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Abstract

Granulocyte macrophage-colony stimulating factor (GM-CSF), a cytokine, was
first discovered to have the ability to stimulate bone marrow progenitors'
proliferation and differentiation into granulocytes and macrophages in vitro.
Numerous preclinical studies have shown that GM-CSF affects myeloid cells in
a variety of tissues, and GM-CSF deletion/depletion studies suggest that it may
be a significant therapeutic target in a number of inflammatory and autoimmune
diseases, including rheumatoid arthritis. This review is a comprehensive
approach to understandthe structure and biology of GM-CSF, its role in different
diseases like inflammatory, infectious and autoimmune disorders, beneficial and
contradictory effects etc.
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Introduction

Granulocyte macrophage-colony stimulating factor (GM-CSF, CSF2) was initially classified as a
hemopoietic growth factor because of its capacity to induce the proliferation and differentiation of bone
marrow progenitor cells to produce granulocyte and macrophage colonies in vitrol. The first instance of
granulocyte-macrophage colony-stimulating factor (GM-CSF, or CSF2) was found in the conditioned
medium of mouse lung tissue after LPS injection, which induced the growth of bone marrow-derived
macrophages and granulocytes 2. Activated T cells, B cells, macrophages, monocytes, mast cells, vascular
endothelial cells, and fibroblasts are just a few of the cell types that can create GM-CSF3. It has the capacity
to control a wide range of cellular processes, including the growth of dendritic cells, the differentiation of
macrophages and granulocytes, and the preservation of homeostasis.It binds precisely to its receptor, which
is made up of a beta-chain shared with the interleukin-3 and interleukin-5 receptors and an alpha-chain
exclusive to the cytokine (GM-CSF receptor alpha-chain, GMR) *. Granulocytes and macrophages are
guided in their early growth by GM-CSF. It is essential to their development and activation, assisting the
body in protecting itself from threats from within and outside, and demonstrating the incredible resilience of
cells. This pivotal function in immune regulation sustains a symbiotic equilibrium that gives the body the
tools it needs to face challenges while preserving stability>®.

Structure of GM CSF

The 2377 bp long GM-CSF gene has four exons and three introns. The 144 amino acid long, 22 KDa
molecular weight GM-CSF protein is encoded by a transcript with a length of 783 bp. The human cDNA
clone's single long open reading frame generates a mature protein with 127 amino acids by combining a
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precursor protein with 144 amino acid residues and a 17 amino acid signal peptide. It is a small, globular
protein with -helical and -sheet structures, as well as four cysteine residues that create two disulfide bonds.
Depending on the type of cells from which it originates, it is an acidic glycoprotein with a molecular mass of
18,000-30,000 and an isoelectric point that ranges from 4.0 to 5.2.

The GM-CSF structure in ternary complex was discovered to be a 2:2:2 hexamer made up of two c chains,
two GMR chains, and two GM-CSF molecules’. Given that the GM-CSF receptor complex exhibits a protein
concentration-dependent shift in molecular weight and consequently stoichiometry, this is most likely due to
variations in the total protein concentration at which the complex is formed. Rozwarski et al. first reported a
similar arrangement in the year 1996. The structure of the isolated cytokine® and the structure adopted by
GM-CSF in the ternary complex appear to be extremely similar. The structure of the isolated ¢ subunit®
revealed the identical tangled ¢ homodimer.Domain 4 has rotated 3° towards the crystallographic diad that
runs through the centre of the hexameric complex 1° when comparing the complex's ¢ chain to the structure
of the isolated molecule. Although the conformation of the linker area closely mimics that seen in the
isolated molecule, the hinge region about which the rotation has happened is positioned near to domain 1 in
the linker region joining domains 3 and 4. Two cytokine receptor homology modules (CRMs), which
themselves are made up of two fibronectin type 111 (Fnlll) domains, make up each ¢ chain. The N-terminal
"knob" domain is followed by one CRM in the GMR chain.However, we only detect a strong electron
density for the GMR domain 2's C-terminal Fnlll domain. Although the N-terminal Fnlll domain (GMR
domain 1) has a lower quality electron density, it was nevertheless sufficient to identify the core sheet,
allowing for the construction and improvement of a partial model.
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Flgure 1Structure of the GM-CSF Receptor Ternary Complex
(DOI: https://doi.org/10.1016/j.cell.2008.05.053 )

