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Tumor-targeted cytokine delivery 

by engineered myeloid cells 

unlocks CAR T cell efficacy 

and endogenous T cell responses 

in glioblastoma
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Chimeric antigen receptor (CAR) T cell 
therapies have revolutionized the treatment 
of hematological malignancies, but their 
translation into solid tumors has remained 
elusive.1 This is commonly ascribed to het
erogeneous expression of tumor-associated 
antigens (TAAs) and an immunosuppres
sive, myeloid-rich tumor microenvironment 
(TME), which antagonizes T cell penetra
tion and function. A paradigmatic example 
is glioblastoma (GBM), the most common 
and aggressive adult brain tumor, which re
mains a highly unmet medical need.2 While 
T cells can be engineered with CAR to 
recognize some GBM-associated antigens, 
they fail to provide durable anti-tumor re
sponses, likely due to limited persistence, 
premature exhaustion, and the adverse tu
mor milieu.1 In our recent study,3 we report 
a gene therapy strategy to reprogram the 
TME and revive the therapeutic potential 
of CAR T cells by leveraging tumor-infil
trating macrophages as vehicles for tumor- 
targeted gene-based delivery of immune- 
activating cytokines (Figure 1).

We built on previous work exploiting 
TIE2-expressing monocytes/macrophages 
(TEMs) as tumor-targeted delivery sys
tems.4 TEMs are a pro-angiogenic macro
phage subpopulation commonly recruited 
to tumors, where they are viciously captured 
to support their growth.5 By transplanting 
hematopoietic stem cells (HSCs) transduced 
with lentiviral vectors expressing their 
payload under a reconstituted Tie2 pro
moter, we turned their TEM progeny into 

smart vehicles that, upon recruitment to 
the TME, release immune-activating cyto
kines such as interferon alpha (IFN-α) and 
trigger a pleiotropic immune activation 
that effectively fights tumors “from 
within.”4,6 A careful design of the vector, 
which also included negative post-transcrip
tional regulation by microRNA binding 
sites, guarantees expression stringently 
confined to the TME, preventing potentially 
detrimental systemic and off-target IFN 
exposure.7 This strategy is currently under
going its first-in-human testing in a phase 
1/2a trial on GBM (Temferon, Clinical
Trials.gov: NCT03866109) led by Genenta 
Science.

In the new study, we evaluated the efficacy of 
our targeted delivery system in combination 
with CAR T cells targeting B7-H3, a clini
cally relevant antigen expressed in GBM, 
generated through an optimized protocol 
for efficient lentiviral transduction of mu
rine T cells. The model used—named 
mGB28—is a syngeneic mouse cell line or
thotopically grown in immunocompetent 
mice, which better recapitulates the growth 
pattern and immune dynamics of human 
GBM, including the recruitment of TEMs, 
compared to more permissive xenograft sys
tems or other, less infiltrative syngeneic 
models.6 We engineered TEMs to secrete 
either IFN-α for broad immune cell activa
tion throughout the TME and/or an inter
leukin-2 mutein (called orthogonal IL-2 
[oIL-2]9) that preferentially binds an 
orthogonal cognate receptor (oIL-2Rβ) co- 

delivered with the CAR to T cells to establish 
a private crosstalk between the two engi
neered myeloid and lymphoid cell popula
tions within the TME. The targeted cyto
kines rescued the activity of CAR T cells 
that, given alone intravenously and/or intra
tumorally, were ineffective—as mostly seen 
in clinical trials.1 In turn, the rescued CAR 
T cells synergized with cytokine delivery, 
significantly enhancing their effect on delay
ing tumor growth and extending mouse 
survival.

