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Growing evidence suggests that the immune component of the tumor microenvironment (TME) in high-grade

serous ovarian cancer (HGSOC) may play a significant role in the progression of the disease. The poor prognosis

of HGSOC necessitates development of novel therapeutic strategies to improve patient outcomes. The type 2

diabetes medication, metformin, has been associated with significant improvement to overall survival in a number

of retrospective clinical analyses. Recent data summarized here suggest that metformin may provide such a

benefit through modulating the immune TME of HGSOC.

ovarian cancer  metformin  omentum  tumor microenvironment

1. Introduction

Metformin, a biguanide antidiabetic medication, has gained overwhelming attention in the treatment of

inflammatory diseases, as well as a number of cancers. Early retrospective epidemiological case-control studies

have indicated a possible association for metformin to enhance progression-free survival in patients with diabetes

when compared to controls, which include patients with diabetes receiving other medications, as well as patients

without diabetes . Consistently, a subsequent meta-analysis of numerous retrospective studies showed a

nearly twofold decrease in the risk of mortality across seven cohorts (cumulative odds ratio of 0.55), as well as a

small but significant decrease in the incidence of ovarian cancer in several others .

In ovarian cancer, in vivo xenograft studies have shown that clinically relevant doses of metformin given in a

preventative regimen, including pretreatment prior to and maintenance during engraftment, have decreased the

size of the primary tumor and inhibited the number of metastatic implants , suggesting that the physiological

effects of the drug may involve its activity in the TME. In line with these findings, recent studies have demonstrated

that the drug could also specifically target mesothelial cells in a 3D organotypic model of invasion of the omentum,

which was consistent with the decreased adhesion of HGSOC tumor cells to the omentum in explants removed

from patients on metformin when compared to matched controls . Moreover, in co-culture systems, metformin

was observed to also inhibit chemoresistance by inhibiting NF-κB-dependent IL-6 secretion from fibroblasts , as

well as adipocyte-induced tumor cell proliferation and migration .

2. Potential for Immunoregulation by Metformin in the
Ovarian Tumor Microenvironment
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2.1. Metformin and T Cells—An Overview

Evidence supports the claim that CD8  TIL function is of great importance in the prognosis and the survival rate in

patients with HGSOC. To date, the ability to pharmacologically modulate cytotoxic T cell behavior in the metastatic

TME of HGSOC has not yet been evaluated using preclinical models. However, several studies demonstrate the

potential impact of metformin on maintaining CD8  TIL function and possibly enriching a high CD8 /CD4  ratio to

promote an immunoreactive environment in other cancers. In a study by Eikawa et al. , metformin demonstrated

inhibition of the growth of solid tumors in vivo in leukemia, melanoma, non-small-cell lung carcinoma, breast

cancer, renal cancer, and intestinal cancer due to its ability to halt the exhaustion and apoptosis of CD8  TILs in the

TME. These findings were exemplified through the increase of three cytokines that the PD1 /Tim3  phenotypic

CD8  TILs produce, consisting of interleukin-2 (IL-2), tumor necrosis factor alpha (TNFα), and interferon gamma

(IFNγ). They also illustrated how metformin induced the differentiation from central memory T cells (Tmem) to

effector memory T cells, demonstrating a stronger memory immune response to recurring tumor development. The

authors attributed these findings in part to 5′-AMP-activated protein kinase (AMPK)-dependent inhibition of the

mammalian target of rapamycin (mTOR) . More recently, Kunisada et al. observed that metformin inhibited Treg

induction and activity at the site of tumors in fibrosarcoma, leukemia, and melanoma in vitro by downregulating

Foxp3, a transcription factor that promotes Treg phenotypes, thereby hindering the TGF-β-dependent

differentiation of naïve CD4 /CD25  T cells into Tregs . Subsequent studies evaluated metformin’s effect on the

ratio between tumor-infiltrating Tregs and tumor-infiltrating CD8  T cells. When treated with metformin, an increase

in CD8  TILs was observed, suggesting that metformin promoted either increased recruitment or differentiation

toward an antitumor T cell phenotype. Moreover, in vivo findings showed that metformin effectively delayed tumor

growth by causing a shift from oxidative phosphorylation (OXPHOS) to glycolysis, which then decreased the Treg