Biology of GM CSF

The multimeric GM-CSFR, which consists of a signal-transducing subunit that is shared by the interleukin-3
(IL-3) and IL-5 receptors and a particular low-affinity ligand-binding subunit, binds to GM-CSF. When GM-
CSFR is activated, two pathways are activated: (i) the MEK/ERK, phosphatidylinositol 3-kinase (P13K), and
NF-B pathways13; and (ii) the Janus Kinase (JAK) 2 and Janus Kinase (JAK) 2 "2pathways. This
commonly results from the phosphorylation of the GM-CSFR subunit, which then binds STATS5. Interferon
regulatory factor 4 (IRF4), a hemopoietic-specific transcription factor, is a crucial signalling component for
the development of dendritic cell (DC)-like characteristics in GM-CSF-treated progenitors, such as
monocytes*1°. It was recently discovered that the GM-CSF/CCL17 axis, which refers to the crucial process
by which the stimulation of monocytes and/or macrophages by GM-CSF results in the synthesis of CCL17
via IRF4, occurs in vitro. IRF4 expression is upregulated by GM-CSF in a mechanism that involves
increased JMJD3 demethylase activity . Additionally, during in vivo inflammation, GM-CSF-IRF4
signalling promotes the polarisation of pro-inflammatory macrophages and improved antigen presentation
capabilities (i.e. higher MHC class Il expression) . IRF4 has been thought to play an anti-inflammatory role
in macrophages (for example, greater interleukin (IL)-10 and reduced TNF production)*®, but some research
suggests that IRF5, but not IRF4, is significant for GM-CSF-induced macrophage polarization*®.
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Impact of GM CSF in different disease conditions

Inflammatory Arthritis

Early research assessing cytokines in the blood and synovial fluid of RA patients revealed elevated levels of
GM-CSF as well as elevated GM-CSFR expression in inflamed synovial tissue. When GM-CSF was given to
RA patients, the condition worsened. According to a genome-wide association analysis, CSF2 (the gene that
encodes GM-CSF) mutations contribute to RA genetic vulnerability.?® It was recently proposed that GM-
CSF neutralisation be taken into consideration as a viable therapeutic strategy for the treatment of ankylosing
spondylitis, in part due to the priming of blood monocytes with GM-CSF.2!

It is well established in the literature that GM-CSF has a role in the pathophysiology of experimental
inflammatory arthritis. In various inflammatory arthritis models, such as collagen-induced arthritis (CIA),
antigen-induced arthritis (AlA), zymosan-induced arthritis (ZIA), and K/BxN serum-transfer arthritis (STA),
GM-CSF-deficient mice fail to develop arthritis and related discomfort. In these models, the injection of
neutralising GM-CSF mAbs improved the condition of the disease.?? Regarding the significance of GM-
CSF in relation to arthritic pain, it has already been stated that GM-CSF regulates inflammatory and arthritic
pain via CCL17.24 It's interesting to note that high levels of circulating GM-CSF have been linked to RA
patients' receptivity to anti-TNF medications.The reduction in circulating CCL17 levels observed in RA
patients receiving anti-GM-CSFR mAb (mavrilimumab) is consistent with the idea of the GM-CSF/CCL17
axis and raises the possibility that CCL17 may serve as a biomarker for anti-GM-CSF or anti-GM-CSFR
therapy.®

Osteoarthritis

Osteoarthritis (OA) was once thought to be a non-inflammatory arthropathy, but it is now widely
acknowledged that there can be a major inflammatory component contributing to OA clinical symptoms,
such as chronic pain. In OA synovial tissue, GM-CSF expression and its receptor have been discovered, and
they have been shown to be adversely linked with pain.? In contrast, GM-CSF-deficient mice were shielded
from the discomfort and osteophyte growth associated with an OA model that involved collagenase-induced
joint instability.?? According to these findings, neutralising anti-GM-CSF mAb significantly reduced
discomfort in the same model.?>?3 In this model, pain relief was shown whether the neutralising mAb was
given early or late, but early administration was necessary for joint injury prevention.® Early OA lesions are
frequently more characterised by synovial inflammation, which is characterised by macrophage infiltration,
whereas late OA is more frequently connected to structural abnormalities (such as cartilage degradation
and/or osteophyte production).?® Given that GM-CSF controls a variety of macrophage activities, it's possible
that patients with early OA disease may see the best clinical improvement as opposed to those with advanced
OA disease.

