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Abstract: Western and third world countries alike are experiencing population ageing with people living 
longer. The World Health Organization website states that ‘between 2015 and 2050, the proportion of the 
world's population over 60 years will nearly double from 12% to 22% reaching 2.1 billion’, and that ‘the 
number of persons aged 80 years or older is expected to triple between 2020 and 2050 to reach 426 million’. 
However, the elderly (i.e., those aged over 65 years) are 11 times more likely to develop cancer than younger 
people; this is illustrated by GLOBOCAN 2020 data showing that greater than 50% of people who had cancer 
were 65 or older in 2018. This age-related cancer emergence may in part be due to increasing dysregulation 
of the immune system or “immunosenescence”. Macrophages are pivotal immune cells in maintaining 
homeostasis and in regulating inflammatory responses during immunological insults, such as cancer, where 
they can perform anti-tumourigenic functions. Yet, tumour-associated macrophages are well known for their 
ability to promote tumour growth, with numbers often correlating to cancer progression and poorer outcomes. 
Macrophages contribute to this by secreting growth and angiogenic factors, and they closely interact with 
endothelial cells and cancer cells to help shape the tumour microenvironment. During ageing, macrophage 
response to environmental stimuli becomes dysregulated including impaired anti-tumour functions. 
Furthermore, increased number of macrophages and precursor cells are observed in lymphoid organs that can 
supply to tumours with ageing. Such age-related changes, including those to endothelial cells, may promote 
cancer development and lead to poorer cancer outcomes in elderly people. In this review, we discuss recent 
findings concerning how macrophages are modulated during healthy ageing and in cancer, with a focus on 
macrophage and endothelial cell interactions.
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1. Ageing, cancer and inflamm-ageing

Western and third world countries alike 
are experiencing population ageing with 
people living longer. The number of 

people aged 60 years and over is predicted to reach 
2.1 billion by 2050 [1]. However, ageing is a risk factor 
for many chronic diseases, such as diabetes, dementia, 
cardiovascular diseases and cancer. Notably, the elderly 
(i.e., those aged over 65 years) are 11 times more 
likely to develop cancer than younger people; this is 
illustrated by GLOBOCAN 2020 data showing that 
greater than 50% of people who had cancer were 65 or 
older in 2018 [2]. This may be due to several biological 
changes associated with ageing, including inflamm-
ageing [3] and immunosenescence [4]. Inflamm-ageing 
describes low-grade, chronic inflammation that 
can occur during ageing in the absence of infection [3, 5].  
This is characterised by an imbalance of pro- and 
anti-inflammatory factors. For example, increased 
circulating levels of interleukin (IL)-1β [6, 7], IL-6 [7-14], 
IL-18 [6, 11, 13], tumour-necrosis factor (TNF) [7, 8, 12, 15-17], IL-
10 [7, 13] and transforming growth factor (TGF)-β [6, 18, 19]. This 
low but sustained inflammatory state may promote the 
pathogenesis of age-associated diseases, such as cancer.

2. Immunosenescence and cancer
The immune system can control cancer development 
and growth however immune function changes during 
ageing, known as immunosenescence [4]. It is well 
established that T and B cell function is altered with 
age. For example, within the T cell compartment, naïve 
cells decrease and memory cells increase with age [20-

23]. Additionally, a decline in peripheral B cell numbers 
and diversity occurs with ageing [24-26]. Innate immunity 
is also impacted with ageing, where monocytes and 
macrophages may exist in a higher state of basal 
activation [27, 28] and produce more pro-inflammatory 
mediators such as TNF-α [29] and IL-6 [30, 31]. However, 
their response to stimulation is also impaired leading to 
poorer responses to infection [31, 32]. Chronic activation 
of the innate immune system during ageing, including 
macrophages, contributes to inflamm-ageing [3]. 
Overall, inflamm-ageing and immunosenescence can 
impact immune cell function, which will inevitably 
affect the outcome of cancer.

3. Macrophage Overview
Macrophages constitute a heterogeneous immune 

cell population that are pivotal in maintaining 
homeostasis by performing a range of tasks including 
development, t issue repair,  phagocytosis,  and 
regulating inflammatory responses (reviewed  
in [33]). It is therefore not surprising that macrophages 
exhibit plasticity and can quicky adapt to their local 
microenvironment to perform specialised functions. 
Tissue resident macrophages (TRMs) are long-lived 
cells that occupy all organs and tissues of the body, 
playing an important role in regulating local tissue-
specific immune responses (reviewed in [34]). Even 
within an organ, different macrophage populations can 
exhibit functional differences and perform unique 
tasks [35-37]. For example, marginal zone macrophages 
in the spleen are adept at phagocytosing pathogens 
present in the circulation. Whereas splenic red pulp 
macrophages are uniquely positioned and specialised at 
clearing red blood cells and debris from circulation and 
are important for iron homeostasis [36]. Interestingly, the 
spleen can harbour a large reservoir of monocytes and 
macrophages which can be deployed as a compensatory 
response, secondary to the bone marrow (BM) [38-40], 
during severe injury, infection or cancer. 

