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An important component of the tumour microenvironment: macrophages

Macrophages play a central role in
regulating both innate & adaptive immune
responses ( Th1&Th2 responses, modulate NK cells,...)

Macrophages are one of the most common
cell types in solid tumours, sometimes
forming up to 40% of total tumour mass

Activated macrophages can kill cancer cells
by themselves (directly: TNF, NO,
phagocytosis), or in an indirect manner
through recruitment of other immune cells
(e.g., CTLs)

Increased macrophage infiltration of
tumours is generally associated with poor
patient prognosis

Macrophages are a heterogeneous
population of cells ...

and complications of malignancy"

Pires et al, (2011). Ch. 10 in  
"Melanoma in the clinic: Diagnosis, management 



Macrophages heterogeneity

Macrophages plasticity: mediated by microenvironment signals

Anti−tumour treatment: re−polarisation
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* Pro−inflammatory

(tissue injury)
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"These are extremes in a continuum of polarization states in an universe of diversity." (Mantovani, Locati, 2013)
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Most tumour-associated macrophages (TAMs) are “M2-like" in established
tumours, but “M1-like" cells have also been observed in early as well as
advanced tumours ...

M1 M2tumour progression

anti-tumour pro-tumour

------------------------------------------------------------------------------------>

Tumour
cells
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Questions surrounding the density of M1&M2 inside tumour islets/stroma...

Macrophages within NSCLC tumour islets
are predominantly of a cytotoxic M1
phenotype associated with extended
survival
C.M. Ohri*,#, A. Shikotra*,#, R.H. Green*, D.A. Waller" and P. Bradding*,#

ABSTRACT: There is a marked survival advantage for patients with nonsmall cell lung cancer
(NSCLC) expressing high numbers of macrophages in their tumour islets. The primary aim of the
present study was to determine the immunological phenotype of NSCLC-associated
macrophages.

CD68+ macrophages expressing markers of a cytotoxic M1 phenotype or a noncytotoxic M2
phenotype were identified in the islets and stroma of surgically resected tumours from 20 patients
with extended survival (median 92.7 months) and 20 with poor survival (median 7.7 months),
using immunohistochemistry.

The islet density of both M1 and M2 macrophages was markedly increased in extended
compared with poor survival patients. In the extended survival group, M1 islet density was
significantly increased compared with M2 density, 70% of islet macrophages were positive for M1
markers versus 38% for M2, and the islet:stromal ratio of M1 macrophages was markedly
increased compared with M2. The 5-yr survival for patients with above and below median
expression of M1 macrophages in the islets was .75 and ,5%, respectively.

Macrophages infiltrating the tumour islets in nonsmall cell lung cancer were predominantly of
the M1 phenotype in patients with extended survival. The survival advantage conferred by islet
macrophage infiltration may be related to their cytotoxic antitumour activity.

KEYWORDS: Macrophage, M1 phenotype, M2 phenotype, nonsmall cell lung cancer, phenotype

N
onsmall cell lung cancer (NSCLC) is the
most common cause of cancer-related
death worldwide. Currently, even in

patients with stage IA disease, the 5-yr survival
after putatively curative surgical resection is only
67% [1]. There is increasing interest in the role
played by the innate and adaptive immune
systems in the regulation of tumour development
and progression [2, 3] and it is anticipated that a
better understanding of the molecular and cellular
immunology of NSCLC will lead to the identifica-
tion of novel targets for immunotherapy.

The present authors have previously shown that
the anatomical microlocalisation of macro-
phages in NSCLC strongly predicts patient
survival, regardless of cancer stage [4]. Thus,
increasing numbers of macrophages within the
tumour islets conferred a marked survival
advantage, while increased numbers of macro-
phages in the tumour stroma were associated
with worse prognosis. The association between

prognosis and islet macrophage count has been
confirmed recently by others in an independent
cohort of patients [5] but the stromal macro-
phage counts in that study were not associated
with survival.

The role of macrophage phenotypes in tumour
progression has been extensively reviewed [6–
10]. The M1 phenotype (classically activated)
macrophages are thought to be induced by
interferon-c, with or without lipopolysaccharide
and tumour necrosis factor (TNF)-a, and exert a
cytotoxic effect against cancer cells. M1 macro-
phages are associated with the expression of
interleukin (IL)-1, -12, TNF-a and inducible nitric
oxide synthase (iNOS) [7]. Monocytes activated
by tumour-derived microvesicles from pancrea-
tic, colon and lung cancer cell lines have been
found to show increased expression of human
leukocyte antigen (HLA)-DR and a resulting
increase in production of reactive oxygen inter-
mediates and TNF-a [11].
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Multivariate analysis revealed that tumor islet-
infiltrating M1 macrophages and total tumor-infiltrating
M2 macrophages were independent predictors of patient
survival. High infiltration of M1 macrophages in the
tumor islets emerged as an independent favorable
prognostic indicator (HR = 2.55, 95% CI = 1.05–6.19;
P < 0.05). High infiltration of total tumor-infiltrating
M2 macrophages was an independent prognostic fac-
tor of reduced survival (HR = 0.38, 95% CI = 0.16–
0.93; P < 0.05).

