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Combination immunotherapy with LIGHT and Interleukin-2 
increases CD8 effector memory T-cells in vivo

Manuel F. Fernandez, M.D., Guilin Qiao, PhD, Kiara Tulla, MD, Bellur S. Prabhakar, PhD, 
Ajay V. Maker, MD*

Department of Surgery, Division of Surgical Oncology; University of Illinois at Chicago, Chicago, 
IL

Abstract

Introduction: The generation of long-term durable tumor immunity and prolonged disease-free 

survival depends on the ability to generate and support CD8+ central memory T-cells. 

Microsatellite-stable colon cancer is resistant to currently available immunotherapies, thus, 

development of novel mechanisms to increase both lymphocyte infiltration and central memory 

formation are needed to improve outcomes in these patients. We have previously demonstrated 

that both Interleukin-2 (IL-2) and LIGHT (TNFSF14) independently enhance anti-tumor immune 

responses, and hypothesize that combination immunotherapy may increase the CD8+ central 

memory T-cell response.

Methods: CT26 murine colorectal cancer tumors were established in syngeneic mice. Tumors 

were treated with control, soluble, or liposomal Interleukin-2 (IL-2) at established intervals. A 

subset of animal tumors overexpressed tumor necrosis superfamily factor LIGHT (TNFSF14). 

Peripheral blood, splenic, and tumor infiltrating lymphocytes were isolated for phenotypic studies 

and flow cytometry.

Results: Tumors exposed to a combination of LIGHT and IL-2 experienced a decrease in tumor 

size compared to IL-2 alone that was not demonstrated in wild-type (wt) tumors or between other 

treatment groups. Combination exposure also increased splenic central memory CD8+ cells 

compared to IL-2 administration alone, while not increasing tumor-infiltrating lymphocytes. In the 

periphery, the combination enhanced levels of circulating CD8 T-cells and central memory T-cells, 

while also increasing circulating T-regulatory cells.

Conclusions: Combination of IL-2, whether soluble or liposomal, with exposure to LIGHT 

results in increased CD8+ central memory cells in the spleen and periphery. New combination 
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immunotherapy strategies that support both effector and memory T-cell functions are critical to 

enhancing durable anti-tumor responses and warrant further investigation.

Introduction

Cancers of the gastrointestinal (GI) tract account for the highest five-year cancer mortality of 

patients worldwide, and the most common GI tumor is colorectal cancer (CRC).1 As high 

densities of tumor infiltrating lymphocytes in primary and metastatic colon tumors have 

been associated with improved prognosis, immunotherapeutic approaches to GI cancer care 

have been pursued.2–4 Though we and others have demonstrated unprecedented responses to 

checkpoint blockade in other cancers,5–7 clinical trials have revealed that checkpoint 

blockade does not impart clinically meaningful responses in microsatellite stable (MSS, 

>95%) colon cancer, which is felt to have a lower neoantigen load than microsatellite 

instability-high (MSI-H) disease.8,9

It has been demonstrated, however, that that the degree of CD8+ T-cell immune infiltration 

is a better prognostic indicator of a patient’s survival than microsatellite status, and adoptive 

cell transfer of these cells has been associated with improved patient outcomes.10,11 We 

therefore developed a strategy to increase CD8 T-cell infiltration of primary and metastatic 

MSS colon cancer utilizing LIGHT (TNFSF14), an immunostimulatory cytokine required 

for activation of T-cells that can augment the antitumor immune response and overcome the 

stromal antigenic barrier.4,12–16 In a murine model of CRC, it was demonstrated that the 

immunoinhibitory threshold could be overcome by enhancing LIGHT expression in the 

tumor microenvironment, resulting in increased tumor infiltrating lymphocytes, lymphocyte 

homing signals, and CD8+ T-cell-mediated CRC tumor regressions.13

In order to further improve outcomes, generation of long-term tumor immunity is necessary. 

In vivo evaluation of CD8 T-cell subsets has identified central memory CD8 T-cells (TCM) 

as responsible for antigen recall and improved disease-free survival.17 Therefore, 

immunotherapy approaches that can specifically increase the CD8 TCM subset holds promise 

for CRC.

