 
further compared PBMC proliferation in stimulated and non-stimulated conditions. To this end, PBMCs were 
treated with two concentrations of piroxicam (3 and 30 µM) and dexamethasone (0.1 and 1 µM) either in stimu-
lated or non-stimulated conditions. As shown in Fig. 2, PBMC proliferation was notably lower in the stimulated 
compared to the non-stimulated condition when treated with dexamethasone (Fig. 2a, Table 2s, p < 0.0001, and 
p < 0.05 respectively), whereas in piroxicam-treated PBMCs, no difference was observed in proliferation of stim-
ulated and non-stimulated cells (Fig. 2b, Table 2s).

We examined the effects of piroxicam compared to dexamethasone on the protection of PBMCs in the 
presence of the cell line. PBMCs were co-cultured with U-87 MG and A-172 cell lines and treated with three 
different concentrations of piroxicam (3, 14, and 30 µM) and dexamethasone (0.1, 0.5, and 1 µM) for 72 h at 
37 °C, 5% CO2, and 95% humidity. Unlike dexamethasone, piroxicam showed a favorable protective effect on 
PBMCs against both U-87 MG (Fig. 3a, Table 3s, p = 0.018) and A-172 (Fig. 3b, Table 4s, p = 0.043 in 14 µM, and 
p = 0.018 in 30 µM) cell lines.

Piroxicam led to a reduction in the G2/M phase in the cell cycle of A‑172 line. To evaluate the 
effects of drugs on the cell cycle distribution, we analyzed the DNA content per cell using PI staining. As shown 
in Fig. 4, dexamethasone limited the cell cycle progression by significantly increasing the fraction of PBMCs in 
G0/G1, while the accumulation of cells in the S and G2/M were decreased (Fig. 4, Table 5s, p = 0.047 in G0/G1, 
p = 0.015 in S, and p = 0.034 in G2/M). Additionally, treatment of A-172 cells with piroxicam led to a reduction in 
the G2/M phase (Fig. 5, Table 6s, p = 0.002), but no considerable change was detected in the G0/G1 and S phases. 
Similar effects were observed in dexamethasone-treated cell lines (Fig. 5, Table 6s, p = 0.012).

Piroxicam elevated T cell metabolism in the co‑culture condition via reducing lactate dehydro‑
genase (LDH) activity in glioblastoma cell lines. The anti-oxidative activity of PBMCs in the presence 
of piroxicam and dexamethasone was examined. Cells were treated with 30 µM piroxicam and 1 µM dexametha-
sone, stimulated with anti-CD3 and anti-CD28 antibodies, and then incubated for 72 h at 37 °C, 5% CO2, and 
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95% humidity. Superoxide dismutase-3 (SOD3) activity (Fig. 6a, Table 7s) and total antioxidant capacity (TAC) 
amounts (Fig. 6b, Table 8s) in treated PBMCs were similar to non-treated cells.

The role of piroxicam compared to dexamethasone on LDH activity in PBMCs was evaluated. Cells were 
treated with 30 µM piroxicam and 1 µM dexamethasone and stimulated with anti-CD3 and anti-CD28 antibodies. 
After incubation for 72 h at 37 °C, 5% CO2, and 95% humidity, supernatants were obtained, and LDH activity 
was measured using an autoanalyzer system. According to the data, LDH activity was not significantly different 
between treated and non-treated PBMCs (Fig. 7a,d, Tables 9s, 12s). Exploring the effect of drugs on LDH activity 
in the U-87 MG and A-172 cell lines in the same conditions revealed a considerable reduction in LDH activity of 
U-87 MG (Fig. 7b, Table 10s, p = 0.0019), but not A-172 cells (Fig. 7e, Table 13s, p > 0.05), in both dexamethasone 
and piroxicam-treated cells compared to non-treated cell line. Further evaluations in the co-culture conditions 
showed a substantial increment in LDH activity in the presence of piroxicam (Fig. 7c, Table 11s, p = 0.0013, 
Fig. 7f, Table 14s, p = 0.046), but not dexamethasone when compared to non-treated cells.