Multiple Sclerosis

Demyelination and consequent axonal degradation are hallmarks of the chronic autoimmune/inflammatory
disease known as multiple sclerosis (MS), which affects the central nervous system (CNS). Although it is
widely accepted that TH17 cells are the primary source of encephalitogenic activity in EAE,? the most
popular MS model, it has been discovered that their primary secreted cytokine, IL-17, is not necessary for
the onset of EAE.?®?° Instead, it was eventually discovered that the primary cytokine causing
encephalitogenicity®® is GM-CSF released by TH17 cells as a result of activating microglia in the CNS.3!
Tumour necrosis factor (TNF), interleukin (IL)-1, and interleukin (IL)-6 are among the extremely neurotoxic
chemicals produced by GM-CSF-activated microglia, which assume an M1-like (inflammatory)
phenotype®2.It has been suggested that GM-CSF encourages the blood brain barrier to break down, allowing
circulating Ly6Chi monocytes to enter, and accelerates the development of antigen-presenting cells produced
from monocytes.These developed cells have a profile that is similar to macrophages reported in active MS
lesions 333 Additional mice investigations have shown that GM-CSF deletion decreases the number of
monocyte-derived cells that migrate into the CNS parenchyma after EAE induction, while GM-CSF injection
increases the number of cells that do so.*® Patients with active MS have been observed to have elevated GM-
CSF levels in their cerebrospinal fluid.*® In mice with EAE, glitiramer acetate, an FDA-approved medication
to treat MS, has been demonstrated to increase regulatory T cells and decrease GM-CSF levels.” These
studies show that GM-CSF is crucial to EAE and suggest that GM-CSF may be a therapeutic target for MS.

Inflammatory Bowel Disease

The two main subtypes of inflammatory bowel disease (IBD) are Crohn's disease (CD) and ulcerative colitis
(UC). IBD is a chronic immune-mediated disease that affects the gastrointestinal system.3® Impairment of
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innate immunity is a major pathogenic factor in IBD.*® In colitis model organisms, GM-CSF has been
identified as a crucial mediator of chronic inflammation.*>4* GM-CSF-deficient mice exhibited more severe
colitis, according to other research utilising dextran sodium sulphate (DSS) to produce colitis.*?** According
to one theory, GM-CSF produced by type 3 ILCs regulates the macrophage phenotype to prevent intestinal
fibrosis.** GM-CSF administration can improve IBD in some patients and in experiments, which is consistent
with GM-CSF having a possible positive effect on IBD153,152,154. Additionally, it has been discovered that
a worse prognosis for CD correlates with high levels of circulating anti-GM-CSF autoantibodies.*>46

Interstitial Lung Disease

Various inflammatory lung parenchyma diseases known as interstitial lung disease (ILD) can cause alveolitis
and ultimately fibrosis. It is another severe side effect linked to systemic rheumatic disorders.*” In an
experimental setting, the Zap-70 gene-mutant SKG mouse*®“® develops spontaneous arthritis, ILD, and
IBD.% SKG mice's lungs exhibit pathological traits similar to human ILD, including fibrosis and severe GM-
CSF+ IL-17A+ neutrophil infiltrates.! In SKG mice, GM-CSF inhibition diminishes these characteristics,
notably the level of fibrosis, but IL-17 blockade has a lesser impact.®? It's interesting to note that peritoneal
fibrosis has been linked to macrophages that express CCL17.53Further research into the involvement of the
GM-CSF/CCL17 axis in lung fibrosis is necessary in light of these findings as well as data from lung
inflammation models showing that GM-CSF inhibition affected CCL17 expression in alveolar
macrophages®*.

Aortic Aneurysm

Aortic aneurysm dissection is a serious and frequently fatal disorder. According to a study, mice lacking the
Krueppel-like factor 6 (Kif6) gene experienced poorer aortic aneurysm development. GM-CSF was found to
be an effector molecule downstream of Krueppel-like factor 6 in the same study, and its injection accelerated
the development of aortic aneurysms while its antagonist, GM-CSF, had the opposite effect.>® Anti-GM-CSF
mADb treatment reduces inflammation and dilatation in the aortic root by inducing CD11b+ Gr-1+ Ly6Chi
inflammatory monocyte concentration.®® These results imply that GM-CSF blocking may be a useful
therapeutic strategy for aortic aneurysm.