Interleukin-2 (IL-2) has been shown to increase the number of effector cells capable of 

differentiation into CD8 memory cells. The maturation and differentiation of CD8+ T-cells 

at all stages of the anti-tumor immune response are fine-tuned by IL-2, and exposure to 

exogenous IL-2 during the contraction phase of the antigen response increases the frequency 

of CD8+ memory T-cells.18–20 Therefore, we endeavored to increase memory CD8 T-cell 

populations in secondary lymphoid organs, i.e. the spleen, in a syngeneic immunocompetent 

model of colorectal cancer by incorporating IL-2 into the immunotherapeutic strategy. 

Specifically, we were interested in the impact upon central memory T-cells (Tcm), which are 

characterized by CD44+CD62L+, while effector memory T-cells are characterized by 

CD44+CD62L−.

In order to address some of the treatment limitations of soluble IL-2 administration, a 

multilamellar coalescent vesicle (MLCV) that packages recombinant human IL-2 

(Oncolipin) was developed for clinical use.21 In this liposomal vesicle, IL-2 is entrapped 
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between the bilayers of a multilamellar structure and attached to the outer surface so as to 

bind to the IL-2 receptor on T lymphocytes.22,23 The result is that IL-2 remains associated 

with MLCV for at least 72 hours at the site of tissue inoculation. This formulation has been 

utilized in a murine B16 melanoma model, where intratumoral inoculation resulted in an 

influx of T lymphocytes and tumor necrosis, and in human clinical trials (NCT00020462).
23,24

This study seeks to enhance LIGHT-induced support of the anti-tumor immune response by 

combining it with intralesional administration of IL-2, soluble or in a liposomal 

multilamellar coalescent vesicle, with the aim of increasing central memory T-cells.

Methods:

Cell culture

Murine colorectal carcinoma cell line, CT26, was obtained from the American Type Culture 

Collection (ATCC, Manassas, VA, USA), tested for mycoplasma, and used at low passage 

numbers. CT26 (ATCC CRL-2638) is an N-nitroso-N-methylurethane-(NNMU) induced, 

undifferentiated and microsatellite stable colon carcinoma cell line.25,26 The cells were 

cultured with RPMI 1640 medium supplemented with 10% fetal bovine serum, 2 mM 

glutamine, 1 mM sodium pyruvate, 10 mM HEPES and 1% Penicillin/streptomycin in 37 °C 

incubator containing 5% CO2. All cell culture reagents were purchased from Invitrogen 

(Grand Island, NY, USA) and cells were passaged for 1 to 10 dilutions upon confluence. 

Constitutively expressing CT26LIGHT was engineered as previously described with stable 

expression of TNFSF14 on the cell surface with no significant difference in cell 

proliferation, apoptosis, or migration compared to wild-type (wt) CT26.13

Treatment of Flank Tumors

Six to12 week old female Balb/c mice weighing 18–20g were obtained from Charles River 

Labs (Wilmington, MA). All mouse experiments were approved by the Institutional Animal 

Care and Use Committee at the University of Illinois at Chicago (ACC 16–190) and 

performed in the animal facility (BRL) as per the approved protocol. Animals were utilized 

based on a biological difference in tumor response of at least 30% at an alpha of 0.05 and 

power of 80%.

Primary tumors were generated by subcutaneous injections of 2.0×10^5 CT26 or 

CT26LIGHT-expressing colon cancer cells in syngeneic Balb/C mice as we have previously 

described.13 Once the tumors were palpable and had reached a diameter of 5.0–7.5 mm, the 

mice were randomized blinded to tumor size into control, soluble IL-2, and liposomal IL-2 

groups, n=38. In each of the groups, both wild-type (wt) and LIGHT expressing tumors were 

injected starting on day 7 with 25μL of empty control vesicles made of 

dimyristoylphosphatidyl choline (DMPC), soluble IL-2, or liposomal IL-2 using a 30g 

tuberculin syringe. Liposomal IL-2 (Oncolipin kindly provided by Xeme, Lombard, Illinois) 

was formulated at a concentration of 4×10^5 IU IL-2/mL in 6mg/mL DMPC, and was 

quality control tested for appearance, IL-2 content and incorporation (capture ELISA), IL-2 

bioactivity (murine CTLL-2 assay), DMPC content (RP-HPCL/light scattering detector), 
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particle size (AccuSizer™ 780), pH, sterility, and endotoxin. Bioactivity in murine T-cells 

was previously established.23,27 Soluble IL-2 was given at the same concentration of 4×10^5 

IU IL-2/mL. The total dose of IL-2 administered in both interventions was 1×10^4 IU IL-2. 

