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Abstract

Photodynamic therapy (PDT) is an effective anti-cancer modality approved by the U.S. Food and 

Drug Administration (FDA). Anti-tumor immunity can be augmented during PDT by inducing 

sterile inflammation in an acute manner, and this process is characterized by interleukin 17 

(IL-17)-mediated neutrophil infiltration to tumor-draining lymph nodes (TDLNs). However, the 

inflammatory factors that influence IL-17 expression in TDLNs are poorly understood. Prior 

studies have linked the cyclooxygenase 2 (COX2)-driven prostaglandin E2 (PGE2) pathway to 

IL-17 expression. Here, we report that an immune-activating PDT regimen (imPDT) induces 

COX2/PGE2 expression in TDLNs, whereby IL-17 expression is facilitated without corresponding 

effects on the expression of RORγt, the transcriptional driver of the canonical IL-17 pathway. 

Pharmacologic inhibition with NS398, a COX2 inhibitor, was utilized to demonstrate that imPDT-

induced COX2 regulates RORγt-independent expression of IL-17 by B cells and neutrophil entry 

into TDLNs. Depletion of B cells prior to imPDT significantly reduced neutrophil entry into 

TDLNs following treatment, and diminishes the efficacy of imPDT, which is dependent upon 

anti-tumor immunity. These findings are suggestive of a novel role for B cells in the augmentation 

of anti-tumor immunity by imPDT.
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INTRODUCTION

Neutrophils are the first responders to sites of sterile and pathogen-induced inflammation. 

During inflammation, neutrophils migrate to draining lymph nodes and contribute to the 
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activation of the adaptive immune system (1–3). Immune-activating photodynamic therapy 

(imPDT), which involves a low dose of light delivered at slow rate, requires interleukin 

17 (IL-17)-dependent neutrophil migration to tumor-draining lymph nodes (TDLNs) for the 

stimulation of anti-tumor immunity and efficacy (4,5). Presently, the mechanism by which 

imPDT regulates IL-17 expression in TDLNs is not known.

Prostaglandin E2 (PGE2) is generated from membrane phospholipids via the 

cyclooxygenase (COX) pathway. There are two forms of COX; COX1 is expressed 

constitutively and catalyzes the rate-limiting step of PGE2 synthesis under homeostatic 

conditions, and COX2 is induced rapidly during inflammation (6). imPDT induces COX2 

expression in tumor tissue (7). Earlier research also has shown that PGE2 facilitates 

neutrophil accumulation at inflamed sites in an IL-17-dependent manner in an experimental 

mice model of rheumatoid arthritis (RA) (8).

IL-17 is expressed by innate lymphoid cells (ILCs), T helper 17 (Th17) cells, and myeloid 

cells (9–11). In addition, IL-17 expressing B cells have been reported in RA patients and in a 

mouse model of Trypanosoma cruzi infection (9). Unlike ILC or Th17, B cell expression of 

IL-17A was found to be independent of the transcription factor retinoic acid-related orphan 

receptor γt (RORγt) (9). IL-17 expressing B cells have not been reported in instances 

of cancer to the best of our knowledge. Here, we newly report on imPDT induction of 

COX2 expression in TDLNs and concordant imPDT-induced COX2-dependent and RORγt-

independent expression of IL-17 in TDLNs. Pharmacologic inhibition of COX2 with NS398 

reduced neutrophil infiltration into the TDLNs. B cells appeared to be the primary source 

of IL-17 in TDLNs following imPDT. Subsequent experiments involving antibody-mediated 

B cell depletion prior to imPDT led to reductions in neutrophil infiltration into TDLNS and 

impaired efficacy of imPDT. Importantly, these studies are suggestive of a novel role for 

COX2 and B cells in the induction of neutrophil migration and augmentation of anti-tumor 

immunity following imPDT.

MATERIALS AND METHODS

Animal models and the tumor system

Pathogen-free female BALB/c mice were obtained from the Jackson laboratory (Bar Harbor, 

ME). CT26 cells, which were obtained from the American Type Culture Collection (ATCC, 

Bethesda, MD), were cultured in RPMI media containing 1% penicillin-streptomycin-

glutamate (P/S/G) and 10% fetal bovine serum (FBS). COX2−/− CT26 cells generated by the 

CRISPR/Cas9 (clustered regularly interspaced short palindromic repeats/CRISPR associated 

protein 9) method were generously donated by Dr. Caetano Reis e Sousa from the Francis 

Crick Institute, London, UK.