4. Macrophage Ontogeny
Ontogenically, TRMs can be derived during embryonic 
development (yolk sac and foetal liver), seed different 
tissues, and are maintained throughout life [37, 41-44]. 
Conversely, BM haematopoietic stem cells (HSC) can 
generate macrophages through a monocyte intermediate 
(monocyte-derived macrophages; MDM), migrate to 
tissues and adopt a specific transcriptional program to 
resemble TRMs (reviewed in [37]). These ontogenically 
dist inct  macrophages may have different  and 
overlapping features. Embryonic macrophages appear 
to have a higher proliferation and self-maintenance 
capacity compared to BM-derived macrophages 
(BMMs) [45-47]. Single-cell RNA-sequencing revealed 
yolk sac-derived arterial macrophages were enriched in 
vascular endothelial growth factor (VEGF) production, 
tissue regeneration, chemotaxis, and apoptosis in 
response to vascular inflammation [47]. Whereas BMMs 
were enriched in biological pathways involving 
inflammatory responses, cytokine secretion, leukocyte 
aggregation and chemotaxis [47]. In contrast, van de 
Laar et al. [46] showed that once yolk sac, foetal liver-
derived macrophages and BMMs colonised the alveolar 
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space, they developed into long-lived, self-maintaining 
alveolar macrophages, with a nearly indistinguishable 
gene expression profile. Additionally, these cells 
were functionally equivalent in their ability to clear 
surfactant [46]. Thus, the function of ontogenically 

distinct TRMs may be similar or different depending 
on the tissue they colonise [48] and if they are under 
homeostatic or inflammatory conditions.

5. Macrophage Function

 
Figure 1. Macrophage origin and inflammatory function 

Macrophages can be derived from the bone marrow/spleen via a monocyte intermediate or established during embryonic 
development (yolk sac and foetal liver). Macrophages can exhibit pro-inflammatory and anti-inflammatory functions when 

exposed to stimuli, such as LPS/IFN-γ or IL-4/IL-13, respectively. Pro-inflammatory macrophages can secrete chemokines to 
activate Th1 cells and recruit other leukocytes, such as inflammatory monocytes, macrophages and T cells. Anti-inflammatory 

macrophages can recruit Tregs and activate Th2 cells. Macrophages are highly plastic and can exhibit both pro- and anti-
inflammatory functions. Imaged created with BioRender.com.

Macrophages  d isp lay  funct ional  p las t ic i ty 
depending on the microenvironment they inhabit and 
can exhibit a spectrum of inflammatory phenotypes 
(Figure 1). Pro-inflammatory factors, such as 
lipopolysaccharides (LPS) and interferon-gamma 
(IFN-γ), can lead to inflammatory macrophage 
function characterised by inducible nitric oxide 
synthase (iNOS), produce reactive oxygen species 
(i.e., nitric oxide), IFN-γ, IL-6, IL-1β, IL-12, TNF-α, 
C-C motif chemokine ligand (CCL)2 (also known 
as monocyte chemoattractant protein-1; MCP-1) 
and CCL5 (also known as regulated upon activation, 
normal T cell expressed and secreted; RANTES) [49, 50].  
These mediators recruit immune cells such as 
inflammatory monocytes, macrophages and T cells, 
and support T helper (Th)1 activation. Macrophages 

can also exhibit anti-inflammatory functions required 
for wound healing via increased expression of the 
mannose receptor CD206, arginase 1 (Arg1), and 
prostaglandin E2 (PGE2) [51], along with secretion of 
IL-4, IL-5, IL-10, VEGF, TGF-β, CCL17 (also known 
as thymus- and activation-regulated chemokine; 
TARC) and CCL22 (also known as macrophage-
derived cytokine; MDC) [49, 50, 52]. These factors lead 
to the recruitment of CC chemokine receptor (CCR)4+ 
regulatory T cells (Tregs) and other lymphocytes and 
drive a Th2 response. Various stimuli can activate 
anti-inflammatory macrophages such as IL-4, IL-
13, immune complexes, IL-10 and via phagocytosis 
of apoptotic cells [49, 52], with variations in cytokine 
and chemokine expression profiles. During muscle 
injury/tissue repair, pro-inflammatory macrophages 
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may switch to exhibit wound healing macrophage 
characteristics required for repair [53, 54]. Pulmonary 
macrophages  can  exhib i t  both  pro  and ant i -
inflammatory markers, such as CD11c, CD206, and 
Ym1 (also known as chitinase-like protein 3; Chil3) [35, 55].  
Additionally, anti-tumourigenic macrophages may 
initially infiltrate the tumour microenvironment 
only to be subverted to a pro-tumourigenic or mixed 
phenotype [56, 57]. Thus, macrophage adoption of 
a functional phenotype is dynamic and driven by 
microenvironmental changes [58].

6. Macrophage-Endothelial Cell Interactions 
Interactions between macrophages and endothelial 
cells (ECs) are critical for inflammatory responses 
and regulation of vascular function. ECs can express 
chemotactic factors that recruit monocytes and 
macrophages, such as colony stimulating factor (CSF)-1 
(also known as macrophage colony stimulating factor; 
M-CSF) [59] and CCL2 [60, 61] during microvascular growth 
and remodelling [62]. ECs can then contribute to monocyte 
to macrophage differentiation and activation [59, 61, 63-65], 
in turn macrophages closely interact with blood vessels 
to coordinate angiogenesis [52, 66, 67] (reviewed in [68]).

Monocyte to macrophage conversion begins in 
the vasculature during inflammation and is mediated 
by CCR2 signalling, resulting in the generation 
of pro-inflammatory immature macrophages [61]. 
ECs can then mediate conversion of macrophages 
towards an anti-inflammatory phenotype, as shown 
with BMMs co-cultured with ECs in vitro [59, 65]. 
This is mediated through endothelial angiocrine 
factors that instruct macrophage programming. For 
example, EC-specific production of lactate activated 
macrophages towards an anti-inflammatory phenotype 
that was essential for muscle revascularisation and 
regeneration after ischemia in mice [64]. Additionally, 
interstitial macrophages responded to lung EC-derived 
Rspondin3, a Wnt signalling modulator, by increasing 
anti-inflammatory IL-10, Arg1 and CD206 expression, 
and downregulating the pro-inflammatory markers 
TNF and iNOS [65]. Interestingly, Willenborg et al. [69] 
showed infiltrating inflammatory CCR2+ monocytes 
differentiated into macrophages that highly expressed 
VEGF to promote tissue vascularisation in skin 
wounds in mice. These VEGF-expressing macrophages 
predominated at early stages of tissue repair and displayed 

a mixed inflammatory phenotype, expressing IL-6, 
iNOS and Arg1. Whereas late stages of repair involved 
mainly anti-inflammatory macrophages [69]. Overall, 
these studies show the dynamic nature of macrophage 
activation program which can be modulated by ECs to 
promote angiogenesis and wound repair.

