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Metformin and cancer immunity
Ruixia Ma1,2,4, Bin Yi1,2, Adam I. Riker3 and Yaguang Xi1,2

The immune system plays an essential and central role in tumor cell differentiation, proliferation, angiogenesis, apoptosis, invasion,
and metastasis. Over the past decade, cancer therapy has rapidly evolved from traditional approaches, such as surgery,
chemotherapy, and radiotherapy, to revolutionary new treatment options with immunotherapy. This new era of cancer treatment
options has now been clinically tested and applied to many forms of human malignancies, often with quite dramatic results. As we
develop more effective combinations of cancer treatment, several agents have been recently investigated, putatively identified as
anticancer agents, or immunostimulatory molecules. One such agent is metformin, originally developed as a fairly standard first-line
therapy for patients with type-2 diabetes mellitus (T2DM). Given the underlying mechanisms of action, researchers began to
examine the alternative functions and possible utility of metformin, finding that the cancer risk in patients with T2DM was reduced.
It appears that metformin, at least in part, has an antitumor effect through activation of the 5’ adenosine monophosphate-activated
protein kinase (AMPK) signaling pathway. Moreover, numerous studies have demonstrated that metformin interferes with key
immunopathological mechanisms that are involved in the pathological processes or associated with malignant progression. Such
insights may shed light on further analyzing whether metformin enhances the effectiveness of the immunotherapy and overcomes
the immunotherapy resistance in the patients. Herein, we provide a comprehensive review of the literature examining the impact of
metformin upon the host immune system and cancer immunity.
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INTRODUCTION
Worldwide, there are 18.1 million new cancer cases and 9.6 million
cancer deaths every year [1]. In the United States alone, in 2020, the
incidence of new cases for all types of cancer is 1,806,590, with
606,520 deaths [2]. Cancers of all types are ranked as either the first
or second most common cause of premature death in almost 100
countries worldwide. We have begun to understand the critical role
of the human immune system in protecting us not only from foreign
pathogens but also from cancer in terms of cancer prevention,
development, and metastasis [3, 4]. The pathophysiology of a
neoplasm begins with the establishment of a protumor and
immunosuppressive microenvironment that supports growth, meta-
static potential, and immune escape mechanisms.
In general, tumor cells can give rise to nondividing cells that

form part of the tumor microenvironment and secrete proteins
and growth factors that support tumor cell growth and progres-
sion. The tumor immune microenvironment (TIME) represents a
complex network of cellular mechanisms mediated by both tumor
cells and host immune cells, with the capacity to predict overall
immunologic responsiveness to cancer. This phenomenon occurs
not only at the primary tumor site but also in regional and distant
sites of metastatic disease. The latest advances in molecular and
cellular tumor immunology have demonstrated that cancer
cells can actively recruit and alter immune cell phenotypes, as

well as cellular functions, promoting either immune suppression
or tolerance of tumor-associated antigens [5].
Recently, we have experienced nothing short of a revolution in

