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Abstract: Metformin, a widely used antidiabetic medication, has emerged as a promising broad-spectrum
antiviral agent due to its ability to modulate cellular pathways essential for viral replication. By activating
AMPK, metformin depletes cellular energy reserves that viruses rely on, effectively limiting the replication of
pathogens such as Influenza, HIV, SARS-CoV-2, HBV, and HCV. Its role in inhibiting the mTOR pathway,
crucial for viral protein synthesis and reactivation, is particularly significant in managing infections caused by
HIV, CMV, and EBV. Furthermore, metformin reduces oxidative stress and reactive oxygen species (ROS),
which are critical for replicating arboviruses such as Zika and dengue. The drug also regulates immune
responses, cellular differentiation, and inflammation, disrupting the life cycle of HPV and potentially other
viruses. These diverse mechanisms suppress viral replication, enhance immune system functionality, and
contribute to better clinical outcomes. This multifaceted approach highlights metformin's potential as an
adjunctive therapy in treating a wide range of viral infections.

Keywords: metformin; broad-spectrum antiviral; AMPK activation; mTOR inhibition; viral
replication; oxidative stress; inflammation

1. Introduction

Metformin, a first-line medication primarily prescribed for type 2 diabetes (T2DM), has garnered
attention far beyond its glucose-lowering effects, showing remarkable potential in modulating host
responses to viral and bacterial pathogens [1-3]. Initially celebrated for its ability to enhance insulin
sensitivity and activate AMP-activated protein kinase (AMPK), metformin has demonstrated a
breadth of influence on cellular metabolism, immune modulation, and oxidative stress—all
mechanisms that extend its effects into the realm of infectious disease control [4-6]. As such,
metformin’s influence on cellular processes has positioned it as a promising agent for enhancing host
defenses against a range of viral infections and bacterial pathogens [7-9]. Some studies indicate
metformin's potential in enhancing therapeutic outcomes, with its effectiveness demonstrated in
bacterial and cancer cell activity [2,10-12]. Metformin demonstrates pleiotropic benefits, contributing
to the improvement of multiple conditions, including thyroid-related disorders and other diseases
[13-17]. Metformin is associated with minimal side effects compared to other medications, with the
most common being gastrointestinal disturbances, which are generally mild and transient [18-22].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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In the context of viral infections, metformin has shown the potential to interfere with viral
replication and spread by creating an intracellular environment that is less conducive to viral survival
[23,24] (Figure 1). One of the primary mechanisms underlying this antiviral effect is metformin's
activation of AMPK, which shifts host cellular metabolism away from the high-energy states that
many viruses exploit for their replication cycles [25,26]. Additionally, metformin enhances the
production of interferons and other cytokines, such as interleukin-6 (IL-6] and tumor necrosis factor-
alpha (TNF-a), which play essential roles in the innate immune response to viral infection and
chronic diseases [27-29]. Through these pathways, metformin can help mount a more robust immune
response, contributing to the containment of various viruses, including influenza, SARS-CoV-2 and
cytomegalovirus [30-32].

Metformin’s modulation of inflammatory responses provides a dual benefit by enhancing
immune cell recruitment to infection sites while preventing excessive inflammation that can cause
tissue damage [27,33-35]. This balanced immune response can improve outcomes, especially in
chronic infections or viral infections that might lead to significant tissue damage [36-39]. These
combined mechanisms suggest that metformin’s effects extend beyond glucose regulation, impacting
pathways critical for antiviral defenses [40—43].

Immune
Effects of Metformin on Viral Bt

. . ! Inflammation ({ IL-6, | TNF-a)
Rephca‘“on Stages - 1 cytokine storm (SARS-CoV-2)
! Immune activation - Smaller
latent reservoirs (HIV) Q

1l ACE2 (Receptor for SARS-CoV-2)
Disruption of lipid rafts (Influenza)

{ Budding via
. lipid raft
Budding interference
(Influenza, HBV)

Disruption of lipid
metabolism -

Impaired assembly
(HCV, HBV, Influenza)
—

! Reverse / :
Virus core
NN\ pranscription Nucleus \ structure
Viral RNA via NF-kB

inhibition (HIV) VaVaVal oo
Reverse { cccDNA \
k Bansctiption transcription ( @ Transcription v

Cytoplasm

(HBV)
Translation
MOVONON l mTOR activity - {
Viral DNA mmwm viral protein production
(HIV, HBV, HCYV,
j @ Integration Influenza, SARS-CoV-2)

\

Figure 1. This schematic illustrates the antiviral effects of metformin across different stages of the viral
replication cycle for SARS-CoV-2, HIV, HCV, HBV, and Influenza. Metformin inhibits viral entry by
downregulating ACE2 receptor expression (SARS-CoV-2) and disrupting lipid rafts (Influenza). It
suppresses genome replication by inhibiting viral polymerase activity (Influenza, HCV), cccDNA
transcription (HBV), and reverse transcription through NF-kB inhibition (HIV). Metformin reduces
viral protein synthesis by inhibiting the mTOR pathway, affecting multiple viruses, including SARS-
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CoV-2. It impairs viral assembly and maturation by disrupting lipid metabolism (HCV, HBV,
Influenza) and inhibits viral egress by interfering with lipid-mediated budding (Influenza, HBV).
Additionally, metformin modulates the immune response by reducing inflammation and cytokine
levels (e.g., IL-6 and TNF-a), mitigating cytokine storms (SARS-CoV-2), and decreasing immune
activation to shrink latent reservoirs (HIV). The Figure was designed using BioRender.com.

2. Metformin in Viral Infections and Its Therapeutic Applications Across Multiple Pathogens

2.1. Metformin’s Antiviral Potential Against Influenza: Mechanisms and Therapeutic Insight

Influenza viruses, precisely the types A and B, are segmented RNA viruses belonging to the
Orthomyxoviridae family, which utilize host cell machinery to replicate and undergo frequent
antigenic variation, contributing to seasonal epidemics and occasional pandemics [44,45]. Metformin
has garnered significant attention for its potential antiviral effects, particularly against the influenza
virus [46,47] (Table 1). Emerging research has highlighted the drug's ability to modulate host cellular
pathways, inhibiting viral replication [48,49]. The primary mechanism of metformin’s antiviral action
involves the activation of AMPK, a central regulator of cellular energy homeostasis [50,51]. By
activating AMPK, metformin disrupts metabolic processes essential for viral replication, thereby
hindering the influenza virus's ability to use host resources efficiently [32,52]. This metabolic
interference results in a cellular environment less conducive to viral propagation [48,53].

