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Recent advances in immunoncology have dramatically changed the treatment options available to cancer 

patients. However, the fundamental challenges with this therapeutic modality are not new and still persist with 

the current wave of immunoncology compounds. These challenges are centered on the activation and expansion, 

induction of intratumoral infiltration and persistence of highly activated, cytotoxic, tumor antigen specific CD8+ 

T cells. We have investigated the anti-tumor mechanism of action of pegylated recombinant interleukin-10, 

(PEG-rIL-10) both pre-clinically with murine (PEG-rMuIL-10) and now clinically (AM0010) with human 

pegylated interleukin-10. The preponderance of data suggest that IL-10’s engagement of its receptor on CD8+ T 

cells enhances their activation status leading to antigen specific expansion. Quantitation of CD8+ T cell tumor 

infiltration reveals that treatment of both humans and mice with pegylated rIL-10 results in 3-4 fold increases of 

intratumoral, cytotoxic, CD8+ T cells. In addition, mice cured of their tumors with PEG-rMuIL-10 exhibit long 

term immunological protection from tumor re-challenge and long term treatment of cancer patients with 

AM0010 results in the persistence of highly activated CD8+ T cells. Cumulatively, these data suggest the IL-10 

represents an emerging therapeutic that specifically addresses the fundamental challenges of the current wave of 

immunoncology assets. 
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Introduction 

The idea of immunotherapy for oncology is not new, as 

the link between tumor regressions and infection was first 

noted by both Anton Chekhov [1] and William Coley [2]. 

Since then a slow march of progress has led to the current 

wave of immunoncology. Interleukin-2 (IL-2) was one of the 

first approved biological therapies [3]. Though IL-2 receptor 

engagement leads to broad spectrum immune activation that 

exhibits a narrow therapeutic window, this pioneering work 

was among the first to show that the immune system could 

be harnessed in a meaningful way to treat cancer. 

Monoclonal antibodies such as Herceptin [4] and Rituximab 
[5] were developed to target innate cytotoxic immune cell 

functions to the tumor via a process of antibody dependent 

cellular cytotoxicity. Other antibodies, such as Cetuximab, 

were developed to block specific growth factor receptor 

pathways [6]. The current immunoncology wave was initiated 

by the clinical results generated by Ipilimumab [7]. This was 

followed closely by the development of the anti-PD1 

antibodies. The anti-PD1 receptor antibodies were the first to 

exhibit reproducible anti-tumor effects across multiple cancer 

indications [8, 9]. Additionally, the development of chimeric 

antigen receptor T cells (CARTs) [10] coupled with the 

development of technologies for ex vivo T cell expansion 

and adoptive transfer [11, 12] have firmly established 

immunoncology as a promising therapeutic class. 

However, even with the rapid development of these 

technologies, challenges still persist. The key requirements 
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necessary for generating effective anti-tumor immunity are 

becoming clearer as we elucidate the complex interactions 

between the immune system, the tumor, and the tumor 

microenvironment, as well as the consequences of 

therapeutically induced changes to the antigenic profile of 

the tumor.  It has become more evident that CD8+ T cells 

are the most important lymphocytic cell population to 

stimulate in order to therapeutically induce initial control of 

tumor growth and long term anti-tumor immunity [13, 14]. The 

presence of intratumoral CD8+ T cells correlates with 

progression free survival across multiple solid tissue tumor 

indications [15-17]. Further analysis of these tumor-infiltrating 

CD8+ T cells indicates that their expression of cytotoxic 

enzymes further distinguishes a patient’s likelihood for long 

term survival [18].   

CD8+ T cells 

Intratumoral CD8+ T cells have become even more 

important as the current wave of immunoncology 

compounds, such as Nivolumab or Pembrolizumab, requires 

a pre-existing immune response represented by infiltrating 

CD8+ T cells and commensurate PD1/PDL1 expression [19]. 

Problematically, tumors are exquisitely adept at preventing T 

cells from infiltrating their microenvironment [20]. 

Approximately 35% of patients with immune sensitive 

tumors exhibit sufficient immune infiltration to receive 

benefit from first wave of immunotherapy compounds [21]. 