expression of interleukin-10 (IL-10) and cytotoxic T lymphocyte antigen-4 (CTLA-4) . Intriguingly, the ability of

metformin to alter CD4  T cell phenotypes in vivo was associated with its activation of mTOR, as the mTOR

inhibitor rapamycin ablated the ability of metformin to suppress Treg abundance. This mechanism is in contrast

with the observed prevention of CD8  TIL exhaustion resulting from the inhibition of mTOR by AMPK in the

previous study by Eikawa et al. While convincing, it is contradictory to its canonical negative regulation of mTOR

that was observed in most reports across disease states (reviewed in ). Taken together, these data suggest that

metformin may have unique effects on specific subtypes of T cells, possibly due to their distinctive metabolic

features , as well as their markedly different proteomic responses to external stimuli  . However, both indicate

that metformin may favor an immunoreactive distribution of T cell phenotypes. The potential regulation of T cell

differentiation and the subsequent CTC/Treg ratio by metformin is depicted in Figure 1.
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Figure 1. Metformin enhances CD8 /CD4  ratio to favor an immunoreactive microenvironment. The canonical

pathway of metformin intracellular activity that results in 5′-AMP-activated protein kinase (AMPK)-dependent

inhibition of the mammalian target of rapamycin (mTOR) is shown. Presumably, this enhancement in AMPK and

the consequent mTOR inhibition is attributed to the metabolic effects of metformin in promoting glycolysis through

inhibited mitochondrial respiration; however, this was not experimentally shown in these studies and is represented

by dotted lines. The ability of metformin to increase the CD8 /CD4  ratio   was associated with increases in

functional CD8  tumor-infiltrating lymphocytes (TILs) and concomitant increases in interleukin 2 (IL-2), tumor

necrosis factor alpha (TNFα), and interferon gamma (IFNγ) . Decreases in Foxp3-driven CD4  T cell phenotypes

and the subsequent reduction in interleukin 10 (IL-10) and cytotoxic T lymphocyte antigen-4 (CTLA-4) expression

were also separately observed . Cited experiments are denoted by their respective reference numbers   .

CTC: cytotoxic CD8  TILs, OXPHOS: oxidative phosphorylation, Treg: regulatory T cells. Blue arrows indicate

upregulation/activation, red arrows indicate downregulation/inactivation and red T symbols indicate direct inhibition.

Solid lines represent data presented in the cited manuscript; dotted lines indicate informed interactions from well-

established data.

2.2. Metformin and T Cells—Metabolic Targets and T Cell Phenotypes
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The potential influence of AMPK-dependent metabolic reprogramming on T cell phenotypes has recently been

reviewed , and as it is a direct substrate for LKB1 , may provide further insight into possible mechanisms by

which metformin may regulate T cell differentiation and function. The exact relationship between metformin and

LKB1, AMPK, and mTOR in T cell differentiation and function is unclear. Notably, metformin has not been shown to

directly interact with either LKB1 or AMPK and may indeed have multiple intracellular targets in addition to its

putative binding to mitochondrial complex I . This may be especially relevant in its potential to directly bind

and inhibit HMGB1 , a cytokine that is observed to regulate T cell activity and have a multitude of effects on

other immune cells (reviewed in ). How the inhibition of HMGB1 by metformin could impact T cell function in the

complex environment of the TME has yet to be evaluated. There is also some contention as to whether the doses

exceeding the micromolar concentrations used in in vitro studies, including some of the studies discussed in this

review, are relevant to the exposure of patients on the drug at doses indicated for its use in managing diabetes,

which ranges from 500–2000 mg per day. However, it is suggested that treatment regimens often used in vivo are

more closely representative of the concentration of the drug that would accumulate in target tissues, and which

activate AMPK . The possibility that metformin is acting independently of LKB1/AMPK in T cells in vivo may

explain some of these discrepancies regarding the drug’s observed physiological activity and what has been

demonstrated using genetic mouse models directly targeting the LKB1/AMPK axis. In addition to its possible

effects on multiple cell types within the TME, a further complication arises in the systemic effects of metformin that

may impact T cell function, namely, its antihyperglycemic effects through enhanced insulin sensitivity, which could

impact glucose-dependent T cell differentiation and activity . Thus, a more comprehensive understanding of

the exact molecular mechanisms by which metformin regulates T cell development and functions in vivo, or in

physiologically relevant in vitro models of the TME, are specifically required in order to properly assess the direct

effects of the drug on T cell activity in the TME.