In addition to altering metabolic pathways, metformin exerts significant immunomodulatory
effects [54,55]. The activation of AMPK leads to the downregulation of pro-inflammatory cytokines,
such as IL-6 and tumor necrosis TNF-a, which are typically elevated during influenza infections and
contribute to severe inflammatory responses [56-58]. Metformin may help mitigate
hyperinflammation-related complications, such as acute respiratory distress syndrome (ARDS), by
tempering the inflammatory cascade [59,60]. Furthermore, metformin appears to influence the innate
immune response by enhancing the efficiency of autophagy, a process critical for the clearance of
viral particles and damaged cellular components [61,62]. Enhanced autophagy facilitates viral
elimination and preserves cellular integrity during infection [63,64].

Experimental evidence from in vitro studies has shown that metformin treatment significantly
reduces viral loads within infected cell cultures [65,66]. This observation suggests a potential direct
impact on virus-host interactions, possibly through the inhibition of viral entry or the disruption of
viral genome replication [67,68]. Animal models infected with the influenza virus have also
demonstrated the protective effects of metformin, with treated subjects displaying lower viral titers,
reduced lung inflammation, and improved survival outcomes compared to untreated controls
[69,70]. The immunomodulatory role of metformin may be particularly beneficial in moderating the
host's inflammatory response, thus preventing tissue damage caused by excessive immune activation
[40,71].

Metformin influences the expression of several key genes involved in the antiviral response to
influenza. It activates the AMPK gene, which plays a central role in cellular energy regulation and
restricts viral replication by reducing available energy sources [72,73]. Metformin also upregulates
interferon-beta 1 (IFNB1], which enhances the antiviral immune response by promoting interferon
production [74]. The drug further stimulates microtubule-associated protein 1 light chain 3 (LC3) and
Beclin-1 (BECN1) genes, essential for autophagy processes that help degrade intracellular influenza
particles [75]. Metformin modulates superoxide dismutase 2 (SOD2), increasing reactive oxygen
species that can directly damage viral structures [76-78].

Moreover, metformin has been reported to improve the efficacy of conventional antiviral
treatments when administered concurrently [79-81]. This synergistic effect may be due to its ability
to enhance the overall antiviral response while reducing inflammation [82-84]. Some observational
studies in humans have indicated that individuals with T2DM who are on metformin therapy tend
to experience less severe influenza symptoms and lower hospitalization rates compared to those not
receiving the medication [32,85]. Despite these promising findings, the exact molecular mechanisms
underlying metformin’s antiviral effects remain a subject of ongoing research [86,87]. The potential
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roles of AMPK-mediated inhibition of mTOR signaling pathways, modulation of cellular redox
status, and alteration of lipid metabolism are areas of particular interest [88,89].

Additionally, metformin may indirectly affect viral replication through its influence on
mitochondrial function and the reduction of oxidative stress, further contributing to an inhospitable
environment for the virus [90]. The drug’s capacity to improve mitochondrial biogenesis and reduce
reactive oxygen species (ROS) production has implications for cellular health and viral control [91,92].
Understanding the multifaceted impact of metformin on cellular and viral processes could provide
insights into novel therapeutic approaches [40,93]. Thus, while the evidence supports metformin’s
potential as a complementary antiviral agent, comprehensive clinical trials are required to establish
its efficacy and safety for widespread use in treating influenza infections, particularly in vulnerable
and immunocompromised populations [32,94].

Table 1. Summary of Studies Investigating the Impact of Metformin on Influenza Virus.

Author and Year

Type of study

Key Findings

Fu-Shun Yen et
al., 2022 [46]

Cohort Study

Pre-influenza vaccination metformin use in older adults
with T2DM significantly reduced the risks of severe
influenza-related complications and mortality, with

greater benefits observed with longer usage.

Han Sol Lee et

Experimental and

Metformin reduced Influenza A Virus -related

al., 2023 [23] Statistical cardiovascular risks by inhibiting viral replication and
Analysis cytokine expression (MCP-1, IP-10) through
AKT/MAPK signaling regulation.
Dominique E. Pilot Double- Metformin may enhance immune resilience in older
Martin et al., Blinded Placebo- | adults by improving specific flu vaccine responses and
2023 [52] Controlled Trial reducing markers of T cell exhaustion.
Elizabeth Retrospective Metformin use in diabetic patients significantly reduces
Greene et al., Observational the likelihood of hospitalization following an
2024 [48] Study emergency department visit for influenza.
Tammy H. Retrospective Metformin use is associated with reduced influenza
Cummings et Cohort Study mortality in patients with obesity, likely due to its
al., 2022 [47] effects on T-cell function and immune response.
Paola Brandi et Experimental The inactivated mucosal vaccine MV 130 induces
al., 2022 [50] Study (Mouse trained immunity, offering protection against viral
Model) respiratory infections, but this protection is negated by

metformin.

Robert E. Case Study with Morphoproteomic analysis suggests metformin and
Brown etal., | Morphoproteomics vitamin D3 could serve as adjunctive therapies to
2022 [56] improve immune response and prevent severe

outcomes in pulmonary HINT1 influenza.
Daniela Frasca Experimental Metformin improves B cell function and enhances
etal., 2021 [82] Study antibody responses in elderly individuals with T2DM,

supporting its potential as an anti-aging agent for
immune function.

d0i:10.20944/preprints202412.0808.v1
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Wen-Rui Hao et Retrospective Influenza vaccination reduces the risk of chronic
al., 2023 [85] Study kidney disease and the need for dialysis in patients with

hypertension, with a dose-dependent protective effect
observed across both influenza and non-influenza

seasons.
Wipawee Observational Metformin treatment in T2DM impairs the antibody

Saenwongsa et Study response and interferon-alpha (IFN-a) expression

al., 2020 [79] following seasonal influenza vaccination, potentially

hindering long-term protection. This finding suggests
that the standard influenza vaccine may not be fully
effective for T2DM patients and highlights the need for
improved vaccine strategies for this group.

Aimin Yang et Cohort Study Long-term metformin use in T2DM individuals is
al., 2021 [88] (Registry-based) associated with a lower risk of pneumonia
hospitalisation and related mortality.

2.2. Metformin in the Context of COVID-19: Mechanisms of Action and Its Potential as a Therapeutic Agent
Against SARS-CoV-2

SARS-CoV-2, the causative agent of the COVID-19 pandemic, has prompted extensive research
into potential therapeutic agents, including metformin, which may modulate host immune responses
and alter the disease trajectory through various cellular mechanisms [95-99]. Metformin has attracted
attention for its potential impact on SARS-CoV-2 infection and the progression of COVID-19
[40,100,101] (Table 2). The drug’s anti-inflammatory and immunomodulatory effects are particularly
relevant, given the role of excessive inflammation, or cytokine storm, in severe cases of COVID-19
and chronic diseases [102-104]. A central mechanism through which metformin may exert its
protective influence is the activation of AMPK, which is linked to the inhibition of the mTOR pathway
[105,106]. This pathway is involved in immune cell activation and inflammatory responses, and its
modulation by metformin could help dampen hyperinflammation and promote more balanced
immune regulation during SARS-CoV-2 infection [95,107,108].