regards to the development of efficacious cancer treatments,
especially in the area of new cancer immunotherapy with immune
checkpoint inhibitors (ICIs) [6]. Derived from ICI research, some
agents have also been demonstrated to modulate cancer
immunity and enhance ICI immunotherapy. One of these agents,
metformin, also known as 1,1-dimethyl biguanide hydrochloride,
is an FDA-approved drug to treat type-2 diabetes mellitus (T2DM)
in the clinic. With a well-established mechanism of action via the
activation of 5’ adenosine monophosphate-activated protein
kinase (AMPK), metformin regulates cellular energy metabolism,
surprisingly resulting in a reduction in incidence and mortality for
several types of cancer [7, 8]. For instance, in breast cancer
patients, treatment with neoadjuvant chemotherapy in combina-
tion with metformin appears to increase the rate of complete
pathological response to therapy [9]. Intriguingly, metformin was
also found to boost the immune system and increase the potency
of cancer treatment, although the molecular mechanisms involved
in this effect have not been fully understood [10, 11]. In this
review, we outline the immune features of metformin and its
potential effects on immune systems, including its defining role as
an anticancer agent and in preventing the development of cancer.
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MECHANISM OF ACTION OF THE ANTIDIABETIC AND
ANTICANCER ACTIVITIES OF METFORMIN
Metformin is one of the first-line treatments for T2DM and exerts
its antidiabetic effects by suppressing hepatic gluconeogenesis.
The widely accepted mechanism of action for metformin is the
stimulation of AMPK. Inhibiting mitochondrial respiratory chain
complex I by metformin can activate AMPK by reducing ATP
production, leading to an increase in the AMP:ATP ratio [12, 13].
AMPK activation can not only suppress the transcription of
gluconeogenic genes but also inhibit lipogenesis and improve
insulin sensitivity [12, 13]. Deactivating the mammalian target of
rapamycin (mTOR) signaling is one of the dominant outcomes of
the AMPK-dependent action of metformin, and mTOR is often
regarded as an essential regulatory mechanism to control cell
growth and proliferation in both diabetes and cancer [14–17].
Recently, Kalender et al. reported that mTOR complex 1 (mTORC1)
could also be targeted by metformin in an AMPK-independent
mechanism involving the inhibition of Rag GTPases in two distinct
preclinical models of cancer and diabetes [18].
Reduced reactive oxygen species (ROS) is another AMPK-

independent mechanism accounting for the activity of metformin.
Algire et al. reported that metformin could reduce ROS production
to protect cells from DNA damage and mutagenesis [19]. Nguyen
et al. further demonstrated that metformin could diminish
lithocholic acid (LCA)-stimulated ROS production, which in turn
blocked the nuclear factor kappa B (NF-κB) signaling that was
critical for upregulating interleukin (IL)-8 in human colorectal
cancer (CRC) HCT116 cells [20]. Furthermore, metformin can target
hexokinase (HK) in breast cancer cells [21], which is an essential
enzyme for glycolysis that catalyzes the phosphorylation of
glucose by ATP to glucose-6-phosphate (G6P). In the breast
cancer MDA-MB-231 model, metformin was found to inhibit HK
activity, which in turn, partially impaired glucose metabolism
and tumor growth [21]. Recently, DeWaal et al. reported that
metformin treatment in hepatocellular carcinoma (HCC) cells with
HK-2 deletion could effectively inhibit mTORC1 through an AMPK-
independent mechanism involving a gene called regulated in
development and DNA damage responses 1 (REDD1) [22]. Ben
Sahra et al. reported that REDD1 was a negative regulator of mTOR
and a molecular target of metformin involved in cell cycle arrest
[23]. They also found that cyclin D1 was an alternative target of
metformin in the regulation of the cell cycle [24]. Transforming
growth factor-β (TGF-β) has been shown to be involved in the
pathogenesis of numerous human diseases, including a variety of
cancers. Xiao et al. demonstrated that metformin could directly
influence the dimerization of type II TGF-β1 receptor and block the
binding of TGF-β1, effectively reducing TGF-β oncogenic signal
transduction [25]. These mechanisms provide novel insights into
the AMPK-independent antidiabetic and anticancer activities of
metformin.
Mitochondrial respiratory chain complex 1, known as NADH:

ubiquinone oxidoreductase, was also reported as a vital target of
metformin [12, 26]. Metformin can suppress NADH oxidation, the
electron transport chain (ETC), and ATP production, leading to an
increase in the AMP:ATP ratio. In turn, AMPK is activated, resulting
in the inhibition of fructose-1,6-bisphosphatase (FBP1), an
essential gluconeogenic enzyme involved in the process of
gluconeogenesis [13]. Metformin can target mitochondrial
glycerophosphate dehydrogenase (mGPDH) and impair the
production of dihydroxyacetone phosphate (DHAP), leading to
a decrease in gluconeogenesis from glycerol [27]. Furthermore,
Madiraju et al. reported that the cytosolic redox state promoted
by mGPDH inhibition could suppress the activity of the redox-
dependent enzyme lactate dehydrogenase (LDH), resulting in the
reduction of pyruvate production and gluconeogenesis from
lactate [27]. They also demonstrated that metformin could
suppress hepatic gluconeogenesis in vivo in a redox-dependent
manner, independent of reductions in citrate synthase flux,

