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Abstract: NHS-IL12 is a novel immunocytokine designed for delivery of IL-12 to the 
tumor microenvironment (TME). NHS-IL12 consists of two molecules of IL-12 fused to 
a human IgG1 (NHS76) recognizing DNA/histone complexes, which are often exposed in 
the necrotic portions of tumors. Preclinical studies demonstrated the tumor-targeting ability 
and longer plasma half-life for NHS-IL12 when compared with recombinant IL-12 (rIL-12). 
NHS-IL12 outperformed rIL-12 in enhancing the proliferation and activation of immune as 
well as antigen-presenting cells, resulting in a more robust primary immune response. NHS- 
IL12 also reduced the number and function of suppressive myeloid cells (myeloid derived 
suppressor cells/macrophages) within the TME. In a murine bladder tumor model, NHS-IL12 
administration led to a coordinated increase in host immunity with a reduction of immuno-
suppressive myeloid cells in the TME resulting in substantial reduction in tumor growth. 
Several preclinical studies have demonstrated increased overall anti-tumor efficacy when 
NHS-IL12 was combined with either immune-based therapeutics or chemotherapeutic 
approaches. 
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Introduction
Interleukin (IL)-12 is a potent proinflammatory cytokine composed of the proteins 
p35 (35 kDa) alpha (α) chain and the p40 (40 kDa) beta (β) chain, covalently 
bonded to form the heterodimer IL-12 p70 protein.1,2 IL-12 is produced locally by 
activated dendritic cells (DCs), macrophages, and neutrophils during T-cell 
priming3 and acts directly on cytotoxic immune effector cells, including natural 
killer (NK) cells, natural killer T (NKT) cells, and CD8+ T cells, to stimulate their 
proliferation and increase their cytotoxic functions.4 Besides regulating the transi-
tion from innate to adaptive immunity, IL-12 also induces the differentiation of 
naive T helper cells toward a Th1 phenotype and the production of cytokines (most 
notably IFNγ) that promotes cell-mediated immunity.5,6 Additionally, IL-12 med-
iates effector T cells for optimal production of effector memory T cells and 
T follicular helper cells.7,8 Those IL-12‒mediated changes in the cellular immune 
compartments along with suppression of angiogenesis and increased immune (ie, 
T-cell) trafficking all contributed to the profound antitumor effects observed in 
preclinical mouse tumor models.1,9,10 Preclinical studies showed not only the ability 
of systemic recombinant IL-12 to substantially reduce large tumor burdens, but also 
the induction of immune memory to protect mice against tumor challenge. The 
excitement generated by these preclinical findings underscored IL-12 being ranked 
third in a comprehensive list of immunotherapeutic agents with high potential for 
use in treating cancer.11
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Subsequent clinical failures negatively impacted the 
ongoing therapeutic development of rIL-12.12,13 The 
reported schedule-dependent toxicities and disappointing 
clinical responses were explained, in part, by the inability 
of intravenous (i.v.) or subcutaneous (s.c.) administered 
rIL-12 at the maximum tolerated dose (MTD) to achieve 
biologically relevant concentrations of rIL-12 in the tumor 
microenvironment (TME). Despite those setbacks, investi-
gators designed approaches for paracrine/local IL-12 deliv-
ery that could optimize IL-12 levels in the TME, while 
limiting systemic exposure and the associated toxicity. 
Other strategies, in addition to NHS-IL12, which maximize 
IL-12 delivery to the TME have been the subject of 
a separate review.14

In support of that hypothesis, intratumoral rIL-12 injec-
tions were found to trigger a potent antitumor CD8+ cytotoxic 
T lymphocyte (CTL) response that led to complete regression 

of large established tumors in several murine models.15 More 
recently, using an orthotopic murine bladder model, local 
(intravesical) administration of rIL-12 admixed with chitosan, 
a mucoadhesive biopolymer,16 also resulted in significant 
tumor regression and subsequent survival advantage.17 

Those and other findings argued that IL-12 targeting to the 
TME could enhance its significant effects on host immunity, 
which should mitigate toxicity by minimizing systemic expo-
sure. One such tumor-targeting approach, NHS-IL12, an 
immunocytokine, is the subject of this review.

Components and Characteristics of 
the Fusion Protein NHS-IL12
NHS-IL12 is a recombinant fusion protein consisting of the 
human monoclonal IgG1 antibody NHS76 fused at each 
CH3 C-terminus to human IL-12.18 Figure 1A shows 

Figure 1 NHS-IL12: Structure and concept: (A) Ribbon diagram of NHS-IL12, an immunocytokine consisting of the NHS76 antibody fused to two IL-12p70 heterodimers. 
(B) Image shows biodistribution of 131I-chTNT, a mouse/human chimeric antibody, in a patient with lung cancer. Arrows identify a tumor lesion. (C) IFNγ production by 
human PBMCs - NHS-huIL12 (blue) or rHuIL-12 (red). (D) Serum IFNγ levels in cynomolgus macaques (N=2) treated with 40 µg/kg NHS-huIL12 s.c. (green), 40 µg/kg NHS- 
huIL12 (i.v., pink), or 4 µg/kg rHuIL-12 i.v. (red). Panel B: Reproduced with permission from Yu L, Ju DW, Chen W,Li T, Xu Z, Jiang C, Chen S, Tao Q, Ye D, Hu P, Khawli LA, 
Taylor CR, Epstein AL. 131I-chTNT radioimmunotherapy of 43 patients with advanced lung cancer. Cancer Biother Radiopharm. 2006;21(1):5–14.19 Copyright © 2006, Mary 
Ann Liebert, Inc. All rights reserved. Panels A, C, and D: Reproduced from Fallon J, Tighe R, Kradjian G, Guzman W, Bernhardt A, Neuteboom B, Lan Y, Sabzevari H, Schlom 
J, Greiner JW. The immunocytokine NHS-IL12 as a potential cancer therapeutic. Oncotarget. 2014;5(7):1869–1884.19 Copyright © 2014 Fallon et al. Creative Commons 
Attribution 3.0 License (https://creativecommons.org/licenses/bssy/3.0/legalcode). 
Abbreviations: i.v., intravenous; s.c., subcutaneous.
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a ribbon diagram that illustrates the immunocytokine NHS- 
IL12, which consists of the tumor necrosis-targeting 
NHS7618 antibody fused to two molecules of the human 
IL-12 heterodimer. NHS76 is a second-generation TNT 
antibody that has been clinically validated for its ability to 
target lung tumors following systemic administration 
(Figure 1B, ref.19). NHS76 targets exposed DNA/histone 
sites,18,20 thereby directing the proinflammatory cytokine 
IL-12 to intratumoral necrotic regions.20,21 Because human 
IL-12 is not cross-reactive with the murine IL-12 receptor, 
the chimeric surrogate immunocytokine, designated NHS- 
muIL12, which consists of murine IL-12 fused to the same 
human NHS76 antibody, was generated and used in pre-
clinical studies with immunocompetent mice.10