Metformin also reduces oxidative stress, which is significantly elevated in severe COVID-19
cases [109,110]. By decreasing the production of ROS and enhancing mitochondrial function,
metformin may mitigate cellular damage caused by viral infection and excessive inflammation
[111,112]. Observational studies have indicated that diabetic patients using metformin prior to
contracting SARS-CoV-2 have a lower risk of severe complications and mortality compared to those
not on metformin therapy [113-116]. Nevertheless, these results are preliminary, and some studies,
including those examining hematological markers, are necessary to establish a definitive causal
relationship [117-119].

Metformin’s effects on the renin-angiotensin-aldosterone system (RAAS) have also been
considered necessary, as SARS-CoV-2 utilizes the angioten-sin-converting enzyme 2 (ACE2] receptor
for cell entry [120-122]. Although the exact relationship between metformin and ACE2 expression is
not fully understood, it has been hypothesized that the drug might modulate ACE2 levels, potentially
affecting viral entry or disease severity [24,120,123,124]. Moreover, metformin improves endothelial
function, which may offer protection against vascular complications commonly observed in COVID-
19, such as endothelial damage, elevated blood pressure and thrombosis [41,125-129].

The influence of metformin on gut microbiota is another area of interest, given the role of gut
health in immune function and systemic inflammation [130-135]. Metformin could potentially reduce
systemic inflammation and enhance immune resilience by altering microbial composition and
promoting gut barrier integrity [23,119,136,137]. Preliminary in studies suggest that metformin and
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other medications might also inhibit viral replication, though the direct anti-viral activity against
SARS-CoV-2 remains to be validated [26,138-143].

Another mechanism through which metformin may benefit COVID-19 patients is by improving
glucose metabolism and reducing insulin resistance [144-146]. Since hyperglycemia and insulin
resistance are associated with poorer outcomes in COVID-19, metformin’s glucose-lowering
properties could play a role in better disease management [147,148]. The idea of re-purposing

metformin as an adjunctive treatment for COVID-19 is under active investigation, especially for high-
risk groups, such as individuals with diabetes or obesity [115].

Table 2. Summary of Studies Investigating the Impact of Metformin on SARS-CoV-2 Virus.

Author and Type of study Key Findings
Year
Malhotra et al., | Preclinical/Clinical | Metformin may enhance ACE2 expression, potentially
2020 [120] offering cardiopulmonary protection in COVID-19 by
regulating the renin-angiotensin-aldosterone system
(RAAS).
Bramante et al., Randomized, No significant reduction in primary composite

al., 2024 [137]

prospective
observational study

2022 [144] placebo-controlled endpoint (hypoxemia, ED visit, hospitalization, or
trial death) for metformin (OR 0.84, P =0.19), ivermectin
(OR 1.05, P =0.78), or fluvoxamine (OR 0.94, P =
0.75). Secondary analysis showed metformin reduced
ED visits, hospitalization, or death (OR 0.58, P =
0.02), but not significantly for ivermectin or
fluvoxamine.
Pavlo Petakh et Observational COVID-19 patients with T2DM have reduced gut
al., 2023 [133] Study microbiota alpha-diversity.
Jean-Daniel Observational Metformin use in patients with T2DM hospitalized for
Lalau, Abdallah Study COVID-19 was associated with a lower 28-day
Al-Salameh, mortality rate (16.0% vs 28.6%, P <0.0001) and
Samy Hadjadj, reduced odds of death (OR 0.710, 95% CI
etal., 2021 [0.537—0.938]) compared to non-users.
[115]
Pavlo Petakh et Single-center Metformin therapy was associated with reduced

expression of key genes (PRKAA1, SLC2A1,
MTOR) involved in Th1/Th17 cell differentiation and
inflammatory pathways.

2024 [138]

Carolyn T Randomised Phase Metformin reduced long COVID incidence by 41%
Bramante et al., 3 Trial compared to placebo, with the greatest effect when

2023 [107] started early.

Carolyn T Randomised Metformin reduced SARS-CoV-2 viral load by 3.6-
Bramante et al., Clinical Trial fold, hospitalizations by 58%, and long COVID by

42%.

d0i:10.20944/preprints202412.0808.v1
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Kathy Han et
al., 2022 [149]

Phase 11
Randomised Trial

Metformin reduced cervical tumor hypoxia by 10.2%
and improved 2-year disease-free survival to 67%.

David R
Boulware et al.,
2023 [117]

Secondary Analysis
of RCT Data

Vaccine-boosted participants experienced the least
severe and shortest-lasting COVID-19 symptoms (p <
0.001).

Pavlo Petakh et
al., 2022

Retrospective study

COVID-19 patients with T2DM who used metformin
before hospitalization had significantly lower CRP
levels, suggesting anti-inflammatory benefits.[119]

Claudia
Ventura-Lopez
et al., 2022 [24]

In vitro study &
Phase IIb RCT

Metformin glycinate inhibited viral replication in vitro
without cytotoxicity and reduced viral load and oxygen
needs in vivo.

Fabio Petrelli et
al., 2023 [111]

Meta-analysis

Metformin use in diabetic patients with COVID-19
reduced the risk of severity, complications, and
mortality compared to other treatments.

Giovanni Retrospective Metformin use was associated with a reduction in in-
Antonio Silverii Study hospital mortality in people with diabetes, but the
et al., 2024 effect did not persist after adjusting for confounding
[113] factors using the COVID-19 Mortality Risk Score.
Pavlo Petakh et Observational The Firmicutes/Bacteroidetes (F/B) ratio in gut
al., 2023 [131] study microbiota was higher in patients with both T2D and

COVID-19. F/B ratio positively correlated with CRP
levels, and metformin treatment modified this
relationship. The F/B ratio may serve as a biomarker
for inflammation.

Verobnica Experimental Study | Metformin and baicalin enhanced fatty acid oxidation,
Miguel et al., improving mitochondrial function, reducing
2023 [126] inflammation, fibrosis, and improving outcomes in
COVID-19 patients and animal models with lung and
kidney damage.
Pavlo Petakh et Observational T2D patients with COVID-19 showed increased
al., 2023 [134] Study Clostridium and Candida, and decreased

Bifidobacterium and Lactobacillus. Metformin use
without antibiotics increased Bacteroides and
Lactobacillus, while decreasing Enterococcus and
Clostridium.