The 8 to 10 week old mice were inoculated subcutaneously on the right shoulder with 1 × 

106 tumor cells. Tumor volume (V) was measured as V = lw2
2 , where l is the longest axis 

of the tumor and w is the axis perpendicular to l. The Roswell Park Comprehensive Cancer 

Center (RPCCC) Institutional Animal Care and Use Committee approved all procedures 

carried out in this study.
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Reagents and antibodies

Clinical grade, pyrogen-free 2-[1-hexyloxyethyl]-2-devinyl pyropheophorbide-a (HPPH) 

was obtained from the Roswell Park Pharmacy and reconstituted in pyrogen-free water 

containing 5% dextrose (D5W; Baxter, Deerfield, IL) to a concentration of 0.4 mmol/L 

(12). COX2 inhibitor NS398 (Cayman Chemicals, Ann Arbor, MI) was dissolved 

in dimethylsulfoxide (DMSO) to obtain a stock solution of 8 mg/mL. Purified anti-

mouse monoclonal antibody for CD19 (clone 1D3), CD22 (clone Cy34.1), and B220 

(clone RA3.3A1/6.1) depletion, and anti-rat kappa (clone MAR 18.5) antibody and all 

manufacturer recommended isotypes (BioXCell, Lebanon, NH) were diluted to 0.5 μg/μL in 

phosphate buffered saline (PBS).

In vivo PDT treatment

The photosensitizer HPPH was injected at a dose of 0.4 μmol/kg into the tail vein of mice 

when the tumor size reached 5–7 mm in any dimension. Depilatory ointment Nair was used 

to remove fur around the tumor. Subsequently, 18–24 hours following HPPH administration, 

the tumor was illuminated with a 1.1 cm2 spot of 665 nm wavelength light generated by a 

diode laser (Modulight, Tampere, Finland) to a total dose of 88 J/cm2 delivered at a rate of 

14 mW/cm2. Control mice were administered the photosensitizer (HPPH) only.

Following imPDT, tumor growth was measured by caliper. Tumor volume (V) was measured 

as V = lw2
2 , where l is the longest axis of the tumor and w is the axis perpendicular to l. 

Mice were euthanized when tumors reached 800mm3.

COX2 inhibition

In vivo COX2 inhibition was carried out as described previously (7). NS398 stock solution 

was diluted in 1:8 v/v DMSO:PBS to obtain a final concentration of 1 mg/mL. NS398 

was administered by intraperitoneal (i.p.) injection at a dose of 10 mg/kg 1 hour before 

tumor illumination. Control mice for COX2 inhibition received only the vehicle used for 

drug dissolution. Ex vivo inhibition of COX2 was achieved by diluting the stock solution of 

NS398 to a final concentration of 50 μM/L in culture media (13).

PGE2 ELISA

Axial and brachial TDLNs were flash frozen in dry ice and stored at −80°C. Whole 

tissue lysates were obtained by thawing and homogenizing tissues followed by sonication. 

Homogenization was performed in a buffer containing phosphate and indomethacin 

(Millipore Sigma, Burlington, MA) following the manufacturer’s instructions for the 

Prostaglandin E2 ELISA Kit (Cayman Chemical, Ann Arbor, MI). PGE2 concentrations 

were determined by following the manufacturer’s instructions and collecting the data 

on a VersaMax Microplate Reader (Molecular Devices, San Jose, CA). Raw data were 

normalized to the initial protein concentration, which was determined by Bradford’s method.
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Total RNA extraction from TDLNs and tumors

TDLNs and tumors were harvested at indicated time points and flash frozen in TRIzol 

(Invitrogen, Carlsbad, CA). Total mRNA was extracted by using the manufacturer’s 

protocol. Briefly, tissue was homogenized in TRIzol and extracted with chloroform. The 

RNA was precipitated in isopropanol and washed with ethanol, and the RNA pellet was 

reconstituted in molecular grade water (Millipore Sigma, Burlington, MA). The RNA 

preparations were quantified by A260 measurements on a spectrophotometer (SmartSpec 

Plus, Bio-Rad, Hercules, CA), and samples were stored at −80°C. The OD260/OD280 ratios 

of the samples were between 1.8 and 2.0.