Allergic Disease

According to reports, GM-CSF activates DCs to contribute to the TH2 response in allergic airway
inflammation.>” Epithelial cells exposed to allergens in a mouse model of asthma release GM-CSF, which
activates DCs and increases eosinophil survival. Taking a mAb that neutralises GM-CSF also lowered
allergic hyperresponsiveness.® As a result, a Phase Il trial for severe asthma has evaluated an anti-GM-CSF
mADb (see below). It's interesting to note that CCL17 produced by alveolar DCs plays a crucial role in airway
inflammation. The expression of CCL17 in the airways and the severity of asthmatic illness are correlated.5%6°
These findings, in our opinion, call for a thorough investigation of the function of the GM-CSF/CCL17 axis
in asthma, with CCL17 as a possible therapeutic target for allergic disease and/or a biomarker for selection
of patient.

Obesity and Its Associated Meta-Inflammation

Obesity is now frequently seen as a low-grade, chronic inflammatory disease that increases the risk of insulin
resistance, ectopic lipid accumulation, and metabolic dysfunction.®*®? Adipose tissue macrophages (ATMs)
are thought to play a significant role in metabolic inflammation, insulin resistance, and the deterioration of
adipocyte function as obesity progresses.®® In addition, GM-CSF is necessary for the inflammation caused by
diet-induced obesity (DIO) in adipose tissue, as evidenced by the reduced number of infiltrating ATMs and
crown-like features in adipose tissue in GM-CSF gene-deficient mice,® despite higher body weight and
adiposity levels.®*®The metabolic status of GM-CSF gene-deficient mice, namely their insulin sensitivity to
glucose, was shown to be better in comparison to that of their wild-type counterparts, and myeloid cells that
are GM-CSF responsive are thought to play a significant role in this improvement. Because of this, it has
been suggested that GM-CSF is a crucial mediator whose actions could account for the distinction between
obese people with normal glucose tolerance (metabolically "healthy™) and people with type 2 diabetes
(metabolically "unhealthy™).5” Other obesity-exacerbated diseases, such as the obesity-mediated increase of
breast cancer metastasis, have also been linked to GM-CSF in addition to type 2 diabetes.183 It is yet
unknown how GM-CSF affects obesity-related meta-inflammation.
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Cancer

Direct Administration of GM-CSF

In patients with acute lymphoblastic leukaemia (ALL), acute myeloid leukaemia (AML), Hodgkin- and non-
Hodgkin- lymphomas (HL/NHL), recombinant human GM-CSF (Sargramostim or Leukine®) is used to
stimulate early stem cells in donors before their harvesting for peripheral stem cell transplant and to
stimulate recovery of HPCs after bone marrow transplant %8 .Sargramostim (GM-CSF) has been demonstrated
to be helpful as an immunostimulatory adjuvant to elicit antitumor immunity and enhance the patient's
general state in patients receiving chemotherapy for solid tumours . Patients with surgically resected stage
I1I/1V melanoma had a two-year increase in survival when GM-CSF was administered subcutaneously at a
dose of 125 g/m? for 14 days in various cycles over the course of a year "', 19 patients with breast cancer,
recurrent ovarian cancer, metastatic endometrial cancer, and recurrent squamous cell cancer of the cervix
uteri who had previously failed chemotherapy experienced complete remission in 5% of cases and partial
remission in 31.5 percent of cases after receiving low-dose GM-CSF "2,

GM CSF against infectious diseases

Influenza

From 1973 until 1980, GM-CSF was employed to guard against acute lung damage, subsequent bacterial
pneumonia, and influenza. These latest research have led to a new application for providing GM-CSF to the
alveolar space to prevent various lung illnesses, in addition to the FDA-approved application for treating
bone marrow suppression with GM-CSF. This study expands on those results, resolves a contentious
problem, and discusses several novel applications of GM-CSF for treating influenza.The first piece of
supporting evidence was that pulmonary GM-CSF, which activates pulmonary innate immunity via alveolar
macrophages, offers exceptional defence against several IAV strains 7. Through increased AM proliferation,
production of TNF, MCP-1, and amphiregulin, a growth factor, as well as expression of PU.1 in AMs, we
have demonstrated here that intranasal delivery of GM-CSF protects wild type mice with different genotypes
that express two different MHC molecules, C57BI/6 and Balb/c. This supports our earlier findings and the
most recent research by Schnider et al. on the role of AMs as the primary innate immune subsets that protect
mice against lethal 1AV infections after receiving GM-CSF in the lungs "*7°. Macrophages and other immune
cell subsets may also aid in protection of GM-CSF 6. Additionally, it highlights the function of amphiregulin
in influenza disease and supports previous observations on the hormone's ability to guard against bacterial
co-infection of the lungs’”8. By boosting innate immune responses that rely on alveolar macrophages, GM-
CSF confers resistance to influenza. This cytokine may be delivered through the lungs to lower influenza-
related morbidity and mortality.