Yongwang Hou

Bioinformatics and

Metformin may treat COVID-19/LUAD by regulating

et al., 2024 Preclinical Study glucose metabolism and key signaling pathways like
[139] AMPK and mTOR, inhibiting cell proliferation.
HM Al- Prospective Cohort Metformin was more effective than other diabetic
Kuraishy et al., Study treatments in reducing inflammation, oxidative stress,

2023 [140]

d0i:10.20944/preprints202412.0808.v1
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and improving radiological and clinical outcomes in
T2DM patients with COVID-19.
Pavlo Petakh et Observational Metformin modulates T-cell mRNA expression:
al., 2024 [125] Study FOXP3 (Treg marker) upregulated 1.96-fold, RORC
(Th17 marker) downregulated 1.84-fold, and TBX21
(Th1 marker) downregulated 11.4-fold. Patients not
using metformin showed dysregulated immune

profiles.
Muhilvannan Retrospective Metformin use was associated with shorter
Somasundaram Cohort Study hospitalization, reduced mortality risk, and improved
et al., 2024 levels of LDH, CRP, and D-dimer in COVID-19
[114] patients with diabetes.
Sky Qiu et al., Retrospective Improved adherence to metformin (by 5% or 10%) was
2024 [150] Cohort Study associated with a reduction in mortality risk from

COVID-19, with a 1.26% absolute decrease in risk for
a 10% adherence increase.

Thomas D Coordination Metformin and Zn?** are suggested to have a
Lockwood, Chemistry Analysis mechanistic relationship in improving COVID-19
2024 [151] outcomes. Metformin enhances Zn?* bioavailability

and coordination, which may synergistically inhibit
viral proteases and reduce inflammation, potentially
improving outcomes when used together.

David C Retrospective Pre-admission metformin use was associated with
Harmon et al., cohort study reduced in-hospital mortality, lower risk of ICU
2024 [152] admission, and less need for mechanical ventilation in

hospitalized COVID-19 patients with diabetes. The
effect was particularly notable in reducing mortality
from respiratory causes.

Lukasz Retrospective Insulin and metformin showed weak associations with
Lewandowski et cohort study mortality, but their interactions with other treatments
al., 2024 [153] and factors like remdesivir, low-molecular-weight

heparin, age, and hsCRP influenced death risk. RDW-
SD was strongly associated with mortality, with a
significant increase in death risk with higher RDW-
SD.

2.3. Metformin and HIV: Exploring Its Potential in Modulating Immune Responses and Enhancing
Treatment Outcomes

Human Immunodeficiency Virus (HIV), a virus that causes chronic immune system dysfunction,
remains a significant global health challenge, and recent research has explored the potential benefits
of repurposing existing medications, such as metformin, to improve outcomes in people living with
HIV [87,154,155]. Metformin has shown promise in modulating immune responses and could
influence the course of HIV infection [154,156] (Table 3). Emerging evidence suggests that metformin
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may have immunoregulatory and anti-inflammatory properties relevant to HIV-induced chronic
immune activation [154,157]. One of the critical mechanisms by which metformin exerts its effects is
activating AMPK, a crucial regulator of cellular metabolism. AMPK activation by metformin has been
associated with inhibiting the mTOR signaling pathway, which is involved in T cell activation and
proliferation [158,159]. By modulating these pathways, metformin may help to reduce the
hyperactivation of immune cells that is characteristic of chronic HIV infection [160,161].

Furthermore, metformin has been observed to influence the function of regulatory T cells
(Tregs), which play a vital role in maintaining immune homeostasis [162,163]. Enhancing Treg
activity could potentially mitigate the immune dysregulation seen in people living with HIV
[164,165]. Studies have also indicated that metformin may decrease systemic inflammation, as
evidenced by reduced levels of inflammatory markers such as IL-6 and C-reactive protein (CRP)
[166,167]. This reduction in inflammation may be beneficial in managing HIV-associated
comorbidities, such as cardiovascular disease and metabolic syndrome, which are exacerbated by
chronic inflammation [168,169].

Metformin’s impact on gut microbiota has garnered interest, as dysbiosis is a known factor in
the immune dysfunction observed in HIV [170-172]. By improving gut barrier integrity and altering
microbial composition, metformin may help reduce microbial translocation, a driver of systemic
inflammation in HIV [173-176]. Studies have shown that metformin can reduce HIV replication in
specific cell models, although the clinical significance of this finding remains unclear [177-179]. The
potential of metformin to complement antiretroviral therapy (ART) is an area of ongoing research, as
it may enhance immune recovery and reduce residual inflammation despite effective viral
suppression [87,154].

Observational data have indicated that people with HIV who use metformin for diabetes
management may experience slower progression of HIV-associated complications [180,181].
Nonetheless, despite the substantial body of research in this field, randomized clinical trials are
required to validate these effects and to establish the optimal dosing and safety profile in the context
of HIV [182-184]. The immunometabolic effects of metformin make it a candidate for further
exploration as part of a comprehensive strategy to address the long-term health challenges faced by
people living with HIV [185,186].

Table 3. Effects of Metformin in HIV-Related Studies.

d0i:10.20944/preprints202412.0808.v1

Author and Year | Type of study Key Findings
Fert et al., 2024 Experimental Metformin decreased virion release, increased
[87] study productively infected CD4lowHIV-p24+ T cells,
enhanced tetherin and Bcl-2 expression, and improved
recognition of infected cells by HIV-1 antibodies.
McCabe et al., Open-label, Neither maraviroc (MVC), metformin, nor their
2024 [187] randomized trial | combination significantly reduced liver fat compared to

ART alone in PWH with MAFLD.

Rezaei et al.,
2024

Experimental
study

Metformin increased HIV transcription, gene expression,
and production via CREB phosphorylation and
recruitment to the HIV LTR promoter.