Quantitative real-time PCR

Quantitative real-time PCR (qRT-PCR) was performed by using the comparative CT (i.e., 

2-ΔCT, where CT refers to the cycle threshold) method to analyze target gene expression. 

An iSCRIPT cDNA Synthesis Kit from Bio-Rad (Hercules, CA) was used for reverse 

transcription by following the manufacturer’s instructions and employing a Bio-Rad T100 

Thermal Cycler. For each reaction, a total of 100 ng RNA was used. Following reverse 

transcription, qPCR for murine COX2 and glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) was performed by using the SsoAdvanced Universal SYBR Green Supermix 

reagent (Bio-Rad, Hercules, CA) and following the manufacturer’s protocol; this step was 

carried out in a Bio-Rad CFX Connect Real Time System with a 20 μL reaction volume. 

The following primer sets were used: COX2 5’-CAG ACA ACA TAA ACT GCG CCT T-3’ 

(forward) and 5’-GAT ACA CCT CTC CAC CAA TGA CC-3’ (reverse); GAPDH 5’-ACG 

GCA AAT TCA ACG GCA CAG TCA-3’ (forward ) and 5’-TGG GGG CAT CGG CAG 

AAG G-3’ (reverse). ΔCt was determined by subtracting the GAPDH Ct value from the 

COX2 Ct value. The relative amount of COX2 mRNA is reported here, and these data were 

calculated by using the equation 2−ΔCt.

In vivo B cell depletion

B cells were depleted as described previously (14). Briefly, 150 μG of CD19, CD22, and 

B220 depleting antibodies (BioXcell) were administered intraperitoneally; then, 48 hours 

later, 100 μG anti-rat kappa antibody was administered. Tumor illumination for imPDT was 

performed 24 hours after administration of the anti-rat kappa antibody. In survival studies, B 

cell depletion was repeated 5 and 9 days after imPDT.

Ex vivo primary B cell stimulation

Single cell suspensions of splenocytes were generated from spleen of naïve female BALB/c 

mice. B cells were negatively sorted by magnetic separation with an EasySep™ Mouse 

B Cell Isolation Kit from Stemcell Technologies (Vancouver, Canada) following the 

manufacturer’s instructions. Cells were plated at a density of 2 × 106 cells per 1 mL of B cell 

media (RPMI containing 1% P/S/G, 10% FBS, 10 mM HEPES, 1 mM sodium pyruvate, and 

1X β-mercaptoethanol prepared from a 1000X stock solution). B cells were stimulated with 

10 μg lipopolysaccharide (LPS), Sigma-Aldrich, St. Louis, MO) for 72 hours.
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Flow cytometry

Tumor tissue and axial and brachial TDLNs were harvested at indicated time points, 

and then, single cell suspensions were generated. B cell cultures were harvested at 

72 hours following plating and washed twice with PBS. Cells were stained with the 

following fluorochrome conjugated antibodies for surface markers: CD11b-BV421 (BD 

Biosciences, San Jose, CA, clone M1/70), Gr1-FITC (BD Biosciences, San Jose, CA, clone 

RB6-8C5), CD19-APC (Biolegend, San Diego, CA, clone 6D5), and B220-Pacific Blue (BD 

Biosciences, San Jose, CA, clone RA3-6B2). Additionally, the following antibodies were 

used to stain for intracellular markers: IL-17A-PE (BD Biosciences, San Jose, CA, clone 

TC11-18H10), RORγt-APC (BD Biosciences, San Jose, CA, clone Q31-378), and COX2-

Ax488 (Santa Cruz Biotechnology, Dallas, TX, clone H-3). We used a FOXP3 Fixation/

Permeabilization Kit from Invitrogen (Carlsbad, CA) for the above staining procedure. A 

BD LSRII Flow Cytometer System was used for the flow cytometric analyses. Data were 

acquired from 200,000 TDLN cells by using the BD-LSRII instrument, and these data were 

analyzed by using FlowJo software. Positive gates (gates containing antibody binding cells) 

were established using fluorescence minus one (FMO) controls (15). FMO controls are the 

experimental cells stained with all the fluorophores minus one.

