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Abstract

Naproxen possesses anti-proliferative and pro-apoptotic effects besides its known anti-

inflammatory functions. Here, we demonstrate the anti-cancer effects of naproxen against UVB-

induced BCCs and SCCs in a highly susceptible murine model of UVB carcinogenesis. Naproxen 

significantly inhibited UVB-induced BCCs and SCCs in this model. Tumor number and volume 

were significantly decreased (p<0.005 and p<0.05, respectively). Inhibition in UVB-induced SCCs 

and BCCs was 77% and 86%, respectively, which was associated with reduced PCNA and cyclin 

D1 and increased apoptosis. As expected, inflammation-related iNOS, COX-2, and nuclear 

NFκBp65 were also diminished by naproxen treatment. Residual tumors excised from naproxen-

treated animal were less invasive and showed reduced expression of epithelial-mesenchymal 

transition (EMT) markers N-cadherin, Vimentin, Snail, and Twist with increased expression of E-

cadherin. In BCC and SCC cells, naproxen induced apoptosis and activated unfolded protein 

response (UPR) signaling with increased expression of ATF4, p-eIF2α, and CHOP. Employing 

iRNA-based approaches, we found that naproxen-induced apoptosis was regulated by CHOP as 

sensitivity of these cutaneous neoplastic cells for apoptosis was significantly diminished by 

ablating CHOP. In summary, these data show that naproxen is a potent inhibitor of UVB-induced 

skin carcinogenesis. ER stress pathway protein CHOP may play an important role in inducing 

apoptosis in cancer cells.
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Introduction

Non-melanoma skin cancers (NMSCs) including basal cell carcinoma (BCC) and squamous 

cell carcinoma (SCC), are the most commonly diagnosed cancers in the US. It was reported 

that the incidence of these skin cancers is higher than the total incidence of various other 
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cancers such as breast, prostate, lung, and colon (1). Solar ultraviolet B (UVB) radiation 

(280–320 nm) is the major etiologic factor. Artificial tanning is also known to enhance the 

risk for the skin cancer development (2). Solar UVB is a complete carcinogen. UVB-

mediated DNA damage, inflammatory and suppressed immune responses and altered 

multiple cell signaling pathways together are considered to be involved in the development 

of epidermal neoplasm (3). NMSCs can be excised and cured if diagnosed early. 

Additionally, prevention could be the best strategy to diminish the incidence of these cancers 

(4). Our laboratory has focused on identifying on various pharmacological targets for the 

intervention of UVB-induced NMSCs in various murine models. Accordingly, effects of 

inhibition of pathways such as cyclooxygenase (COX), ornithine decarboxylase, p53, sonic 

hedgehog, estrogen receptor and Wnt have been described earlier (5–12).

The NSAIDs (non-steroidal anti-inflammatory drugs) include both selective and 

nonselective COX2 inhibitors. Many of these drugs have been evaluated in our and other 

laboratories for their anticancer efficacy. Some of these agents also showed high efficacy in 

in vitro and in preclinical models (13, 10, 11, 14). However, use of these NSAIDs is not free 

from other toxic side effects in humans (15). For example, specific COX-2 inhibitors have 

been associated with high risk of cardiovascular toxicity in humans. Nonetheless, later it was 

shown that these NSAIDs-associated cardiac events more frequently occur in high risk 

populations (16). Among NSAIDs, naproxen is an over-the-counter medicine and has been 

widely used. Its anti-proliferative, pro-apoptosis, and anti-inflammatory effects have also 

been demonstrated both in experimental models of various tumor-types and in human cancer 

cells (17, 18). Initially, molecular basis for the efficacy of NSAIDs was shown to be mainly 

due to inhibition of the enzyme activity of cyclooxygenases (COXs). Therefore, it was 

thought that these agents by reducing prostaglandins (PGs) production particularly PGE2 

levels in cancer cell as well as in the tumor microenvironment affect multiple signaling 

pathways involved in cancer progression (19–21). Recently, in a computer based-kinase 

screening from the Protein Data Bank ligand database and pull-down assay, it was shown 

that naproxen blocks kinase activity of phosphoinositide 3-kinase (PI3K) by directly binding 

with PI3K and inducing apoptosis in N-butyl-N-(4-hydroxybutyl)-nitrosamine-induced rat 

urinary bladder cancer (22). Recent interest in these agents has also grown due to the 

demonstration that evasion of tumor immunity involves COXs as a significantly important 

mechanism of tumor growth promotion (23). These recent findings suggest the multifarious 

roles of NSAIDs including naproxen.