Functional Differences Between 
NHS-IL12 and rIL-12
In vitro studies using PHA-stimulated human peripheral 
blood mononuclear cells (PBMCs) (Figure 1C) or human 
NK-92 cells revealed that IFNγ production was attenuated 
following the addition of the immunocytokine. Since IFNγ 
production has been linked with rHuIL-12 toxicity,12,13 

these findings suggest that delivering IL-12 via the immu-
nocytokine might be better tolerated and a safer therapeu-
tic. In subsequent in vivo studies, single s.c. or i.v. 
injections of human NHS-huIL12 (40 µg/kg) or rHuIL- 
12 (4 µg/kg) were administered to cynomolgus macaques 
to examine IFNγ serum levels as well as comparative 
pharmacokinetics.22 Consistent with the previous in vitro 
assays, administration of NHS-huIL12 induced much 
lower serum IFNγ levels than did rHuIL-12 (Figure 1C; 
ref.22). Pharmacokinetic analyses clearly showed the sus-
tained presence of plasma NHS-huIL12 levels when 
injected by either route,22 as compared with an i.v. injec-
tion of rHuIL-12 (Figure 1D). Thus, NHS-huIL12 was 
well tolerated as evidenced by (a) an absence of any 
measurable increase in body temperature, (b) a minor 
reduction in platelet counts, and (c) no significant injection 
site reactions. Thus, NHS76 fused to human IL-12 had 
a longer half-life in vivo but induced lower levels of IFNγ 
release by immune cells both in vitro and in vivo than 
recombinant IL-12. The sustained NHS-IL12 plasma 
levels, but with lower serum IFNγ, can be hypothesized 
by a lowering of the bioactivity of IL-12 as an immuno-
cytokine compared with the recombinant IL-12 protein 
and the potential ability of NHS-IL12 to bind to tumor. 
As mentioned above, NHS is a human immunoglobulin 

that would have a greater clearance rate in mice vs humans 
(Figure 1C).

In vivo fluorescence imaging assessed the ability of NHS- 
muIL12 to target subcutaneous Lewis lung carcinoma (LLC) 
tumors in syngeneic mice22 (Figure 2A). Localization of 
fluorescent-labeled NHS-muIL12 within tumors was com-
pared to BC1-muIL12, a human monoclonal antibody (MAb) 
immunocytokine analogous in structure to NHS-muIL12 but 
lacking a targeting component.23,24 Following subcutaneous 
delivery at a distal site, NHS-muIL12 accumulated within 
tumors to a higher level than did BC1-muIL12 (Figure 2A). 
To visualize the subcellular localization of NHS-muIL12, 
tumors from mice administered NHS-muIL12 were isolated 
and immunohistochemical detection was used to identify the 
NHS76 antibody (human IgG1). Strong, distinct staining in 
the nuclei of tumor cells was observed (Figure 2B), which 
supports the hypothesis of the proposed DNA/histone- 
binding mechanism in the TME.

Subsequent studies using equimolar doses of NHS- 
muIL12 (10 µg) and rmuIL-12 (5.4 µg) were carried out 
to directly compare their antitumor potencies in different 
murine tumor models (Figure 2C). In three different syn-
geneic subcutaneous tumor models (LLC; MC38 colon 
carcinoma; B16 melanoma), treatment with NHS-muIL12 
was clearly more potent as an antitumor agent when com-
pared with an equimolar dose of rmuIL-1222 (Figure 2C). 
Employing the intravesical bladder tumor model, the dif-
ferences between NHS-muIL12 and rmuIL-12 were even 
more striking. In additional studies, NHS-muIL12 treat-
ment of mice bearing MB49luc bladder tumors resulted in 
a dose-dependent reduction of tumor growth with com-
plete tumor regression achieved at 0.4 µg NHS- 
muIL12.25,26 One can surmise that the enhanced antitumor 
efficacy of NHS-muIL12 stems from its more favorable 
pharmacokinetic properties combined with its ability to 
recognize exposed DNA-histone adjuncts and localize to 
necrotic sites within the tumor. Additionally, large macro-
molecules are known to selectively accumulate in tumors 
through a passive process termed the “enhanced permea-
bilization and retention effect,” which may also apply to 
immunocytokines.27