Serum cytokines levels in NSCLC and control group
patients
Figure 8 shows the serum cytokine levels in the investi-
gated groups. We examined IFN-γ, IL-10, and TNF-α
levels in NSCLC patient serum and compared them with
those in control group patients. Serum IFN-γ, IL-10 and
TNF-α levels were significantly higher in NSCLC
patients than in the control subjects.

Associations of serum cytokines levels with lung tissue-
infiltrating M1 and M2 macrophages
We also investigated correlations between tumor-
infiltrating M1 and M2 macrophages and serum cyto-
kine levels. We found a significant correlation between
the total number of M1 macrophages and IL-10 (r = −
0.27; P < 0.05); M1 macrophages in stroma correlated
with IL-10 (r = − 0.23; P < 0.05). TNF-α correlated with
M1 macrophages in the stroma (r = 0.34; P < 0.05) as
well as with the total number of M1 macrophages (r =
0.33; P < 0.05) and M2 macrophages in the tumor islets
(r = 0.24; P < 0.05). IFN-γ correlated with M2 macro-
phages in the tumor islets (r = 0.35; P < 0.05).

Associations of serum cytokines levels with clinicopathological
characteristics and survival in NSCLC
Higher serum IL-10 and TNF-α levels we found in
NSCLC with poor differentiation than in moderate to
well differentiated NSCLC (17.99 (12.12–22.17) pg/ml

Fig. 4 Distribution of total M1 and M2 macrophages in lung tissue of NSCLC and control group subjects

Fig. 5 Distribution of M1 and M2 macrophages in tumor islets and stroma in NSCLC patients
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Distribution of M1 and M2 macrophages
in tumor islets and stroma in relation to
prognosis of non-small cell lung cancer
Jurgita Jackute1*, Marius Zemaitis1, Darius Pranys2, Brigita Sitkauskiene3, Skaidrius Miliauskas1,
Simona Vaitkiene1 and Raimundas Sakalauskas1

Abstract

Background: Non-small cell lung cancer (NSCLC) remains the most common cause of cancer related death worldwide.
Tumor-infiltrating macrophages are believed to play an important role in growth, progression, and metastasis of tumors.
In NSCLC, the role of macrophages remains controversial; therefore, we aimed to evaluate the distribution of
macrophages (M1 and M2) in tumor islets and stroma and to analyze their relations to patients’ survival.

Methods: Lung tissue specimens from 80 NSCLC patients who underwent surgical resection for NSCLC
(pathological stage I-III) and 16 control group subjects who underwent surgery because of recurrent spontaneous
pneumothorax were analyzed. Immunohistochemical double staining of CD68/iNOS (markers for M1 macrophages)
and CD68/CD163 (markers for M2 macrophages) was performed and evaluated in a blinded manner. The numbers of
M1 and M2 macrophages in tumor islets and stroma were counted manually.

Results: Predominant infiltration of M1 and M2 macrophages was observed in the tumor stroma compared with the
tumor islets. M2 macrophages predominated over M1 macrophages in the tumor tissue. Tumor islets-infiltrating
M1 macrophages and the number of total tumor-infiltrating M2 macrophages were independent predictors
of patients survival: high infiltration of M1 macrophages in tumor islets was associated with increased overall
survival in NSCLC (P < 0.05); high infiltration of total M2 macrophages in tumor (islets and stroma) was associated with
reduced overall survival in NSCLC (P < 0.05).

Conclusions: This study demonstrated that high infiltration of M1 macrophages in the tumor islets and low infiltration
of total tumor-infiltrating M2 macrophages were associated with improved NSCLC patients’ survival.

