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Neutrophils in the tumor 
microenvironment
Tumor progression is defined by both can-
cer cell–intrinsic effects, related to genetic 
and epigenetic phenomena, and extrinsic 
influences of various nonmalignant stro-
mal cells (1). In particular, macrophages 
and myeloid-derived suppressor cells 
(MDSCs) have attracted the attention of 
scientists and clinicians for their profound 
role in supporting tumor progression, 
angiogenesis, and immune evasion and 
thus their impressive therapeutic potential 
(2–4). Until recently, less was known about 
neutrophils, which often comprise the 
most abundant subset of myeloid cells and 
are more challenging to study due to their 
phenotypic diversity and limited life span.

Neutrophils are important early regula-
tors of wound healing and chronic inflam-
mation. While they were initially overshad-
owed by tumor-associated macrophages, 
strong evidence suggests that neutrophils 
infiltrate the tumors and actively partici-
pate in tumor growth and metastasis (5). 

However, due to their functional plas-
ticity, neutrophils can have either tumor- 
inhibitory (N1 type) or tumor-promoting 
(N2 type) effects. The immature N2 neu-
trophils share surface markers and mor-
phology with polymorphonuclear MDSCs 
(PMN-MDSCs), which are also immature 
neutrophils that have immunosuppres-
sive potential (3, 5). GM-CSF–induced 
activation of STAT3 transcription factor is 
the key molecular mechanism that drives 
neutrophil expansion and differentiation. 
Tumor-derived factors, such as IL-6, stem 
cell factor (SCF), or GM-CSF, often hijack 
this mechanism to accumulate imma-
ture neutrophils. Importantly, the chronic 
STAT3 activity in tumor-associated neu-
trophils (TANs) hampers their cytotoxic 
activity and can induce proangiogenic and 
immunosuppressive phenotypes (6, 7).

Beclin-1 as a key regulator of 
neutrophil activity
The study by Tan and colleagues in the cur-
rent issue of the JCI brings into light a new 

molecular mechanism regulating proin-
flammatory and tumorigenic properties of 
neutrophils, distinct from the PMN-MDSC 
phenotype (8, 9). The authors focused on 
the role of beclin-1, an important positive 
regulator of early autophagy stages and a 
potential tumor suppressor (10). In fact, 
the heterozygous deletion of beclin-1 gene 
(Becn1) resulted in spontaneous formation 
of lymphomas and lung and liver cancers 
in mice (11). While the cytoprotective and 
immunogenic effects of autophagy in 
cancer cells have been intensely studied, 
the autophagy process proved to be high-
ly complex, with conflicting effects and 
poor druggability. Interestingly, a previous 
study from the same research group indi-
cated that, beyond the role in autophagy, 
beclin-1 also controls production of type I 
IFN and thereby controls innate immunity 
(12). Together, these observations suggest-
ed that beclin-1 might, at least partly, act 
as a cancer cell–autonomous tumor sup-
pressor through activity in nonmalignant, 
innate immune cells.

Tan et al. found that the myeloid-spe-
cific deletion of Becn1 (Becn1ΔM) result-
ed in hypertrophy of lymphoid organs, 
such as spleen and lymph nodes, in mice. 
Selective neutrophil and B cell expan-
sion, without changes among monocyte 
or macrophage populations, caused these 
histopathological aberrations. Specifical-
ly, LPS stimulated TLR4 on neutrophils 
to produce proinflammatory mediators, 
including TNF-α, ROS, CD40L, or cyto-
kines such as IL-1β, IL-17, and IL-21. Due 
to high inflammatory-factor levels, Becn1ΔM 
mice developed an increased sensitivity 
to endotoxin shock. A series of careful in 
vitro studies suggested that beclin-1 inter-
acts with MEKK3 kinase upstream from 
p38 signaling, which plays a key role in 
regulating proinflammatory mediators. 
Using Becn1ΔM mouse models with targeted 
ablation of MEKK3 or p38 encoding genes, 
the authors verified that the upregulation 
of proinflammatory cytokines in Becn1ΔM 
neutrophils depends on the MEKK3/p38 
signaling pathway. Furthermore, they 
found that beclin-1 was directly responsi-
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Neutrophils are early wound healing and inflammation regulators that, 
due to functional plasticity, can adopt either pro- or antitumor functions. 
Until recently, beclin-1 was a protein known mainly for its role as a critical 
regulator of autophagy. In this issue of the JCI, Tan et al. describe the 
effects of the beclin-1 conditional myeloid cell–specific deletion in mice, 
in which immunostimulation resulted in hypersensitive neutrophils. The 
chronic proinflammatory effect of these neutrophils triggered spontaneous 
B cell malignancies to develop. Such tumorigenic effects were mediated 
primarily by IL-21 and CD40 signaling, leading to the upregulation of 
tolerogenic molecules, such as IL-10 and PD-L1. The authors went on to 
examine samples derived from patient lymphoid malignancies and showed 
that beclin-1 expression in neutrophils positively correlated with pre–B 
cell leukemia/lymphoma. Overall, the study provides an elegant model 
for neutrophil-driven carcinogenesis and identifies potential targets for 
immunotherapy of B cell malignancies.
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identified a population of tumor-promoting 
neutrophils with so-called B cell helper phe-
notype assisting in the transition from auto-
immune manifestations to chronic lympho-
cytic leukemia or lymphoma (13, 14).