Tuberculosis

The ability of rhu-GM-CSF to stimulate human monocyte-derived macrophages in a manner that prevents
the intracellular growth of or eradicates Mycobacterium avium complex (MAC) bacteria was investigated by
Bermudez et al. ™°. They discovered that TNF- may enhance the death of MAC by activating macrophages to
suppress intracellular proliferation or kill MAC. A beige mouse model was used by Bermudez et al. to
demonstrate the impact of rhu-GM-CSF on disseminated MAC infection in vivo. In comparison to mice
treated only with antimicrobials, GM-CSF treatment resulted in a considerable decrease in the amount of
viable bacteria in the blood, livers, and spleens®’. According to research by Denis and Ghadirian, rhu-GM-
CSF inhibits M. tuberculosis development in human monocyte-derived macrophages in vitro as compared to
untreated cells.Reactive oxygen species production was not necessary for the tuberculous bacilli's
intracellular development to slow down®,

Pulmonary group B streptococcal infection

When compared to GM+/+ mice, pulmonary clearance of intratracheally given GBS was decreased in GM-/-
animals. When mouse GM-CSF was expressed in the respiratory epithelium of GM-/- mice under the control
of the SP-C promoter and when GM-CSF was administered acutely to GM+/+ mice, bacterial clearance
increased to levels higher than in wild-type mice. While the ability of macrophages to phagocytose bacteria
was comparable in GM-/- and GM+/+ mice, the production of superoxide radical and hydrogen peroxide was
significantly reduced in alveolar macrophages from GM-/- animals. These results lend credence to the idea
that GM-CSF plays a significant role in pulmonary host defence, which is partly mediated by elevated
oxygen radical generation and bacterial death by alveolar macrophages®.

Surprisingly, defects in macrophage phagocytosis were not linked to decreased pulmonary clearance of GBS
in GM-/- animals. Previous in vitro investigations showed that GM-CSF improved neutrophil phagocytosis
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of serum-opsonized Staphylococcus aureus # and macrophage phagocytosis of Cryptococcus neoformans
8.8, The lack of aberrant phagocytosis in the current study suggests that other in vivo mechanisms may be
able to make up for the loss of GM-CSF. For instance, BAL from GM-/- mice has significantly higher levels
of the surfactant proteins A and D (SP-A, SP-D) 8. The host's defence against bacterial infections is
significantly aided by these surfactant proteins. Surfactant proteins A and D promote the chemotaxis of
macrophages®”®, and SP-A improves bacterial attachment to macrophages . Mice lacking the SP-A gene
are extremely vulnerable to GBS infection *.Therefore, the maintenance of phagocytic activity by alveolar
macrophages may have been aided by the elevated amounts of SP-A and SP-D in BAL fluid from GM-/-
animals.

HIV

In a dose-dependent manner, GM-CSF reliably inhibits HIV-1 replication in human MDM. The inhibitory
impact is distinct since adding neutralising MAb 4D4 completely reverses it, but adding non-neutralizing
anti-GM-CSF control MAb 4A12 does not. The amount of MDM maturation at the time of GM-CSF
stimulation or HIV infection had no bearing on the inhibitory impact of GM-CSF. E21R GM-CSF has no
impact on HIV-1 replication because it only binds to the GM-CSF receptor's -chain, which concludes that
GM-CSF inhibits HIV-1 replication via signalling via the receptor's -chain®..