In present study, we investigated cancer chemopreventive and cancer cell proliferation 

inhibiting effects of naproxen on the UVB-induced SCCs and BCCs. Using a unique mouse 

model, Ptch1+/−/SKH-1 hairless which is highly sensitive to UVB, we show that naproxen 

reduces tumors developed by chronic UVB irradiation of these animals. We observed a 

potent cancer chemopreventive activity of naproxen against both SCCs and BCCs. These 

tumor inhibitory effects of naproxen were accompanied by a significant reduction in pro-

inflammatory responses and epithelial-mesenchymal transition (EMT). We also showed that 

CHOP-mediated apoptosis in SCC and BCC cells by naproxen, could be the underlying 

molecular mechanism.
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Materials and Methods

Reagents and Animals

Naproxen (C14H14O3) was procured from Focal Vision International Pvt. Ltd., Mumbai, 

India and stored at room temperature. Six- to eight-weeks-old Ptch1+/−/SKH-1 hairless 

female mice were used for this study. Ptch1+/−/SKH-1 hairless mice were generated and 

genotyped as described earlier (12). The animals were housed under standard conditions of 

constant temperature of 24 ± 2°C and relative humidity of 50 ± 10%, and were maintained 

on a 12 h light/12 h dark cycle with food and drinking water ad libitum. The animal studies 

were conducted under an approved protocol by the Institutional Animal Care and Use 

Committee (IACUC) of the University of Alabama at Birmingham.

UV light source

The UV irradiation unit (Daavlin Co., Bryan, OH) was used in the study. The irradiation unit 

was equipped with six Philips Ultravoilet B TL 40W/12RS lamps and with an electronic 

controller to regulate dose. We also used a Kodacel cellulose film (Kodacel TA401/407) to 

eliminate UVC as described earlier (10).

Experimental Protocol

To study the efficacy of naproxen on UVB-induced skin carcinogenesis, the animals were 

randomly divided into three groups. The animals of group I which received no treatment 

served as age-matched vehicle controls (negative control). Group II and group III animals 

were irradiated with UVB (180 mJ/cm2; twice/week) for 30 weeks. In addition, group II and 

group III animals received parenteral administration of PBS or naproxen (1 mg/mouse in 

100 μl PBS, i.p.), respectively. The tumor number and size of each tumor bearing mouse 

were measured weekly using electronic Vernier Caliper. Tumor volume was calculated using 

formula: tumor volume = length × width × height as described earlier (12). Data were 

presented as mean±SE and plotted as a function of weeks on test. After UVB irradiation for 

30 weeks, the experiment was terminated and all mice were euthanized as approved by our 

IACUC protocol. The harvested skin and tumor tissues were processed for histological and 

biochemical analysis as described below.

Histology, Immunohistochemistry, Immunofluorescence staining and Terminal 
deoxynucleotidyl transferase–mediated nick end labeling (TUNEL) assay

Tissues specified for histological evaluation were fixed in 10 % neutral-buffered formalin, 

embedded in paraffin, and cut in serial 5 μm. Paraffin sections were used for the histologic 

determination of skin and tumors. For skin/tumor histological evaluation, the tissue sections 

were stained with H&E and examined for skin or tumor histology. Vector Red Alkaline 

Phosphatase Substrate Kit (Cat no. SK5100) was used for immunohistochemistry as per 

manufacturer’s guidelines. For immunofluorescence staining, deparaffinized and rehydrated 

sections following epitope retrieval using antigen unmasking solution (Vector laboratories) 

for 20 min at 95°C and blocking nonspecific sites with 2 % BSA for 45 min at room 

temperature, were incubated with specific primary antibody overnight at 4°C. The sections 

were then washed with PBS (1X) and probed with secondary antibody coupled using Alexa 
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Fluor 594 (Invitrogen, Carlsbad, CA, USA) or Fluorescein (Pierce)-coupled secondary 

antibody. Finally, sections were washed and mounted with Vectashield Mounting Medium 

with DAPI (H-1200; Vector Laboratories). In situ cell death detection kit (Roche Applied 

Science) was used for TUNEL assay as per manufacturer’s guidelines.