Mechanisms of Action of 
NHS-muIL12
A series of preclinical studies looked at the soluble and 
cellular factors that accompanied NHS-muIL12 treatment 
to determine those that might have contributed to in vivo 
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antitumor effects. A hallmark of IL-12 administration is 
the release of IFNγ, so it was not surprising that 
NHS-muIL12 induced a dose-dependent serum IFNγ 
response in vivo.22 NHS-muIL12 also induced the matura-
tion of splenic DCs,28 as determined by upregulation of 
MHC class I expression and the activation of splenic NK 
and CD8+ T cells and tumor-infiltrating NK and CD8+ 
T cells (Table 1). Changes were dose-dependent,22 and 
NHS-muIL12 was more effective at activating the overall 
immune response than an equimolar dose of rmuIL-12 
(Table 1). P15E is a tumor-associated endogenous retro-
viral antigen; functional immune studies also detected 
a high frequency of p15E-specific T cells in NHS- 
muIL12–treated mice bearing either MC38 or B16 
tumors.22 Immune cell depletion studies established the 

absolute requirement for CD8+ T cells and a contributing 
role for NK cells to elicit significant antitumor effects in 
different murine tumor models.22

Mechanistic studies illustrating the cellular changes that 
contribute to the antitumor effects of NHS-muIL12 in the 
bladder tumor model revealed another facet of the immuno-
cytokine. Known characteristics of the MB49luc bladder 
tumor model include early tumor necrosis and an immuno-
suppressive (Th2 polarized) TME governed by IL-10 
signaling.29 Contributing to the immunosuppressive 
MB49luc bladder TME were large numbers of myeloid- 
derived cells, primarily CD11b+Gr1+F4/80− myeloid 
derived suppressor cells (MDSCs) and CD11b+Gr1−F4/80 
+ macrophages (M2), which suppressed CD4+ and CD8+ 
T-cell activation; this, in turn, blunted the ability of NHS- 

Figure 2 (A) Targeting of fluorescence-conjugated NHS-muIL12 or BC1-muIL12 to s.c. LLC tumors in athymic mice. Circles represent the area of the tumor. (B) IHC illustrating 
NHS-muIL12 binding to exposed cell nuclei within the tumor necrotic regions: arrows indicate NHS-muIL12 deposition. Circles represent the area of the tumor. (C) Antitumor effects 
of NHS-muIL12 versus rmuIL-12 against s.c. LLC, MC38, and B16 tumors. Average tumor volumes ± SE are shown. Asterisks indicate statistically significant differences between the 
NHS-muIL12 treatment group versus the control or rMuIL-12 treatment groups (2-way ANOVA followed by Bonferroni’s post-test; *p < 0.05; **p < 0.01; ***p <0.001). Reproduced 
from Fallon J, Tighe R, Kradjian G, Guzman W, Bernhardt A, Neuteboom B, Lan Y, Sabzevari H, Schlom J, Greiner JW. The immunocytokine NHS-IL12 as a potential cancer therapeutic. 
Oncotarget. 2014;5(7):1869-1884.22 Copyright © 2014 Fallon et al. Creative Commons Attribution 3.0 License (https://creativecommons.org/licenses/by/3.0/legalcode). 
Abbreviations: IHC, immunohistochemistry; LLC, Lewis lung carcinoma; MDSCs, myeloid derived suppressor cells; s.c., subcutaneous.
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muIL12 to control MB49luc bladder tumor growth. 
A temporal study identified changes occurring within the 
MB49luc bladder TME during the time of maximum tumor 
regression, ie, between 72 and 144 hours after the final NHS- 
muIL12 administration (ref.25; Figure 3A). There was excel-
lent concordance between the phenotypic and functional 
changes within the MB49luc bladder TME and the antitumor 
responses to systemic NHS-muIL12. At the earlier time 
point, MB49luc bladder tumors contained a preponderance 
of MDSCs and M2 macrophages, eliciting an ongoing immu-
nosuppressive TME and no discernible reduction in MB49luc 

bladder tumor burden (Figure 3B). However, there were 
cellular changes in the MB49luc bladder TME following 
NHS-muIL12 treatment, including (a) a decrease in the 
number of Ly6C+ and Ly6G+ MDSCs, (b) an increase in 
M1 macrophages, and (c) an increase in CD4+IFNγ+ cells.26 

By 144 hours after the final NHS-muIL12 treatment, the 
cellular makeup of the MB49luc bladder TME had dramati-
cally changed with the number of MDSCs and macrophages 
significantly reduced (Figure 4A and B); this, in turn, 
increased the ratios of CD4+ and CD8+ cells to MDSCs 
and M2 macrophages.25 When MDSCs were further divided 
into monocytic and granulocytic, NHS-muIL12 kept a low 
number of monocytic MDSCs while virtually eliminating 
granulocytic MDSCs within the MB49luc bladder TME.25 

These data are consistent with a previous finding that 
a robust increase in intratumoral CD8+ T-cell activation 

and proliferation resulted after targeted depletion of granu-
locytic MDSCs.30 Changes within the myeloid cell compart-
ment provided compelling evidence for a reversal of cellular 
immunosuppression within the MB49luc bladder TME eli-
cited by NHS-muIL12 treatment resulting in significant 
tumor regression. An overall reduction in TME cellular 
specific potential was demonstrated ex vivo, which may 
ultimately contribute to a more effective tumor clearance 
by cytotoxic immune effector cells. Phenotypic/functional 
changes within the MB49luc bladder TME affirm the tumor- 
targeting ability of NHS-muIL12 and offer a plausible 
sequence of events that accompany the significant reductions 
observed in MB49luc bladder tumors. In addition, NHS- 
muIL12 targeted actions are multifaceted and include cells 
that support host antitumor immunity (NK and T cells) as 
well as those that impede immunotherapy (MDSCs and 
macrophages). These and other preclinical findings formed 
the underpinnings for a first-in-human Phase 1 clinical trial of 
NHS-IL12.