McCrea et al.,
2024 [188]

Phase 1, open-
label study

Coadministration of islatravir with atorvastatin and
metformin did not have a clinically meaningful effect on
the pharmacokinetics of either drug.
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Corley et al., Retrospective Metformin reduced epigenetic age in monocytes but not
2024 [189] analysis, in CD8+ T cells, suggesting cell-type-specific effects.
randomized and Larger studies are needed to validate findings.
single-arm trials
Nguyen et al., Physiologically | Fostemsavir (a gp120-directed attachment inhibitor) and
2024 [190] based its active moiety temsavir showed no clinically relevant
pharmacokinetic impact on metformin concentrations or inhibition of
(PBPK) OCT1, OCT2, MATE1/2K transporters. PBPK modeling
modeling study confirmed no significant drug-drug interaction,
supporting that no dose adjustment of metformin is
required during coadministration with fostemsavir,
despite initial in vitro data indicating potential transporter
inhibition.
Mhlanga et al.,, Qualitative The study identified key interventions to reduce T2DM
2024 [191] multi-method | among older people living with HIV in Harare, including

study improved screening and health education. It also
highlighted the use of metformin as a pharmacological
intervention when lifestyle changes fail.
Hurbans et al., Prospective Dolutegravir was generally safe and effective, but
2024 [192] cohort study concomitant use of metformin led to increased blood

d0i:10.20944/preprints202412.0808.v1

glucose levels. Drug interactions were minimal, with only
0.7% of participants discontinuing dolutegravir due to
interactions with supplements and antacids. Further
investigation into dolutegravir-induced hyperglycemia is

needed.

2.4. Metformin in Hepatitis C: Potential Therapeutic Effects on Viral Replication, Inflammation, and Hepatic
Fibrosis

Hepeatitis C virus (HCV), a hepatotropic, single-stranded RNA virus of the Flaviviridae family,
is a primary global health concern due to its ability to cause chronic liver disease, leading to cirrhosis,
hepatocellular carcinoma (HCC), and increased mortality rates, particularly in individuals with
comorbid conditions such as insulin resistance, metabolic syndrome, and HIV coinfection [193-195].
Metformin has gained attention for its potential impact on the pathogenesis of chronic HCV infection,
offering a promising adjunctive approach to managing this viral disease (Table 4). HCV infection is
characterized by persistent liver inflammation, immune dysregulation, and the progressive
development of fibrosis, which can eventually lead to cirrhosis and HCC [196,197]. The potential
benefits of metformin in HCV infection are thought to stem from its ability to modulate several key
cellular pathways involved in viral replication, inflammation, and hepatic fibrosis [198,199]. One of
the primary mechanisms by which metformin exerts its effects is activating AMPK, a crucial regulator
of cellular energy homeostasis [159,200].

AMPXK is activated by metformin and inhibits the mTOR signaling pathway, a critical regulator
of cell growth, protein synthesis, and immune cell activation [158,201]. This inhibition of mTOR may
attenuate the inflammatory response central to the chronic liver injury observed in HCV infection
[202,203]. In addition to its effects on mTOR, AMPK activation by metformin has been shown to
reduce oxidative stress, a hallmark of HCV-induced liver damage [204,205]. ROS, produced during
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viral replication and inflammation, contribute to hepatocellular injury, fibrosis, and liver disease
progression [206,207]. By reducing ROS production, metformin may help protect against cellular
damage and limit the advancement of fibrosis [208,209].

Moreover, metformin’s ability to enhance insulin sensitivity and reduce hyperglycemia is
particularly relevant in HCV patients who exhibit insulin resistance [210,211]. This condition
exacerbates liver damage and accelerates disease progression. Insulin resistance in the context of
HCYV infection is associated with an increased risk of steatosis, advanced fibrosis, and poor treatment
outcomes [212,213]. By improving insulin sensitivity, metformin may help mitigate these metabolic
disturbances and thereby slow the progression of liver disease [214]. Additionally, metformin has
been reported to exert an anti-inflammatory effect by decreasing the levels of pro-inflammatory
cytokines such as IL-6 and TNF-a, which are elevated in chronic HCV infection and contribute to
hepatic inflammation and fibrosis [30,215].

The interplay between metformin and immune modulation in HCV infection is also interesting
[211,216]. Metformin may influence the function of innate immune cells, such as macrophages and
dendritic cells, by reducing their activation and promoting a more balanced immune response
[34,217]. This modulation of the immune system could help reduce the chronic inflammation and
immune-mediated liver damage characteristic of HCV infection [218]. Additionally, metformin has
been shown to inhibit the activation of hepatic stellate cells (HSCs), which play a crucial role in
developing liver fibrosis [219,220]. By inhibiting HSCs activation and collagen deposition, metformin
may help prevent or slow the progression of fibrosis in HCV-infected individuals [221].

Studies have suggested that metformin may also directly impact HCV replication [222]. While
the exact mechanisms are not fully understood, some evidence points to the potential viral entry or
replication inhibition within hepatocytes [223]. The potential for metformin to complement antiviral
therapies in HCV infection is an area of ongoing research, particularly in individuals with
comorbidities such as diabetes or metabolic syndrome [224,225]. Given that insulin resistance is a
known risk factor for HCV-related liver disease, metformin’s effects on glucose metabolism and its
potential to improve hepatic lipid metabolism are additional benefits in this context [226].

Furthermore, metformin’s effects on the gut microbiota have gained attention in the context of
liver disease [227,228]. Dysbiosis, or an imbalance in the gut microbiome, has been implicated in the
pathogenesis of liver diseases, including HCV infection [229,230]. Metformin has been shown to
modulate gut microbiota composition, which could lead to reduced intestinal permeability and
decreased microbial translocation, thereby lowering systemic inflammation and its impact on the
liver [231,232]. By improving gut barrier function, metformin may reduce the chronic low-grade
inflammation observed in HCV patients [233,234].

While the available preclinical data support metformin’s potential as a therapeutic adjunct in
HCV infection, clinical evidence remains limited, and more randomized controlled trials are needed
to understand its efficacy and safety profile in this context fully [11,196,235]. Combining metformin
with direct-acting antiviral agents (DAAs) for HCV may represent an innovative therapeutic strategy,
potentially enhancing viral eradication and improving liver function [236,237]. Metformin shows
potential in modulating antiviral therapy for hepatitis C, especially when combined with sofosbuvir,
velpatasvir, and ledipasvir [198,238]. Co-administration of metformin with DAAs like ledipasvir and
sofosbuvir may offer a pathophysiological advantage in managing patients with hepatitis C and
concurrent metabolic disorders [236,239]. However, the effects of metformin on HCV treatment
outcomes are yet to be conclusively demonstrated in clinical trials [240,241].
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Table 4. Summary of Studies on Metformin and Hepatitis C Virus (HCV), Chronic Hepatitis B, and
Hepatocellular Carcinoma (HCC) Treatment Outcomes.

Author Type of Virus Key Findings

and Year study

Tsai et al., Cohort HCV Metformin significantly HCC risk in patients with
2023 Study diabetes and chronic hepatitis C after successful
[222] antiviral therapy. The 5-year cumulative HCC

incidence was 10.9% in non-metformin users vs. 2.6%
in metformin users. A risk model identified cirrhosis
and T2DM non-metformin use as the most critical
factors for HCC prediction. Metformin also reduced
liver-related complications.