Cell culture and treatment

Human epidermoid carcinoma (A431) cells were purchased from the American Type 

Culture Corporation (Manassas, VA, USA). A431 cells were grown in DMEM containing 

10 % fetal bovine serum (FBS), 100 U/ml of penicillin, and 100 μg/ml of streptomycin. 

Murine-derived basal cell carcinoma (ASZ001) cells were maintained in 154CF medium as 

reported previously (24). All cell lines were routinely cultured in the recommended growth 

medium and maintained in humidified incubators at 37°C under 5% CO2. Cells (60–70% 

confluent) were treated with naproxen or vehicle (PBS) in complete culture medium. After 

24 h of treatment, medium was removed and the cells were harvested and whole-cell lysates 

prepared. For siRNA-mediated CHOP-silencing, A431 and ASZ001 cells were seeded in a 

24-well plate and transfected with CHOP siRNA (10 nM). After 24 h, cells were fixed and 

TUNEL staining was performed on fixed cells according to manufacturer’s guideline.

Western blot analysis

Western blot analysis was performed with total cell or tissue lysates which were prepared 

using ice-cold lysis buffer as described earlier (12). Briefly, 40–80 μg proteins were 

separated on 10–15% SDS-PAGE and transferred onto a nitrocellulose membrane (BioRad, 

CA, USA). After blocking with 5% non-fat dry milk, the membrane was incubated with 

specific primary antibody (PCNA, Santa Cruz; Cyclin D1, Neomarker; Bax, Cell Signaling; 

Bcl2, Cell Signaling; p-NFκBp65, Abcam; COX-2, Abcam; iNOS, Abcam; Snail, Abcam; 

E-cadherin, Santa Cruz; Vimentin, Abcam; Twist, Abcam; N-cadherin; Santa Cruz; Cleaved 

caspase3, Cell Signaling; CHOP, Cell Signaling; p-eIF2α, Cell Signaling; eIF2α, Cell 

Signaling; ATF4, Cell Signaling; GRP78, Cell Signaling and β-actin, Sigma) overnight at 

4°C. The membrane was washed and probed with appropriate HRP-conjugated secondary 

antibodies (1:2,000 dilutions). Finally, the membrane was washed and developed using the 

enhanced chemiluminescence reagent (Pierce, Rockford, IL, USA). One membrane was 

stripped multiple times to probe with new antibodies. In some cases where proteins which 

were probed had significant molecular weight differences, the membrane was cut into two 

halves and probed. Membranes were stripped and re-probed with β-actin. Therefore, same 

β-actin represented as loading control for multiple proteins. Density of Western blots was 

analyzed by using IMAGE J software (http://rsbweb.nih.gov/ij/).

Colony forming assay

Colony forming ability of A431 and ASZ001 cells was measured with or without naproxen. 

Briefly, the cells were trypsinized, washed and seeded into 6-well plates (500 cells/well). 

These cells were then allowed to grow overnight and treated with vehicle or naproxen. These 

cells were incubated in humidified chamber at 37°C for additional 10 days. Cell colonies 

were fixed with 4% paraformaldehyde for 5 minutes and stained with 0.5% crystal violet for 

30s. Finally, cell colonies were examined and their numbers were counted.
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Densitometry and statistical analysis

All values are expressed as mean ± SE. Microsoft Excel software 2007 was used to perform 

statistical analysis. Student’s t-test was used to test the significance between two test groups. 

A ‘p’-value of <0.05 was considered to be significant.

Results

Naproxen inhibits UVB-induced SCC and BCC development in Ptch1+/−/SKH-1 hairless 
mice

Administration of naproxen substantially reduced the progression of UVB-induced skin 

tumors in Ptch1+/−/SKH-1 hairless mice as compared to vehicle-treated and UVB (alone)-

irradiated mice. At week 30th, a significant reduction in tumor number (p<0.005) and tumor 

volume (p<0.05) was observed in naproxen-treated mice (Fig. 1a and b). However, the tumor 

incidence in the two groups was not significantly different. The percentage of mice bearing 

tumors in naproxen-treated group was 80% of UVB-irradiated group (data not shown). The 

average number of tumors was decreased to 2.9±0.75/mouse in naproxen group from 

10.2±2.45/mouse in UVB (alone) group, which corresponded to more than 70% reduction in 

tumor numbers (Fig. 1a). A significant reduction (~63%; p<0.05) in tumor/tumor-bearing 

mouse was also noted in naproxen-treated group (data not shown). Similarly, the average 

tumor volume was also considerably decreased (59%; p<0.05) in mice treated with naproxen 