The control groups received empty DMPC liposomes at a concentration of 6mg/mL with 0.6 

mg of DMPC per dose, the same as in treatment groups. Mice were administered one dose 

of IL-2 per day for five consecutive days on days 7, 8, 9, 10, and 11.

Preparation of tissue samples

Spleens were harvested at sacrifice and placed into a cell strainer and gently homogenized 

using a syringe plunger. Cells were pelleted and red blood cells lysed with ACK lysis buffer. 

Tumors were manually dissected and minced, and incubated in 10 mL RPMI containing 5% 

FBS, collagenase IV (1 mg/ml, Sigma), with DNase I (50 ug/ml, Sigma) at 37 degrees for 60 

minutes; and strained to obtain a single cell suspension. Peripheral blood was harvested at 

sacrifice directly from the vena cava. Blood specimens were loaded onto the top of a Ficoll-

Hypaque centrifugation column per the manufacturer’s instructions. The lymphocyte-

enriched layer was collected and red blood cells were lysed with ACK lysing buffer 

(Invitrogen, Grand Island, NY, USA).

Evaluation of immune cell populations

Cells were resuspended in 100μl PBS containing 0.5% fetal bovine serum albumin, 

incubated at 4°C for 30 minutes after adding fluorochrome conjugated antibodies, washed, 

and analyzed using a using a BD LSRFortessa analyzer (San Jose, CA, USA). For Foxp3 

staining, the cells were permeabilized with Foxp3 fixation/permeabilization buffer prior to 

applying Fopx3 antibody for intracellular staining after cell surface marker staining. 

Antibodies utilized included anti-CD3 APC (17A2), CD4 Pacific Blue (GK1.5), CD8 PE-

Cy7 (53–6.7), FoxP3 APC (3G3), CD44 PE (IM7), CD62L PE-Cy5 (MEL-14) (Biolegend, 

San Diego, CA). Events were collected and analyzed using Flow Jo software (Tree star 

Incorporated Ashland, OR).

Statistical Analysis

Statistical analysis of tumor burden and immune cell populations was performed in 

GraphPad software. (Graphpad Software, San Diego, CA) Differences in groups were 

assessed with two tailed Student’s t-test. Error bars on graphs represent SEM. Statistical 

significance was considered for *p<0.05, **p<0.01, and ***p<0.001.

Results:

LIGHT expression + IL-2 treatment results in decreased tumor size compared to IL-2 alone

wtCT26 tumors in all treatment groups reached humane endpoints after 21 days of tumor 

growth, whereas humane endpoints were not reached by the CT26LIGHT tumors over the 

duration of the experiment. Treatment with soluble IL-2, liposomal IL-2, or control vesicles 

did not impact tumor size. In the IL-2 treated tumors, when LIGHT overexpression was 

added to IL-2 treatment, tumors were significantly smaller in the CT26LIGHT group 

compared to the wtCT26 group (Figure 1).
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LIGHT expression + IL-2 treatment results in increased splenic central memory CD8+ cells 
compared to IL-2 alone

Animals with wild-type tumors experienced a significant decrease in splenic 

CD8+CD44+CD62L+ central memory T-cells when treated with liposomal-IL-2 compared 

to soluble IL-2 (p = 0.005) or control (DMPC, p = 0.01). No impact was seen on this cell 

population in the peripheral blood or tumor. However, in the presence of CT26LIGHT, 

splenic CD8+CD44+CD62L+ (Tcm) cells were increased in both soluble and liposomal 

IL-2 treated groups compared to DMPC alone (Figure 2, flow cytometry scatter plots in 

supplemental data).