Shimada Cohort HCV Patients with high HbAlc (>7.0%) had worse overall
et al., Study survival (55% vs. 71%) and relapse-free survival (13
2021 vs. 26 months) in NBNC-HCC. High HbAlc was also
[242] associated with increased postoperative complications.

Metformin use was linked to better survival and
recurrence outcomes.

Linetal.,, | Experimenta HCV Metformin inhibited Wnt/B-catenin signaling in
2021 | study chronic HCV-infected cells after DAA treatment,
[237] leading to decreased proliferation, increased apoptosis,

and reversal of HCV-induced HCC.

Berk et al., | Case study HCV Successful treatment of HCV led to significant
2020 improvement in glycemic control in a patient with
[243] uncontrolled T2DM, with HbAlc¢ dropping from

11.6% to 5.7% without any other interventions,
suggesting potential benefits of HCV treatment on
insulin sensitivity.
Abdel Randomized HCV Metformin used in HCV-infected adolescents with

Monem et | clinical trial beta thalassemia major led to significant improvement

al., 2021 in oxidative stress markers, liver fibrosis, and liver
[244] enzyme levels, suggesting its potential as a

hepatoprotective agent.

Valenti et Cohort HCV In patients treated with direct-acting antivirals for

al., 2022 Study HCYV, higher BMI and diabetes were linked to
[245] advanced fibrosis. Diabetes was also associated with

poor liver stiffness improvement and increased risk of
de novo HCC and cardiovascular events. Statin use
was protective, and metformin showed a protective
association against HCC.

d0i:10.20944/preprints202412.0808.v1
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Rodriguez Cohort HCV In patients with alcoholic or HCV cirrhosis, diabetes
-Escaja et Study was not a risk factor for developing HCC. No
al., 2021 significant differences in HCC incidence were found
[246] between diabetic and non-diabetic patients, even after
adjusting for co-factors and excluding metformin use.
Thomaz et Clinical HCV Liver fibrosis stages affected the in vivo activity of
al., 2024 | Pharmacolog organic cation transporters (OCT1/2) in HCV-infected
[247] y Study patients. Advanced fibrosis and cirrhosis were
associated with a 25% reduction in OCT1/2 activity
after achieving sustained virologic response. No
significant changes were observed in the early stages
of treatment.
Chung et | Retrospectiv HBV In a retrospective study of liver transplant recipients
al., 2024 e Study for HCC, statin, aspirin, and metformin use did not
[248] show a statistically significant association with
improved HCC-related outcomes (recurrence or
mortality). The study suggests no benefit for these
drugs in post-LT HCC recurrence prevention,
indicating the need for further prospective, multicenter
studies to clarify any potential benefit.
Campbell Meta- HBV This meta-analysis found that T2DM is a significant
et al., Analysis risk factor for HCC in individuals with chronic HBV
2021 infection, increasing the hazard of HCC by over 25%.
[249] The association was weakened in studies adjusted for
metformin use, suggesting that further research on the
impact of antidiabetic drugs and glycemic control is
needed. Enhanced screening for HCC in individuals
with HBV and diabetes is recommended.
Zhou et | Experimenta HBV CD39 and CD73 expression on B-cells was reduced in
al., 2020 1 Study chronic hepatitis B patients with high HBV DNA,
[250] HBeAg positivity, and active liver inflammation. This
was linked to B-cell hyperactivation. Metformin
reduced activation markers by regulating AMPK.
Targeting the CD39/CD73/adenosine pathway using
metformin could help reverse HBV-induced immune
dysfunction.

2.5. Metformin in Hepatitis B: Targeting Insulin Resistance, Inflammation, and Fibrosis in Chronic Liver
Disease

Hepatitis B virus (HBV) is a major global health threat, with chronic infection potentially leading
to cirrhosis, HCC, and significant morbidity and mortality [251]. While antiviral therapies, such as

nucleos(t)ide analogs, are widely used to suppress HBV replication, there is growing interest in
repurposing existing medications to improve treatment outcomes and address co-morbidities
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associated with HBV infection [252]. Metformin has garnered attention due to its pleiotropic effects
and potential impact on HBV pathogenesis [13,253] (Table 4). Chronic HBV infection is often
associated with dysregulated immune responses, inflammation, and liver damage, and metformin
may influence several key processes that contribute to these disease mechanisms [254,255].

Insulin resistance, a common comorbidity in HBV patients, particularly in those with metabolic
syndrome or non-alcoholic fatty liver disease (NAFLD), is known to exacerbate liver damage and
increase the risk of fibrosis [256,257]. Metformin’s ability to improve insulin sensitivity and reduce
hyperglycemia is particularly relevant in HBV-infected individuals, as insulin resistance is associated
with worse outcomes in chronic liver disease [258,259]. Metformin may reduce the risk of steatosis,
hepatic inflammation, and fibrosis progression in patients with HBV infection by improving glucose
metabolism [221,260]. Moreover, metformin may influence immune modulation in HBV infection by
affecting the function of innate and adaptive immune cells [253]. Metformin has been demonstrated
to regulate macrophage activation, promoting an anti-inflammatory phenotype, which could help
reduce the chronic inflammation observed in HBV-related liver disease [261,262]. The modulation of
T cell responses is also interesting, as HBV infection often leads to a dysregulated immune response
characterized by persistent viral replication and immune exhaustion [263,264]. Metformin may
promote a more balanced immune response by modulating the immune system, which could
contribute to viral control and limit hepatic damage [32,265].

The potential role of metformin in mitigating HBV-related liver fibrosis is particularly
compelling. HSCs, which are responsible for producing extracellular matrix proteins and fibrosis, are
activated in response to chronic inflammation and viral replication [266,267]. Studies have shown
that metformin can inhibit the activation of HSCs, thereby reducing collagen deposition and fibrosis
progression [268]. By targeting this essential aspect of the fibrotic process, metformin may slow the
progression to cirrhosis and hepatocellular carcinoma, the most severe outcome of chronic HBV
infection [269,270].

Furthermore, metformin’s effect on gut microbiota composition may influence HBV
pathogenesis, as gut dysbiosis and microbial translocation have been implicated in the progression
of liver disease [271,272]. Metformin has been shown to alter the gut microbiome, potentially
improving gut barrier function and reducing systemic inflammation [273,274]. This could benefit
liver inflammation and fibrosis, as the gut-liver axis plays a significant role in the pathogenesis of
chronic liver diseases, including HBV [275].