Single-cell surface and transcriptome 
profiling showed that local release of 
IFN-α in the tumor prevented early CAR 
T cell exhaustion and led to a shift from ter
minal exhaustion toward effector and 
effector memory phenotypes associated 
with successful tumor killing. Importantly, 
this strategy not only enhanced the func
tionality of adoptively transferred CAR 
T cells targeting B7-H3 but also engaged 
the host’s endogenous T cells to react against 
TAAs beyond the CAR target. This was 
shown by phenotypic and gene expression 
changes typical of antigen-driven activation 
in endogenous circulating and tumor-infil
trating cells, induction of their ex vivo reac
tivity against B7-H3-negative cells, and 
resistance of a long-term surviving mouse 
to rechallenge with B7-H3-negative mGB2 
cells. Overall, these findings support the 
contention that our combined strategy led 
to antigenic spreading of the anti-tumor im
mune response, a highly sought-after 
outcome of immunotherapy and likely a 
requirement for durable and protective 
CAR T effect in solid tumors. Mechanisti
cally, we envision that antigen-presenting 
cells such as macrophages, dendritic cells 
(DCs), and inflammatory monocytes in the 
TME can capture and effectively present 
TAAs to endogenous T cells through the up
regulated major histocompatibility complex 
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(MHC) machinery and key co-stimulatory 
signals by IFN-α. While we previously re
ported that this can occur by IFN gene ther
apy alone,6 CAR T-mediated tumor cell 
killing can strongly increase the efficiency 
of the process, not only by contributing to 
tumor cell killing but also by promptly 
providing a robust source of TAAs from 
the dying cells.

The orthogonal IL-2/IL-2Rβ system9 in
creased the intratumor abundance and pro
portion of effector phenotypes only of CAR 
T cells, indicating the establishment of a se

lective crosstalk between both populations 
of engineered immune cells in the TME, 
although it conferred a more transient 
and less substantial therapeutic benefit 
compared to IFN-α delivery. However, 
oIL-2 combination with IFN-α delivery 
further and significantly boosted therapeu
tic efficacy compared to single-cytokine 
treatment. The dual-cytokine approach 
reduced terminal exhaustion, preserved 
stem-like and memory T cell populations, 
and promoted an even more robust im
mune response from circulating and tu
mor-infiltrating endogenous T cells that 

was able to delay tumor progression even 
when only a fraction of tumor cells ex
pressed B7-H3.

In the study, we applied an innovative anal
ysis named MultiNicheNet, a computational 
framework designed to analyze cell-cell 
communication across multi-condition sin
gle-cell RNA sequencing data.10 A distinc
tive feature of MultiNicheNet is its direct 
use of downstream differentially expressed 
genes as targets of ligand-receptor interac
tions. This links ligand-receptor activity to 
gene expression changes in receiver cells, 

Figure 1. Schematics showing the functioning of TEM-based cytokine gene delivery in combination with CAR T cells against GBM 

Top left: biological hurdles to CAR T cell function in GBM. Middle: TEM-based cytokine gene delivery platform. Bottom right: reshaping of the tumor microenvironment by 

TEM-based cytokine gene delivery to rescue CAR T cell function. CAR, chimeric antigen receptor; CK, cytokine; GBM, glioblastoma; HSCs, hematopoietic stem cells; IFN-α, 

interferon-α, miRT, microRNA target sequence; oIL-2, orthogonal interleukin-2; oIL-2Rβ, orthogonal IL-2 receptor β chain; TEMs, Tie2-expressing monocytes/macrophages; 

Tie2 E/P, Tie2 enhancer/promoter. Designed in BioRender.
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offering a clearer and more biologically rele
vant view of intercellular signaling across 
varied treatments. In this way, we were 
able to demonstrate that IFN-α, particularly 
when combined with oIL-2, reprograms the 
TME by promoting inflammatory macro
phages (Cxcl9+ tumor-associated macro
phages [TAMs]) and enhancing conven
tional (c)DC1-derived IL-12 signaling to 
CAR T cells. The combination also revealed 
an IL-18-mediated interaction between 
cDC1s and CAR T cells, potentially expand
ing effectors while preserving memory cells. 
In contrast, oIL-2 alone induced limited 
changes and was associated with interac
tions involving MHC and KLRG (killer cell 
lecitin-like receptor G family) molecules, 
suggestive of a dysfunctional, natural killer 
(NK)-like T cell state driven by persistent 
stimulation,11 likely explaining the minor 
benefit. These insights highlight the dy
namic landscape of immune cell communi
cation and suggest new strategies to opti
mize CAR T cell therapies by more 
precisely modulating the TME.