The involvement of different macrophage subsets in 
angiogenesis has been delineated by several studies in 
vitro and in vivo. Pro-inflammatory macrophages were 
found at the leading front of sprouts [52] and secreted 
TNF-α and VEGF to promote vascular sprouting 
by inducing EC tip formation [70, 71]. Furthermore, 
vessel length, number and branch points increased in 
the presence of pro-inflammatory macrophages [52].  
However, these pro-angiogenic effects were only 
observed in the short-term (one day after macrophage 
co-culture with ECs), as longer exposure was 
associated with vessel regression [52]. Anti-inflammatory 
macrophages were seen wrapped around vessels 
and bridged neighbouring sprouts [66]. This included 
involvement in anastomosis (fusion of new blood 
vessels), promotion of vascular remodelling through 
production of matrix metallopeptidases (MMPs), 
including MMP-9 [52, 71], and upregulation of TGFβ-1 
which is involved in vessel maturation, as well as EC 
migration and proliferation [51, 52].

The studies above mostly describe macrophages 
derived from BM, yet macrophage origin and 
ontogeny may also impact their angiogenic function. 
Yolk-sac-derived TRMs were found to be superior 
at promoting angiogenesis in the brain compared 
to BMMs [66]. Similarly, pro-angiogenic and wound 
healing pathways were enriched in kidney TRMs 
versus BMMs [72]. This was further demonstrated in 
vitro where kidney TRMs increased transcriptional 
expression of VEGF-A, IL-10, ARG-1, TGFβ-2 
and promoted EC proliferation [72]. Thus, a shift in 
macrophage ontogeny with ageing, from embryonic-
derived TRMs to BMM, may impact on macrophage-
EC interaction and vascular function. 

7. Macrophages and Healthy Ageing
Macrophages undergo numerical and functional 
changes with healthy ageing, which varies depending 
on tissue site (Table 1). Dermal [73], alveolar [74-76]  
and peritoneal [77] macrophages were shown to be 
reduced in aged mice compared to young mice. In 



Vol 2 Issue 1 2024

contrast, visceral adipose tissue macrophages in 
mice [78] and those in human skeletal muscle [79-82] 
remain unchanged with ageing. It is, however, well 
documented that monocytes and/or macrophages 
increase in the BM [83-86], spleen [84, 85] and liver [87, 88] 

with ageing in mice and rats. Interestingly, these are 
key organs involved in haematopoiesis (referred to as 
extramedullary haemopoiesis in the spleen and liver [38, 39]  
(reviewed in [89]), suggesting that more monocytes 
and macrophages are available for deployment in the 
elderly, if necessary. Limited human data exists for 
BM and spleen, although studies on human circulating 
monocytes indicate they are elevated [90, 91] or remain 
similar to their younger counterparts with ageing [92]. 
There appears to be a consensus that a bias towards 
myelopoiesis over lymphopoiesis occurs with 
ageing [93-96]. This suggests an age-related increase in 
the number of myeloid progenitors, monocytes and 
macrophages that occupy hematopoietic organs which 
supply peripheral tissues during inflammation. 

The BM and spleens of elderly mice were reported 
to harbour increased anti-inflammatory IL-10+ 
macrophages compared to young mice [85] and isolated 
peritoneal macrophages produced more IL-10 with 
ageing [97]. Similarly, skeletal muscle in humans and 
mice have increased anti-inflammatory macrophages 
that were associated with increased fibrosis and 
collagen accumulation [82, 98]. Moreover, this was 
linked to aged BM contribution to the muscle [98]. In 
contrast, BMMs isolated from elderly mice increased 
pro-inflammatory IL-1β expression [99] and circulating 
monocytes from elderly humans produced more TNF-α 
and MCP-1 [100]. Furthermore, macrophages in adipose 
tissues [78] and the gastrointestinal tract [101] shift to a 
pro-inflammatory phenotype with ageing. At steady 
state, lung macrophages from aged mice exhibited 
upregulation of both pro- and anti-inflammatory 
markers, such as nitric oxide synthase 2 (NOS-2), 
CCL8 (also known as monocyte chemoattractant 
protein-2; MCP-2), chemokine (C-X-C motif) ligand 
9 (CXCL9), Arg1 and TGFβ-3, compared to younger 
mice [74]. Yet, their ability to appropriately respond 
to infection or injury is compromised. For example, 
lung macrophages in the elderly were hyporesponsive, 
with diminished IL-6, IL-1β and TNF-α production 
during infection with Streptococcus pneumoniae [32]. 
In contrast, in response to acute lung injury, lung 

macrophages in the elderly were hyperresponsive, with 
enhanced macrophages numbers and activation, likely 
contributing to poorer outcomes in the elderly [102]. In a 
different context, dermal macrophages in elderly mice 
were also found to be hyperinflammatory during wound 
healing, with increased expression of IL-6, IL-1β, 
CCL2, nucleotide oligomerisation domain (NOD-)like 
receptor family pyrin domain containing 3 (NLRP3), 
hypoxia inducible factor 1 subunit alpha (HIF-1α), 
TNF and nuclear factor kappa B subunit 1 (NFκB-1) [73].  
Furthermore, cell cycle, DNA repair and replication 
pathways were downregulated in elderly relative to 
young macrophages [73]. These age-related changes 
were concomitant with increased tissue damage [73]. 