Statistical evaluations

All measured values are represented with the standard error of the mean (SEM). The 

unpaired Student’s t-test with Welch’s correction was used to compare values between two 

groups in all experiments. In all cases, significance was defined as P <0.05. Statistical 

significance in tumor regrowth experiments was determined by log-rank (Mantel-Cox) tests 

of Kaplan-Meir plots.

RESULTS

COX2 regulates IL-17 expression in TDLNs following imPDT

imPDT induces IL-17 expression in TDLNs (12) via an unknown mechanism; COX2 

has been previously shown to regulate IL-17 (8). To determine if COX2 regulates IL-17 

expression in TDLNs following imPDT, the expression of COX2 in TDLNs was assessed.

COX2 mRNA expression increased in TDLNs following imPDT (Fig. 1A). Functional 

activity of imPDT-induced COX2 was evaluated by assaying for the expression of PGE2, 

which was increased in TDLNs (Fig. 1B). Administration of the COX2 inhibitor NS398 

one hour prior to imPDT significantly reduced the number of IL-17 expressing cells in 

TDLNs (Fig. 1C, 1D). However, COX2 inhibition did not impact the expression of RORγt, 

the key transcription factor of the conventional IL-17 pathway (Supplementary Fig. 1; see 

Supporting Materials). Thus, imPDT-induced COX2 appears to regulate IL-17 expression in 

TDLNs independent of RORγt expression.

imPDT-induced COX2 regulates IL-17 expressing B cells in TDLNs

B cells express IL-17 independent of RORγt (9). In this study, imPDT increased the number 

of COX2 expressing B (CD19+B220+) cells in TDLNs after treatment (Fig. 2A). B cells 

made up ~30% of IL-17-A expressing cells in TDLNs following imPDT; most of the IL-17 
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expressing B cells also expressed COX2 (Fig. 2B). Pharmacologic blockade of COX2 with 

NS398 prior to imPDT reduced the number of IL-17 expressing B cells in TDLNs (Fig. 2C). 

Depletion of B cells (Supplementary Fig. 2) reduced the overall number of IL-17 expressing 

cells in TDLNs following imPDT (Fig. 2D). Thus, imPDT increased IL-17 expressing B 

cells in TDLNs in a COX2-dependent manner.

COX2–B cell axis facilitates neutrophil infiltration to TDLNs following imPDT

Neutrophil infiltration to TDLNs following imPDT is dependent on IL-17 expression in 

TDLNs (12). In this study, blockade of COX2 prior to imPDT reduced neutrophil (CD11b+, 

Gr1Hi) infiltration to TDLNs (Fig. 3A). A similar reduction in neutrophil infiltration was 

observed in TDLNs when B cell depleted mice underwent imPDT (Fig. 3B). imPDT 

increased COX2 mRNA in tumor tissue (Supplementary Fig. 3A). To eliminate the 

possibility that the effect of NS398 on IL-17 expression by B cells and neutrophil infiltration 

to TDLNs is an artifact of inhibiting COX2 expression by tumor cells, mice were inoculated 

with COX2 deficient (COX2−/−) CT26 cells. imPDT of COX2−/− CT26 tumors increased 

the number of neutrophils and IL-17 expressing B cells in TDLNs (Supplementary Figs. 3B 

and 3C). Thus, it appears that the COX2–B cell axis in TDLNs that is induced upon imPDT 

regulates neutrophil infiltration to TDLNs.

LPS stimulation induces COX2-regulated IL-17 expression by B cells ex vivo

Sterile inflammation is initiated by the release of damage-associated molecular patterns 

(DAMPs) from host cells through a process known as immunogenic cell death (ICD). 

Pathogenic inflammation is initiated by pathogen-associated molecular patterns (PAMPs) 

derived from microorganisms. To evaluate the possibility of COX2 regulation over B cell 

IL-17 expression in pathogen-induced inflammation, B cells were isolated from spleens of 

naïve mice (Supplementary Fig. 4) and stimulated with Escherichia coli derived PAMP LPS 

for 72 hours. The LPS stimulation induced COX2 expression and IL-17 expression by B 

cells (Fig. 4A, 4B), and the majority of IL-17 expressing B cells (~90%) expressed COX2 

(Fig. 4C). The COX2 blockade significantly reduced the percentage of IL-17 expressing B 

cells upon LPS stimulation (Fig. 4D). Thus, COX2 regulated B cell IL-17 expression in an 

in vitro model of pathogen-induced inflammation.