First-in-Human Phase 1 Trial of 
NHS-IL12
The phase 1 study of NHS-IL12 in patients with metastatic or 
locally advanced solid epithelial or mesenchymal tumors31 

evaluated the safety, tolerability, pharmacokinetics, and bio-
logical and clinical activity of the agent. The trial also ana-
lyzed the effects on immune cell subsets, and T-cell receptor 
(TCR) clonality of NHS-IL12. The single- and multiple-dose 
escalation study also established the MTD of NHS-IL12 
monotherapy given s.c. as a single dose or every 4 weeks. 
Patients were enrolled in cohorts of three to six using 
a standard 3x3 approach until MTD was reached. In the 
single-dose cohort, patients received one dose of NHS-IL12 
and were followed for 28 days. In the multiple-dose escala-
tion cohort, patients received NHS-IL12 every 4 weeks at 2, 
4, 8, 12, 16.8, and 21.8 µg/kg. Pharmacodynamic data from 
this trial at 16.8 µg/kg revealed an expected time-dependent 
rise in serum IFNγ (Figure 5) and IL-10.31 Despite a similar 
rise in serum IL-12, most multiple-dose subjects had 
a diminished rise in IFNγ and IL-10 on the second dose, 
which coincided with the second and subsequent doses of 
NHS-IL12 being better tolerated (Figure 5, ref.31). Cellular 
changes in the peripheral blood (ie, PBMCs) at 1 week post‒ 
NHS-IL12 infusion included increased (a) activated (Tim3+) 
and mature (CD16+/CD56dim) NK cells, and (b) PD-1+ 
NKT cells, consistent with the known ability of IL-12 to 
enhance both proliferation and lytic capacity of NK 

Table 1 Comparison of NHS-muIL12 vs rmuIL-12 Effects on 
Markers of Immune Activation

Tissue Assay Cell NHS-muIL12 rmuIL-12

Spleen %BrdU DC ++ +

NK ++ ±

CD8 + ±
Treg ± ±

CD4/Foxp3- ± ±

Class I DC ++ NC
Class II DC ++ NC

Tumor %BrdU DC NC NC

CD8 + NC

NK ++ NC
Treg NC NC

Notes: C57BL/6 mice bearing MC38 s.c. tumors were injected with a single 
equimolar dose of either NHS-muIL12 or rmuIL-12. The listed immune cells were 
identified in the spleens/tumor by flow cytometry. Proliferation was measured by % 
BrdU incorporation and activation of dendritic cells by MHC expression levels. 
Results were quantified as follows: NC, no change; ±, < 10% increase; +, 10–25% 
increase; ++, >25% increase. Data from Xu et al10 and Fallon et al22. 
Abbreviations: DC, dendritic cells; NK, natural killer; s.c., subcutaneous; Treg, 
regulatory T cells.
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cells.9,32 Reductions in the levels of terminally differentiated 
CD4+ T cells and plasmacytoid DCs were also present at that 
time point. At 2 months post-treatment, only a sustained 
elevation of NKT cells remained. Sequencing of TCR 
CDR3 (TCRseq) regions on tumor biopsies and matching 
PBMCs showed that patients with high/medium increase in 
serum IFNγ levels also had an increase in tumor-infiltrating 
lymphocyte (TIL) density and TCR diversity in the TME.31 

Broadening the tumor-associated TCR diversity suggested 
T cells trafficking consistent with other actions of NHS- 
IL12.33,34 NHS-IL12 was well tolerated up to a dose of 
16.8 µg/kg, the recommended dose for subsequent clinical 
study. The study underscored the rationale that further studies 
should be designed in which NHS-IL12 is combined with 
other cancer therapeutics; this is addressed in the following 
section.

Combination Therapy with 
NHS-muIL12
In different preclinical murine tumor models, NHS-muIL12 
was found to be promiscuous in that when combined with 
a wide range of agents, additive and/or synergistic antitumor 
effects resulted.22 For example, when combined with the 
vaccine tecemotide,35 which contains a 25-mer peptide from 
the VNTR region of the MUC1 tumor antigen, the combina-
tion delayed the growth of subcutaneous MC38/MUC1+ or 
orthotopic pancreatic (PancO2/MUC1+) tumors in MUC.Tg 
(transgenic) mice. Reduction in tumor growth was associated 
with the generation of a potent peptide-specific CD4+ T-cell 
proliferative response. In other studies, NHS-muIL12 was 
combined with approved standard-of-care agents/modalities. 
Radiation induced immune-associated changes in tumor cells, 
including upregulation of MHC class I molecules and 

A B

Figure 3 Antitumor effects of NHS-muIL12 on MB49luc bladder tumors. (A) Representative in vivo luciferase expression images for control Ig–treated (top row) and NHS- 
muIL12–treated (bottom row) mice. (B) Individual bladder weights from control Ig–treated (circles, triangles) and NHS-muIL12–treated (squares, inverted triangles) mice. 
Horizontal lines represent the average bladder weight; error bars represent mean ± SEM, Student’s t-test; *p < 0.05. Reproduced from Morillon YM II, Su Z, Schlom J, 
Greiner JW. Temporal changes within the (bladder) tumor microenvironment that accompany the therapeutic effects of the immunocytokine NHS-IL12. J Immunother Cancer. 
2019;7(1):150.25 Copyright © The Authors 2019. Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/)
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A B

Figure 4 Changes in the myeloid cell populations and immune suppressive activity in the MB49luc bladder TME of control Ig–treated (black bars) and NHS-muIL12–treated 
(grey bars) mice. Absolute number of each cell type/mg bladder weight for (A) MDSCs and (B) macrophages. Error bars (panels A and B) represent mean + SEM, Student’s 
test; *p < 0.05. Reproduced from Morillon YM II, Su Z, Schlom J, Greiner JW. Temporal changes within the (bladder) tumor microenvironment that accompany the 
therapeutic effects of the immunocytokine NHS-IL12. J Immunother Cancer. 2019;7(1):150.25 Copyright © The Authors 2019. Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/). 
Abbreviation: MDSCs, myeloid derived suppressor cells.

