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Commentary

In a recent attempt to elucidate the role of HIF1a in modulating the fate of T cells [1], we have
demonstrated that the targeted deletion of HIF1a, specifically in T cells, enhances the inflammatory
capabilities and memory phenotype of CD8+ T cells. These findings validate that the T cell-specific
ablation of HIF1a or pharmacological inhibition of HIFla reduces the development of B16F10
melanomas, suggesting an improved anti-tumor immune response characterized by improved
secretion of effector molecules, such as IFN-y, granzyme B, and TNFaq, in the CD8+ T cells [1].
Thus, it appears that HIF1a might negatively influence specific effector functions of CD8+ T cells,
which are crucial for destroying and targeting tumor cells (Figure 1). Consequently, the inhibition of
HIF1a could lead to a multifaceted enhancement of anti-tumor immunity.

CD8+ T cells are pivotal constituent of the adaptive immune system in the fight against cancers.
Upon activation, naive CD8+ T cells differentiate towards effector and memory CD8+ T cells [2].
The differentiation of CD8+ T cells is highly dependent on the transcriptional, epigenetic, and
metabolic reprogramming events [3]. Besides, factors influencing the tumor microenvironment,
such as hypoxia, also influence the differentiation of CD8+ T cells [4]. While hypoxia is a prevalent
metabolic stress found in tumor microenvironments, terminally exhausted intratumoral T cells
appear to experience it to a greater extent, indicating that hypoxia may play a significant role in CD8+
T cell biology [5]. Mechanistically, under normoxic (normal oxygen) conditions, prolyl-hydroxylases
(PHDs) play a critical role by assisting the hypoxia-inducible factor-1 alpha (HIF1a) subunits in
hydroxylating at specific sites where two conserved prolines are located. This hydroxylation process
stabilizes the HIFla subunits. Subsequently, the Von Hippel-Lindau (VHL) protein takes the
lead in orchestrating the ultimate proteasomal degradation of HIF1a through a process known as
ubiquitination and acts as a negative regulator of HIF1a [6,7].

Despite the well-established association between the hypoxic microenvironment in inflamed
tissues and tumors and its role in immunosuppression and T-cell differentiation [8-10], some
researchers have provided solid evidence for the notion that hypoxic conditions, along with the
activity of HIFla, can augment the differentiation of CD8+ T cells into cytotoxic T cells with
improved effector function more effectively [11,12]. These findings have been validated in mice with
genetic ablation of VHL in the T cells, which elevated the expression of HIFs, including HIF1a
and HIF2a. For example, in a study, mice developed with VHL-deficient CD8+ T cells exhibited
upregulated HIF1a and HIF2a and controlled B16 tumor development [12]. Meanwhile, VHL-
deficient CD8+ T cells also induce glycolytic metabolism and enhance the effector functions in CD8+
T cells [12]. Similarly, another contrasting study used HIF1a"4lck“"* mice and exhibited elevated
tumor growth and depleted effector differentiation of CD8+ T cells [13]. Additionally, the deletion of
VHL in CD8+ T cells promoted the differentiation of memory CD8+ T cells in a manner dependent
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Figure 1. Blocking HIF1a in T cells enhances effector-memory function in CD8+ T cells to bolster anti-tumor immunity. Under hypoxic
conditions in the tumor microenvironment, activation of HIF1a leads to the exhaustion of CD8+ T cells, along with a decrease in the effector CD8+
T cells. However, pharmacological or genetic inhibition of HIF1a improves the population of CD8+ T, cells and enhances the secretion of effector

molecules from CD8+ T cells.

on both HIFla and HIF2a. Interestingly, the heightened anti-
tumor potency observed in CD8+ T cells was primarily attributed
to the indirect but constitutive activity of HIF1a [14]. The primary
limitation of these studies lies in their reliance on mouse models
where molecules associated with HIF1a signaling were conditionally
knocked out instead of direct conditional knockout of HIF1a in T
cells. This approach may not fully capture the specific and elusive
effects of HIFla within T cells, potentially leading to incomplete
or indirect insights into its role in T cell biology. To address these
limitations, authors have taken the step of generating T-cell-specific
HIFla knockout mice. Surprisingly, our findings revealed an
enhanced anti-tumor immune response characterized by heightened
effector functions in CD8+ T cells. To further validate these findings,
tumor-bearing mice and purified T cells were treated with a HIF1a
inhibitor, Acriflavine (ACF). The results mirrored those obtained
with HIF1a ablation, manifesting a decline in tumor growth and an
enhancement in the memory and inflammatory potential of CD8+
T cells [1]. Besides our findings, which exhibited that inhibiting
the HIF1a using ACF enhances anti-tumor immune responses, it
has also been shown that various other inhibitors of HIF1a, such as
dichloroacetate and PX-478, exhibit anti-tumor immune responses
[15,16]. This unexpected result highlights the significance of HIF1a

depletion in achieving anti-tumor immune responses.