Further evidence of age-related dysregulation 
in macrophage responses to stimuli have been 
demonstrated in in vitro studies. Murine macrophages 
and human monocytes exhibited reduced expression 
of the pro-inflammatory cytokines IL-6 and TNF-α 
when stimulated with TLR ligands, including LPS and 
Staphylococcus aureus [103-106]. Chelvarajan et al. [107] 
also demonstrated that macrophages in response to LPS 
decreased secretion of the pro-inflammatory factors IL-
1β, IL-6, TNF-α and IL-12, but increased expression of 
anti-inflammatory IL-10. Additionally, LPS-stimulated 
macrophages in the elderly increased production of 
PGE2, which implies increased suppressive function, as 
PGE2 upregulates IL-10, but reduces IL-12 production 
and major histocompatibility complex (MHC) 
class II expression [108]. MHC class II expression 
in IFN-γ-stimulated BMMs was markedly reduced 
in elderly versus young mice, suggesting reduced 
antigen presentation to CD4+ T cells [109]. In contrast, 
macrophages in the elderly may have an enhanced 
ability to mobilise other monocytes and macrophages, 
as they upregulated CCL2 expression when stimulated 
with IL-4 [110]. 

Generally, macrophages have reduced phagocytic 
ability with ageing, shown in BMMs [86, 99], splenic [111], 
a lveolar  [75],  per i toneal  macrophages  [97] and 
Kupffer cells [112, 113] in rodents, and in human blood 
monocytes [29]. Phagocytosis is important for resolution 
of inflammation [114, 115], thus, age-related impairment of 
phagocytosis in macrophages can lead to accumulation 
of damaged and senescent cells. The latter has been 
shown to accumulate with age [116-118], likely disrupting 
tissue homeostasis and contributing to chronic 
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inflammation in the elderly. 
Shifts  in ontogenically dist inct  TRMs with 

ageing vary depending on the tissue site. Liu et al. 
demonstrated that monocytes contributed to the pool 
of TRMs over time and at different rates (comparison 
of mice up to 9 months of age), where the gut and 
dermis occurred the fastest, followed by the kidney, 
spleen and peritoneal cavity, which had a slower 
contribution from monocytes [119]. In contrast, the 
liver, brain, and epidermis remained predominantly 
of embryonic origin [119].  Studies investigating 
macrophage ontogeny in elderly mice showed that 
brain microglia maintain their embryonic origin [47],  
whilst bladder TRMs were slowly replaced by 
BMMs, yet a considerable proportion of embryonic-
derived cells persisted with ageing [120]. Yolk sac-derived 
arterial TRMs were the predominant population 
until adulthood, with absolute numbers plateauing 

in 10-month-old mice and then diminishing with 
advanced age [47]. Furthermore, BM-derived arterial 
macrophages increased to similar numbers as their 
yolk sac counterparts at 10 months, yet their numbers 
remained steady until at least 20-21 months of age [47].  
In contrast, alveolar TRMs were maintained over 
the lifespan of mice at steady state [76] but could be 
depleted and replaced by BMMs during severe 
injury, such as from bleomycin-induced fibrosis 
or sublethal exposure to influenza A virus [76, 121].  
Furthermore, these BMMs persisted for at least 10 
months after injury in the lungs [121]. Overall, this 
suggests that the TRM landscape in terms of ontogeny 
may be impacted by tissue type, age and previous 
inflammatory encounters. The shift in macrophage 
ontogeny may impact t issue homeostasis  and 
macrophage response to inflammation and repair. 

Table 1. Age-related changes to macrophages during healthy ageing

Age-related changes Species/strain Sex Ref
Numerical
↓ Dermal (skin) C57BL/6J mice Female [73]

↓ Alveolar C57BL/6 mice
C57BL/6 and BALB/c

Both
Not specified

[74, 76]

[75] 

↓ Peritoneal C57BL/6 mice Not specified [77]

= Visceral adipose tissue C57BL/6 mice Male [78]

= Skeletal muscle Humans
BALB/c

Both
Not specified

[79-82]

[82]  

↑ Bone marrow C57BL/6 mice Both [83-86]

↑ Spleen C57BL/6J mice Female [84, 85]

↑ Liver Fischer 344 rats Male [87, 88]

↑ Blood monocytes Humans Both [90, 91]

↑ Myelopoiesis/Lymphopoiesis
C57BL/6 mice
C57BL/6, DBA/2 mice
Humans

Both
Not specified
Both

[93]

[94, 95]

[96]

Phenotype and functional (in vivo or directly ex vivo)
↑ IL-10+ macrophages in bone marrow and spleen C57BL/6J mice Female [85]

↑ IL-10 production in peritoneal macrophages C57BL/6 mice Male [97]

↓ CD206 ↑ IL-1β ↑ MHC-II+ bone marrow macrophages C57BL/6J mice Male [99]

↑ TNF-α circulating monocytes Humans Not specified [100]

↑ Anti-inflammatory macrophages in skeletal muscle Humans
BALB/c, C57BL/6 mice

Both
Not specified

[82]

[82, 98]

→ Pro-inflammatory macrophages in adipose tissue C57BL/6 mice Male [78]

→ Pro-inflammatory macrophages in gastrointestinal tract C57BL/6 mice Male [101]

↑ Pro- and anti-inflammatory markers in alveolar macrophages C57BL/6 mice Female [74]