Figure 5 Temporal-dependent increases in serum IFNγ levels in individual patients given NHS-IL12 dosed at the MTD of 16.8 mcg/kg every 4 weeks. Reproduced from 
Strauss J, Heery CR, Kim JW, Jochems C, Donahue RN, Montgomery AS, McMahon S, Lamping E, Marté JL, Madan RA, Bilusic M, Silver MR, Bertotti E, Schlom J, Gulley JL. 
First-in-human phase I trial of a tumor-targeted cytokine (NHS-IL12) in subjects with metastatic solid tumors. Clin Cancer Res. 2019;25(1):99–109.31 Copyright © 2019, 
American Association for Cancer Research. All rights reserved. 
Abbreviation: MTD, maximum tolerated dose.
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diversification of the intracellular antigenic peptide pool, 
resulting in better anti-tumor immunity.36 In mice bearing 
either LLC or MC38 tumors, the combined treatment of NHS- 
muIL12 with localized, fractionated radiotherapy resulted in 
additive tumor growth inhibition.22,37 Sunitinib, a receptor 
tyrosine kinase inhibitor used to treat late-stage kidney cancer 
and gastrointestinal stromal tumor, can also modulate host 
immunity.38 Once again, the combined treatment of sunitinib 
with NHS-muIL12 resulted in an additive improvement in the 
growth inhibition of Renca renal tumors. Other cancer ther-
apeutics, such as gemcitabine, a nucleoside analog, and doc-
etaxel, an anti-mitotic taxane, have been successfully 
combined with NHS-muIL12, resulting in either additive or 
synergistic antitumor effects.39,40 Of interest were studies in 
which NHS-muIL12 was administered alone or combined 
with docetaxel to mice bearing large, well-established MC38 
tumors. In the first study, NHS-muIL12, not docetaxel, 
induced significant regression of MC38 tumors when admi-
nistered at a time point when tumor burden was approximately 
150 mm3 (Figure 6A). The ability of NHS-muIL12 to impact 
MC38 tumor growth was lost when those tumors reached 
a volume in excess of 500 mm3 (Figure 6B). However, when 
mice bearing larger MC38 tumors (>500 mm3) were initially 
treated with docetaxel followed by NHS-muIL12, that sequen-
tial therapy induced significant tumor regression and 

prolonged survival (Figure 6B). Those findings support the 
hypothesis that initial docetaxel treatment, while not impacting 
overall tumor growth, enhances tumor necrosis, thus potentiat-
ing NHS-muIL12 tumor targeting that culminates in signifi-
cant reduction in the growth of large, well-established MC38 
tumors.

The advantage of combining NHS-muIL12 with the 
anti-PD-L1 MAb avelumab was demonstrated in multiple 
murine tumor models.10,41 In one study, mice bearing 
MC38 s.c. tumors received either avelumab or NHS- 
muIL12 as monotherapies and each was approximately 
equipotent in delaying tumor growth. The combined treat-
ment, however, reduced MC38 tumor growth by >80% 
versus control-treated mice (p < 0.0001; 1-way ANOVA 
with Tukey’s post-test). In a second murine tumor model, 
MB49, the murine transitional bladder carcinoma cells, 
significant tumor reduction was achieved only in mice 
treated with the combination of NHS-muIL12/avelumab 
(p < 0.01; 1-way ANOVA with Tukey’s post-test). The 
combined NHS-muIL12/avelumab therapy was particu-
larly effective in treating mice bearing MB49luc intravesi-
cal bladder tumors.25,26 Mice were administered avelumab 
and/or NHS-muIL12 alone or in combination. Tracking 
bladder tumor involvement with intravital imaging showed 
substantial reductions in mice treated with the combined 

Figure 6 Docetaxel and NHS-muIL12 are effective as monotherapies and combined therapies in mice bearing well-established MC38 tumors. (A) Mice bearing well- 
established MC38 tumors were treated with saline (closed circles), 0.5 µg docetaxel (closed squares; blue arrows), or 50 µg NHS-muIL12 (closed triangles; red arrow). 
Docetaxel and NHS-muIL12 each significantly delayed tumor growth. (B) To study the combined efficacy of these therapeutic agents, mice bearing MC38 tumors were 
treated with saline (closed circles), 0.5 mg docetaxel (closed squares; blue arrows), 50 µg NHS-muIL12 (closed triangles; red arrows), or the combination (closed inverted 
triangles). Graphs show mean tumor volume ± SE. Asterisks indicate statistically significant differences between the sequential treatment combination versus saline-treated 
controls (1-way ANOVA with Tukey’s post-test; *p < 0.05; **p < 0.0001). Both inserts indicate percent survival of each treatment group. Reproduced from Fallon J, Tighe R, 
Kradjian G, Guzman W, Bernhardt A, Neuteboom B, Lan Y, Sabzevari H, Schlom J, Greiner JW. The immunocytokine NHS-IL12 as a potential cancer therapeutic. Oncotarget. 
2014;5(7):1869–1884.22 Copyright © 2014 Fallon et al. Creative Commons Attribution 3.0 License (https://creativecommons.org/licenses/by/3.0/legalcode).
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therapy. That was verified with subsequent analyses of 
individual tumor burdens, determined by bladder weights. 
Only with the combination of NHS-muIL12/avelumab was 
statistically significant regression of tumor growth 
achieved in mice bearing MB49luc bladder tumors. The 
combined treatment induced complete, durable (> 2 
months) tumor regression in a majority of mice and 
those mice were protected from subsequent tumor chal-
lenge. These findings indicated that the combination ther-
apy with NHS-muIL12/avelumab generated a potent 
antigen-specific immune response that led to resolution 
of primary MB49luc bladder tumors and also generated 
powerful host immune memory.25,26 In the fourth precli-
nical model, in BALB/c mice bearing orthotopic EMT-6 
breast tumors (> 100 mm3), monotherapy consisted of 
a single s.c. dose of NHS-muIL12 (2 µg) alone or in 
combination with avelumab (200 µg x 3), neither of 
which impacted EMT-6 tumor growth (Figure 7A). Once 
again, the NHS-muIL12/avelumab combination elicited 
a synergistic antitumor effect and complete tumor resolu-
tion in most mice (88%) (Figure 7A and B), prolonged 

survival (Figure 7C) and protected mice from tumor- 
specific rechallenge (Figure 7D).