The use of multiple orthogonal and tumor- 
localized signals in a coordinated fashion 
showcases a sophisticated and potentially 
clinically relevant immune engineering 
approach, which can be further expanded 
to build multiplex circuitry in the TME 
that engages distinct actors, establishes 
self-sustaining feedbacks, and ultimately 
drives powerful therapeutic responses.

Our study repositions the TME as a modifi
able barrier rather than an absolute hurdle. 
By delivering pleiotropic cytokines like 
IFN-α directly to the TME, we showed that 
it is possible to convert a hostile environ
ment into a supportive one toward T cell 
activation, expansion, and memory forma
tion. In solid tumors, especially those as het
erogeneous as GBM, reliance on a single 
target antigen poses a major limitation due 
to antigen loss. The finding that IFN-α pro
motes antigenic spreading should favor the 
deployment of durable anti-tumor immu
nity. By providing a sustained and spatially 
confined source of immune stimulation, 
the pitfalls of systemic cytokine therapy— 
such as toxicity and lack of efficacy—can 
be effectively circumvented.12

Despite the compelling results, some limita
tions warrant consideration. The study relies 
on a single GBM model that, while immuno
competent and representative of key human 
features, may not fully capture the 
complexity and heterogeneity of the human 
counterpart. The use of only one murine 
CAR construct, targeting B7-H3 and incor
porating a CD28 co-stimulatory domain, 
limits the generalizability of the findings. 
Expanding these observations across diverse 
tumor models, CAR designs, and target an
tigens will be important to validate the plat
form’s robustness. Additionally, the thera
peutic efficacy observed in this study, while 
significant, did not lead to complete tumor 
eradication in a substantial fraction of ani
mals. Residual disease may reflect intrinsic 
resistance mechanisms, limitations in CAR 
T cell persistence, or the aggressive kinetics 
of orthotopic tumor growth that outpaces 
immune remodeling.

In recent years, several strategies have been 
explored to selectively deliver cytokines to 
the tumor, including T cell armoring.12

While T cell armoring offers a promising 
and convenient “all-in-one” delivery solu
tion, it strictly depends on the persistence 
and fitness of the T cells within the TME, 
which are commonly compromised by sup
pressive signals and rapidly exhausted. 
Moreover, the mass of secreting cells may 
substantially expand early after in vivo 
administration and trigger cytokine-depen
dent toxicity, as observed in some recent tri
als exploiting IL-12 armoring.13 The TEM 
platform circumvents these issues by 
enabling stable cytokine production directly 
at the tumor site and reprogramming the 
TME before the CAR T challenge. However, 
it entails genetic modification and adminis
tration of an additional cell type, i.e., HSCs, 
increasing the complexity of the procedure 
and constraining its application to patients 
that may not tolerate the sub-myeloablative 
conditioning required for HSC engraftment. 
This hurdle may be alleviated by exploiting 
emerging biological conditioning strategies, 
which should mitigate systemic toxicity 
while easily meeting the low target chime
rism required by our strategy. In the future, 
alternative cell types—such as engineered 
macrophages14 and myeloid progenitors— 

or direct in vivo engineering approaches15,16

may reach similar benefits with more acces
sible manufacturing pipelines.

Nonetheless, as both Temferon (the clinical 
TEM-mediated IFN-α gene therapy plat
form) and B7-H3-directed CAR T cells are 
undergoing clinical testing for several tumor 
types, including GBM, our study offers a 
mechanistically grounded rationale for their 
future combination to enhance the benefit of 
each treatment and broaden their efficacy to 
more tumor types and a larger fraction of 
patients.
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