Immunoncology Challenges 

There appear to be three fundamental requirements of 

CD8+ T cell biology needed for the generation of durable 

anti-tumor immunity. The first is the need to activate and 

expand tumor antigen specific cytotoxic CD8+ T cells [22, 23]. 

The second is to increase the density of these cells in the 

tumor to levels that will induce substantial tumor cell 

destruction [24, 25]. Finally, tumor eradication and long term 

immunity requires that these T cells persist in their highly 

activated cytotoxic state and avoid exhaustion [26-28].  

Activation and Expansion 

The first requirement, activating and expanding the 

number of tumor antigen specific CD8+ T cells, seems like 

an extraordinarily solvable challenge as vaccine technology 

has been used since the mid 1800’s to establish long term 

and potent antigen specific immunity [29]. While prophylactic 

vaccines are highly efficacious, there are unfortunately no 

broadly utilized therapeutic vaccines, especially in an 

oncology setting [30, 31]. However, immunoncology vaccines 

effectively “work” in that cancer patients treated with a 

variety of vaccine technologies undergo the peripheral 

expansion of antigen specific CD4+ and CD8+ T cells [32].  

Intratumoral Infiltration 

The second fundamental requirement is to drive the 

activated, tumor antigen specific T cells to infiltrate the 

tumor microenvironment in sufficient numbers to exert 

effective anti-tumor cytotoxic function. High dose IL-2 was 

the first therapeutic attempt at changing the intratumoral 

lymphoid infiltrate. The initial trial resulted in three striking 

findings: One was that the use of cytokines to activate the 

peripheral immune system is fraught with danger. Too much 

activation can lead to profound but potentially manageable 

toxicities [33]. Two, the immune system can be harnessed to 

exert long lasting immunity and tumor control, resulting in 

the most durable cures ever reported [34, 35]. Three, the high 

doses of IL-2 did not substantially increase the number of 

activated CD8+ T cells within the tumor, leading 

investigators to move very quickly to high dose IL-2 in 

combination with adoptive T cell therapy [36]. Subsequent use 

of other stimulatory cytokines has not resulted in the same 

degree of prolonged anti-tumor function. The lack of efficacy 

has been driven by narrow therapeutic windows due to 

systemic and uncontrollable immune related toxicities [37, 38]. 

Furthermore, while some studies show that antigen specific T 

cells infiltrate into tumors, these cells are ultimately unable 

to mount an effective anti-tumor immune response due to 

compensatory intratumoral inhibitory feedback pathways 

induced by the activated cells [39]. The subsequent challenge 

then appears to be one of persistence of the activated, tumor 

antigen specific cytotoxic CD8+ T cell population [40]. 

Persistence 

The requirement of persistence is perhaps best elucidated 

by one of the first CART studies by Rosenberg and 

colleagues. In this study, 15 melanoma patients were treated 

with their own ex vivo expanded T cells transduced to 

express a T cell receptor specific for MART-1, gp100, 

NY-ESO-1 or p53 tumor antigen. After expansion, the cells 

were re-infused and their presence in the periphery was 

assessed over time. Two patients exhibited long term 

persistence of their transgene, however the remaining 

patients did not. This elucidates a fundamental self-limiting 

immunological mechanism inherent in all 

immunostimulatory pathways, termed activation induced cell 

death [41]. This is the process by which activated cells 

self-limit by generating the means of their own destruction. 

Cytotoxic cells become sensitive to the same factors that they 

secrete to induce apoptosis in target cells, undergoing 

apoptosis themselves. In this manner, the immune system 

and host do not become overwhelmed by the presence of T 

cell clones that no longer have a target to engage. In context 
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of immunoncology, since all immunologically activated 

cytotoxic cells are the architects of their own destruction, the 

largest challenge is how to maintain the longer term 

persistence of an antigen specific, cytotoxic T cell repertoire. 