2.3. Metformin and Myeloid-Derived Suppressor Cells (MDSCs)—An Overview

The use of compound C, an AMPK inhibitor, and CoCl , an HIF1α activator, warrants caution with the interpretation

of the results mentioned above due to the non-specificity of both drugs in their intracellular activity (e.g., ).

However, these findings are consistent with the reported inhibition in MDSC function by AMPK activation and the

proposed involvement of AMPK in the metabolic regulation of MDSC activity , as well as the putative

transcriptional regulation of CD39 and CD73 by HIF1α . Further testing by Li et al. showed that metformin

treatment increased the production of granzyme B, perforin, and IFNγ by CD8  T cells in vitro and in vivo, which

was associated with decreased activity of immunosuppressive MDSCs resulting from the downregulation of CD39

and CD73 , as illustrated in Figure 2.
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Figure 2. Metformin prevents myeloid-derived suppressor cell (MDSC)-mediated T cell exhaustion by

downregulating CD39 and CD73 expression. The exposure of MDSCs to metformin activates AMPK and inhibits

hypoxia-inducible factor 1-alpha (HIF1α) expression, thereby inhibiting the HIF1α-mediated transcriptional

upregulation of CD39 and CD73 and subsequently suppressing cytotoxic CD8  T lymphocytes (CTCs). This results

in a net effect of reduced T cell exhaustion. Blue arrows indicate upregulation/activation, red arrows indicate

downregulation/inactivation and red T symbols indicate inhibition.

2.4. Metformin and MDSCs—Clinical Implications and Limitations

To complement their preclinical findings, the level of expression of CD39 and CD73 in MDSCs, as well as CD8  T

cell function, was measured in patients with type 2 diabetes mellitus (T2DM) on metformin. Consistent with their in

vitro and in vivo data, metformin treatment significantly decreased CD39 and CD73 expression in MDSCs but

increased CD8  T cell function, as measured using granzyme B production. Intriguingly, these effects were

observed in patients with diabetes before and after metformin treatment using a pairwise comparison (e.g.,

comparing the expression levels within patients following treatment) . Presumably, these measurements were

taken at the beginning and end of the 2-year prospective study; however, the exact duration and dosage of

treatment is not specified. Nonetheless, the concept that 2 years (or less) of metformin treatment could have a

profound impact on MDSC behavior in the TME is a strong indication that the drug may be useful in intervention

treatment regimens, especially in patients that exhibit an immunosuppressed TME, or potentially as a

chemopreventive agent in patients who are identified as being at high risk for developing an aggressive disease.

Taken together, this study by Li et al. supports a possible mechanism for metformin that prevents T cell exhaustion

through inhibition by other immune cells, such as MDSCs, to maintain an immunoreactive TME. While promising,

the in vitro data reached significance only at supraphysiologic levels of metformin at 2mM, which is markedly

higher than the micromolar range (<100 µM) experimental equivalent to the clinically used doses of the drug . It

is unclear whether higher doses of the drug were necessary due, at least in part, to the high levels of glucose in the

media during the metformin exposure, as its biological activity in vitro (e.g., AMPK activation) has been
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demonstrated to be significantly restricted by the elevated glucose observed in most cell culture media . The ex

vivo analysis of T cells from mice exposed to the drug also markedly exceeded clinically relevant concentrations at

10 mM; however, these data were strongly supported by the clinical findings. Further investigation on metformin’s

modulation of the regulation of the immune milieu in the TME by MDSCs continues to be essential to determine

whether metformin may be utilized as a therapeutic strategy to prevent immune evasion and the subsequent

progression of HGSOC.

2.5. Metformin and Neutrophils—Neutrophil:Lymphocyte Ratio (NLR)

There is no clear indication that metformin may impact the NLR in patients with HGSOC. However, data in other

inflammatory disease states suggest that the drug could potentially reduce NLR in several contexts. When looking

at metformin in diabetes, a disease that has been observed to have an elevated NLR , it was observed that

T2DM patients taking metformin had significantly decreased mean NLRs when compared to patients being treated

with a sulfonylurea . Patients with polycystic ovarian syndrome (PCOS), a disease associated with chronic

inflammatory states and that has been associated with up to a threefold increased risk of developing OvCa ,

also often present with an elevated leukocyte count, which is largely due to the increased levels of circulating

neutrophils . When Ibanez and colleagues used metformin as a treatment compared to a placebo, metformin

lessened the inflammatory response by significantly reducing the neutrophil count within 3 months of treatment .