Piroxicam partially lowered TGF‑β secretion from U‑87 MG and A‑172 cell lines. The levels of 
IFN-γ and TGF-β produced from PBMCs were not significantly different in treated compared to non-treated 
cells. Two concentrations of piroxicam (3, and 30 µM) and dexamethasone (0.1, and 1 µM) were added to stimu-
lated PBMCs alone or in co-culture with cell lines and incubated for 72 h at 37 °C, 5% CO2, and 95% humidity. 
No significant difference was observed between IFN-γ levels in the treated PBMCs (Fig. 8a and c, Tables 15s and 
17s) and coculture (Fig. 8b and d, Tables 16s and 18s), compared to non-treated cells; however, there was a slight 
decline in the levels of IFN-γ in PBMCs treated with the higher concentration of dexamethasone (Fig. 8a and c). 

Figure 1.  The effect of drugs on the proliferation of T cells in PBMCs. The effect of three different 
concentrations of dexamethasone (a) and piroxicam (b) was assessed on the proliferation of T cells in PBMCs 
(n = 3). The graphs show the mean ± SD. Significant changes are indicated with asterisk (*p < 0.05, **p < 0.01, 
***p < 0.001, ****p < 0.0001).

Figure 2.  The effect of drugs on the proliferation of T cells in PBMCs in stimulated and non-stimulated 
conditions. The effect of two different concentrations of dexamethasone (a) and piroxicam (b) on the 
proliferation of T cells in PBMCs was compared in stimulated and non-stimulated conditions (n = 3). The 
graphs show the mean ± SD. Significant changes are indicated with asterisk (*p < 0.05, **p < 0.01, ***p < 0.001, 
****p < 0.0001).
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Figure 3.  The effect of drugs on the protection of T cells in PBMCs co-cultured with U-87 MG and A-172 
cell lines. The effect of three different concentrations of dexamethasone and piroxicam was determined on 
the protection of T cells in PBMCs cocultured with U-87 MG (a) (n = 3), and A-172 (b) (n = 4) cell lines. The 
graphs show the mean ± SD. Significant changes are indicated with asterisk (*p < 0.05, **p < 0.01, ***p < 0.001, 
****p < 0.0001).

Figure 4.  The effect of drugs on the cell cycle phase of T cells in PBMCs. The effect of dexamethasone and 
piroxicam was measured on the cell cycle phase of T cells in non-treated PBMCs, PBMCs treated with 30 μM 
piroxicam or with 1 μM dexamethasone (n = 3). The graphs show the mean ± SD. Significant changes are 
indicated with asterisk (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).

Figure 5.  The effect of drugs on the cell cycle phase of A-172 cell line. The effect of dexamethasone and 
piroxicam was measured on the cell cycle phase of A-172 cells in non-treated, and treated with 30 μM piroxicam 
or with 1 μM dexamethasone (n = 3). The graphs show the mean ± SD. Significant changes are indicated with 
asterisk (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
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Moreover, no significant difference was observed between TGF-β levels in treated compared to non-treated cells 
(Fig. 9(a–f), Tab@@les S(19–24)s). However, TGF-β production was lower in the U-87 MG cell line treated with 
both concentrations of piroxicam, although not significant (Fig. 9b, p = 0.084).

Figure 6.  The effect of drugs on the oxidative activity of T cells in PBMCs. The effect of dexamethasone 
and piroxicam was measured on the SOD3 activity (a) and TAC levels (b) of T cells in PBMCs (n = 3). The 
graphs show the mean ± SD. Significant changes are indicated with asterisk (*p < 0.05, **p < 0.01, ***p < 0.001, 
****p < 0.0001).

Figure 7.  The effect of drugs on the LDH activity of T cells in PBMCs alone or in co-culture condition. 
The effect of dexamethasone and piroxicam on the LDH activity was compared in PBMCs cells alone (a, d), 
U-87 MG cell line (b), A-172 cell line (e), and in the co-culture condition (c, f) (n = 3). The graphs show the 
mean ± SD. Significant changes are indicated with asterisk (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
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Discussion
Dexamethasone, widely known as an anti-inflammatory  medication30,31, is expedient to decline chemotherapy 
side effects as well as the neurological symptoms in patients with brain  cancers30. However, due to the suppressive 
properties of dexamethasone especially on the anti-tumor T-cell  responses32, identifying a competent alternative 
seems necessary. Reports are pointing out that piroxicam, a nonselective inhibitor of the COX enzymes in the 
category of NSAIDs, possesses anti-edematous and anti-tumor activities besides the known anti-inflammatory 
 actions27.