This challenge is most abundantly clear with the advent of 

CART technology. By circumventing the immunological 

machinery of antigen presentation, CD4+ T cell activation, 

expansion and cytokine secretion followed by CD8+ T cell 

activation, as well as expansion of cytotoxic effector 

functions, CART technology jumps straight to providing 

antigen targeted, activated and cytotoxic cells. By virtue of 

the numbers provided and the nature of the CART, these 

cells tether to the target expressing tumor cell population and 

initiate substantial tumor cell destruction. However, as with 

all activated cytotoxic T cell populations, these cells 

self-limit and undergo apoptosis, often prior to complete 

Figure 1. IL-10 exposure directly stimulates murine and human CD8+ T cell cytotoxic 
function. Murine OT1 T cells isolated by magnetic (Miltenyi) bead isolation were stimulated 
and exposed to species specific IL-10 for 3-5 days. Cells were assessed for cytotoxic mRNA 
regulation (1a) and for cytolytic function (1b). OT1 cells were exposed at 10:1 effector to 
target ratio and cytolysis determined by CytoTox96 (Promega) LDH release. Target cells 

were PDV6 squamous tumor cells pulsed with SIINFEKL for 24 hours. Cytolysis was 
assessed after 4 hours. Human CD8+ T cells were isolated by magnetic (Miltenyi) bead 
isolation (1c), stimulated and exposed to IL-10 for 3-5 days. Cells were assessed for cytotoxic 
mRNA regulation (1c) and for cytolytic function (1d). Tumor antigen specific CD8+ T cells 
were isolated from surgically resected human melanoma tumors and stimulated with 
irradiated autologous tumor cells in the presence of 100U/mL IL-2 (Centocor) and rested for 5 
days with IL-10. Activated CD8+ T cells were exposed at 10:1 effector to target ratio and 

cytolysis of Cr51 labeled autologous tumor cells, A375 (ATCC) or K562 (ATCC) assessed 
after 4 hours. 
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eradication of the tumor mass. The therapy then loses 

efficacy with subsequent treatments as the CART construct 

can become immunogenic. 

Therefore, how can we solve these three primary 

immunoncology challenges? How do we facilitate activation 

and expansion of tumor antigen specific cytotoxic CD8+ T 

cells, intratumoral T cell infiltration, and enhance the 

persistence of these cells in a highly activated and cytotoxic 

state? Each of these challenges can be addressed by different 

ligands interacting with their cognate receptors. Chemokines 

gradients can cause T cell infiltration [42]. Cytokines such as 

IL-2, IL-7, IL-12, IL-15, IL-21, and IL-27 enhance CD8+ T 

cell cytotoxic function and cytokines such as IL-7 and IL-15 

are reported to be survival factors for memory CD8+ T cells 

[43]. These data suggest that the complexity of the immune 

system is so significant that a multiplicity of factors would be 

required to appropriately engage all of the cells and receptors 

in order to activate and maintain a tumor antigen specific, 

cytotoxic T cell population. 

IL-10 Enhances CD8+ T cell Function 

It was therefore surprising when we investigated the 

potent anti-tumor effect elicited by treating mice with 

PEG-rMuIL-10 that the fundamental challenges of 

immunoncology are addressed by IL-10, by itself. As 

previously reported, PEG-IL-10/IL-10 engagement of its 

receptor enhances the cytotoxic function of CD8+ T cells on 

a per cell basis [44], increases the number of CD8+ T cells 

Figure 2. Effect of PEG-rMuIL-10 dosing on peripheral and intratumoral CD8+ T cell 
cytotoxicity. These ELISPOTs (R&D Systems) were generated by magnetic (Miltenyi) bead 
isolation of 1000 CD8+ T cells from PBMC or mechanically disrupted and enzyme digested 

PDV6 (Schering Plough) squamous tumors. CD8+ T cells were exposed for 24 hrs without 

any secondary stimulus, (w/o), or 1 g/mL soluble anti-CD3 (eBiosciences), 100 PDV6 
squamous tumor or EL4 (ATCC) (as negative control) tumor cells. Spots were quantified with 
ImmunoSpot Software. 
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within the tumor and elicits the generation of potent and long 

lasting anti-tumor immunity [45, 46]. For these reasons we 

tested the effects of PEG-rHuIL-10 (AM0010), in cancer 

patients and have uncovered that the immunostimulatory 

biology resulting from IL-10 engaging its receptor, is 

conserved between mice and humans. 