↑ Activation markers (CD80, CD86) and ↑ alveolar macrophage 
numbers in LPS-induced acute lung injury model C57BL/6J mice Male [102] 

Hyperinflammatory dermal macrophages during wound healing C57BL/6J mice Female [73]

   ↑ increased, ↓ decreased, → shift towards, = no changes
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Table 1. (Continued)

Age-related changes Species/strain Sex Ref
Functional (in vitro)
↓ IL-6 and TNF-ɑ in splenic and peritoneal macrophages 
stimulated with LPS and S. aureus C57BL/6 mice Female [103]

↓ TNF-ɑ in LPS-stimulated peritoneal macrophages BALB/c mice Female [104]

↓ IL-6 and TNF-ɑ in blood monocytes stimulated with 
Pam3CSK4 and polyuridylate Humans Both [105]

↓ IL-6 and TNF-ɑ in blood monocytes stimulated with 
Pam3CSK4 Humans Not specified [106]

↓ IL-6, IL-12, IL-1β, TNF-ɑ and ↑IL-10 in LPS-stimulated 
splenic macrophages BALB/c mice Not specified [107]

↓ IL-6, IL-1β, TNF-ɑ in alveolar macrophages stimulated 
with S pneumoniae BALB/c mice Female [32]

↑ IL-6 ↑ TNF in LPS-stimulated murine BMDMs and human 
PBMC-derived macrophages

C57BL/6 mice
Humans

Female
Not specified

[30]

↑ IL-6 in unstimulated and LPS-stimulated BMMs C57BL/6 mice Female [31]

↑ PGE2 in LPS-stimulated peritoneal macrophages C57BL/6NIA mice Male [108]

↓ MHC class II in IFNγ-stimulated BMDMs C57BL/6 mice Not specified [109]

↓ IL-6 in unstimulated BMDMs; ↓ IL-6 ↑ CCL2 in IL-4-
stimulated BMDMs; 
↓ IL-6 ↑ TNF in IFNγ-stimulated BMDMs

C57BL/6 mice Male [110]

Phagocytosis 
↓ Apoptotic cells Jurkat cells and senescent neutrophils by 
BMMs C57BL/6 mice Male [86, 99]

↓ Apoptotic neutrophils by alveolar macrophages C57BL/6 mice Not specified [75]

↓ Fluorescent latex beads by splenic macrophages C57BL/6J mice Female [111]

↓ Fluorescent particles by peritoneal macrophages C57BL/6 mice Male [97] 

↓ Radiolabelled mitochondria by Kupffer cells Sprague-Dawley rats Female [112] 

↓ Neutrophils by Kupffer cells BM/BiRij rats Female [113]

↓ pHRODO-labelled E. coli by blood monocytes Humans Both [29]

Ontogeny 
Embryonically derived microglia maintained; 
Yolk sac-derived arterial macrophage diminished in elderly, 
whilst BMMs increased until middle age and remained 
stable with ageing

RankCreRosa26eYFP (C57BL/6J 
background) Not specified [47]

Microglia predominantly embryonic-derived
Bladder TRMs slowly maintained by BMMs

Flt3CreRosa26YFP (C57BL/6 
background) Male [120]

Alveolar TRMs maintained with ageing but is depleted and 
replaced by BMMs during sublethal exposure to influenza A 
virus 

C57BL/6J mice Male [76]

Skin TRMs replaced by MDMs with ageing Humans Female [122]

Ovarian TRMs replaced by MDMs with ageing C57BL/6J mice Female [123]

MDMs transplanted into adult mice replaced 80-90% of 
cardiac TRMs within 8 weeks (to at least 36 weeks) C57BL/6 mice Not specified [124]

   ↑ increased, ↓ decreased, → shift towards, = no changes

8. Tumour-Associated Macrophages 
Macrophages are implicated in many cancers, including 
mesothelioma and lung cancer [56, 84, 125-128], where they 
can make up to half of the total tumour burden [125, 129-131].  
Indeed, tumour-associated macrophage (TAM) numbers 
are often associated with poorer outcome [132-134]  

due to their ability to promote tumour growth [59, 125, 135],  
invasion, metastasis [132, 136], neoangiogenesis [51, 59, 71]  
and therapeutic resistance [137-139]. On the flip side, 
TAMs can be anti-tumourigenic, involved in destroying 
cancer cells, phagocytosis, activating tumour antigen-
specific effector T cells [140], and mediating antibody 
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dependent cellular cytotoxicity and phagocytosis 
(ADCC and ADCP, respectively) [141-143].

Chronic inflammation serves as the foundation 
of neoplastic development [144] in which TRMs, 
present in the tissue prior to the carcinogenic event, 
are amongst the first to engage with the transformed 
cells  and are important in shaping the tumour 
microenvironment [135]. TRMs can be hijacked to 
support tumour growth [145] through production of 
growth and angiogenic factors [146]. Tumour cells and 
stroma can secrete chemotactic factors, such as CCL2, 
CCL5, CSF-1 and VEGF that can recruit monocytes 
and macrophages to the tumour [147-152]. Initially, 
monocyte-derived TAMs may be pro-inflammatory and 
anti-tumourigenic. However, tumour-derived factors, 
such as IL-4, IL-10 and TGF-β, can promote functional 
reprogramming towards anti-inflammatory and pro-
tumour functions [152, 153]. Indeed, elevated immune 
suppressive TAMs are often associated with tumour 
progression and poor prognosis [126, 127, 130, 154-157]. This 
phenotypic switch may be incomplete, as TAMs can 
display a mixed pro- and anti-inflammatory phenotype 
(i.e., IL-10 and TNF-α), as shown in human pancreatic 
ductal adenocarcinoma [158] and mouse mesothelioma 
tumours [56]. 