B cell depletion reduces the efficacy of imPDT

The efficacy of imPDT is dependent upon neutrophil infiltration into TDLNs and the 

subsequent enhancement of anti-tumor immunity (5,16). To evaluate whether B cells 

contribute to the efficacy of imPDT, CT26 tumor bearing mice were subjected to B cell 

depletion 4 days before and 5 and 9 days after imPDT (Figure 5). Control animals received 

isotype control antibodies 4 days before and 5 and 9 days after imPDT. Animal survival was 

significantly improved by treatment with PDT (Isotype control + HPPH vs. Isotype control 

+ PDT and B cell depletion + HPPH vs. B cell depletion + PDT; P≤0.0001). Depletion of 

B cells led to a significant reduction in imPDT efficacy as measured by animal survival 

(Isotype control + PDT vs. B cell depletion + PDT; P≤0.011).
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DISCUSSION

The inflammatory cytokine IL-17 offers protective immunity against many infectious agents 

(17–19) but contributes to the disease pathogenesis of sterile inflammatory conditions 

such as autoimmune arthritis, colitis, multiple sclerosis, and some cancers (20–22). imPDT-

induced IL-17 drives neutrophil infiltration to TDLNs, which is a critical factor for 

augmentation of imPDT-enhanced anti-tumor immunity (5). In this study, we have evaluated 

the effects of imPDT-induced COX2 on IL-17 expression and neutrophil infiltration. The 

results show that i) imPDT induces activation of the COX2 pathway within a few hours of 

treatment resulting in IL-17 expression in B cells, ii) B cells facilitate neutrophil infiltration 

to TDLNs following imPDT, and iii) B cells contribute to the efficacy of imPDT. To the best 

of our knowledge, this is the first report on COX2-driven augmentation of IL-17 expressing 

B cells and the role of B cells in neutrophil infiltration to TDLNs.

The role of the COX2/PGE2 axis in regulating IL-17 expression is context dependent. 

Studies have reported increased IL-17 expression by the COX2/PGE2 axis in ex vivo 
models of T cell differentiation and activation (23,24), in lymph node cultures of murine 

experimental RA (8), and in ex vivo cultures of γδT cells from RA patients (25). 

Conversely, negative regulation of IL-17 by COX2/PGE2 has been demonstrated in 

murine models of leishmaniasis (26), infectious colitis (27), and cryptococcosis (28). Our 

observations of increases in IL-17 transcription and the number of IL-17 expressing cells by 

cancer therapy-induced COX2 adds to the functional complexity of the COX2/PGE2 axis 

during IL-17 expression.

IL-17 is expressed by multiple cells including Th17 cells, γδT cells, innate lymphoid 

cells (ILC), invariant natural killer T cells (iNKT), and natural killer cells (9–11). The 

transcription factor RORγ plays a central role in inducing IL-17 in these cells (9,10,29). 

In experimental models where COX2/PGE2 increased IL-17 expression, RORγt expression 

was also augmented (23,24), while COX2/PGE2-regulated reductions in IL-17 coincided 

with decreases in RORγt expression (28). Our observation that imPDT-induced COX2 had 

no effect on RORγt expression is indicative of a mechanism in which IL-17 expression is 

independent of RORγt.

The role of IL-17 in neutrophil recruitment during pathogen-induced inflammation and 

sterile inflammation is well known (30,31). We have previously reported on the critical role 

of IL-17 neutrophil infiltration to TDLNs following imPDT (12). In a murine model of RA, 