Mechanisms Involved with 
Combining NHS-muIL12 and 
Avelumab
With the profound therapeutic advantage gained by combin-
ing NHS-muIL12 with avelumab, additional studies were 
carried out to examine the underlying mechanisms. Initial 
studies focused on immune-associated gene expression 
(NanoString PanCancer Immune Profiling Panels) in 
EMT-6 tumors of mice treated with NHS-muIL12 and/or 
avelumab. The combination of NHS-muIL12 (10 µg) and 
avelumab (200 µg) resulted in differential expression 
(defined as p < 0.05 and log fold-change >1) of 138 of 770 
evaluated genes. At the lower NHS-muIL12 dose (2 µg) and 
avelumab, the combination resulted in nearly as many dif-
ferentially expressed genes (120 of 770) relative to EMT-6 
tumors from control-treated mice.10 A direct comparison of 
the differential gene expression profiles between monothera-
pies and combined therapies revealed profound differences. 

Figure 7 NHS-muIL12/avelumab combination treatment had a synergistic antitumor effect and induced long-term protective immunity in EMT-6 tumor-bearing mice. (A–C) 
EMT-6 tumor-bearing BALB/c mice were treated with: (i) isotype control (200 µg), (ii) NHS-muIL12 (2 µg), (iii) NHS-muIL12 (10 µg), (iv) avelumab (200 µg), (v) NHS-muIL12 
(2 µg) + avelumab (200 µg), or (vi) NHS-muIL12 (10 µg) + avelumab (200 µg). (A) Average tumor volumes. (B) Individual tumor volumes. P values were calculated by 2-way 
ANOVA followed by Bonferroni’s post-test. (C) Kaplan-Meier survival curve and proportion of tumor clearance. (D) Mice in complete remission and naive BALB/c mice 
were challenged with EMT-6 or 4T1 cells. Error bars represent SEM. Reproduced with permission from Xu C, Zhang Y, Rolfe PA, Hernàndez VM, Guzman W, Kradjian G, 
Marelli B, Qin G, Qi J, Wang H,Yu H, Tighe R, Lo K-M, English JM, Radvanyi L, Lan Y. Combination therapy with NHS-muIL12 and avelumab (anti-PD-L1) enhances antitumor 
efficacy in preclinical cancer models. Clin Cancer Res. 2017;23(19):5869–5880.10 Copyright © 2017, American Association for Cancer Research. All rights reserved.
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NHS-muIL12 monotherapy (2 or 10 µg) resulted in differ-
ential upregulation of 7 and 45 genes, respectively, while 
only a single gene was down-regulated following avelumab 
monotherapy.42 Subsequent studies examined the functional 
advantages gained by the NHS-muIL12/avelumab combined 
treatment versus each being administered as a monotherapy.

Upregulation of Serum Cytokines
One of the hallmarks of IL-12 treatment, whether rIL-12 
or NHS-muIL12, is a substantial increase in serum IFNγ 
levels.1,5,6 Indeed, a short course of NHS-muIL12 upregu-
lated serum IFNγ levels which, in turn, enhanced PD-L1 
expression levels on MC38 or MB49 s.c. tumors.22 When 
that same experiment was carried out in IFNγ knockout 
mice, mPD-L1 expression levels remained unchanged, 
establishing the absolute need for IFNγ. The addition of 
avelumab to NHS-muIL12 treatment further increased PD- 
L1 expression levels on MC38 or MB49 tumors. The 
ability of the combined NHS-muIL12/avelumab treatment 
to enhance serum IFNγ was also present in Balb/c mice 
bearing EMT6 breast tumors. Also increased relative to 
NHS-muIL12 was the proinflammatory cytokine TNFα, 
which mediates antitumor effects through damaging 
tumor vasculature and promoting T-cell and NK-cell cyto-
toxicity (3.1-fold increase; p < 0.0001; refs.43,44). The 
combination therapy also increased levels of Th2 cyto-
kines, including IL-5, IL-6, and IL-10, which have been 
associated with protumor and immunosuppressive 
responses,33 relative to NHS-muIL12 alone (8.1-, 1.8-, 
and 1.8-fold increases; p < 0.0001, p < 0.0369, and p < 
0.0001, respectively).

Functional Immune Cell Changes 
with Combined NHS-muIL12/ 
Avelumab Treatment
An in vitro assay confirmed the direct effects of NHS- 
muIL12 and avelumab on CD8+ T-cell activation.22 Naïve 
splenic CD8+ T cells from F5 TCR.Tg mice were stimu-
lated with the cognate NP68 or control peptide-pulsed 
bone marrow-derived dendritic cells (BMDCs), which are 
known to express mPD-L1. BMDCs were added in the 
presence of increasing amounts (10–1000 pg/mL) of NHS- 
muIL12 and/or avelumab (10 µg/mL). The combination of 
NHS-muIL12/avelumab boosted IFNγ production, sug-
gesting additive effects of the combination on antigen- 
specific T-cell activation.