(Fig. 1b). Ptch1+/−/SKH-1 mouse is a highly susceptible murine model as it develops both 

SCC and BCC following chronic irradiation of UVB as described earlier (12). To assess the 

effects of naproxen administration on the development of UVB-induced SCC, BCC, and 

papilloma in these mice, we performed tumor distribution analysis in naproxen-treated and 

untreated groups. Tumor distribution in UVB-irradiated Ptch1+/−/SKH-1 mice was 22% 

SCC, 22% BCC, and 56% papilloma. Naproxen treatment significantly reduced UVB-

induced SCC (86%, p<0.05), BCC (77%, p<0.05), and papilloma (62%, p<0.05) (Fig. 1c, d 

and e). Analysis of microscopic BCC showed that UVB irradiation significantly enhanced 

BCC development (2.75±0.88 microscopic BCC/unit area mm2 of skin; p<0.05) as 

compared to spontaneous BCC growth in age-matched control (0.17±0.08 microscopic 

BCC/unit area mm2). Please note that a few of the age-matched control Ptch1+/−/SKH-1 

mice also develop some spontaneous BCCs as shown in the control section (Fig. 1f and g). 

Naproxen treatment significantly reduced BCC growth (0.73±0.39 microscopic BCC/unit 

area mm2) (Fig. 1f and g).

Thus, it seems likely that administration of naproxen reduced the progression of papilloma 

to SCC and microscopic BCC to visible BCC in Ptch1+/−/SKH-1 mice. Furthermore, 

histological analysis showed that UVB induced poorly differentiated SCC as characterized 

by the presence of spindle cells with pleomorphic nuclei, lack of keratin pearls, high mitotic 

activity, and invasive growth progression in the dermis. Interestingly in naproxen treatment 

group, most of the SCCs were highly differentiated characterized by presence of small well-

developed keratin pearls, and infrequent dermal invasion (Fig. 2a).
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Naproxen reduces proliferation and induces apoptosis in UVB-induced SCC and BCC

We next investigated the expression pattern of proliferation biomarkers PCNA and Cyclin 

D1 in SCC, BCC and skin-adjacent tissues by immunostaining and Western blot analysis. 

Analysis of UVB-induced SCC, BCC as well as tumor-adjacent tissue reveals that a large 

number of epidermal cells were positive for PCNA and Cyclin D1 staining (Fig. 2b, c and 

d). Naproxen treatment significantly (p<0.05) reduced the expression of these proliferation 

biomarkers in both SCC and BCC and as well as in tumor-adjacent tissues (Fig. 2b, c and d). 

As shown in fig. 2e, compared to their respective UVB-irradiated SCC and BCC, the 

number of TUNEL-positive cells in tumor lesions was significantly enhanced by naproxen 

treatment. Of note, we also observed significant increase in TUNEL-positive cells in tumor-

adjacent skin of naproxen-treated animals (data not shown). Additionally, the expression of 

pro-apoptotic protein Bax and anti-apoptotic Bcl2 in tumor-adjacent skin was also altered to 

favor the induction of apoptosis in the skin and tumors excised from naproxen-treated 

animals (Fig. 2f).

Naproxen treatment reduces pro-inflammatory signaling and dampens epithelial-
mesenchymal transition (EMT) process in UVB-induced SCC and BCC

UVB irradiation is known to induce cutaneous and systemic inflammation signaling 

responses (25, 26). This inflammatory response is accompanied by the cytokine production, 

induction of prostaglandin synthesis, activation of nuclear factor kappa B and its dependent 

signaling in the epidermal keratinocyte and skin-associated other cells (25–28). 