Tumor cells can suppress anti-tumor immune responses by secreting various factors as well as expressing 
surface inhibitory molecules; therefore, blocking these suppressive effects could ameliorate immune functions 
in the tumor microenvironment. In this in vitro study, we provided evidence that piroxicam protects peripheral 
blood mononuclear cells against the inhibitory effects of the U-87 MG and A-172 tumor cell lines. To the best of 
our knowledge, this is the first study showing the protective effect of piroxicam on PBMCs against glioblastoma 
tumor cells, reflecting the compensatory effect of this NSAID on the proliferation and activity of T cells in the 
presence of glioblastoma cell lines. In accordance, some experiments have demonstrated the protective prop-
erties of other NSAIDs in several cancers. Ferrandina et al. indicated that celecoxib enhanced the expression 
of T cell receptor (TCR)-zeta chain and thus strengthened the function of tumor-infiltrating T cells in human 
cervical  tumors33. Another study demonstrated that inhibition of PGE2 production by rofecoxib led to increased 
proliferation and Th1 differentiation in colorectal  cancer34. Further investigations to clarify the mechanisms of 
piroxicam to protect T cells could be an interesting topic for future studies.

Some previous evidence has pointed out the role of NSAIDs in sustaining the proliferative responses of T cells. 
Studies on indomethacin proved the positive effect of this medication on the proliferation of T cells prepared 
from patients with various types of  cancers35,36. Furthermore, other NSAIDs such as diclofenac, meclofenamic 
acid, and ketoprofen have also exhibited immunostimulatory  effects37,38. According to our data, while dexametha-
sone lowered considerably the proliferation of PBMCs, piroxicam had no negative effect on the proliferation. 
Moreover, cell cycle analysis revealed that dexamethasone induced the accumulation of PBMCs in the G0/G1 
phase and partially limited the cell cycle progression into the S and G2/M phases. In addition, investigations 

Figure 8.  The effect of drugs on the IFN-γ levels of T cells in PBMCs alone or in co-culture condition. The 
effect of dexamethasone and piroxicam was measured on the IFN-γ levels of T cells in PBMCs alone (a, c), 
and in co-culture with U-87 (b) (n = 5), and A-172 (d) (n = 4) cells. The graphs show the mean ± SD. Significant 
changes are indicated with asterisk (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
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on the effect of piroxicam on A-172 cell line showed a reduction in the fraction of cells in the G2/M phase. We 
selected two different concentrations of piroxicam and dexamethasone and compared their effects on PBMCs in 
both stimulated and non-stimulated conditions. The results disclosed that after stimulation of T cells with anti-
CD3 and anti-CD28 antibodies, the suppressive effect of dexamethasone was more prominent, indicating that 
dexamethasone probably restrained T cells expansion by interfering with the TCR signaling during stimulation. 
Similarly, recent data have suggested that glucocorticoids can influence T-cells proliferation and their response 
by modulating the expression of downstream molecules involved in TCR  signaling32. In addition, Giles et al. 
revealed that dexamethasone-induced cytotoxic T-lymphocyte associated protein 4 (CTLA4) expression on T 
cells, which compromises proliferation and IFN-γ production in T cells by blocking the CD28 signaling pathway 
on a glioma mouse  model39.

We found a slight increase in SOD3 activity and TAC levels in piroxicam-treated PBMCs, although not sig-
nificant. Additionally, no rise was observed in the antioxidant activity of PBMCs treated with dexamethasone. In 
this context, Mutsaers et.al assessed the impact of dexamethasone on the metabolism of murine-derived neural 
stem cells. In this study, dexamethasone downregulated 72% of the genes encoding the mitochondrial respiratory 
chain, and 29% of the genes related to antioxidant enzymes, with no effect on cell  viability40. In contrast, Ortega-
Martínez et.al observed that dexamethasone caused cell death in the three different astrocytoma cell lines by 
inducing oxidative  stress30. The induction of oxidative stress and reduction in antioxidant activity has also been 
described as mechanisms for glucocorticoid-induced T-cell damage. According to these reports, dexamethasone 
compromises the production of antioxidants such as glutathione (GSH) and superoxide dismutase (SOD) and 
induces the generation of ROS in T cells; as a result, the proliferation and cytokine production decrease notably, 
and apoptotic cell death increase in T  cells41.