Although these data were obtained from patients with hyperinsulinemic hyperandrogenism, a hallmark of PCOS in

which patients display especially high neutrophil and leukocyte counts , it does support the possibility that

metformin could prevent the increased neutrophil levels that are associated with aggressive HGSOC .

2.6. Metformin and Neutrophils—Neutrophil Extracellular Trap (NET)

Excess neutrophil count could predictably lead to increased formation of neutrophil extracellular traps (NETs),

which are the secretion of a network of fibers including chromatin and proteins that generally have microbicidal

activity (reviewed in ). NET formation may also result in a specific form of cell death referred to as NETosis, in

which destabilization of neutrophil membranes causes the release of a dense network of NETs that may induce

persistent inflammation associated with several autoimmune diseases . In a recent report by Honami Naora’s

group  it was suggested that the increase in neutrophils migrating into the omentum facilitated the implantation

of OvCa at this metastatic site. This resulted in detrimental effects of OvCa-induced inflammatory signaling

stimulating NET formation and subsequent NETosis. Notably, it was found that OvCa cells attached to NETs to

metastasize into the omentum. If NET extrusion was inhibited by genetic knockdown of a necessary enzyme for

their formation (Peptidylarginine Deiminase 4 (PAD4)), omental metastasis was essentially ablated. There was no

apparent effect of inhibited NET formation on development of the primary ovarian tumor, suggesting that NETs

promote early dissemination and implantation of OvCa cells onto the omentum . This study exemplifies the

effectiveness of neutrophil depletion to prevent metastasis in early-stage OvCa, and strengthens the argument that

the use of an agent, such as metformin, in a chemoprevention strategy in patients at high risk could potentially

prevent early metastasis and improve patient outcomes. To this effect, studies by Menegazzo et al. identified the

beneficial impact of metformin on NETs and NETosis . In a randomized controlled trial, metformin was shown to
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significantly decrease concentrations of NET biomarkers, such as dsDNA, histones, neutrophil elastase, and

proteinase-3.

While there is no direct evidence in HGSOC, these studies suggest that metformin’s anti-inflammatory effects may

include a reduced neutrophil count, a subsequent decreased NLR, and the inhibition of NETosis (summarized in

Figure 3), all of which have been identified as independent factors that are associated with decreased progression-

free survival in OvCa. These data warrant further investigation of metformin and its regulation of NLR and NETosis

in OvCa. By expanding in vivo studies to assess circulating neutrophils and leukocytes and fully characterizing the

distribution of various immune cells within the primary tumor and secondary sites, as well as determining the

impact of metformin on neutrophil functions (i.e., NETosis) in the omental TME, it will be possible to evaluate the

effects of metformin on preventing a deleteriously pro-inflammatory microenvironment that promotes the

metastasis of HGSOC.

Figure 3. Proposed role of metformin in inhibiting neutrophil extracellular trap (NET)-induced tumor cell metastasis.

In addition to decreasing neutrophil recruitment (not shown), metformin has been shown to inhibit protein kinase C

beta II (PKCβII) translocation to the plasma membrane and prevent the downstream activation of NADPH oxidase

(NOX) that would otherwise result in the expulsion of neutrophil extracellular trap (NET) components into the

extracellular space . Tumor cells have been shown to adhere to NETs, which contain DNA, histones, neutrophil

elastase, and other proteins. In the case of ovarian cancer (OvCa), NET formation was especially critical to the

ability of tumor cells to colonize the omentum in vivo, while having no effect on the primary tumor or other intra-

abdominal sites . The ability for metformin to inhibit this NET-dependent adhesion and colonization of the

omentum has not yet been investigated but is a potential mechanism for its antitumor activity. Cited experiments

are denoted by their respective reference numbers . Blue arrows indicate activation, red arrows indicate

inhibition, red T symbols indicate direct inactivation, and red X symbols indicate inhibition of this pathway by

metformin.
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