Trial registration: ClinicalTrials.gov NCT01955343, registered on September 27, 2013

Background
Lung cancer remains the most common cancer type
worldwide and it is the leading cause of cancer death.
The tumor microenvironment comprises a wide variety
of cells including malignant and nonmalignant popu-
lations [1]. Crosstalk between tumor cells and other
tumor-associated cells may lead to either inhibition of
tumor formation or enhancement of tumor growth
and progression, and this double-edged sword charac-
teristic of many tumor-infiltrating immune cells, such

as macrophages, T cells, and dendritic cells, has been
recognized [2–4].
Macrophages are particularly abundant among tumor-

infiltrating innate and adaptive immune cells and are
present at all stages of tumor progression. The tumor
microenvironment determines the behavior of cancer. It
is known that the tumoricidal activity of macrophages
may vary in different tumor compartments. Experimen-
tal murine models and clinical studies indicate that
tumor-infiltrating macrophages generally play a pro-
tumorigenic role [5]. In early pre-invasive lesions, tumor
cells release chemokines to attract macrophages as well
as other inflammatory cells into the tumor stroma [6].
Many substances secreted by macrophages in the tumor

* Correspondence: jjackute@gmail.com
1Department of Pulmonology, Medical Academy, Lithuanian University of
Health Sciences, Eiveniu st. 2, LT-50161 Kaunas, Lithuania
Full list of author information is available at the end of the article
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FIGURE 3. Islet:stroma macrophage M1 and M2, double-stain cell-density

ratios. VEGF: vascular endothelial growth factor; HLA: human leukocyte antigen;

iNOS: inducible nitric oxide synthase; MRP: myeloid related protein; TNF: tumour

necrosis factor. h: extended survival; &: poor survival.

TABLE 2 Percentage of total macrophages positive for
each phenotype in extended survival patients in
the islets (ESI) and stroma (ESS) and poor
survival patients in the stroma (PSS)

ESI ESS PSS#

CD163 42.5 (0–100) 47.2 (15–100) 59 (0–100)

VEGF 33.33 (0–100) 68.3 (22–100) 67.3 (0–100)

HLA-DR 69.4 (35–100) 75 (0–100) 56 (0–100)

iNOS 71.5 (40–100) 63.5 (0–100) 64 (0–100)

MRP 8/14 71.3 (0–99) 79 (25–100) 57 (0–100)

TNF-a 63.9 (31–100) 50.5 (8–100) 58.5 (0–100)

Data are presented as median (range). VEGF: vascular endothelial growth

factor; HLA: human leukocyte antigen; iNOS: inducible nitric oxide synthase;

MRP: myeloid related protein; TNF: tumour necrosis factor. #: due to the

paucity of cells in the islets of the poor survival patients, data for this group have

not been included in this table.
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FIGURE 2. Macrophage double-stain densities in the islets in a) extended survival (ES) and b) poor survival (PS), and in the stroma in c) ES, and d) PS. VEGF: vascular

endothelial growth factor; HLA: human leukocyte antigen; iNOS: inducible nitric oxide synthase; MRP: myeloid related protein; TNF: tumour necrosis factor. a) p50.002,

b) p50.54, c) p50.06, d) p50.98. *: p,0.05 compared with CD163; #: p,0.05 compared with VEGF; ": p,0.05 between the corresponding macrophage marker in the ES group.

MACROPHAGE PHENOTYPES WITHIN NSCLC C.M. OHRI ET AL.

122 VOLUME 33 NUMBER 1 EUROPEAN RESPIRATORY JOURNAL

Immunohistochemical detection of macrophages
In order to assess whether the markers chosen actually
detect different cellular subsets of macrophages, tissue
sections from five patients were initially stained for
CD68, CD163, or HLA-DR, alone or in combination. It
was found that CD68 staining identified cells with mor-
phological features of macrophages. Among the CD68+
macrophages, some of them stained positively for HLA-
DR, a marker of the M1 macrophages (Figure 1a),
whereas others stained positively for CD163, a marker
of the M2 macrophages (Figure 1b). In double-staining
for CD163 and HLA-DR, a majority of macrophages
stained positively for either CD163 or HLA-DR (Figure
1c). Only a small percentage of macrophages (median
3.1%, range 1.2% - 8.1%) stained positively for both
CD163 and HLA-DR.

M1 and M2 macrophage densities in the tumor islets and
stroma
When the M1 and M2 macrophages on the tumor sec-
tions (including the tumor islets and stroma) were
counted under high-power fields, approximately 70% of

macrophages were CD68+/CD163+ M2 macrophages
and the remaining 30% of them were CD68+/HLA-DR+
M1 macrophages. The M1 macrophage density
(approximately 70/mm2) in the tumor islets and stroma
of patients with long survival time was significantly
higher (about 4 times) than the M1 macrophage density
(approximately 17/mm2) in the tumor islets and stroma
of patients with short survival time (P < 0.001)
(Table 2). The M2 macrophage density in the tumor
islets and stroma of the long survival group (approxi-
mately 98/mm2) was not significantly different from the
M2 macrophage density in the tumor islets and stroma
of the short survival group (approximately 110/mm2)
(P > 0.05). The M1/M2 ratio in the tumor islets and
stroma was 0.7 in patients with long survival time and
0.2 in patients with short survival time (Table 2).
When the M1 and M2 macrophages were assessed in the

tumor islets or stroma individually, the M1 macrophage
densities in the tumor islets (approximately 70/mm2) and
stroma (approximately 34/mm2) of the long survival group
were significantly higher than the M1 macrophage densi-
ties in the tumor islets (approximately 7/mm2) and stroma