Clinical studies examining the effects of metformin in HBV-infected individuals are limited but
suggest that metformin use may be associated with improved liver function and reduced levels of
inflammatory markers [226,276]. Observational data indicate that patients with diabetes and chronic
HBYV who are treated with metformin may experience better liver outcomes compared to those not
using the drug [277,278]. The use of metformin in HBV infection could also help manage comorbid
conditions, such as diabetes and NAFLD, which are prevalent in HBV patients and complicate
treatment and disease progression [279].

2.6. Metformin as an Antiviral: Potential Applications Against Cytomegalovirus, Herpes Simplex Virus,
Zika Virus, Dengue Virus, Epstein-Barr Virus, Human Papillomavirus, and Others

Evidence suggests that metformin may inhibit the replication of several viruses, including
cytomegalovirus (CMV), herpes simplex virus (HSV), Zika virus, dengue virus, Epstein-Barr virus
(EBV), and human papillomavirus (HPV) [30,280,281] (Table 5). The mechanism of action appears to
involve its ability to modulate cellular pathways that are critical for viral replication [87,282].

Studies show that metformin can reduce viral loads in CMYV, a virus that causes chronic infection
in immunocompromised individuals [283]. The drug downregulates the mammalian target of the
mTOR pathway, which is essential for CMV’s protein synthesis and replication processes [281,284].
Metformin may limit CMV replication by inhibiting mTOR, suggesting its potential in therapeutic
strategies against CMV-induced diseases [285,286]. CMV-induced "inflammaging" from immune cell
senescence can be mitigated with interventions like senolytics or metformin, enhancing immune
function in older adults [287]. CMV replication depends on mitochondrial function, with metformin


https://doi.org/10.20944/preprints202412.0808.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2024 d0i:10.20944/preprints202412.0808.v1

15

showing promise as a repurposed antiviral due to its inhibition of viral replication [283]. Metformin
restores impaired CD8* T cell functionality in diabetic patients, linking metabolic improvement to
enhanced viral immunity and reduced susceptibility to CMV [288].

Similarly, metformin has shown inhibitory effects on HSV replication, another virus known for
establishing persistent infections. HSV relies on cellular resources to synthesize viral proteins and
assemble virions [289,290]. Metformin’s activation of AMPK restricts these processes, potentially
leading to reduced HSV reactivation rates in latently infected individuals [30,291]. Metformin
alleviates herpetic stromal keratitis severity while preserving immune function, suggesting it as a
safer alternative compared to 2-deoxy-D-glucose [292].

Regarding arboviruses such as Zika and dengue, metformin interferes with viral replication by
modulating oxidative stress levels in host cells [280]. These viruses generate ROS for efficient
replication [280,293]. Metformin, known for its antioxidant properties, reduces ROS production,
indirectly impairing the replication efficiency of these viruses [294]. This effect on oxidative stress has
made metformin a candidate for adjunctive therapy in treating Zika and dengue infections, which
are often complicated by inflammation and tissue damage [295,296].

In the context of EBV, metformin may impact its latent and lytic phases [297]. EBV-associated
diseases are often triggered by the virus's reactivation from latency, which requires a shift in host
cellular metabolism [298,299]. Metformin’s ability to activate AMPK and inhibit mTOR has been
linked to inhibiting EBV lytic reactivation, thus limiting its pathogenic potential [300,301].

Metformin may also reduce replication rates of the HPV by influencing cellular differentiation
and proliferation processes, which HPV relies on to complete its life cycle [302]. By regulating these
cellular pathways, metformin could impair HPV replication, thus reducing the risk of HPV-related
cancers [303,304]. T-cell spatial distribution in HPV-positive tumors predicts response to
immunotherapies, with metformin modulating CD8* T-cell densities in treated cancers [305].

In addition to its metabolic effects, metformin exhibits immunomodulatory properties that may
enhance the body’s antiviral defenses [306]. Research also indicates that metformin can inhibit
adenovirus replication by reducing the expression of E1A proteins, essential for viral DNA
replication and cell lysis [307-309]. This mechanism might particularly interest
immunocompromised patients, where adenovirus infections are frequently more severe [310].

Moreover, studies have explored metformin’s role in controlling poxvirus infections,
particularly vaccinia virus, where its influence on cellular autophagy appears relevant [311,312].
Metformin could impair viral assembly and release by modulating autophagy, thereby inhibiting the
spread of infection [26,160].
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Table 5. Summary of Studies on the Effects of Metformin and Other Interventions on Viral

Infections.
Author and Type of Virus Key Findings
Year study
Chen et al., Experiment CMV Bmi-1-RINGI1B prevents GATA4-dependent
2022 [313] al study on senescence-associated pathological cardiac
mice and hypertrophy (SA-PCH) by promoting
human selective autophagic degradation of GATA4.
myocardiu Autophagy activators like metformin or
m rapamycin may serve as therapeutic options to
prevent SA-PCH and cardiac dysfunction.
Combs et al., In vitro CMV CMYV replication depends on functional host
2021 [283] experimenta mitochondria, and drugs targeting the electron
1 study transport chain, such as metformin, inhibit
viral replication. Repurposing metformin as
an antiviral is promising due to its established
safety profile and ability to reduce CMV
titers.
Nojima et al., | Experiment CMV T2DM impairs the multifunctionality of CD8"
2020 [288] al study PD-1* T cells and links metabolic dysfunction
to immune suppression. Metformin restores
CD8" T cell function by enhancing glycolysis,
improving cytokine production, and reducing
tumor growth and viral susceptibility.
Poorghobadi et Mouse Herpes simplex Ad-HSV-tk/GCV reduced tumor size and
al., 2024 [314] model virus 1 (HSV-1) increased LC3B expression, promoting
experimenta autophagy in multiple myeloma. Ad-IL-24
1 study enhanced UPR gene expression but had a less
pronounced effect on tumor reduction, and
co-administration of Ad-HSV-tk and Ad-IL-
24 showed no synergistic effect.
Berber & Experiment HSV-1 Metformin and 2-deoxy-d-glucose (2DG)
Rouse, 2022 al study on reduced herpetic stromal keratitis (HSK)
[292] HSV-1 in severity, but 2DG increased the risk of
ocular herpetic encephalitis due to enhanced HSV
infection reactivation. Metformin was safer,