Upon activation of the T cell receptor (TCR), CD8+ T cells
undergo differentiation into distinct effector or memory T cell
subsets, characterized by their differential expression of phenotypic

markers, including CD127 (the IL-7 receptor) and KLRG1 (lectin-
like receptor G1). Enhanced CD127 levels are indicative of effector
CD8 T cells that are poised to differentiate into memory T cells.
In contrast, effector cytotoxic CD8+ cells exhibit a phenotype
characterized by altered levels of KLRG-1""/CD127"* [17,18].
Given that HIFla and associated metabolic pathways have
previously been implicated in the regulation of effector and memory
T cell differentiation [14,19], the levels of CD127+ KLRG1+ cells
were assessed to gain insights into these processes. Remarkably, upon
exposure to PMA and ionomycin, a notably increased population
of cells with a KLRG-1"#" phenotype was observed within the
CD8+ CD127+ cell subset from T-cell-specific HIF1a knockout
mice [1]. KLRG1 is a cellular marker for short-lived effector CD8+
T cells (SLEC). However, it was designated that T populations
can be derived from either SLECs or Memory Precursor Effector
Cells (MPECs). The downregulation of KLRGI is not necessary
for the formation of memory cells [20]. Furthermore, Long-Lived
Effector Cells (LLECs) constitute a unique population that combines
characteristics of both the effector and memory phases of the immune
response and primarily originate from a subset of fate-permissive
effector T cells [21]. In our study, it was observed that CD8+ T
cells from T-HIF1a™ mice exhibited heightened levels of IFN-y and
Tbx21 (T-bet) mRNA, demonstrating their enhanced potential to
contribute to the anti-tumor response actively [1]. However, the
reasons for these differing conclusions between our study and others
remain unclear. This discordance highlights the need for a more
comprehensive investigation into HIFla expression and activity
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throughout T cells' dynamic metabolic life cycle within diverse
tissues. Further research is needed to reconcile these conflicting

findings and better understand the role of HIF1a in T-cell biology.

Under hypoxic tumor microenvironment conditions, T cells
employ hypoxia-sensitive elements, such as HIF1q, to orchestrate
transcriptional and post-translational programs in T cells. One
notable gene regulated in response to hypoxia is CD39 (Entpdl),
a pivotal member of the adenosine pathway and an ectoenzyme
that consistently serves as a reliable marker for identifying tumor
antigen-experienced T-exhausted cells (T,,) in both murine and
human diseases [22]. Recent evidence indicates that hypoxia plays
a significant role in T, cells by elevating the expression of CD39 in
CD8+ TEX cells in an HIF1la-dependent manner [5,22,23]. It was
revealed that treating mice with axitinib and metformin, two agents
targeting tumor hypoxia, provides therapeutic benefit by significantly
reducing tumor hypoxia in mice and reducing suppressive activity
CD8+ T, supporting the role of tumor hypoxia in T cell
suppressor function [23]. Surprisingly, Foxp3+ Treg cells from the
same tumor microenvironments (axitinib- and metformin-treated
tumors) maintain their potent inhibitory properties ex vivo despite
targeting hypoxia in the tumor microenvironment [23]. Similar to
these findings, our study observed that despite the improved anti-
tumor immune response with elevated effector function of CD8+ T
cells after the inhibition of HIF1a in tumor-bearing mice, there was
still an increased population of Foxp3+ Tregs [1].

It was summarized that Foxp3 expressing Tregs play a dual
role in tumor immunity, with their immunosuppressive functions
dampening anti-tumor responses and contributing to immune
evasion by cancer cells. They maintain immune tolerance, which
can extend to tumor cells, facilitating tumor progression [24].
However, efforts to selectively target or modulate Tregs in the
tumor microenvironment are being explored to unleash anti-tumor
immune responses. Combination therapy involving the modulation
or depletion of Tregs in cancer treatment presents a multifaceted
advantage by unleashing potent anti-tumor immunity. This approach
synergizes with existing immunotherapies, overcomes resistance,
minimizes systemic side effects, and offers personalized treatment
tailored to individual immune profiles, and tumor characteristics
[25,26]. In order to address the challenge posed by the elevated Treg
population hindering the attainment of a potent anti-tumor immune
response, a combination therapy approach was employed. This
involved using both the HIF1a inhibitor, ACE and Treg depletion
reagent, such as Cytoxan [27,28]. This combinational therapeutic
approach aimed to target the Tregs and the HIFla underlying
mechanisms, potentially enhancing the effectiveness of anti-tumor
immune responses. Intriguingly, consistent with our previous
findings, mice treated with ACF exhibited significantly decelerated
tumor growth rates compared to the control group receiving the
vehicle treatment. Similarly, the use of Cytoxan as a monotherapy
also led to a notable reduction in tumor growth. Importantly, in
alignment with our initial hypothesis, the combination of the
HIF1la inhibitor with periodic low-dose Cytoxan yielded an even
more substantial suppression of tumor development. In fact, the
tumors in these mice were barely detectable for a significant portion
of the experiment’s duration [1]. These collective findings underscore
the significant roles played by HIFla in distinct subsets of CD8+
T cells. Importantly, our research suggests substantial implications
for augmenting the potential of T cell-based anti-tumor immunity
through the strategic combination of HIF1a and Treg inhibitors.

In conclusion, our recent study underscores the significant role
played by HIF1a in the function of CD8+T cells. Ithas been validated
that T cell-specific deletion of HIF1a significantly reduces tumor
development, accompanied by enhanced memory and inflammatory
potential within CD8+ T cells. Moreover, our study suggests that
combinational therapy employing both Treg and HIF1a inhibitors
can effectively delay tumor development. These findings emphasize
the detrimental effect of HIF1a on productive T cell responses to
tumors and highlight the potential therapeutic value of HIFla-
blocking agents and Treg inhibitors in the treatment of aggressive
cancers. Additionally, the study highlights the distinct effects of
HIFla within different T-cell subsets, offering opportunities for
targeted interventions with substantial anti-tumor effects.
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