hepatic nucleotide concentrations, acetyl-CoA carboxylase activ-
ity, and gluconeogenic enzyme protein expression [28]. Alshawi
et al. reported that a low dose of metformin could cause a more
oxidized mitochondrial NADH/NAD redox state in hepatocytes
and inhibit gluconeogenesis by a redox-independent mechanism.
They found that a compromised malate-aspartate shuttle and
altered allosteric effectors of phosphofructokinase-1 (PFK1) and
FBP1 could attenuate trans-mitochondrial electrogenic transport
mechanisms, leading to changes in the lactate/pyruvate ratio and
glucose production [29].
Overall, both AMPK-dependent and AMPK-independent path-

ways contribute to the mechanism of action of the antidiabetic
and anticancer activities of metformin.

TUMOR MICROENVIRONMENT, IMMUNE CELLS, AND CANCER
PROGRESSION
The tumor microenvironment (TME) is defined as a complex with
the tumor mass at the center surrounded by fibroblasts, blood
vessels, immune and inflammatory cells, adipose cells, neuroen-
docrine cells, and the extracellular matrix (ECM) [30]. In the TME,
immune cells have been recognized as having a dominant
influence and control over tumorigenesis, immune tolerance,
and escape. Multiple immune cell types, including neutrophils,
macrophages, dendritic cells (DCs), natural killer (NK) cells, and T-
and B-lymphocytes, have been shown to infiltrate the tumor and
actively participate in the modulation of the TME.
The infiltration of immune cells, such as T-lymphocytes, has been

shown to predict patient outcomes for many solid tumor types
following treatment with different immunotherapy approaches [31].
In many instances, clinically detectable cancer has likely evaded the
host immune system, continuing to grow unabated over time [32].
The tumor escape phenomena fall into two broad categories, one
based on cellular characteristics and the other based on molecular
characteristics of the TME [32]. The growth of a cancer cell is quite
complicated and comprises an interdependency upon cells,
adjacent stromal tissue, and other growth and inhibitory factors
that ultimately determine the outcome of tumor growth, progres-
sion, or metastasis [33].
Although neutrophils were initially thought to play a critical role

in immunosurveillance, recent evidence suggests that a population
of neutrophils, called tumor-associated neutrophils (TANs), has
tumor-supportive functions [34]. Under certain conditions within
the TME, immature and mature neutrophils undergo proliferative
expansion, inducing the suppression of T-cell proliferation [35].
These suppressing cells are known as myeloid-derived suppressor
cells (MDSCs), which consist of two major subpopulations:
monocytic MDSCs (M-MDSCs) and polymorphonuclear MDSCs
(PMN-MDSCs). The discovery of MDSCs is quite important, along
with the recognition of their crucial role in determining the ultimate
outcome of tumors, either growth or regression, within the TME
[36]. One of the main features of MDSCs is their potent
immunosuppressive activity. Initially generated within the bone
marrow of tumor-bearing hosts, MDSCs eventually leave the bone
marrow and migrate to the peripheral lymphoid organs, as well as
the established tumor, suppressing the T-cell response even with
immunotherapy.
Tumor-associated macrophages (TAMs) represent a class of

robust regulators of the complex interplay between the immune
system and cancer. Macrophages are one of the most common
immune cells within the TME of solid tumors, and their presence
correlates with the survival of cancer patients [37]. TAMs can be
found at all stages of tumor progression and can stimulate
angiogenesis and tumor cell invasion/migration from the primary
site. TAMs and monocytes can facilitate tumor cell motility and
survival by suppressing immune surveillance and support the
formation of a premetastatic niche at distant metastatic sites where
TAMs can promote the growth of disseminated tumor cells [37].
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The development of agents that are capable of inhibiting the
recruitment of macrophages is regarded as a promising anticancer
strategy in the future.
The identification of a “cancer-immunity cycle” was first