TAMs can exert a dual effect on the efficacy of 
cancer treatments, including immune checkpoint 
inhibitors (ICI). For example, the efficacy of anti-
cytotoxic T-lymphocyte associated protein (CTLA)-4 
treatment on murine mesenchymal-like glioblastoma 
tumour growth was reliant on microglial TAM-
mediated activation of CD4+ tumour infiltrating T cells 
via MHC class II [159]. In turn, IFN-γ produced by CD4+ 
T cells upregulated microglial TAM phagocytosis and 
tumour cell removal [159]. In metastatic melanoma, 
patients that responded to anti-CTLA-4 therapy had 
reduced tumour-infiltrating Tregs, and increased 
CD68+ TAMs and circulating monocytes that expressed 
CD16 (also known as FcγRIIIA) [160]. Interestingly, 
the latter was shown to eradicate Tregs bound with 
anti-CTLA-4 antibodies via ADCC-mediated lysis ex 
vivo. In contrast, TAMs hampered the efficacy of anti-
programmed death (PD)-1 therapy by protecting PD-
1+ tumour infiltrating CD8+ T cells [137]. This involved 
the transfer of the bound anti-PD-1 monoclonal 
antibodies on T cells to TAMs via Fcγ receptors, in 
murine melanoma, and lung and colon adenocarcinoma 

models [137]. Distinct TAM phenotypes may contribute 
to the differences in response to immunotherapy. For 
example, using single cell RNA-seq, Rashidian et 
al. [161] showed that suppressive TAMs (with increased 
CD206 and Arg-1 expression) accumulated in murine 
colorectal adenocarcinoma tumours of non-responders 
to anti-PD-1 blockade, concomitant with reduced 
infiltration of CD8+ T cells. Additionally, Peronzoni 
et al. [162] demonstrated that CD206+ stromal TAMs 
were responsible for excluding CD8+ T cell infiltration 
into lung squamous cell carcinoma tumour islets and 
elimination of TAMs with anti-CSF-1 receptor (CSF-
1R) antibodies improved anti-PD-1 treatment efficacy 
in young mice.

TAMs of distinctive origin contribute differently 
to tumour development. This has been elegantly 
demonstrated by Casanova-Acebes et al. [135] showing 
TRMs accumulate near non-small cell lung cancer 
cells after inoculation in mice. However, with tumour 
progression, monocyte-derived TAM numbers and 
proportions increased. TRMs and MDMs were 
functionally distinct, wherein the former was shown 
to promote tumour remodelling, tumour cell migration 
and invasiveness, while the latter upregulated DNA 
replication and cell-cycle progression responses in 
tumour cells [135]. In a murine model of glioblastoma, 
Antunes et al. 2021. [163] showed microglia-derived 
TAMs were functionally distinct to monocyte-derived 
TAMs. Microglia-derived TAMs exhibited increased 
secretion of the pro-inflammatory factors TNF, CCL2 
and CCL4 (also known as macrophage inflammatory 
protein-1 beta; MIP-1β), which suggests an enhanced 
ability to recruit microglia, monocytes/macrophages, 
and T cells to the tumour. However, microglia-derived 
TAMs strongly suppressed T cell proliferation. Both 
TAM populations have enhanced but comparable 
pro-angiogenic activity however, monocyte-derived 
TAMs outcompeted microglial-derived TAMs in 
hypoxic regions of the murine and human glioblastoma 
tumours, suggesting they have an important role to 
play in tumour angiogenesis [163]. In a murine lung 
cancer model, tissue-resident TAMs were also found 
to support the growth of tumour cells and promote 
angiogenesis [164], while monocyte-derived TAMs 
facilitated tumour remodelling and spreading in lungs. 
Furthermore, monocyte-derived TAMs accumulated 
in the tumour with cancer progression and became the 
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predominant TAM population [164]. 

9. Tumour-Associated Macrophages and 
Tumour Endothelial Cells in Tumour 
Angiogenesis
During disease progression oxygen-deprived or hypoxic 
regions emerge in solid tumours. This is because in 
the early stages of development, tumour cells rely on 
diffusion of oxygen and nutrients from surrounding 
tissue. If tumour cells continue to proliferate, the local 
environment becomes hypoxic. Hypoxia increases 
expression of transcription factors or coactivators in 
tumour cells, ECs and macrophages, such as hypoxia-
inducible factor-1 (HIF-1) and peroxisome proliferator 
activated receptor gamma (PPARγ) coactivator (PGC)-
1α that induce production of angiogenic factors, in 
particular VEGF and angiopoietin (Ang)2 [165, 166].  
Hypoxia is also a potent inducer of chemokines 
such as CCL2, CCL5, as well as factors that directly 
influence monocytes and macrophages such as CSF-1 
and IL-6 by tumour cells, ECs and TAMs [155, 167], which 
attract additional TAMs to accumulate in these areas. 
These TAMs further promote neoangiogenesis via 
upregulation of angiogenic factors, including IL-6 [168, 169],  
VEGF [168], MMP-9 [136, 170] and TNF-α (reviewed in 
Henze [171]). 