Soluble, but not liposomal, IL-2 treatment led to a significant increase in CD8+ splenic T-

cell presence that did not persist after LIGHT exposure. Similarly, an increase in 

CD8+CD44+CD62L− effector memory cells identified only upon exposure to liposomal 

IL-2 did not persist in animals with LIGHT expressing tumors (Figure 2). There were no 

differences in CD4+ cells (Supplemental figure), CD4+ effector or central memory T-cells, 

or CD4+FoxP3+ T-regulatory cells regardless of LIGHT exposure or IL-2 treatment.

LIGHT expression + IL-2 treatment enhances circulating CD8+ T-cells and central memory 
T-cells

Significant increases in the percent of CD8+ cells in the peripheral blood were observed 

after IL-2 treatment of LIGHT expressing tumors that were not demonstrated in animals 

with wt tumors (Figure 3). There was also an increase in CD4+CD44+CD62L+ and 

CD8+CD44+CD62L+ central memory T-cells in both soluble and liposomal IL-2 treated 

animals with LIGHT expressing tumors that was not demonstrated in animals with wt 

tumors. Conversely, there was a decrease in peripheral CD4+ and CD8+ CD44+CD62L− 

effector memory T-cells with LIGHT + IL-2 that was not observed in animals with WT 

tumors (Figure 3). IL-2 treatment did not impact circulating CD4+ populations regardless of 

LIGHT exposure.

IL-2 treatment increases circulating T-regulatory cells

As IL-2 is a known stimulator of T-regulatory (Treg) cells, CD4+Foxp3+ T-cell populations 

were evaluated. There were no differences in Treg populations in the spleens of tumor 

bearing mice, however, circulating CD4+FoxP3+ cells were significantly increased in 

soluble IL-2 treated, and trended to increase in liposomal IL-2 treated, wt tumor bearing 

animals when compared to DMPC control. This pattern was consistent with increased 

circulating CD4+Foxp3+ cells in LIGHT+ IL-2 treated animals. (Figure 4).

Tumor infiltrating lymphocytes

Though CD8+ T-cell infiltration was greater in CT26LIGHT tumors compared to wtCT26 

tumors (p = 0.006) (Figure 5), IL-2 administration did not impact the number of tumor 

infiltrating lymphocytes in wild type or LIGHT expressing tumors, including intratumoral 

CD8+, CD4+, Treg, or memory T-cell populations (CD44CD62).

Fernandez et al. Page 5

J Surg Res. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion:

Microsatellite-stable metastatic colorectal cancer is not responsive to currently available 

checkpoint blockade immunotherapy, thus, the current standard of care remains non-curative 

palliative chemotherapy that does not generate a durable antitumor immune response.
6,8,9,28–30 To generate sustained anti-tumor immune responses, memory T-cells are required. 

Prior studies have revealed that the generation of CD8+ central memory T-cells are 

associated with superior antitumor immunity compared to effector memory T-cells,17 

however, strategies to increase central memory T-cells remain to be identified, particularly in 

“cold” MSS gastrointestinal tumors.31 In this study, it was demonstrated that central 

memory CD8+ T-cells could be increased in secondary lymphoid organs and the periphery 

by utilizing combination immunotherapy of LIGHT and IL-2.

Upon recognition of tumor antigens, T-cells undergo vigorous clonal expansion and 

differentiate into effector cells that then traffic to the site of antigen presentation. Increasing 

T-cell trafficking into the tumor is thus one strategy to improve the anti-tumor immune 

response, and one that we have previously manipulated utilizing the immunostimulatory 

signal LIGHT.13,32,33 At the end of antigen-specific T-cell expansion, a contraction phase 

ensues where most antigen-specific effector T-cells die via apoptosis, except for a minority 

that survive as memory cells.34–37 Memory T-cells localize and recirculate throughout the 

blood and secondary lymphoid organs, which is why the current study focused on circulating 

and splenic T-cell populations after antitumor treatment. They have traditionally been 

defined as being comprised of both central memory (TCM) and effector memory subsets.
38–40 Multiple adoptive T cell therapy studies in melanoma revealed that gp100 antigen-

specific CD8+ TCM controlled established melanomas better than effector memory cells.
17,41 The TCM cells are capable of rapid upregulation upon antigenic rechallenge and expand 

vigorously to aid other sets of migratory T-cells during secondary challenge.