Transcriptionally active NFκBp65 plays central role in inducing expression of 

proinflammatory mediators (29, 30). Earlier, it has been demonstrated IκB kinase (IKK)–

mediated phosphorylation of IκB induces the activation of NFκB transcription which 

induces transcription of its target genes. In immunofluorescence staining, we observed that 

phosphorylated NFκBp65 localized to the nucleus of UVB-induced SCCs was drastically 

reduced by naproxen treatment (Fig. 3a). Concomitantly, expression of its target proteins 

COX2 and iNOS was also diminished (Fig. 3b). Pro-inflammatory tumor microenvironment 

is often known to facilitate the progression of invasive lesions (31, 32). A downregulation of 

E-cadherin, N-cadherin, vimentin, fibronectin in addition to EMT regulating transcription 

factors SNAI and twist were noted in UVB-induced lesions which is consistent with earlier 

observation (33, 34). As observed in immunofluorescence staining, the expression of Snail, 

Twist, Vimentin, and N-cadherin was decreased in tumor tissues harvested from naproxen-

treated mice with concomitant increase in E-cadherin in these tissues (Fig. 3c and d).

Naproxen activates unfolded protein response (UPR) and induces CHOP-mediated 
apoptosis in SCC and BCC cells in vitro

To unravel the molecular mechanism of action of naproxen, we employed the human 

epidermoid carcinoma A431 cells and murine basal cell carcinoma-derived ASZ001 cells. 

These cells were treated with various concentrations of naproxen (0–10 mM) for cell growth 

assay. Cells treated with naproxen for 24 h decreased the cell growth in dose-dependent 

manner (Fig. 4a and b). Similarly naproxen treatment significantly (p<0.001) reduced the 

colony forming potential of these cells (Fig. 4c and d). In Western blot analysis, we observed 

that naproxen treatment of A431 and ASZ0001 cells decreased the expression of anti-

Chaudhary et al. Page 6

Photochem Photobiol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



apoptotic protein Bcl2 and increased cleaved caspase 3 (Fig. 4e). One possible trigger for 

apoptosis induction may be via unfolded protein response (UPR) signaling-regulated protein 

CHOP (C/EBP-homologous protein) (35, 36). Early studies demonstrated that CHOP 

interacts with various transcription factors and decrease the expression of pro-survival 

protein Bcl2 leading to apoptosis (37, 38). We noted an increased expression of CHOP in 

naproxen-treated A431 and ASZ001 cells with the concomitant increase in other UPR 

signaling proteins such as phosphorylated eIF2α (eukaryotic initiation factor 2α), ATF4 

(activating transcription factor 4), and GRP78 (Glucose-Regulated Protein 78) (Fig. 4e). To 

confirm the role of CHOP in naproxen-induced apoptosis cell, we employed small 

interference RNA-based approach to knockdown CHOP in A431 and ASZ001 cells. Then 

these cells were treated with naproxen. Blockade of CHOP significantly decreased the 

number of TUNEL-positive apoptotic cells following naproxen treatment (Fig. 4f and g).

Discussion

A number of epidemiological and experimental studies suggest that COX-2 is overexpressed 

in a large number of human malignancies including skin cancer (5, 13, 14, 23). We have 

shown that increased COX-2 plays important roles in the pathogenesis of both BCC and 

SCCs (5, 39, 40). While COX-2-mediated production of PGE2 plays key roles in tumor 

progression and metastasis via binding to its receptors EP1–4, these responses are distinct in 

BCCs vs SCCs (41, 42). In addition, we and others have shown that tumor proliferation and 

reduction in apoptosis by UVB-induced COX-2 involve activation of a number of signaling 

pathways including Akt (6, 14). Thus, administration of both specific and non-specific 

inhibitors of COX-2 provides benefit in intercepting tumor growth (43). However, 

underlying mechanisms mediating these effects are not clearly understood. Recent elegant 

studies have suggested that COX-2 is involved in augmenting tumor growth via envasion of 

immunity (23). In this regard, it has been shown that COX in tumor cells induces PGE2 that 

subverts the myeloid cell function. Moreover, COX expression ablation in tumors enabled 

immune control, while COX-2 inhibition synergized with checkpoint blockade therapy (23). 

Our observations though very preliminary, point to a novel mechanism by which naproxen 

may induced apoptosis in UVB-induced BCCs and SCCs. The observed induction of UPR 

signaling regulated transcription factor ATF4-dependent responses including augmented 

phosphorylation of translation initiation factor eIF2α and apoptosis regulatory protein 

CHOP may be the underlying mechanisms by which naproxen exerts its anti-tumor effect. 