Lactate dehydrogenase (LDH) is an enzyme that converts the conversion of pyruvate to lactate during the 
anaerobic glycolytic  pathway42. Tumors as quickly proliferating cells prefer glycolytic pathways characterized by 
elevated LDH activity and lactate levels, causing poorer patient  survival43,44. Chirasani et.al found that diclofenac, 
as an NSAID, downregulates the expression of the LDH-A isoenzyme, and thus limits lactate production in 
murine glioma cells, accompanied by a decrement in tumor cell  proliferation43. In addition, Leidgens et.al sur-
veyed the metabolic effects of two NSAIDs (ibuprofen and diclofenac) on human glioblastoma cell lines, U-87 
MG and A172. According to their results, both agents impaired LDH-A, although treatment with ibuprofen 
elicited stronger effects on the enzyme  activity44. Consistent with these data, we observed decreased LDH activ-
ity in U-87 MG cells after treatment with piroxicam. Although not statically significant, a slight decline was also 
observed in the LDH activity of A-172 cells. Given that high lactate levels diminished antitumor T cell responses, 
this finding suggested that piroxicam might counteract lactate-induced immunosuppression by limiting tumor 
metabolism in the tumor microenvironment. Further investigations revealed that piroxicam-treated PBMCs aug-
mented remarkably the LDH activity, and glycolysis index, when co-cultured with both U-87 MG and A-172 cell 
lines, but dexamethasone did not increase the LDH activity. These data suggested that piroxicam might improve 

Figure 9.  The effect of drugs on the TGF-β levels of T cells in PBMCs alone or in the co-culture condition. The 
effect of dexamethasone and piroxicam was measured on the TGF-β levels of T cells in PBMCs alone (a, d), 
U-87 MG cell line (b), A-172 cells (e), and in the co-culture with U-87 MG (c) and A-172 cells (f) (n = 4). The 
graphs show the mean ± SD. Significant changes are indicated with asterisk (*p < 0.05, **p < 0.01, ***p < 0.001, 
****p < 0.0001).
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the suppressive microenvironment, induced by cell lines, and consequently, fortify T cell metabolic function, 
through declining LDH activity in the tumor cells. To sum up, these findings could explain a mechanism of 
piroxicam to protect PBMCs against the inhibitory capacity of the glioblastoma cell lines.

Recent evidence suggested that glucocorticoids polarize  CD4+ T cell differentiation into Th2 or T regulatory 
 cells32. Prenek et.al showed that in vitro treatment of mouse thymic and splenic T cells with high dose  (10–6 M) 
dexamethasone elevated the expression of forkhead box P3 (Foxp3) as well as immunosuppressive cytokines, 
such as IL-10 and TGF-β45. There are conflicting data regarding the effect of NSAIDs on TGF-β production. In a 
study performed on acute leukemia cells, celecoxib mitigated VEGF and TGF-β levels, resulting in the inhibition 
of angiogenesis by tumor  cells46. In contrast, Zhao et. al indicated that aspirin and metformin induce apoptosis 
in 4T1 cells through an increment in TGF-β secretion by these  cells47. In this study, we did not find significant 
alteration, but when compared to the non-treated cells, a high concentration of dexamethasone alleviated IFN-γ 
levels in PBMCs. Moreover, although statically not significant, a high concentration of piroxicam impeded TGF-β 
levels in both U-87 MG and A-172 cells.

To conclude, our study adds to the growing literature on the anti-cancer properties of NSAIDs. The results of 
the present study showed favorable effects of piroxicam on the protection of PBMCs against inhibitory mecha-
nisms of the U-87 MG and A-172 cell lines. In addition, a marked increase in LDH activity, as a glycolysis index, 
in PBMCs exposed to piroxicam, confirmed a possible role for this medication to sustain T cell function in the 
tumor microenvironment.

Methods
PBMC separation. Heparinized peripheral blood was collected from 5 healthy volunteers and PBMCs were 
separated using a density gradient centrifugation protocol (Ficoll paque, sigma, USA) by a standard procedure. 
Briefly, blood samples were diluted 1:1 with PBS and transferred into a conical tube pre-filled with Ficoll paque 
solution. The cells were then centrifuged at 800 × g for 20 min at room temperature, and the PBMC layer was 
collected. Isolated cells were counted and resuspended in RPMI-1640 medium (Capricorn Scientific, Ebsdor-
fergrund, Germany) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 U/mL penicillin 
plus 100 μg/mL streptomycin (Gibco, Germany), and incubated at 37 °C in a humidified, 5% CO2 atmosphere. 
This study was approved by the Ethics Committee of Kerman University of medical sciences (98,000,781). All 
research was performed in accordance with relevant guidelines. Informed consent was obtained from all healthy 
donors.