Tan et al. next investigated the molec-
ular mechanisms driving B cell lymphom-
agenesis in Becn1ΔM mice. The interaction 
of B cells with Becn1-deficient neutrophils 
resulted in increased activity of STATs 
(STAT1, STAT3, and STAT5) as well as 
ERK and JNK kinases downstream from 
IL-21 and/or CD40 receptors. The B cells 
from Becn1ΔM mice upregulated expression 
of several STAT1/3 targets, such as Cd274 
(PD-L1), Cxcl9, Irf1, Socs1 or Socs3, and B 
cell activation markers (Il10, Saa3) (15). 
Also upregulated was a gene encoding a 
key cytosolic DNA sensor (Mb21d1), bet-
ter known as cyclic GMP-AMP synthase 
(cGAS), which shows dichotomous pro- and 
antitumor effects (16). Both Jak/STAT3 and 
ERK signaling contributed to PD-L1 expres-
sion through direct promoter activation and 
potential transcript stabilization (9).

To validate the therapeutic implications 
of these findings, Tan et al. used antibodies 
to neutralize PD-L1 or IL-21R in lympho-
ma-bearing Becn1ΔM mice. The elimination 
of IL-21 as well as PD-1 immune check-
point blockade triggered tumor infiltration 
by cytotoxic CD8+ T cells, thus supporting 
the role of both molecules in the neutrophil 
and B cell crosstalk (9).

Finally, Tan et al. provided enticing 
evidence for beclin-1 as an immune check-
point regulator in human B cell malignan-
cies, such as pre–B acute lymphoblastic leu-
kemia/lymphoma (ALL). The neutrophils 
in tested pre–B cell ALL patients showed 
lower on average expression of beclin-1, 

indicated an indirect effect of neutrophils 
on lymphoid cells. More detailed histo-
pathological analysis in lungs and various 
lymphoid organs of Becn1ΔM mice revealed 
that B cell lymphoma cells colocalized with 
dense neutrophil populations in lungs or 
in lymphoid organs. Importantly, the lym-
phoma-associated neutrophils failed to 
suppress T cell proliferation when tested 
ex vivo, indicating that, despite the over-
lapping CD11b+/Ly6G+ phenotype, they 
were not PMN-MDSCs (9). These findings 
correspond well with previous reports that 

ble for the ubiquitination and proteasomal 
degradation of MEKK3, thereby mitigating 
downstream inflammatory signaling in 
wild-type neutrophils (Figure 1 and ref. 9).

Crosstalk between Becn1-
deficient neutrophils and B cells
Intriguingly, about 20%–40% of Becn1ΔM 
mice developed spontaneous and high-
ly proliferative lymphomas with a pre–B 
lymphoblastic lymphoma phenotype. 
Given that Becn1 deletion was limited to 
myeloid cells and not B cells, these results 

Figure 1. Beclin-1 operates as an immune 
checkpoint regulator in neutrophils. A model 
for the interaction between Becn1-deficient 
neutrophils and B cells or B cell leukemia/lym-
phoma cells in vivo shows beclin-1 deficiency 
unleashes inflammatory TLR signaling in neu-
trophils by stabilizing MEKK3, leading in turn to 
excessive p38 signaling. As a result, hyperactive 
neutrophils initiate CXCR3/CXCL9-mediated B 
cell chemotaxis. The release of proinflammatory 
mediators, such as IL-21, and the expression of 
CD40 ligand by neutrophils triggers MAPK and 
Jak/STAT signaling in B cells, resulting in the 
production of immunosuppressive regulators 
IL-10 and PD-L1. These tolerogenic effects likely 
contribute to the development of B cell ALL.
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body and CAR T cell immunotherapies 
are often hampered by the emergence of 
CD19- or CD20-negative cancer clones 
(20). Interestingly, the correlation of high 
neutrophil infiltration and poor patient 
outcomes have been previously reported 
in brain, breast, or lung cancers (21), which 
are also known for reduced beclin-1 levels 
(17). Thus, it is tempting to suggest that 
the role of beclin-1 as a neutrophil-specif-
ic checkpoint and tumor suppressor could 
reach beyond B cell malignancies.
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with increased neutrophil activation as 
measured by formation of neutrophil 
extracellular traps (NETs). Correspond-
ingly, the gene expression analysis using 
publicly available databases confirmed the 
correlation between the expression of neu-
trophil marker (LY6G) and upregulation of 
both IL-21 and PD-L1 in a large group of 
recurrent pre–B cell ALL patients (9).

Remaining questions and 
therapeutic implications
The report by Tan et al. sheds light on the 
new role of beclin-1 as a potential neutro-
phil-specific immune-checkpoint mole-
cule operating in inflammation and cancer 
(9). At the same time, the study raises a 
number of questions warranting further 
investigation. Is beclin-1 dynamically reg-
ulated in neutrophils by inflammatory 
mediators, as suggested by studies demon-
strating the role of NF-κB and various 
miRNAs in Becn1 expression (17)? Would 
STAT3 counteract these effects in TANs 
and repress Becn1, as shown before in can-
cer cells (18)? Which innate immune recep-
tors in neutrophils (TLRs, cGAS/STING, 
RIG-I) are controlled by beclin-1 to prevent 
inflammatory and tumorigenic effects? 
More in-depth studies should evaluate 
further the contribution of neutrophils 
and beclin-1–controlled IL-21 production 
in the pathogenesis of human B-ALL. Due 
to direct cytotoxic effects on malignant B 
cells, IL-21 is being broadly explored for 
therapy of B cell lymphomas, albeit with 
limited success as a monotherapy (19). 
The current study indicates that IL-21 can 
have an opposite, tumor-promoting effect 
in mice, thus underscoring the importance 
of testing immune mediators in the broad-
er context of the immune cell network. The 
neutralization of IL-21 alone or together 
with PD-L1 could provide new immuno-
therapeutic approaches to recurrent adult 
pre–B cell ALL, since the emerging anti-
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