Lemos et al. showed that COX2/PGE2 regulation over IL-17 expression drives neutrophil 

recruitment to inflamed sites (8). Thus, our current observation that imPDT-induced COX2, 

which enhances IL-17 expression in TDLNs, facilitates neutrophil recruitment to TDLNs is 

in line with these previous studies. In contrast, an in vitro study by Armstrong showed that 

interaction of PGE2 with its receptors on neutrophils impeded neutrophil chemotaxis toward 

the chemoattractant N-formyl-methionyl-leucine-phenylalanine (FMLP) (32). In our model, 

i.p. administration of the COX2 inhibitor NS398 limits the amount of PGE2 available for 

signaling through receptors on neutrophils. However, the key driver of neutrophil infiltration 

to TDLNs in our model is IL-17, which is upregulated downstream of COX2/PGE2. Thus, it 

seems that the role of the COX2/PGE2 axis in IL-17 expression overrides any direct negative 
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role of the axis in neutrophil chemotaxis. In fact, Lemos et al. have shown that once IL-17 

is expressed in the system, COX2 inhibition has no effect on neutrophil migration (8). Their 

observation further bolsters our argument that role of COX2/PGE2 in neutrophil migration 

to inflamed lymph nodes is exerted via IL-17 expression.

Our observation that imPDT-induced COX2 augments IL-17 expressing B cells in TDLNs 

is significant because i) it confirms IL-17 induction independent of RORγt in B cells as 

was reported previously by Bermejo et al. in an experimental model of Trypanozoma cruzi 
infection, and ii) it brings forward downstream targets of the COX2/PGE2 pathway as a 

potential mechanism for B cell expression of IL-17 (9). Schlegel et al. have reported IL-17 

expressing B cells in RA patients. Our communication is the first to report IL-17 expressing 

B cells in the context of cancer (33). The most well studied roles of B cells in immunity 

are as antigen presenting cells and antibody producers (34–37); presently, IL-17 expression 

by B cells is poorly understood. Thus, B cell expression of IL-17 requires further research, 

especially in regard to diseases where IL-17 is a prognostic marker.

Previous studies have reported a role for neutrophils in regulating B cell survival, 

maturation, differentiation, and function (38–42). However, the effects of B cells on 

neutrophil biology are poorly understood. In one study by Kim et al., physical interaction 

of B cells and neutrophils in the lungs, via β-integrin, induced neutrophil apoptosis and 

macrophage-mediated clearance (43). Genetic deletion of B cells in this model had a 

long-term effect on neutrophil accumulation in the lung. Conversely, short-term antibody-

mediated B cell depletion in our study reduced the immediate effect of neutrophil infiltration 

to TDLNs, potentially in response to the reduced IL-17. Thus, our study shows the 

immediate impact of soluble inflammatory factors from B cells on neutrophil migration, 

while the work of Kim et al. [41] demonstrates the homeostatic effect of the physical 

interaction between B cells and neutrophils. The difference in the outcome of neutrophil 

accumulation in these studies is indicative of the complex relationship between B cells and 

neutrophils, which depends on the context and nature of the interaction.

DAMPs are components of host cells that are sequestered inside the cells and are exposed 

upon cell death. Recognition of DAMPs by pattern recognition receptors (PRRs) initiates 

sterile inflammatory pathways (44,45). imPDT-induced sterile inflammation is set into 

motion by the release of DAMPs from cells dying in the tumor tissue in response to 

phototherapy (16,46). Pathogen-induced inflammation is initiated by recognition of PAMPS 

from the infectious agent by PRRs. Therefore, it is conceivable that additional parallels 

might exist between initiation of sterile and pathogenic inflammation. Our evaluation of 

an in vitro model of pathogenic inflammation involving stimulation of B cells with LPS 

resulted in a COX2-dependent increase in B cell IL-17 expression. Considering the critical 

role of IL-17 in immunity against infectious agents, further studies into the role of COX2-

dependent IL-17 expression by B cells in infectious diseases are necessary.

Activation of anti-tumor immunity along with the advantage of tumor specificity makes 

imPDT a potential candidate for adjuvant immunotherapy during the treatment of cancer. 