hypothesized and developed by Chen and Mellman [38]. In this
seminal article, the authors referred to a cycle consisting of seven
major steps, starting with neoantigen release, presentation,
priming and activation, T-lymphocyte trafficking, infiltration,
recognition of cancer cells, and ending with the killing of cancer
cells by cytotoxic T-lymphocytes (CTLs). Therefore, cancer-directed
immunotherapy has focused on a specific antitumor CTL response,
recognizing the potent cytotoxicity of CD8+ T-lymphocytes on
established tumors [39].
Immunity to cancer is a cyclic process that can be self-

propagating, leading to an accumulation of immune-stimulatory
factors that amplify and broaden T-cell responses. The most
clinically effective immunotherapies to date, in the form of ICIs,
target the programmed cell death protein 1 (PD-1) receptor or its
ligand, PD-L1 [40–43]. However, only select tumor types and
cancer patients have benefited from ICI therapies. Therefore, it is
of utmost importance to understand the interactions of cancer
cells with different immune cells and the mechasnim how they
form a complement system as an essential component of innate
immunity to regulate cancer immunity [44]. For instance, the
complement factors, C1Q, anaphylatoxins C3a and C5a, and their
associated receptors, C3aR and C5aR1, have been reported to be
involved in tolerogenic cell death and inhibition of antitumor T-
cell responses functionally via the recruitment of several
immunosuppressive cell populations, such as MDSCs, regulatory
T-cells (T-regs), and TAMs, as previously discussed [44].
The initial identification of NK cells showed that these lympho-

cytes were readily capable of killing tumor cells without specific
immunization or activation [45]. Subsequently, it was shown that NK
cells could also kill cells that were infected with certain viruses, as
well as preferentially, and nonselectively, attacking cells that lack
the expression of major histocompatibility complex (MHC) class I
antigens [46]. The cytotoxic ability of NK cells can be enhanced by
cytokines, specifically IL-2 and IL-12 [47, 48]. After activation, NK cells
are able to release cytokines and chemokines to induce inflamma-
tory responses and modulate the growth and differentiation of
monocytes, DCs, and granulocytes, which further influence sub-
sequent adaptive immune responses [46–48].
While T-cells remain a critical component of an effective

antitumor response, NK cells are one of the “first responders” to
the scene, even before other T-cell subsets arrive. It is NK cells that
possess the innate ability to detect transformed cells, and thus, are
the key to cancer immunosurveillance and antitumor immunity,
particularly in hematological cancers, to potentially minimize the
chance for metastatic dissemination of tumor cells [49]. There-
fore, NK cells display a rapid and potent antitumor immunity, with
major studies currently being undertaken to fully exploit NK cell
antitumor properties in the clinical setting [50].

THE CLINICAL UTILITY OF METFORMIN AS AN IMMUNE
MODULATOR TO ENHANCE IMMUNOTHERAPY
Cancer immunotherapy enhances the immune system’s ability to
recognize, target, and eliminate tumor cells, wherever they may
reside in the body. It has been demonstrated that metformin has
antitumor effects and can inhibit tumor growth and development
in many types of cancer, including colon, prostate, liver, and breast
cancer [7, 51–55]. The underlying mechanism of action has been
extensively examined, with the activation of the AMPK-dependent
and AMPK-independent signaling pathways resulting in a
preventive effect on tumor cells, which also gives them the
necessary time to reverse the aberrant AMP:ATP ratio for
protecting cells against early cell death. These pathways represent
both upstream and downstream networks that govern cell growth

in response to the microenvironments in diabetes and cancer. It is
likely that the real anticancer effects of metformin may be related
to its involvement in host immunity and inflammation, as shown
in Fig. 1. Thus, we hope to describe the role of metformin in
antitumor immunity and its potential as a component of
combination immunotherapy for the treatment of a variety of
human cancers [11, 56–59]. Table 1 lists the studies that have
utilized a combination of metformin and anti-PD-1/PD-L1/CTLA-4
(cytotoxic T-lymphocyte-associated protein 4) in both clinical and
preclinical settings.