It has been shown that IL-2 exposure during the expansion phase supports not only T-cell 

proliferation and activation, but also the differentiation of naïve CD8+ T-cells into memory 

phenotype cells.20 Furthermore, exposure to IL-2 during the contraction phase prevents 

elimination of anti-tumor T-cells with decreased apoptosis and increased survival, 

particularly of CD8+ memory cells.18,19 Therefore, it followed intuitively that combining 

tumor necrosis factor superfamily LIGHT, a strategy that we have demonstrated to increase 

T-cell activation, proliferation, and tumor infiltration in colorectal cancer and liver 

metastases; with IL-2 may augment the anti-tumor immune response by sustaining CD8+ T-

cells in the periphery, and generating more central memory CD8+ T-cells. The Achilles heel 

of this stimulatory strategy, of course, is that IL-2 will also support T-regulatory cells, and in 

fact this was identified in the periphery of IL-2 treated animals bearing LIGHT-expressing 

tumors, though not in the spleen or in the tumor.42,43 This may account for why there was 

not a more robust response in the size of the tumors when treated with IL-2 compared to 

control animals. It is possible that combining IL-2 with checkpoint blockade could expand 

the effector T-cells while limiting suppressive T-cell influences, a strategy that we employed 

in patients with metastatic melanoma to improve responses over either monotherapy.5,7,44 

Our preliminary studies of LIGHT with checkpoint blockade have revealed impressive 
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tumor regressions45, therefore, it is interesting to consider the potential of LIGHT + IL-2 + 

checkpoint blockade based on the ability to increase TCM.46,47

There are several limitations to this study. Due to the rapid tumor growth in the absence of 

response to IL-2 therapy in wild type tumors, these animals reached humane endpoints. 

However, no differences in CD4, CD8, or Treg subsets were identified in these treated 

tumors, nor were they in the IL-2 treated animals bearing LIGHT-expressing tumors. In the 

periphery of wt tumor treated animals, there were increases in Treg with soluble but not 

liposomal IL-2. A reason for this observation and the differential effect may be secondary to 

the timing and dose exposure of IL2, where the liposomal form has a delayed release, and 

lower transient spikes compared to soluble bolus administration. In the spleen also there 

were differences in CD8+ T-cells and CD8+ memory T-cell subpopulations associated with 

the specific mode of IL-2 administration, which could again be due to delayed release, 

and/or lower transient spikes in IL-2 levels. These observations may be clinically relevant 

since exposure to exogenous IL-2 during the contraction phase of the antigen response 

increase the frequency of CD8+ memory T-cells, and when during the expansion phase, 

support not only T-cell proliferation and activation, but also differentiation of naïve CD8+ T-

cells into memory cells. It has been shown in biopharmaceutical studies that, as opposed to 

soluble IL2, the liposomal formulation is able to provide receptor targeting to activated T-

cells.22 Further, liposomal IL2, as opposed to soluble IL2, can deposit in the lymphoid 

organs, e.g. spleen, where continued delayed release occurs to impact these cell populations.
22 These findings were consistent with increased peripheral Treg and CD8+ T-cells seen in 

the LIGHT+IL-2 exposed tumors, whether soluble or liposomal, where animals experienced 

not only immunostimulation from LIGHT, but also increased time after exposure to IL-2 

before evaluation. Clearly, there are complex biologic interactions occurring based on the 

timing and dose exposure of IL2, the mechanism of which was not intended to be studied in 

this report, but that must be impacting the observed results. Whether blocking IL2 exposure 

would reverse these observations remains to be determined, however, it has been established 

that when the IL2 receptor is engaged with soluble IL2 or an anti-B-subunit antibody, that 

liposomal IL2 cell binding diminishes precipitously, as does internalization by IL2 receptor 

bearing cells.22

Additional evaluation of Th1 and Th2 secreted cytokines in the tumor microenvironment 

could potentially aid in this phenotypic evaluation. Furthermore, isolation of splenic and 