To further delineate the in vivo activation status of 
different immune cell subsets following treatment with 
NHS-muIL12/avelumab, immune phenotypic signatures 
were determined via flow cytometry. In the EMT-6 murine 
breast tumor model, NHS-muIL12 monotherapy enhanced 
splenic NK and CD8+ T-cell proliferation, which was 
further enhanced with the addition of avelumab.10 In 
MC38 tumor-bearing mice, the combined treatment of 
NHS-muIL12/avelumab increased the percentage of pro-
liferating CD8+ T cells in the TME. In both tumor models, 
the combined NHS-muIL12/avelumab also increased sple-
nic effector (TEM) and central (TCM) memory T cells 
when compared with either monotherapy.10

Changes Within the Tumor 
Microenvironment with Combined 
NHS-muIL12/Avelumab
NanoString Immune Profiling also identified several serum 
chemokines involved in tumor inflammation that were upre-
gulated in mice following NHS-muIL12/avelumab com-
bined treatment. CXCL9 and CXCL10, both induced by 
IL-12,45 were involved in the chemotactic recruitment of 
CTLs and could support the IL-12 antitumor effects through 
inhibition of tumor neovascularization.46 The combination 
of NHS-muIL12/avelumab significantly increased both 
CXCL9 and CXCL10 serum levels relative to NHS- 
muIL12 monotherapy (1.4- and 1.8-fold increase; p < 
0.0406 and p < 0.0001, respectively). Coupling the chemo-
kine changes with the increase in splenic CD8+ T-cell 
proliferation,10 it was of interest to examine whether the 
combined treatment would increase CD8+ T-cell infiltration 
in the TME. Immunohistochemistry analysis of EMT-6 
orthotopic breast tumors confirmed a dose-dependent 
increase in CD8+ T-cell infiltration with the combination 
of NHS-muIL12/avelumab (Figure 8A and B). TILs were 
identified by their small, distinctive nuclear morphologies, 
and TIL “hotspots” were present within well-defined areas 
of focal necrosis, identified by the absence of stained tumor 
cell nuclei. Both NHS-muIL12 and avelumab monothera-
pies increased the necrotic fraction and the combined treat-
ment enhanced regression of EMT-6 tumors.10 In other 
studies, immune cell depletion41 established the absolute 
requirement for CD8+ T cells in order for NHS-muIL12 
/avelumab to elicit antitumor effects.22 In the MC38 tumor 
model it was of interest to examine the correlation between 
antitumor efficacy and the presence of a CD8+ T-cell 
response to p15E, an endogenous retroviral antigen,46 and 
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a possible tumor rejection antigen. The combined NHS- 
muIL12/avelumab resulted in a synergistic reduction in 
MC38 tumor volume and additional analyses revealed 

a significantly higher frequency of p15E-specific CD8+ 
splenocytes (ELISpot assay) as compared with those from 
mice treated with either agent alone.

Figure 8 NHS-muIL12 treatment enhanced CD8+ T-cell infiltration in EMT-6 tumors. EMT-6 tumor-bearing mice were treated with: (i) isotype control, (ii) NHS-muIL12, (iii) 
NHS-muIL12, (iv) avelumab, (v) NHS-muIL12 + avelumab, or (vi) NHS-muIL12 + avelumab. Tumors were stained with an anti-mouse CD8 antibody. (A) Representative 
images of anti-CD8 IHC. Bars, 100 mm. (B) Average percentage of CD8+ cells/total cells in the TME. Error bars represent SEM. 
Reproduced with permission from Xu C, Zhang Y, Rolfe PA, Hernàndez VM, Guzman W, Kradjian G, Marelli B, Qin G, Qi J, Wang H,Yu H, Tighe R, Lo K-M, English JM, 
Radvanyi L, Lan Y. Combination therapy with NHS-muIL12 and avelumab (anti-PD-L1) enhances antitumor efficacy in preclinical cancer models. Clin Cancer Res. 2017;23 
(19):5869–5880.10 Copyright © 2017, American Association for Cancer Research. All rights reserved. 
Abbreviations: IHC, immunohistochemistry; TME, tumor microenvironment.

Figure 9 Triple combination of PDS0101 vaccine, bintrafusp alfa and NHS-muIL12 leads to significant control of TC-1 tumor growth. B6 mice received PBS, R-DOTAP, 
PDS0101 vaccine, bintrafusp alfa, or NHS-muIL12 alone or in different combinations. (A) Tumor weights at study end. (B) Number of mice in each treatment group with 
tumors <300 mm3 at study end. A meta-analysis of two independent experiments is shown. **p <0.01, ****p < 0.0001. Reproduced from Smalley Rumfield C, Pellom ST, 
Morillon YM II, Schlom J, Jochems C. Immunomodulation to enhance the efficacy of an HPV therapeutic vaccine. J Immunother Cancer. 2020;8(1):e000612.49 © Authors (or 
their employer(s)) 2020. Creative Commons Attribution Non Commercial (CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/). With permission from BMJ 
Publishing Group Ltd.
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Looking into the Future for NHS-IL12
One can envision NHS-IL12 being an integral part of 
a combined immunotherapeutic approach to cancer treatment. 
One particular aspect of NHS-IL12 is its ability to promote 
antigen presentation through the enhancement of DC 
maturation.47 Preclinically, murine splenic DCs upregulated 
MHC class I in an NHS-IL12 dose-dependent manner,22 thus 
inducing more potent T-cell priming. In a bladder tumor 
model, infiltrating macrophages were rapidly polarized to an 
M1 phenotype following NHS-muIL12 administration, con-
sistent with a heightened ability to initiate a tumor-specific 
T-cell response.25 In a Phase I clinical study,31 NHS-IL12 
reduced the frequency of circulating plasmacytoid DCs, again 
consistent with DC maturation and possible trafficking to 
lymphatics. The ability of NHS-IL12 to enhance the antigen 
presentation machinery is one aspect of the immunocytokine 
leading to enhanced antitumor effects in ongoing preclinical 
models utilizing peptide-based vaccines.48,49