Cell line. Two human glioblastoma cell lines, U-87 MG (Figure  1sa) and A-172 (Figure  1sb) cells were 
obtained from the national cell bank of Iran (Pasteur Institute, Tehran, Iran) and cultured in RPMI-1640 
medium (Capricorn Scientific, Ebsdorfergrund, Germany) supplemented with 10% heat-inactivated fetal bovine 
serum (FBS), 100 U/mL penicillin plus 100 μg/mL streptomycin (Gibco, Germany), under standard conditions 
(at 37 °C, 5% CO2 and 95% humidity). After culturing in 25 cm2 tissue flasks, the cells were trypsinized and then 
seeded into flat-bottomed adherent 48-well plates.

Cell proliferation assay. The proliferative rate of PBMCs was measured by MTT (Sigma Aldrich, St Louis, 
USA) assay. 7 ×  105 PBMCs were stimulated by anti-CD3 (0.157 μg/mL, Biolegend, clone OKT3, cat. 317,302) 
and anti-CD28 (0.085 μg/mL, Biolegend, clone CD28.2, cat. 302,901) antibodies (Figures 2sa, 2sb) and cultured 
in the absence or presence of 7 ×  104 cell line (Figures 3sa, 3sb) (E:T ratio, 10:1). Cells were treated with dif-
ferent concentration of drugs (piroxicam: 0, 3, 14, and 30 µM; and dexamethasone: 0, 0.1, 0.5, 1 µM) for 72 h 
in 48-well plates. MTT assay was used to evaluate cell proliferation. First, 20 µl of MTT dye (0.5 mg/ml) was 
added to the wells and the plate was incubated at 37° for 3 h. After incubation time, MTT-containing media 
were removed and 100 µl dimethyl sulfoxide (DMSO, Merck, Germany) was immediately added to all wells to 
dissolve formazan crystals. The absorbance was measured at 570 nm using ELISA reader (StatFax 2100, USA). 
To calculate the protective effect of piroxicam and dexamethasone on PBMCs, the following formula (Eq. (1)) 
was utilized [Eq. (1)].

ODTcc = Absorbance of PBMCs co-cultured with cell line in the treated condition, ODTp = Absorbance 
of PBMCs in the treated condition, ODCcc = Absorbance of PBMCs co-cultured with cell line in non-treated 
condition, ODCp = Absorbance of PBMCs in non-treated condition.

Cell cycle assay. Cell cycle phase distribution was investigated using flow cytometry. 7 ×  105 PBMCs were 
stimulated by anti-CD3 (Biolegend, clone OKT3, cat. 317,302) and anti-CD28 (Biolegend, clone CD28.2, cat. 
302,901) antibodies and treated with different concentrations of drugs (piroxicam: 0, 3, 14, and 30 µM; and 
dexamethasone: 0, 0.1, 0.5, 1 µM) for 72 h in 48-well plates; for each cell line, 7 ×  104 cells were cultivated with the 
same concentration of drugs and the same incubation condition. Afterward, cells were centrifuged for 10 min at 
800 × g and fixed using 70% pre-cooled ethanol. Cells were then washed and stained with PBS containing 50 µg/
mL propidium iodide (PI) and 50 µg/mL RNase A. After incubation in the dark for 15 min at room temperature, 
the cells were subjected to flow cytometry (BD-Biosciences) to quantify the DNA content per cell. The data were 
analyzed using FlowJo software v10 (FlowJo-LLC).

(1)%Protection =

ODTcc − ODTp

ODCcc − ODCp
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Determination of antioxidant‑oxidative status. TAC and SOD3 activity were determined in the 
supernatant obtained from the PBMC culture. TAC was measured using the ferric reducing antioxidant power 
assay (FRAP) method. Both tests were performed using a commercial kit (ZellBio GmbH, Germany) according 
to the manufacturer’s instructions. TAC was expressed as μmol/L and SOD3 activity as U/mL.

LDH assay. LDH was assessed in the supernatant of PBMC culture alone or the presence of cell lines using 
a commercial kit (Parsazmoon Co, Tehran, Iran), and sample absorbance was measured by Selectra XL auto-
analyzer.

Cytokine assay. To analyze the effect of drugs on the cytokine release from T cells, the levels of IFN-ɣ and 
TGF-β were measured in the culture supernatant from PBMCs, in the presence or absence of cell line (E:T ratio, 
10:1), and treated with two concentrations of piroxicam (3 and 30 µM) and dexamethasone (0.1 and 1 µM). The 
levels of cytokines were determined using an ELISA kit (Karmania Pars Gene, Kerman, Iran) according to the 
manufacturer’s instruction.