While eIF2α may lead to global translation block, CHOP may augment apoptosis in tumor 

cells. It is intriguing in this regard that a novel mechanism by which NSAIDs act has also 

recently been described. It involves COX activity-independent inhibition of caspase activity 

and –dependent regulation of anti-inflammatory effects of NSAIDs including of naproxen 

(44). Therefore, it is difficult to predict how these contradictory effects are regulated in 

cancer cells leading to blockade of neoplastic growth. In summary, our studies describe the 

cancer chemoprevention activity of naproxen against both UVB-induced BCCs and SCCs in 

a relevant murine model. The underlying molecular mechanism may involve activation of 

proliferation inhibitory and apoptotic inducing responses by ATF4-dependent pathway 

including enhancement in hyperphosphorylated eIF2α and CHOP expression as depicted in 
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the flow diagram in Fig. 5. Additional studies are required to further clarify the mechanistic 

cascade regulating these events.
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Figure 1. Naproxen inhibits UVB-induced SCC and BCC development in Ptch1+/−/SKH-1 
hairless mice
(a) tumor/mouse; (b) tumor volume/mouse (mm3); (c) SCCs/mouse; (d) BCCs/mouse; (e) 

papilloma/mouse; (f) microscopic BCCs/unit area (mm2); (g) a representative β-gal staining 

of microscopic BCCs (blue). * p<0.05 and ** p<0.005 were considered statistically 

significant. Animals were administered with naproxen (1 mg/mouse; twice a week) followed 

by UVB (180 mJ/cm2) irradiation for 30 weeks. Tumor data were recorded on weekly basis.
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Figure 2. Naproxen reduces proliferation and induces apoptosis in UVB-induced SCC and BCC 
of Ptch1+/−/SKH-1 hairless mice
(a) H&E staining showing histology of SCC; (b) immunohistochemical analysis showing 

expression of PCNA (red); (c) immunofluorescence staining of cyclin D1 (red); (d) Western 

blot and densitometric analysis showing epidermal expression of PCNA and cyclin D1; (e) 

TUNEL-positive apoptotic cells (green); (f) Western blot analysis of apoptosis-related 

proteins, Bax and Bcl2. Scale bar 20μm. * p<0.05 was considered statistically significant.
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Figure 3. Naproxen diminishes the expression of phosphorylated NFκBp65, pro-inflammatory 
proteins COX-2/iNOS, and epithelial-mesenchymal transition related proteins
(a) Immunofluorescence staining showing nuclear expression phosphorylated NFκBp65 

(red); (b) Western blot and densitometric analysis showing expression of COX-2, and iNOS; 

(c and d) immunofluorescence staining showing expression of Snail (red), E-cadherin (red), 

Vimentin (green), Twist (red), N-cadherin (green) (Scale bar 20μm).
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Figure 4. Naproxen activates UPR signaling pathway and induces CHOP-mediated apoptosis in 
SCC and BCC cells
(a) Cell viability by MTT assay; (b) a representative of A431 and ASZ001 cellular 

morphology following treatment with naproxen; (c and d) Colony forming assay of A431 

and ASZ001 cells treated with naproxen (2 mM); (e) Western blot analysis showing 

expression of Bcl2, cleaved caspase 3, CHOP, p-eIF2α, eIF2α, ATF4, and GRP78 in A431 

and ASZ001 cells treated with naproxen; (f and g) Bar graph showing percentage of 

TUNEL-positive cells (green). A431 and ASZ001 cells were trypsinized and seeded in 96-

well plate. After 24 h, these cells were treated with different concentration of naproxen (0–
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10 mM) for 24 h and performed. ** p<0.005 and *** p<0.001 were considered statistically 

significant.
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Figure 5. Flow diagram showing potential mechanism of action of naproxen in A431 and ASZ001 
cells
Naproxen activates UPR signaling and blocks NFκB pathway. Activation of UPR signaling 

was characterized by the enhanced phosphorylation of eIF2α and increased ATF4 as well as 

its transcriptionally regulated CHOP. These pathways together block inflammatory response 

and induce apoptosis in UVB-induced BCC and SCCs. ↑ represents enhancement, ↓ 
represents decrease, → represents activating effect, ⊢ represents blocking effect, p – 

phosphorylation, ER – endoplasmic reticulum, UPR – unfolded protein response, ATF4 - 

activating transcription factor 4, eIF2α - eukaryotic initiation factor 2α, CHOP - C/EBP 

homologous protein, NFκB – nuclear factor kappa B, iNOS - inducible nitric oxide 

synthase, and COX2 – cyclooxygenase2.
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