Figure 1 illustrates that IL-10 exposures enhances the 

cytotoxic profile and function of murine and human CD8+ T 

cells, (reproduced in part from [46]). Figure 1a shows that 

rMuIL-10 enhances murine OT1 CD8+ activation expression 

profile, (IFN, Granzyme A/B and Perforin) and cytotoxic 

function 1b, when exposed to SIINFEKL pulsed tumor cells. 

Figure 1c shows that IL-10 enhances human CD8+ TIL 

activation expression profile, (IFN, Granzyme A/B and 

Perforin) and cytotoxic function, 1d when exposed to 

autologous tumor cells vs. melanoma control tumor cells 

(A375) or NK cell targets, (K562). 

Figure 2 shows that continued exposure of mice to 

PEG-rMuIL-10 increase the number of peripheral CD8+ T 

cells (2a-2b) and tumor infiltrating lymphocytes (TIL) 

(2c-2d), which secrete Granzyme B and IFN. Similar to the 

in vitro results in Figure 1a-1b, these data suggest exposure 

to PEG-rMuIL-10 increases the functional activation state of 

both the peripheral and intratumoral CD8+ T cells. In direct 

comparison to the in vitro results reported by Chan et al., 

Granzyme B (2a) and IFN (2b) secretion are similarly 

controlled by T cell receptor engagement in the periphery. 

However in the more target rich environment in the tumor, 

Granzyme B (2c) secretion is less controlled by T cell 

receptor engagement than IFN secretion (2d). Consistent 

with these data of PEG-IL-10-induced immune activation, 

we’ve reported that intratumoral T cells of cancer patients 

exhibit increased expression of Granzyme B after treatment 

with AM0010 [47]. These data suggest that PEG-IL-10/IL-10 

ligation of its receptor and resultant immuno-stimulatory 

function is a conserved biology between mice and humans 

and provide a solution to the first challenge of 

immunoncology. 

IL-10 Treatment Increases Intratumoral CD8+ Cell 

Density and Antigen Specificity 

To address the second challenge, we assessed whether 

treatment of mice with PEG-rMuIL-10 increased the 

numbers of tumor infiltrating CD8+ T cells. As previously 

reported [46], treatment with PEG-rMuIL-10 causes a 3-4 fold 

increase of intratumoral CD8+ T cells. Similar results were 

generated when serial cancer patient biopsies were assessed 

for intratumoral CD8+ T cells pre and post AM0010 

treatment [47]. We also assessed whether the number of 

antigen specific T cells within the tumor are changed by 

exposure of tumor bearing mice to PEG-rMuIL-10. 

Figure 3a-c shows that over the time course of dosing 

from 6 (3a), 10 (3b) and 15 (3c) days, tumor antigen specific 

CD8+ T cells within the tumor increase. Figure 3a-c shows 

that continued exposure of CT26 tumor bearing mice to 

PEG-rMuIL-10 increase the number of tumor reactive (IFN 

ELISPOT spots) and therefore tumor antigen specific, 

(compare CT26 vs. 4T1 columns) CD8+ T cells within the 

TIL population over time. In context of the second challenge 

of immunoncology, these data suggest that continued dosing 

with either murine or human PEG-rIL-10 leads to the 

Figure 3. Effect of PEG-rMuIL-10 dosing on intratumoral CD8+ T cell infiltration and function. ELISPOTs 

(R&D Systems) were generated by magnetic (Miltenyi) bead isolation of 1000 CD8+ T cells from PBMC or 
mechanically disrupted and enzyme digested CT26 (ATCC) tumors. CD8+ T cells were exposed for 24 hrs to no 

secondary stimulus, (w/o), 1 g/mL soluble anti-CD3 (eBiosciences), 100 CT26 squamous tumor or 4T1 (ATCC) (as 
negative control) tumor cells. Spots were quantified with ImmunoSpot Software.  
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intratumoral increase of activated, highly cytotoxic and 

antigen specific CD8+ T cells. 