Statistical analysis. Analyses were performed using GraphPad Prism® 6.0 (GraphPad Software, San Diego, 
CA). Results were represented as the mean ± SD (standard deviation). After performing Shapiro–Wilk test for 
normality testing, One-way analysis of variance (ANOVA) (or nonparametric equivalent) test was used to com-
pare the mean levels of parameters in different treated and non-treated groups; when significant differences were 
realized, Tuckey’s post hoc test was used to compare the means in pairs. Differences were considered statistically 
significant when p values were < 0.05.

Data availability
All data generated or analyzed during this study are included in the article and supplementary materials.
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References
 1. Grech, N., Dalli, T., Mizzi, S., Meilak, L., Calleja, N., Zrinzo, A. Rising incidence of glioblastoma multiforme in a well-defined 

population. Cureus. 12(5) (2020).
 2. Sasmita, A. O., Wong, Y. P. & Ling, A. P. K. Biomarkers and therapeutic advances in glioblastoma multiforme. Asia Pac. J. Clin. 

Oncol. 14(1), 40–51 (2018).
 3. Stylli, S. S. Novel treatment strategies for glioblastoma. Multidisciplinary Digital Publishing Institute. p. 2883 (2020).
 4. Chen, P.-Y. et al. Functional change of effector tumor-infiltrating CCR5+ CD38+ HLA-DR+ CD8+ T cells in glioma microenviron-

ment. Front. Immunol. 10, 2395 (2019).
 5. Stupp, R. et al. Effect of tumor-treating fields plus maintenance temozolomide vs maintenance temozolomide alone on survival 

in patients with glioblastoma: A randomized clinical trial. JAMA 318(23), 2306–2316 (2017).
 6. Chen, X., Song, M., Zhang, B., Zhang, Y. Reactive oxygen species regulate T cell immune response in the tumor microenvironment. 

Oxidative Med. Cell. Longev. 2016 (2016).
 7. Wang, H. et al. Different T-cell subsets in glioblastoma multiforme and targeted immunotherapy. Cancer Lett. 496, 134–143 (2021).
 8. Rutz, H. P. Effects of corticosteroid use on treatment of solid tumours. Lancet 360(9349), 1969–1970 (2002).
 9. Cenciarini, M. et al. Dexamethasone in glioblastoma multiforme therapy: Mechanisms and controversies. Front. Mol. Neurosci. 

12, 65 (2019).
 10. Campian, J. L. et al. Serial changes in lymphocyte subsets in patients with newly diagnosed high grade astrocytomas treated with 

standard radiation and temozolomide. J. Neurooncol. 135(2), 343–351 (2017).
 11. Wong, E., Lok, E., Gautam, S. & Swanson, K. Dexamethasone exerts profound immunologic interference on treatment efficacy for 

recurrent glioblastoma. Br. J. Cancer 113(2), 232–241 (2015).
 12. Smith, W. L., DeWitt, D. L. & Garavito, R. M. Cyclooxygenases: Structural, cellular, and molecular biology. Annu. Rev. Biochem. 

69(1), 145–182 (2000).
 13. Chang, C.-Y. et al. Aspirin induced glioma apoptosis through Noxa upregulation. Int. J. Mol. Sci. 21(12), 4219 (2020).
 14. Najafi, M., Farhood, B. & Mortezaee, K. Contribution of regulatory T cells to cancer: A review. J. Cell. Physiol. 234(6), 7983–7993 

(2019).
 15. Kim, S. et al. Lifetime use of nonsteroidal anti-inflammatory drugs and breast cancer risk: Results from a prospective study of 

women with a sister with breast cancer. BMC Cancer 15(1), 1–10 (2015).
 16. Doat, S. et al. Nonsteroidal anti-inflammatory drugs (NSAIDs) and prostate cancer risk: Results from the EPICAP study. Cancer 

Med. 6(10), 2461–2470 (2017).
 17. Friis, S., Riis, A. H., Erichsen, R., Baron, J. A. & Sørensen, H. T. Low-dose aspirin or nonsteroidal anti-inflammatory drug use and 

colorectal cancer risk: a population-based, case–control study. Ann. Intern. Med. 163(5), 347–355 (2015).
 18. Trabert, B., Ness, R. B., Lo-Ciganic, W. -H., Murphy, M. A., Goode, E. L., Poole, E. M., et al. Aspirin, nonaspirin nonsteroidal 

anti-inflammatory drug, and acetaminophen use and risk of invasive epithelial ovarian cancer: A pooled analysis in the Ovarian 
Cancer Association Consortium. JNCI: J. Natl. Cancer Inst. 106(2) (2014).