Our study addressed a long-standing debate in the literature, where the majority of early studies reported
increased viral production 929-%or no changeand two more recent studies suggested that GM-CSF inhibits
HIV-1 replication in MDM®*1%, Such variance may be influenced by a variety of laboratory conditions. To
understand why our results are different from those of certain earlier studies, we have carefully looked at
potential confounders. We replicated the assay parameters utilised by other researchers, including the HIV-1
strain, the supply and concentration of GM-CSF, and the timing of cytokine incubation in relation to cell
maturity and HIV-1 infection. No matter the experimental setup, we saw decreased HIV-1 replication.
According to research results, the inhibition of HIV-1 replication in macrophages brought on by GM-CSF is
mostly the result of a disruption at specific replication phases following the synthesis of the proviral DNA. A
model of the delay of HIV infection in vivo may therefore be provided by the inhibition of HIV replication in
GM-type macrophages®:1%,

Contradictory effects of GM CSF

Promoting theTumor-Associated Macrophages and Myeloid Derived Suppressor Cells

The main pro-tumorigenic immune cells in the cancer microenvironment are tumor-associated macrophages
(TAMs). By secreting cytokines, chemokines, and growth factors that support tumour growth and
progression, TAMs block antitumor immune responses. The chemokine ligand C-C maotif chemokine ligand
2 (CCL2) 1% which is released by the tumour and surrounding cells, regulates the polarisation of TAMs into
the tumor-promoting M2 phenotype 1%. To exert its tumor-promoting action, CCL2 binds to its specific
receptor CCR2!%106, GM-CSF can cause the synthesis of CCL2 from T cells in the tumour
microenvironment and the expression of CCR2 on macrophages, polarising them to the metastasis-promoting
M2 phenotype'® while being primarily an M1-inducing agent!51% Nasopharyngeal carcinoma (NPC) with
Epstein-Barr virus (EBV) association differentiates monocytes to a TAM-like phenotype by secreting GM-
CSF in an NK-B-dependent way. Then, TAMs release CCL-18, causing EMT. In line with these results, it
was discovered that neutralising GM-CSF greatly decreased NPC metastasis 1%. High expression of GM-
CSF and HIF1 is linked to perineural invasion (PNI) and unfavourable clinical outcomes in individuals with
pancreatic ductal adenocarcinoma (PDAC) % Nitrosamine 4-(methyl nitrosamino)-1-(3-pyridyl)-1-butanone
(NNK), a cigarette carcinogen, is known to accelerate PDAC growth by activating the cyclic AMP response
element-binding protein (CREB) through GM-CSF. TAM recruitment and regulatory T cell (Treg) growth
caused by GM-CSF were reported to be blocked by CREB inhibition °.In a different PDAC study, Waghray
et al. discovered that GM-CSF, which is released by cancer-associated mesenchymal stem cells (CA-MSCs),
promotes the growth and metastasis of PDAC cells .
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Fig.2-Therapeutic and pathogenic effects of GM-CSF on anti-cancer immune surveillance.

Recombinant GM CSF

Recombinant human granulocyte-macrophage colony-stimulating factor (rhGM-CSF) has gained popularity
in recent years for its healing ability. Animal studies and clinical trials have supported the efficacy of rhGM-
CSF treatment 12113 put clinical safety study of rhGM-CSF is insufficient, and the results are dubious.
Further a study conducted on the recombinant GM CSF on leg ulcers revealed that, pathogenesis, size, and
length of the ulcers appeared to be the most crucial factors affecting rhGM-CSF's ability to heal wounds.
None of the patients experienced clinical side effects or anomalies in their peripheral blood cell counts while
receiving medication, and none of the ulcers grew larger. After six months of follow-up, all of the results
mentioned were steady. The medication appears to have local rather than systemic effects, as evidenced by
the lack of change in the peripheral leucocyte count and the size-dependent therapeutic impact*!4. In addition,
a randomized control trial on the role of rhGM-CSF on acute lung injury did not show any positive impact,
where, patients with acute lung injury/acute respiratory distress syndrome who received granulocyte-
macrophage colony stimulating factor treatment did not experience an increase in the number of ventilator-
free days™®.

Conclusion

In summary, GM-CSF plays an important role in the reduction or maintenance of many diseases like
inflammatory, infectious or autoimmune diseases by reducing free radical stress. Apart from beneficiary
effects, it also exhibits a pro tumorigenic effect, where an extra caution is required during its use in different
cancers. And, crucial insights into effectively using GM-CSF for treating cancer will come from the existing
and future technological and scientific advancements in understanding the effects of GM-CSF at a single-
cell, geographic, and temporal level in cancers. Further, recombinant GM-CSF exhibits multiple benefits
similar to the natural GM-CSF, however, more research is needed to evident its beneficial impact.
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