Metformin enhances the antitumor effect of CTLs
Solid tumors are able to establish, sustain, and grow within the
TME, creating an immunosuppressive milieu that favors immune
escape and is not recognized by the host immune system [60].
The effectiveness of ICIs has changed the treatment landscape
for many cancers, with researchers worldwide now examining in
more detail the pathobiology and immunology of such dramatic
responses to treatment. One mechanism, referred to as immune
exhaustion, describes the stepwise and progressive loss of functions
and proliferative capacity of CTLs [61]. One hallmark of exhausted
CTLs is the increased surface expression of checkpoint proteins, such
as PD-1 and CTLA-4, that can bind with PD-L1, which is dominantly
expressed on the surface of tumor cells, leading to suppression of
the CTL response and tumor immune resistance [62].
Metformin has been reported to possess both antitumor activities

and the ability to help maintain a threshold of immunosurveillance
CTLs [63]. Metformin interacts with CD8+ tumor-infiltrating lympho-
cytes (TILs), preventing them from progressing to apoptotic cell
death. Cha et al. elegantly showed that metformin interacts with CTL
activation as a critical player in cancer immunity, partly resulting in a
reduction in PD-L1 stability and membrane localization [57].
Of significance, they demonstrated that AMPK, after activation by
metformin, could directly result in the phosphorylation of PD-L1,
which in turn led to the accumulation of PD-L1 within the
endoplasmic reticulum (ER) with ER-associated protein degradation
(ERAD), and then PD-L1 was found to be abnormally glycosylated
and degraded. Therefore, blocking the inhibitory signal of PD-L1
with metformin can enhance CTL activity against cancer cells [57]. In
addition, in the syngeneic animal models of breast cancer (4T1),
melanoma (B16F10), and CRC (CT26), the combination of metformin
and anti-CTLA-4 therapy displayed robust improvement in tumor
burden, survival rate, and CTL activity, but no significant toxicity was
detected [57]. A recent study also found that metformin could
facilitate the antitumor activity of CD8+ T-lymphocytes in lung
cancer [64]. The molecular mechanism involves AMPK activation,
which decreases miR-107 expression, thus enhancing the expression
of eomesodermin and suppressing the transcription of the PD-1
gene in metformin-treated CD8+ T-lymphocytes [64].

Metformin affects macrophage polarization
The activation state of macrophages can be categorized into two
main subsets, classically-activated M1 and alternatively-activated
M2 [65]. For most cancers, TAMs resemble the M2-like subset. As
they tend to enhance tumor growth through the production of
specific cytokines that subsequently downregulate the antitumor
immune responses, TAMs are associated with the development
and poor prognosis in several types of cancers, such as colon,
breast, lung, ovarian, lymphoma, glioblastoma, liver, and kidney
[66–72]. Ding et al. revealed that the treatment of lung cancer cells
with metformin in vitro increases the expression of M1-related
cytokines and attenuates M2-related cytokine expression [73].
Furthermore, others have found that the AMPK-NF-κB signaling is
involved with the regulation of M1- and M2-related cytokine
expression-inducing genes for macrophage polarization towards
an antitumor phenotype [74]. Wang et al. reported that, by
skewing TAM polarization from an M2- to an M1-like phenotype,
metformin inhibited both tumor growth and angiogenesis in vivo
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[75]. Given its importance in cancer immunity, TAM polarization
could offer a novel therapeutic opportunity for the addition of
metformin as part of an immunotherapy regimen.
Metformin has also been shown to improve wound healing