peripheral CD8+ T-cells for in vitro cytotoxic functional assays and in vivo adoptive transfer 

may help elucidate potential differences in the treatment strategies. As to why LIGHT 

exposure + IL-2 treatment decreased effector memory cells in the periphery, it is possible 

that with profound independent TNFSF14 stimulation that the decreased response to IL-2 

was more pronounced in the circulation and/or that peripheral effectors destined to die 

during the contraction phase had already begun to decrease in number, potentially as a result 

of the early proliferative impact that LIGHT and IL-2 impart.48,49

Additional studies in a greater number of animals, both animal sexes, additional tumor cell 

lines, and/or orthotopic models are necessary to validate the current observations. Further, 

IL2 administration at a later time point, and other experimental designs that would reflect 

clinical treatment in larger established patient tumors, are warranted. That Tcm were 
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increased is a very useful piece of information that can be utilized when developing 

strategies to improve recurrence-free survival and recall responses, particularly in MSS 

tumors where checkpoint blockade has been ineffective. That said, since a greater impact 

upon TIL and tumor size (pictures of tumor-bearing animals were not included in this 

analysis) was not encountered in this model points to the fact that IL-2 + LIGHT alone is 

unlikely to be a curative-intent intervention, and will likely need to be augmented with 

additional biologic agents to increase anti-tumor immune responses. In addition, LIGHT was 

presented in the tumor microenvironment on tumor cells to insure increased and stable levels 

of expression only in the tumor, and serves as proof-of-principal for the experimental 

strategy. We are investigating other more clinically relevant modalities to deliver LIGHT 

into the tumors including an oncovirus to selectively deliver LIGHT into the tumor 

microenvironment. Nonetheless, additional translational modalities to evaluate the effect of 

LIGHT overexpression in the tumor microenvironment, other than constant expression, 

combined with IL2 are necessary.

As aforementioned, it is not clear why responses would be different between soluble and 

liposomal IL-2, particularly with respect to decreased central memory and increased effector 

memory cells in wt treated tumors with liposomal IL-2, however, in the presence of LIGHT, 

both formulations had similar positive impact on the T-cell repertoires. IL-2 has long been 

utilized as an immunostimulatory cytokine to support T-cell growth and expansion. It is has 

been FDA-approved for decades in the treatment for patients with metastatic melanoma, but 

use has been limited by a short half-life of only a few minutes, and repeated bolus injections 

leading to severe systemic side-effects and short-acting therapeutic windows.50 Thus, the 

potential benefit of liposomal IL-2 may be that bioavailability is prolonged and that systemic 

side effects with the liposomal formulation are potentially decreased in vivo.21–24 As to why 

a small but significant decrease in splenic CD8 central memory T-cells was observed only 

with liposomal IL-2 is possibly due to the relatively prolonged exposure to a higher 

concentration of IL-2 in those tumors. Kaartinen et al. have elegantly demonstrated that 

central memory T cell populations are dependent upon the dose of IL-2 and length of T-cell 

expansion, with higher concentrations resulting in decreased central memory T-cells.51 In 

addition, in these experiments, intralesional delivery of IL-2 was evaluated as opposed to 

systemic delivery. Though intralesional administration of cytokines is feasible with 

endoscopic and interventional radiology approaches, local tumor delivery of cytokines can 

be achieved with an IL-2 immunocytokine or oncovirus.52 It is possible that some of the 

impact of intratumoral IL-2 in the current model is secondary to systemic absorption, and 

this could be further examined with subcutaneous, non-tumor IL-2 administration, or in a 

bilateral flank tumor model.

In summary, we and others have previously shown that CD+8 T cells can mediate the 

regression of large bulky tumors, resulting in durable long-term disease remissions. 

However, the most effective in vivo anti-tumor T cells may be those that target secondary 

lymphoid tissue, rather than tumor sites, and thus T cell populations with the phenotypic 

attributes of TCM may be superior to effector T cells for adoptive immunotherapies.17 

Therefore, as the field of cancer immunotherapy advances, it is important to elucidate how 

the dissemination and maintenance of these T cells can be optimally achieved. IL-2 

treatment alone of colorectal cancer tumors in vivo did not result in tumor regressions or an 
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increase in central memory T-cells in this model, however, combination immunotherapy 

with LIGHT-expressing tumors and intralesional IL-2 administration, both in soluble and 

liposomal form, resulted in increased splenic and circulating central memory CD8+ T-cells. 