In one study,49 NHS-muIL12 was one component of 
a triad of immunotherapeutics, including an HPV-specific 
vaccine, PDS0101, and a bifunctional checkpoint inhibitor, 
bintrafusp alfa. Mice bearing a murine lung carcinoma trans-
formed with HPV16 E6 and E7, TC1, were treated with each 
agent alone and in the various double and triple combinations 
(Figure 9A). The triple combination, consisting of the 
PDS0101 vaccine, bintrafusp alfa and NHS-muIL12, was the 
most effective in reducing tumor growth and subsequently 
tumor weight (Figure 9B, p < 0.001 vs PBS control), thus 
improving overall antitumor therapy. Subsequent analyses 
showed that the triple combination enhanced (a) CD4+ and 
CD8+ T-cell TME infiltration, (b) proliferation/activation of 
TILs and HPV-specific T cells, and (c) TCR clonality.49

In another preclinical tumor model,48 NHS-muIL12 was 
combined with other immuno-oncology agents: (a) 
a neoepitope-targeted vaccine, (b) an IL-15 superagonist, 
and (c) an anti-PD-L1 (Figure 10A). That multifaceted 

Figure 10 Combination immunotherapy: a 9-mer neoepitope vaccine, N-803, anti-PD-L1, and NHS-muIL12. (A) Treatment schedule. (B) Percent CD8+ cells in 
immunofluorescent tumor sections. (C) Clonality of TCRβ chains detected in tumor infiltrates. (D) Tumor growth curves of mice treated as indicated. *p<0.05; **p 
<0.01; ***p <0.001; ****p <0.0001 (n=5). Reproduced from Lee KL, Benz SC, Hicks KC, Nguyen A, Gameiro SR, Palena C, Sanborn JZ, Su Z, Ordentlich P, Rohlin L, Lee JH, 
Rabizadeh S, Soon-Shiong P, Niazi K, Schlom J, Hamilton DH. Efficient tumor clearance and diversified immunity through neoepitope vaccines and combinatorial 
immunotherapy. Cancer Immunol Res. 2019;7(8):1359–1370.48 Copyright © 2019, American Association for Cancer Research. All rights reserved. 
Abbreviation: TCR, T-cell receptor.
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treatment regimen promoted the influx of CD8+ TILs and 
enhanced the expression of transcripts relating to T-cell 
activation/effector function (Figure 10B). The inclusion of 
NHS-muIL12 also increased the clonality of the T-cell reper-
toire in the TME (Figure 10C), which led to a dramatic 
increase in tumor growth control (Figure 10D, ref.48). The 
neoepitope vaccine used also resulted in the in situ expan-
sion of T cells reactive against other novel epitopes 
expressed by the tumor but not part of the vaccine.49

NHS-IL12 is being paired with avelumab in an 
ongoing phase 1b, open-label, dose-escalation study in 
patients diagnosed with advanced solid tumors.50 The 
rationale for that particular combination came, for the 
most part, from preclinical studies. Avelumab was an 
effective immunotherapeutic in both s.c. and the intrave-
sical MB49luc bladder tumor models.50 In each case, the 
tumors were known to harbor known rejection antigens 
(eg, p15E, HY, etc.) that were intrinsically immunogenic, 
which accounted for immune cells at the tumor/normal 
tissue interfaces (ie, “hot” tumors). Yet, the murine tumors 
grew at a rapid pace. One explanation was that tumor 
growth was a result of an immunosuppressive TME and 
one component was the PD-1/PD-L1 axis; disruption of 
that axis with avelumab led to effective immunotherapy. 
Immune suppression within the TME also seemed to be 
tied to myeloid cells, particularly MDSCs and subsets of 
macrophages and those cells seemed to be the primary 
target for NHS-muIL12.41 Tumor-targeting of NHS- 
muIL12 depleted granulocytic MDSCs and M2 macro-
phages and offered a plausible sequence of events leading 
to tumor resolution. Along with the presence of immune 
cells within the TME were large numbers of immunosup-
pressive MDSCs and macrophages, which enabled uncon-
trolled tumor growth. In both cases with avelumab and 
NHS-muIL12, the ability to modulate different compo-
nents of immunosuppression within the TME seemed to 
reignite resident CD4+ and CD8+ T cells, leading to the 
significant cytolysis and tumor regression. Those findings 
also argued that the resident T cells within the TME were 
not defective (ie, exhausted, etc.), but when unshackled 
from immunosuppressive components (eg, PD1/PD-L1 
axis, myeloid cells) elicited a robust antitumor response. 
Those findings also underscored the importance of select-
ing agents that target different components within the 
TME or host immune machinery, thereby resulting in 
a synergistic therapeutic effect. It is crucial that as differ-
ent immune-based agents are combined and tested in 

clinical settings, the rationale for those efforts continues 
to be based on sound preclinical data.

Conclusion
The extensive preclinical and early clinical data form 
a very compelling argument for the continued develop-
ment of NHS-IL12. Preclinical studies demonstrated that 
NHS-muIL12 can impact both immune activation targets 
and immune suppressive events. Targeting those changes 
within the confines of the TME underscores a “cold-to- 
hot” immune-based switch that precedes significant 
antitumor actions. The promise of immune checkpoint 
inhibitors has created significant enthusiasm for cancer 
immunotherapy, yet only a subset of patients benefits. 
NHS-IL12 presents a novel strategy that delivers 
a powerful Th1 cytokine that can function locally as an 
immune adjuvant and, when combined, can augment other 
immunotherapies.
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NKT, natural killer T cells; PBMC, peripheral blood 
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