 19. Evans, J. & Kargman, S. Cancer and cyclooxygenase-2 (COX-2) inhibition. Curr. Pharm. Des. 10(6), 627–634 (2004).
 20. Lönnroth, C., Andersson, M., Arvidsson, A., Nordgren, S., Brevinge, H., Lagerstedt, K., et al. Preoperative treatment with a non-

steroidal anti-inflammatory drug (NSAID) increases tumor tissue infiltration of seemingly activated immune cells in colorectal 
cancer. Cancer Immunity Archive. 8(1) (2008).

 21. Thun, M. J., Henley, S. J. & Patrono, C. Nonsteroidal anti-inflammatory drugs as anticancer agents: Mechanistic, pharmacologic, 
and clinical issues. J. Natl Cancer Inst. 94(4), 252–266 (2002).

 22. Sharma, S. et al. Tumor cyclooxygenase-2/prostaglandin E2–dependent promotion of FOXP3 expression and CD4+ CD25+ T 
regulatory cell activities in lung cancer. Can. Res. 65(12), 5211–5220 (2005).

 23. Miao, J. et al. Prostaglandin E2 and PD-1 mediated inhibition of antitumor CTL responses in the human tumor microenvironment. 
Oncotarget 8(52), 89802 (2017).

 24. Tomić, S. et al. Prostaglanin-E2 potentiates the suppressive functions of human mononuclear myeloid-derived suppressor cells 
and increases their capacity to expand IL-10-producing regulatory T cell subsets. Front. Immunol. 10, 475 (2019).



10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:19806  | https://doi.org/10.1038/s41598-022-24392-2

www.nature.com/scientificreports/

 25. Wang, J., Zhang, L., Kang, D., Yang, D. & Tang, Y. Activation of PGE2/EP2 and PGE2/EP4 signaling pathways positively regulate 
the level of PD-1 in infiltrating CD8+ T cells in patients with lung cancer. Oncol. Lett. 15(1), 552–558 (2018).

 26. Campione, E. et al. The relevance of piroxicam for the prevention and treatment of nonmelanoma skin cancer and its precursors. 
Drug Des. Dev. Ther. 9, 5843 (2015).

 27. Rai, N., Sarkar, M. & Raha, S. Piroxicam, a traditional non-steroidal anti-inflammatory drug (NSAID) causes apoptosis by ROS 
mediated Akt activation. Pharmacol. Rep. 67(6), 1215–1223 (2015).

 28. Michinaga, S. & Koyama, Y. Pathogenesis of brain edema and investigation into anti-edema drugs. Int. J. Mol. Sci. 16(5), 9949–9975 
(2015).

 29. Bhattacharya, P., Pandey, A. K., Paul, S. & Patnaik, R. Neuroprotective potential of Piroxicam in cerebral ischemia: An in silico 
evaluation of the hypothesis to explore its therapeutic efficacy by inhibition of aquaporin-4 and acid sensing ion channel1a. Med. 
Hypotheses 79(3), 352–357 (2012).

 30. Ortega-Martínez, S. Dexamethasone acts as a radiosensitizer in three astrocytoma cell lines via oxidative stress. Redox Biol. 5, 
388–397 (2015).

 31. Antonioli, L. et al. The anti-inflammatory and pain-relieving effects of AR170, an adenosine A3 receptor agonist, in a Rat model 
of Colitis. Cells 9(6), 1509 (2020).

 32. Petrillo, M. G. et al. Transcriptional regulation of kinases downstream of the T cell receptor: Another immunomodulatory mecha-
nism of glucocorticoids. BMC Pharmacol. Toxicol. 15(1), 1–12 (2014).

 33. Ferrandina, G. et al. Celecoxib up-regulates the expression of the ζ chain of T cell receptor complex in tumor-infiltrating lympho-
cytes in human cervical cancer. Clin. Cancer Res. 12(7), 2055–2060 (2006).

 34. Walmesley, A. J., Zweiri, J., Christmas, S. E. & Watson, A. J. Rofecoxib has different effects on chemokine production in colorectal 
cancer cells and tumor immune splenocytes. J. Immunother. 30(6), 614–623 (2007).

 35. McCormick, K. J. & Panje, W. R. Indomethacin-induced augmentation of lymphoproliferative responses in patients with head and 
neck cancer. Cancer Immunol. Immunother. 21(3), 226–232 (1986).