Further experiments evaluating the potential of this approach for generating tumor-specific 

anti-tumor responses and optimizing the mode of IL-2 administration are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. LIGHT expression + IL-2 treatment results in decreased tumor volume compared to 
IL-2 alone or control vesicles
On the day of sacrifice, tumor volume was determined in animals treated with soluble or 

liposomal IL-2. Treatment with soluble IL-2, liposomal IL-2, or control vesicles did not 

impact tumor volume within wt or LIGHT-expressing groups, though tumors expressing 

LIGHT experienced decreased tumor volumes in vivo compared to wt. *p<0.05, **p<0.01
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Figure 2: The impact of LIGHT expression and IL-2 treatment on splenic CD8 and memory cells
A decrease in percent of CD8+ cells expressing CD44+CD62L+ (central memory T-cells 

(TCM) was observed in liposomal IL-2 treated mice with wild-type (WT) tumors (A). In 

LIGHT expressing tumors (LT), both soluble and liposomal IL-2 treatment led to an increase 

in splenic TCM (B). Soluble IL-2 treatment led to a significant increase in splenic CD8+ T-

cells in wild-type (WT) tumor animals that did not persist in animals with LIGHT (LT) 

expressing tumors (C, D; Y-axis represents % of splenocytes expressing CD8+). The percent 

of splenic CD8+ cells that are CD44+CD62L− increased after exposure only to liposomal 
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IL-2 in WT tumor bearing animals (E). There was no difference in the percent of splenic 

CD8+ cells that were CD44+CD62L−, regardless of IL-2 treatment, in LT tumor bearing 

mice (F). *p<0.05, **p<0.01, ***p<0.001)
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Figure 3. Increased presence of CD8+ and CD8+ central memory circulating lymphocytes in 
tumor bearing animals in the presence or absence of LIGHT and/or IL-2
An increased percentage of CD8+ peripheral blood mononuclear cells was observed in 

soluble and liposomal IL-2 treated mice with LT expressing tumors. Soluble IL-2 treated 

mice bearing WT-tumor did not experience an increase in circulating CD8+ cells (upper 

left). The percent of CD4+ (upper middle) and CD8+ (upper right) T-cells expressing 

CD44+CD62L+ (central memory T-cells) increased with soluble and liposomal IL-2 

treatment. These differences were not observed in WT-tumor bearing mice. The percent of 

circulating CD8+ T-cells expressing CD44+CD62L− (effector memory T-cells) significantly 

decreased in soluble and IL-2 treated mice with LIGHT expressing tumors (lower left). The 

percent of circulating CD4+ T-cells expressing CD44+CD62L− decreased in liposomal IL-2 

treated mice with LIGHT expressing tumors (lower middle). Differences in circulating 

CD4+CD44+CD62L− cells were not observed in WT-tumor bearing mice. *p<0.05, 

**p<0.01, ***p<0.001. Oncolipin= liposomal IL-2. Wild-type (WT) tumor bearing animal 

data are labeled, and on the left in each panel to the LIGHT (LT) expressing tumor bearing 

animal data.
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Figure 4. IL-2 treatment increases circulating T-regulatory cells
The percent of circulating CD4+ cells expressing Foxp3+ was increased in soluble IL-2 

treated mice with WT tumors (p < 0.05)(A). LIGHT (LT)-tumor bearing animals also 

experienced increased presence of circulating CD4+Foxp3+ T-cells after treatment with both 

soluble and liposomal IL-2 (p<0.05)(B)
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Figure 5. Tumor Infiltrating Lymphocytes
Tumors expressing LIGHT experienced increased CD8+ T-cell infiltration compared to non-

LIGHT expressing tumors. IL-2 treatment did not impact numbers of infiltrating CD4 or 

CD8 T-cells compared to control. *p<0.05, **p<0.01
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