and enhance angiogenesis, providing an additional anti-
inflammatory effect through the regulation of the AMPK/
mTOR/NLRP3 inflammasome signaling axis in which NLRP3
(NOD-like receptor protein 3) can boost M2 macrophage
polarization to accelerate wound healing [76]. Therefore, by
regulating the AMPK/mTOR signaling pathway to inhibit NLRP3
inflammasome activation, metformin is able to inhibit cancer
development potentially [76]. In addition, metformin was also
demonstrated to induce a significant reduction in ROS levels in
CD11+MDSCs and TAMs in tumors [77], and inhibit the
progression of prostate cancer by blocking the infiltration of
TAMs through the suppression of the COX2/PGE2 axis, suggest-
ing that combination therapy with metformin could be a more
efficient method of treatment [78].

Metformin suppresses MDSCs activity
MDSCs induce an immunosuppressive TME that, in essence,
protects tumor cells from immune recognition and elimination by
the host immune system. Studies have shown that MDSCs

suppress cell immunity through the enzymatic activity of CD39/
CD73 in mouse models [79, 80]. It was reported that metformin
was involved in the regulation of human MDSC-mediated
immunosuppression, both in vitro and in vivo, mainly through
AMPK activation with subsequent induction of MDSC activation.
Metformin treatment was demonstrated to inhibit C-X-C motif
chemokine ligand 1 (CXCL1) secretion in esophageal squamous
cell carcinoma (ESCC) cells and tumor xenografts via AMPK
phosphorylation to upregulate dachshund homolog 1 (DACH1),
resulting in a reduction of MDSC migration [81]. These data, as
well as other related research, show that metformin plays an
integral role as an antitumor agent by reducing PMN-MDSC
accumulation in the TME via the AMPK/DACH1/CXCL1 axis [81].
Additionally, metformin is capable of downregulating the gene
expression of CD39 and CD73, thereby inhibiting their activity in
MDSCs through the activation of AMPK-α and downregulation of
gene expression in the hypoxia-inducible factor 1-alpha (HIF-1α)
pathway, ultimately resulting in an overall decrease in MDSC
suppressive activity [82].

Metformin facilitates NK-cell activation
NK cells are critical for immunosurveillance and are especially
sensitive to metastatic cells or certain hematological cancers [49].

Table 1. Metformin modulates ICI immunotherapy in different cancers.

ICI Therapies Tumor type Clinical/Preclinical Ref.

anti-PD-1/ anti-PD-L1 Non-small cell lung cancer (NSCLC) Patients [56]

anti-PD-1/anti-CTLA-4 Melanoma Patients [11]

anti-CTLA-4 Breast cancer, Melanoma, and CRC Murine-4T1, B16F10, and CT26 models [57]

anti-PD-1 Melanoma and CRC Murine-B16 and MC38 models [58]

anti-PD-1 NSCLC Murine-TC-1 model [59]