 36. Ricchi, P., Zarrilli, R., Di Palma, A. & Acquaviva, A. Nonsteroidal anti-inflammatory drugs in colorectal cancer: From prevention 
to therapy. Br. J. Cancer 88(6), 803–807 (2003).

 37. Blomgren, H., Rotstein, S., Wasserman, J., Petrini, B. & Hammarström, S. In vitro capacity of various cyclooxygenase inhibitors 
to revert immune suppression caused by radiation therapy for breast cancer. Radiother. Oncol. 19(4), 329–335 (1990).

 38. Wasserman, J., Blomgren, H., Rotstein, S., Petrini, B. & Hammarström, S. Immunosuppression in irradiated breast cancer patients: 
In vitro effect of cyclooxygenase inhibitors. Bull. N. Y. Acad. Med. 65(1), 36 (1989).

 39. Giles, A. J. et al. Dexamethasone-induced immunosuppression: Mechanisms and implications for immunotherapy. J. Immunother. 
Cancer 6(1), 1–13 (2018).

 40. Mutsaers, H. A. & Tofighi, R. Dexamethasone enhances oxidative stress-induced cell death in murine neural stem cells. Neurotox. 
Res. 22(2), 127–137 (2012).

 41. Uchio, R., Hirose, Y., Murosaki, S. & Ishigami, A. High dietary vitamin C intake reduces glucocorticoid-induced immunosuppres-
sion and measures of oxidative stress in vitamin C-deficient senescence marker protein 30 knockout mice. Br. J. Nutr. 122(10), 
1120–1129 (2019).

 42. Wulaningsih, W. et al. Serum lactate dehydrogenase and survival following cancer diagnosis. Br. J. Cancer 113(9), 1389–1396 
(2015).

 43. Chirasani, S. R. et al. Diclofenac inhibits lactate formation and efficiently counteracts local immune suppression in a murine glioma 
model. Int. J. Cancer 132(4), 843–853 (2013).

 44. Leidgens, V. et al. Ibuprofen and diclofenac restrict migration and proliferation of human glioma cells by distinct molecular 
mechanisms. PLoS ONE 10(10), e0140613 (2015).

 45. Prenek, L. et al. Regulatory T cells are less sensitive to glucocorticoid hormone induced apoptosis than CD4+T cells. Apoptosis 
25(9), 715–729 (2020).

 46. Zhang, Y.-F., Ruan, L.-H. & Zhao, X.-Q. Effects of COX-2 inhibitor celecoxib on expressions of VEGF, b-FGF and TGF-β mRNA 
in acute leukemia cells. Zhongguo Shi Yan Xue Ye Xue Za Zhi 20(5), 1086–1089 (2012).

 47. Zhao, M. et al. Aspirin and metformin exhibit antitumor activity in murine breast cancer. Oncol. Rep. 39(3), 1414–1422 (2018).

Acknowledgements
This study was supported by Kerman University of Medical Sciences, Kerman, Iran (Grant number 98000781).

Author contributions
F.S. and A.F. conceived the idea. F.S. supervised the project. J.A., M.R., and M.A. collected the data and carried 
out the experiment. J.A., M.M., and M.A. performed the analyses. J.A. drafted the manuscript in consultation 
with F.S.. All authors provided critical feedback and reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 24392-2.

Correspondence and requests for materials should be addressed to F.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1038/s41598-022-24392-2
https://doi.org/10.1038/s41598-022-24392-2
www.nature.com/reprints


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:19806  | https://doi.org/10.1038/s41598-022-24392-2

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	Protective potential of piroxicam on human peripheral blood mononuclear cells against the suppressive capacity of glioblastoma cell lines
	Results
	Piroxicam protects PBMCs against the inhibitory effects of U-87 MG and A-172 cell lines. 
	Piroxicam led to a reduction in the G2M phase in the cell cycle of A-172 line. 
	Piroxicam elevated T cell metabolism in the co-culture condition via reducing lactate dehydrogenase (LDH) activity in glioblastoma cell lines. 
	Piroxicam partially lowered TGF-β secretion from U-87 MG and A-172 cell lines. 

	Discussion
	Methods
	PBMC separation. 
	Cell line. 
	Cell proliferation assay. 
	Cell cycle assay. 
	Determination of antioxidant-oxidative status. 
	LDH assay. 
	Cytokine assay. 
	Statistical analysis. 

	References
	Acknowledgements