ECs can directly drive pro-tumourigenic functions 
in macrophages whilst they traverse blood vessels 
and engage with ECs. For example, macrophages 
cultured with ECs and injected back into mice were 
activated towards an anti-inflammatory, pro-angiogenic 
phenotype and resulted in increased angiogenesis 
and faster prostate tumour growth [59]. Activation of 
TAMs towards this state may be facilitated by tumour 
endothelial cell (TEC)-derived factors, such as IL-6, 
which was shown to be necessary for the activation of 
suppressive IL-10+ TAMs, as EC-specific knockout of 
IL-6 reduced the number of these TAMs and improved 
anti-cancer outcomes in a model of glioblastoma 
tumour in young mice [155]. A complementary study 
showed that EC-derived Ang2 (which is upregulated 
by IL-6 signalling) [166, 168] promoted activation of pro-
angiogenic monocytes/macrophages that expressed 
Tie2 (receptor for Ang2). Furthermore, overexpression 
of Ang2 in ECs led to increased infiltration of Tie2+ 
TAMs into Lewis Lung carcinoma (LLC) tumours 
which resulted in increased microvessel formation, 

however at the cost of EC maturity, contributing to 
the tumours becoming more hypoxic [172]. Tie2 and 
Ang2 have been shown to be critical for TAM and 
EC interaction as blocking either of these molecules 
abrogated the ability of TAMs to closely associated 
with blood vessels to promote angiogenesis and 
subsequently resulted in reduced tumour growth and 
metastasis in a murine breast cancer model [173]. 

10. Tumour-Associated Macrophages and 
Ageing
The expansion of myeloid precursors, monocytes 
and macrophages in the BM with ageing suggests 
the elderly have a greater potential to supply these 
cells in response to tumour-derived factors. We have 
shown that there is a larger pool of splenic monocytes 
and macrophages with healthy ageing (non-tumour-
bearing hosts) and this was further exaggerated 
with mesothelioma tumour progression in mice [84]. 
This corresponded with an expansion of TAMs and 
tumour growth in elderly mice [84, 125]. Similarly, TAMs 
increased with ageing in murine prostate cancer [174] 
and colorectal cancer in humans and mice [175]. Whereas 
TAMs in human oral squamous cell carcinoma 
were found to be similar between young and elderly 
patients [176]. Regardless, immune suppressive TAMs 
are associated with cancer progression (as discussed 
previously) and predominate in tumours of elderly 
patients (prostate cancer [131]) and mice (mesothelioma 
and prostate cancer [84, 131]). 

Functionally, aged macrophages appear to have 
impaired anti-tumour responses with decreased 
cytotoxicity towards cancer cells [177] alongside a 
reduced ability to activate T cells [178], both shown 
in vitro .  We have shown that TAMs in elderly 
mesothelioma-bearing mice impaired anti-tumour T 
cell function and contributed to poorer response to 
IL-2/anti-CD40 immunotherapy, compared to complete 
tumour regression in young mice [125]. Furthermore, 
macrophage depletion improved responses to IL-2/
CD40 treatment in elderly but not young mice [125]. This 
suggests TAMs in the elderly are more suppressive and 
contribute to poorer anti-cancer outcomes (Table 2 and 
Figure 2). The impact of macrophages on the efficacy 
of other immunotherapies in the elderly is yet to be 
determined. 
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Table 2. Age-related changes to tumour-associated macrophages

Age-related changes Species/strain Sex Ref
Numerical
↑ Mesothelioma tumour, corresponding to faster tumour 
growth C57BL/6J mice Female [125]

↑ Prostate cancer C57BL/6 mice Male [174]

↑ Colorectal cancer BALB/c mice
Humans

Not specified
Not specified

[175]

= Oral squamous cell carcinoma Humans Both [176]

Phenotype and functional
↑ Immune suppressive TAMs in mesothelioma C57BL/6 mice Female [84]

↑ Immune suppressive TAMs in prostate cancer Humans (TCGA dataset)
C57BL/6 mice

Male
Male

[131]

↓ Anti-tumour T cell function and contributes to poor 
response to IL2/anti-CD40 immunotherapy (improved with 
macrophage depletion in elderly but not young mice)

C57BL/6J mice Female [125]

↓ Anti-tumour response with ↓ cytotoxicity towards cancer 
cells in peritoneal macrophages (in vitro) C57BL/6 mice Both [177]

↓ Ability to activate T cells (in vitro) C57BL/6 mice Female [178]

   ↑ increased, ↓ decreased, → shift towards, = no changes

 
Figure 2. Age-related changes that may impact tumour-associated macrophages 

Elderly hosts have the potential to supply more monocytes/macrophages to tumours due to an increase in myeloid progenitor 
cells, monocytes and macrophages in the bone marrow and spleen with ageing. Aged macrophages exhibit dysregulated 
function, including reduced phagocytic ability and altered inflammatory cytokine production in response to stimuli. The 

inflammatory phenotype of macrophages in different tissues are also altered with age. Aged monocytes/macrophages can give 
rise to TAMs with reduced anti-tumour activity (decreased cytotoxicity and ability to activate T cells) and may contribute to 

poorer response to immunotherapy in the elderly. Suppressive TAMs may also increase with ageing. Increased (↑), decreased (↓). 
Image created with BioRender.com.