maintaining inflammatory cell functionality,
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including IFN-y-producing Th1l and CD8 T
cells in the trigeminal ganglion.
Farfan- Invitroand | Dengue virus Metformin inhibited in vitro replication of
Morales et al., in vivo (DENYV), Zika DENV, ZIKV, and YFV, showing the
2021 [315] studies on virus (ZIKV), strongest effect on DENV. MET reduced
DENYV and Yellow fever disease severity and increased survival in
ZIKV virus (YFV) DENV-infected mice but failed to protect
immunodeficient mice against ZIKV in vivo.
Wang et al., In vitro ZIKV Metformin reduced ZIKV replication in
2023 [316] study on microglia in a dose- and time-dependent
ZIKV manner. It modulated inflammatory
infection in responses, upregulating type I and III
microglia interferons (IFNa2, IFNB1, IFNA3) and
downregulating ISGs like GBP4, OASI,
MX1, and ISG15. The findings suggest
metformin may have therapeutic potential for
ZIKYV infection in microglia.
Singh et al., In vitro ZIKV The study explores how AMPK restricts
2020 [317] study on ZIKYV replication in endothelial cells. AMPK
endothelial activation (via metformin or other activators)
cells potentiates innate antiviral responses (e.g.,
IFNs, OAS2, ISG15) and inhibits glycolysis,
which reduces viral replication. In contrast,
inhibition of AMPK or increased glycolysis
promoted virus replication.
Velazquez- In vitro ZIKV The study investigates the effects of
Cervantes et study on metformin on ZIKV infection in a trophoblast
al., 2024 [318] | trophoblast cell line (JEG3). Metformin reduces viral
cell line replication and protein synthesis, reverses
cytoskeletal changes, and reduces lipid
droplet formation associated with the
infection, suggesting metformin as a potential
antiviral agent for ZIKV.
Cheang et al., | In vitro and DENV Metformin showed poor anti-DENV activity
2021 [319] n vivo in vitro, with pro-DENYV effects observed in
study certain cell lines (Vero cells). In vivo, oral
administration of metformin did not reduce
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viral titers or improve disease severity in
mouse models, and high doses worsened the
outcome (higher viremia, mortality, and
hyper-inflammation). The study suggests
AMPK activation could be a potential host
target.

Bonglack et
al., 2021 [320]

In vitro

study

Epstein-Barr
Virus (EBV)

EBYV infection upregulates MCT1 and MCT4,
supporting glycolysis. Dual inhibition of both
transporters halts cell growth, causes lactate
accumulation, decreases oxygen
consumption, depletes glutathione, and
enhances sensitivity to phenformin and

metformin.

Hoppe-Seyler
etal., 2021
[321]

In vitro

study

Human
Papillomavirus
(HPV)

Metformin downregulates E6/E7 oncogene
expression in HPV-positive cervical and
head/neck cancer cells through glucose and
PI3K pathways. Despite E6/E7 repression,
Metformin causes a reversible proliferative
stop and prevents senescence induced by
E6/E7 inhibition or chemotherapy, suggesting
potential for repurposing Metformin in cancer

therapy.

Hsu et al.,
2021 [322]

Nested
case-control
study

HPV

Metformin use was associated with a 56%
lower likelihood of anal intraepithelial
neoplasia (AIN) in type 2 diabetic patients.
This suggests that Metformin may offer
protective effects against AIN, a precursor to
anal cancer, potentially due to its influence on
HPV-related pathways.

Veeramachane
ni et al., 2021
[323]

Preclinical
mouse

model study

HPV

Long-term metformin treatment significantly
reduced tumor growth, increased CD8+ T-
cells, and upregulated immune responses in

head and neck cancer models. Acute
metformin exposure, however, had limited
antitumor effects. Combinatorial approaches
with immune checkpoint inhibitors (ICIs)

may enhance its therapeutic potential.

d0i:10.20944/preprints202412.0808.v1



https://doi.org/10.20944/preprints202412.0808.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2024

19

Wilkie et al., In vitro HPV HPV-positive head and neck cancer cells
2021 [324] study on exhibited a metabolically diverse phenotype.
HPV- Sensitization to ionizing radiation (IR)
positive required a combination of 2-deoxy-D-glucose
SCCHN and metformin, targeting both mitochondrial
respiration and glycolysis. This approach
could reduce radiation doses and minimize
treatment impact on long-term function.
Sharma and In vitro Human HPV16 E7 stabilizes the tumor suppressor
Munger, 2020 study on Papillomavirus | TP53 via the long noncoding RNA (IncRNA)
[325] HPV16 E7- 16 (HPV-16) | DINO, which is regulated by KDM6A. DINO
expressing levels increase in HPV16 E7-expressing cells
cells and further stabilize TP53. Cells are
sensitized to metabolic stress (e.g., by
metformin) and chemotherapy (e.g.,
doxorubicin) in a DINO-dependent manner,
linking DINO to TP53 activation and cell
death response.
Curry et al., Clinical HPV After treatment with durvalumab and
2023 [305] trial, metformin, significant changes were observed

analysis of
tumor

samples

in CD8+ and FoxP3+ T-cell densities and
spatial distributions in head and neck
squamous cell carcinoma (HNSCC). HPV-
positive tumors had greater intercellular
distances (ID) than HPV-negative ones.
Pathologic responders showed higher CD8+
density and ID. These findings suggest that T-
cell distribution patterns may predict response

to immune checkpoint inhibitors.

4. Conclusions

Metformin, widely recognized for its anti-diabetic properties, demonstrates significant potential
as a broad-spectrum antiviral agent due to its modulation of critical cellular pathways that impact
viral replication. Beyond its effects on Influenza, HIV, SARS-CoV-2 (COVID-19), HCV, and HBYV,
metformin shows inhibitory effects on other viruses, including cytomegalovirus (CMV), herpes
simplex virus (HSV), Zika virus, dengue virus, Epstein-Barr virus (EBV), human papillomavirus
(HPV). Metformin’s activation of AMPK limits viral replication by reducing cellular energy
resources, benefiting viruses like Influenza and SARS-CoV-2, and potentially mitigating cytokine
storms in COVID-109. It also inhibits the mTOR pathway in HIV, reducing viral protein synthesis and
chronic inflammation. For HBV and HCV, metformin disrupts viral replication and host metabolism,
improving liver function and potentially lowering viral load. Metformin's activation of AMPK
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reduces cellular energy resources that viruses typically exploit, limiting replication for various
viruses. Additionally, its inhibition of the mTOR pathway—crucial for processes like protein
synthesis in CMV and reactivation in EBV —further suppresses viral activity.

Metformin’s modulation of oxidative stress and ROS levels provides an antiviral effect for
arboviruses like Zika and dengue, as these viruses rely on elevated ROS for replication. Its ability to
regulate cellular differentiation and immune response may also interfere with HPV’s life cycle.
Collectively, these multifaceted actions highlight metformin’s potential as adjunctive therapy for a
broad range of pathogens, opening promising avenues for future host-targeted treatments.
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