NK cells

+

ROS

CD39/CD73

Metformin

AMPK

DACH1

CXCL1

P
S195

PD-L1

PD-L1 
degradation

miR-107

Eomes

PD-1

mTOR

NLRP3

NF-κB ROS

COX2

BECN1

MICA

PGE2

nelfinavir

MDSCs
CTLs Cancer cells

TAM
polarization

ERAD

Fig. 1 Metformin modulates cancer immunity by targeting AMPK-dependent and AMPK-independent pathways. AMPK: 5’ adenosine
monophosphate-activated protein kinase; BECN1: beclin1; COX2: cyclooxygenase 2; CTLs: cytotoxic T-lymphocytes; CXCL1: C-X-C motif
chemokine ligand 1; DACH1: dachshund family transcription factor 1; ERAD: ER-associated protein degradation; Eomes: eomesodermin; MDSCs:
myeloid-derived suppressor cells; MICA: major histocompatibility complex class I related chain A; mTOR: mammalian target of rapamycin; NF-
κB: nuclear factor kappa B; NK cells: natural killer cells; NLRP3: NOD-like receptor protein 3; PD-1: programmed cell death protein 1; PD-L1:
programmed cell death protein 1 ligand 1; PGE2: prostaglandin E2; ROS: reactive oxygen species; TAMs: tumor-associated macrophages.
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The latest study reported that metformin in combination with
nelfinavir, an antiviral drug for treating HIV infection, could
induce NAD-dependent deacetylase sirtuin-3 (SIRT3) and mito-
chondrial ROS (mROS)-dependent autophagy and sensitization
to NK cell-mediated lysis in cervical cancer cells by upregulating
major histocompatibility complex class I related chain A (MICA)
and downregulating beclin-1 (BECN1) [83]. MICA is a natural
ligand of NK cells, and BECN1 is a documented marker of
autophagy. Recently, Mgrditchian et al. demonstrated that
targeting BECN1 could inhibit melanoma tumor growth by
inducing a massive infiltration of functional NK cells into the
TME of melanoma [84].
In addition to affecting immune cells, metformin was reported

to inhibit angiogenesis by downregulating the expression of
vascular endothelial growth factor (VEGF) [75] and suppressing
HIF-1α-induced expression of angiogenesis-associated factors
(AAFs) [85]. These findings are complemented by others
that demonstrated the ability of metformin to inhibit HER2-
induced breast tumor angiogenesis by triggering the HIF-1α/
VEGF signaling axis [86]. Cancer- or tumor-associated fibroblasts
(CAFs or TAFs) are the most abundant and critical components
of stromal cells in the TME [87]. In ovarian cancer, metformin
was found to reduce the stromal fibroblast-derived IL-6,
which was relevant to chemoresistance to cisplatin, and the
mechanism of action involved metformin blocking the NF-κB
signaling that regulated IL-6 at the transcriptional level [88].
In gastric cancer (GC) cells, metformin was reported to

selectively target calmodulin‑like protein 3 (Calml3) that was
secreted by TAFs, leading to suppression of GC progression [89].
Metformin was also reported to trigger ECM in the TME. Shen
et al. found that metformin could inhibit Ang II-induced ECM
production in renal fibroblasts [90]. In addition, Incio et al.
demonstrated that in prostate cancer, metformin could reduce
desmoplasia in preclinical animal models, with the mechanism
of action involving a reduction of ECM components, specifically
hyaluronan (HA) [91]. Matrix metalloproteinases (MMPs) play a
dominant role in the proteolysis of ECM components, with
Hwang et al. finding that the inhibitory effect of metformin on
MMP-9 could address the antimetastatic activity of metformin in
human fibrosarcoma cells [92].

CONCLUSION AND FUTURE PERSPECTIVES
The proper activation of the human immune system in
response to the transformation, establishment, and growth of
cancer is both complex and not well understood. We continue to
explore and learn more about the interactions between specific
immune cell subsets, the TME, and the responses of both to
combination immunotherapy [44]. We have many examples of
the robust efficacy of various monotherapy and combination
immunotherapy regimens that have proven clinical efficacy for a
variety of cancers, such as non-small-cell lung cancer, bladder
cancer, brain cancer, breast cancer, renal cancer, colorectal
cancer, lymphoma, ovarian cancer, prostate cancer, and gastric
cancer [93–98].
During this time of intense research into optimizing our

treatment approaches for cancer patients, metformin has been
identified as a potentially efficacious antitumor agent in its own
right. Metformin likely acts in a more collaborative manner with
other immunotherapeutic agents involved in tumor elimination
[11, 56–59]. It clearly works through many cellular and molecular
mechanisms, with one of the main antitumor effects elicited
through activation of AMPK-dependent and AMPK-independent
pathways (Fig. 1). There are very likely to be many other
mechanisms by which metformin impacts the tumor response of
host immune cells. These unrecognized and undefined interac-
tions of metformin will require a more in-depth understanding of
the tumor milieu and microenvironment as it relates to cancer

immunity. Last, it appears that nontraditional treatments and
approaches to cancer will play a more significant role in the future
of cancer immunity.
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