11. Tumour-Associated Macrophages, 
Tumour Endothelial Cells and Ageing
Whilst it is well known that ECs change with the 

ageing process, also known as vascular ageing, the 
effect of ageing on TECs and how they influence the 
tumour microenvironment is less well understood. 
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There is evidence that ECs from aged mice show 
decreased prol i ferat ion and migrat ion [179-181] 
contributing to delayed wound healing. Moreover, 
aged individuals appear to have impaired physiological 
angiogenesis with ECs adopting a senescent profile 
(reviewed in [182]). Yet, even in elderly hosts, TECs 
proliferate to drive angiogenesis and promote tumour 
growth, albeit in a dysregulated manner. It is possible 
that the aged tumour environment contributes to TEC 
dysfunction because accumulating senescent ECs in 
vessels, such as those seen in the aortic wall of aged 
mammals, have been shown to induce EC dysfunction, 
along with increased permeability [181, 183-186]. Structural 
and functional changes in senescent ECs include 
vascular leak, thrombosis and immune dysregulation, 
key hallmarks of cancer. Furthermore, senescent ECs 
exhibit increased expression and secretion of various 
cytokines, such as IL-6 and CCL2 [181, 187], known 
as the senescence-associated secretory phenotype 
(SASP) [188].  SASP cytokines cause low-grade 
chronic inflammation, cellular fibrosis, and promote 
macrophage infiltration which collectively exacerbate 
vascular ageing [181]. However, ECs can also express a 
non-activated, potentially anti-inflammatory senescent 
population, which is induced by age-related stress [189]  
and by overexpression of the vascular protective gene 
ARHGAP18 (also called SENEX) [190]. This anti-
inflammatory senescent phenotype is mediated through 
caveolae and inhibition of NFκB [191]. The proportion 
of pro-inflammatory and anti-inflammatory senescent 
ECs and TECs in aged hosts may determine the fate of 
tumorigenesis in premalignant cells. 

Macrophages recruited by SASP factors can clear 
senescent cell, such as TECs and tumour cells [192]. 
However, macrophage phagocytosis is impeded with 
ageing and inadequate removal of these senescent cells 
may lead to continual inflammation in support of cancer 
development and growth. Indeed, a study by Haston et 
al. [193] demonstrated that removal of senescent cells, 
which predominantly consisted of TAMs (mainly 
with a pro-tumoural phenotype) followed by TECs, 
resulted in reduced Kirsten rat sarcoma virus (KRAS)-
driven lung tumour growth in young mice. In effect, 
the tumour vasculature was reduced, along with 
increased CD8+ T cells and reduced FoxP3+ Tregs in 
the tumours. Furthermore, administration of anti-CSF-

1R antibody depleted senescent TAMs (while TECs 
were unaffected) which led to reduced tumour burden, 
demonstrating the direct involvement of senescent 
TAMs in cancer progression [193]. The same study also 
established that macrophages and ECs similarly made 
up the majority of the senescent cell population in the 
lungs of healthy elderly mice [193]. However, further 
studies are required to directly link the role of age-
associated senescent macrophages and ECs in tumour 
initiation and progression in the elderly. 

As discussed earlier, pro-tumoural TAMs are 
important in tumour angiogenesis and appear to 
accumulate in many tumours of elderly humans and 
mice. This suggests that angiogenesis in the ageing 
tumour may be enhanced, likely in a dysregulated 
manner, by the increased presence of these pro-
angiogenic TAMs. Studies in this area are currently 
lacking, however one study showed that immune 
suppressive TAMs expanded in intraocular tumours 
in mature (10-12-month-old) but not young (2-month-
old) mice [194]. Furthermore, depletion of these cells in 
the eye resulted in downregulation of genes associated 
with angiogenesis, such as VEGF, Tie2 and CD31, 
concomitant with reduced tumour growth in the older 
mice [194]. Although this study did not assess whether 
TAMs directly interacted with TECs to promote 
angiogenesis, it does suggest that ageing may drive 
TAMs towards pro-angiogenic functions and promote 
tumour growth in older hosts. Whether this is due to 
age-related cell intrinsic factors or as a result of the 
instructive niche provided by aged TECs [59] is yet to be 
determined. More studies are required to address how 
ageing modulates TAM and TEC interaction and the 
impact on cancer progression in the elderly. 

Another question remains as to whether the changes 
to the proportion of ontogenically distinct TAMs 
can impact tumour angiogenesis and progression. 
As discussed earlier, healthy ageing is associated 
with the gradual replacement of embryonic-derived 
TRMs with BMMs in certain organs. Although some 
studies in young mice demonstrated that TAMs of 
different ontogeny have distinct functions, including 
angiogenesis, it is yet to be determined how age-
related changes to these cells, in relation to numbers 
and function, can directly impact cancer progression in 
elderly.
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12. Summary and Conclusions
Macrophages play a significant role in health and 
disease, such as in cancer, where they can contribute to 
poor outcomes due to their relative abundance and pro-
tumourigenic functions. One important aspect is the 
crosstalk between macrophages and ECs that help drive 
pro-tumourigenic functions in macrophages, including 
promoting tumour angiogenesis. Ageing can modulate 
macrophages in several ways, including increased 
numbers of monocytes/macrophages and myeloid 
precursor cells that supply tumours, dysregulating 
responses to stimuli, and inducing functional changes, 

such as decreased phagocytosis and impaired anti-
tumour responses. Thus, age-related changes to 
macrophages may contribute to poorer cancer 
outcomes in the elderly, however few studies have 
addressed this. A better understanding of how ageing 
modulates TAMs, along with their interaction with 
TECs, to drive tumour angiogenesis and progression is 
required (Figure 3 illustrates the potential interaction 
of TAMs and TECs during ageing that may impact 
cancer outcomes in the elderly). This may lead to the 
development of new therapeutic strategies to improve 
anti-cancer outcomes in elderly people.

 
Figure 3. Age-related changes to tumour-associated macrophages and their interaction with tumour endothelial cells that may 

contribute to cancer progression in the elderly 
Aged TECs secrete SASP factors, such as IL-6 and CCL2, which can signal to monocytes and macrophages in the bone 

marrow and spleen, resulting in their mobilisation and recruitment to the tumour where they interact with TECs. An age-related 
expansion of myeloid progenitors and monocytes/macrophages suggests increased potential to supply to tumours. TAMs in the 

elderly have reduced anti-tumour function, dysregulated inflammatory response and reduced phagocytic ability, which mean 
they are unable to effectively remove senescent/aged TECs. Additionally, there may be increased pro-angiogenic TAMs in 

tumours of the elderly. The interaction of TAMs and TECs may promote tumour angiogenesis and progression in the elderly.
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