IL-10 Facilitates CD8+ T cell Persistence 

Lastly, we’ve reported that mice cured of their tumors by 

PEG-rMuIL-10 exposure exhibit long term anti-tumor 

immunity [46]. These data suggest that exposure to 

PEG-IL-10 facilitates the persistence of tumor antigen 

specific CD8+ T cells, thereby overcoming the third 

challenge of immunoncology. Recent evidence [44], indicates 

in vitro treatment of CD8+ T cells with AM0010 facilitates 

the enhanced response to T cell receptor engagement. This 

enhanced response of both increased IFN and Granzyme B 

secretion is predominantly dependent on AM0010’s increase 

of intra-nuclear AP1. AP1 is one of the dominant pathways 

activated upon T cell receptor engagement [48]. However, in 

context of T cell persistence, AM0010 also induces the 

phosphorylation of STAT3. STAT3 is a known 

anti-apoptotic survival factor [49, 50]. Given the possibility that 

T cell persistence and, by proxy, prevention of activation 

induced cell death may represent the solution to the third 

challenge of immunoncology, we tested whether AM0010 

exposure of serially stimulated CD8+ T cells resulted in 

increased numbers of activated, cytotoxic, CD8+ T cells. 

Figure 4 illustrates that the stimulation of CD8+ T cells with 

AM0010 during multiple rounds of in vitro stimulation 

resulted in less apoptotic cells (not shown) and more Ki67+ 

cells. This in turn led to an increase of a PD1+Ki67+ double 

positive CD8+ T cells (4c). These data are in keeping with 

the previous report [45] where treatment of tumor bearing 

mice with PEG-rMuIL-10 lead to increases in intratumoral 

proliferation of antigen specific CD8+ T cells. In addition, 

these data corroborate AM0010 clinical data which show that 

increases in PD1+ CD8+ peripheral T cells [47] correspond 

with substantial anti-tumor immunity. High expression of 

PD1 is thought to target cells for apoptosis [51]. It is therefore 

counterintuitive that treatment with AM0010 would lead to 

an increase in PD1+ CD8+ T cells. However, the data shown 

in Figure 4c suggest that AM0010 solves the final challenge 

in immunoncology. We hypothesize that by persistent 

induction of STAT3, AM0010 treatment rescues tumor 

antigen specific, cytotoxic CD8+ T cells from self-limiting 

activation induced cell death.  

Conclusion 

In summary, there are three current challenges to 

immunoncology. These challenges are the activation and 

expansion, the induction of tumor infiltration, and facilitating 

the persistence of tumor antigen specific, highly cytotoxic 

CD8+ T cells. In regards to these three challenges, exposure 

of both tumor bearing mice and cancer patients to PEGylated 

rIL-10 appears to engage a multiplicity of related biology’s 

which culminate to overcome these specific challenges. 

PEG-IL-10 exposure enhances CD8+ T cell activation shown 

by increased expression of IFN, Granzymes and Perforin. 

PEG-IL-10 increases intratumoral density through promoting 

intratumoral antigen specific proliferation. And lastly, 

PEG-IL-10, through a combination of receptor mediated 

signal transduction cascades, prevents the apoptosis 

associated with activation induced cell death while 

promoting proliferation, leading to the persistence of PD1+ 

high expressing CD8+ T cells. While IL-10 has been 

primarily studied as an anti-inflammatory molecule [52], this 

is a myeloid specific biology [53]. Treatment of tumor bearing 

mice [46, 54-56] and cancer patients [47] with IL-10/PEGylated 

IL-10 clearly illustrate that IL-10 engagement of its receptor 

predominantly leads to CD8+ T cell centric immune 

Figure 4. Effect of AM0010 on CD8+ T cell activation induced 
cell death. Human CD8+ T cells from human peripheral blood were 
isolated using magnetic (Miltenyi) bead separation. CD8+ T cells 

were activated with plate-bound anti-CD3 (eBioscience) and 
anti-CD28 (eBioscience) for 3 days. Following activation, CD8+ T 
cells were re-plated and treated with 100 ng/ml AM0010 for 3 days 
(4a). After AM0010 treatment, CD8+ T cells were re-stimulated with 
plate-bound anti-CD3 and anti-CD28 for 3 days in the presence or 
absence of 100 ng/ml AM0010 (4b). Following re-stimulation, CD8+ 

T cells were re-plated and treated with 100 ng/ml AM0010 for 3 days 
(4c). Cells were stained for cell surface PD1 (BioLegend) and Ki67 
(eBioscience) and analyzed by FACS. 
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activation. This biology is currently being harnessed to 

dramatically and positively impact the lives of cancer 

patients. 
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