Rapid inflammation characterized by neutrophil infiltration to TDLNs within 4 hours 

of treatment is critical for enhancing anti-tumor immunity by imPDT (4,5). This study 
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advances our knowledge of the early events of inflammation upstream of neutrophil 

infiltration to TDLNs and lays a foundation for studies of parallel events during the initiation 

of pathogenic inflammation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
imPDT-induced COX2 regulates IL-17A expression in TDLNs. (a,b) CT26 tumor-bearing 

mice underwent imPDT; TDLNs were harvested 4 hours later. Control mice were 

administered the photosensitizer (HPPH) only. (a) COX2 mRNA expression in TDLNs 

normalized to total protein concentrations (n = 6, two experiments). (b) Concentrations of 

PGE2 measured by ELISA (n = 6–7, two experiments). (c) Schematic for administration 

of the COX2 inhibitor NS398 prior to imPDT. (d) CT26 tumor-bearing mice received 

either NS398 or the vehicle followed by imPDT; TDLNs were harvested 4 hours post 

treatment. Numbers of IL-17 expressing cells in TDLNs were evaluated by flow cytometry 

(n = 7–9, three experiments). Gating strategy is shown via example histograms: Upper 

histogram shows cells stained with anti-IL-17; lower histogram shows cells stained without 

the anti-IL-17 antibody. Error bars represent the mean ± SEM. *P <0.05
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Figure 2. 
COX2 regulates B cell IL-17 expression in TDLNs following imPDT. (a,b) CT26 tumor-

bearing mice underwent imPDT; TDLNs were harvested 4 hours later. (a) Numbers of 

COX2 expressing B cells were evaluated by flow cytometry (n = 4–6, two experiments). The 

gating strategy is shown on the left; B cells (CD19+, B220+) were selected and analyzed 

for COX2 expression by comparing staining with anti-COX2 (upper) with cells stained in 

the absence of anti-COX2 (lower). (b) Frequency of COX2 expressing cells among IL-17 

expressing B cells in imPDT-treated mice as evaluated by flow cytometry (mean of n = 3, 

one experiment). The gating strategy is shown on the in the upper panels; B cells (CD19+, 

B220+) were selected among IL-17 expressing cells and analyzed for COX2 expression 

by comparing staining with anti-COX2 (far right panel) with cells stained in the absence 

of anti-COX2 (center panel). (c) CT26 tumor-bearing mice received either NS398 or the 

vehicle followed by imPDT; TDLNs were harvested 4 hours post treatment. Numbers of 

IL-17 expressing B cells were evaluated by flow cytometry (n = 7–9, three experiments). 

(d) CT26 tumor-bearing mice underwent B cell depletion followed by imPDT. Numbers of 

IL-17 expressing cells were evaluated by flow cytometry (n = 6–11, three experiments). 

Error bars represent the mean ± SEM. *P <0.05
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Figure 3. 
imPDT-induced COX2–B cell axis regulates neutrophil infiltration to TDLNs. (a) CT26 

tumor-bearing mice received either NS398 or the vehicle followed by imPDT; TDLNs were 

harvested 4 hours post treatment. Numbers of neutrophils (CD11b+ Gr1-hi) were evaluated 

by flow cytometry (n = 7–9, three experiments). (b) CT26 tumor-bearing mice underwent 

B cell depletion followed by imPDT. Numbers of neutrophils were evaluated by flow 

cytometry (n = 10–11, three experiments). Error bars represent the mean ± SEM. *P <0.05
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Figure 4. 
COX2 regulates IL-17 expression by B cells ex vivo. (a–d) B cells isolated from naïve 

BALB/c spleen were stimulated with LPS for 72 hours. (a) Percentages of COX2 expressing 

B cells and (b) IL-17 expressing B cells were evaluated by flow cytometry (data from six 

spleens pooled together, assayed in triplicate). (c) Pie chart showing the distribution of 

COX2+ and COX2- populations among IL-17+ B cells after LPS stimulation. (d) IL-17 

expressing B cell populations in LPS stimulated B cells in the presence of the vehicle 

(DMSO) or NS398. Histograms accompany each plot and depict examples of sample plots 

(unstimulated, LPS, LPS + NS398) as well as an example of a sample plot stained with all 

but the COX2 or IL-17 specific antibody (COX2 or IL-17 FMO). Error bars represent the 

mean ± SEM. *P <0.05
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Figure 5. 
B cells augment imPDT efficacy. CT26 tumor bearing mice underwent B cell depletion on 4 

days before and 5 and 9 days after imPDT. Tumor growth was monitored; data are presented 

as a survival curve, wherein mice were terminated by humane euthanasia once their tumor 

had reached an upper size endpoint of 1000 cm3. B cell depletion significantly reduced PDT 

efficacy; P≤ 0.011.
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