Figure 1 Immunohistochemical detection of macrophages in NSCLC tumor islets. a) The M1 macrophage double stained with the anti-
CD68 (red) and anti-HLA-DR (black-purple) antibodies (arrow). b) The M2 macrophages double stained with the anti-CD68 (red) and anti-CD163
(black-purple) antibodies (arrow). c) The M1 macrophage marker HLA-DR stained black-purple (arrowhead) and the M2 macrophage marker
CD163 stained red (arrow). Original magnification, × 1000 for a & b, and × 400 for c.

Table 2 Density and microlocalization of macrophages in non-small cell lung cancer
Long survival Short survival [I +S] long/

MF Form Islets Stroma I + S Islets Stroma I + S [I + S] short

M1 70.1 (0 - 255.3) 33.6 (0 - 257.1) 70.4 (0 - 255.7) 7.3 (0 - 74.9) 13.1 (0 - 129.9) 17.2 (0 - 132.2) 4.1

M2 77.6 (0 - 356.9) 78.4 (0 - 327.9) 97.9 (0 - 299.2) 113.4 (0 - 311.5) 79.5 (0 - 234.3) 109.5 (0 - 257.5) 0.9

M1/M2 0.9 0.4 0.7 0.1 0.2 0.2 4.5

Macrophage (MF) density is presented as median (range) of cell number per mm2. I +S represents median (range) of the macrophage density in the tumor islets
and stroma, which is obtained based on macrophage number per mm2 of the tumor sections and not a simple sum of the macrophage densities in the islets
plus that in the stroma. [I +S] long/[I +S] short represents a ratio of the median macrophage density in the tumor islets and stroma of the long survival group
versus that of the short survival group. Analyzed with Mann-Whitney nonparametric test, the M1 macrophage densities in the tumor islets, stroma, and I+S of
patients with long survival time are significantly higher than those of patients with short survival time (P < 0.001, P < 0.05, and P < 0.001, respectively). The M2
macrophage densities in the tumor islets, stroma, and I+S of patients with long survival time are not significantly different from those of patients with short
survival time (P = 0.526, P = 0.929, and P = 0.329, respectively). The M2 macrophage density is not significantly different from the M1 macrophage density in the
tumor islets of patients with long survival time (P > 0.05). The M2 macrophage density in the tumor stroma of the long survival group and the M2 macrophage
densities in the tumor islets or stroma of the short survival group are significantly higher than the corresponding M1 macrophage densities (P < 0.01).

Ma et al. BMC Cancer 2010, 10:112
http://www.biomedcentral.com/1471-2407/10/112
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The M1 form of tumor-associated macrophages
in non-small cell lung cancer is positively
associated with survival time
Junliang Ma1, Lunxu Liu1*, Guowei Che1, Nanbin Yu1,2, Fuqiang Dai1,3, Zongbing You4*

Abstract

Background: Tumor-associated macrophages (TAMs) play an important role in growth, progression and metastasis
of tumors. In non-small cell lung cancer (NSCLC), TAMs’ anti-tumor or pro-tumor role is not determined.
Macrophages are polarized into M1 (with anti-tumor function) and M2 (with pro-tumor function) forms. This study
was conducted to determine whether the M1 and M2 macrophage densities in NSCLC are associated with
patient’s survival time.

Methods: Fifty patients with an average of 1-year survival (short survival group) and 50 patients with an average of
5-year survival (long survival group) were included in this retrospective study. Paraffin-embedded NSCLC specimens
and their clinicopathological data including up to 8-year follow-up information were used. Immunohistochemical
double-staining of CD68/HLA-DR (markers for M1 macrophages) and CD68/CD163 (markers for M2 macrophages)
was performed and evaluated in a blinded fashion. The M1 and M2 macrophage densities in the tumor islets,
stroma, or islets and stroma were determined using computer-aided microscopy. Correlation of the macrophage
densities and patient’s survival time was analyzed using the Statistical Package for the Social Sciences.

Results: Approximately 70% of TAMs were M2 macrophages and the remaining 30% were M1 macrophages in
NSCLC. The M2 macrophage densities (approximately 78 to 113 per mm2) in the tumor islets, stroma, or islets and
stroma were not significantly different between the long survival and short survival groups. The M1 macrophage
densities in the tumor islets (approximately 70/mm2) and stroma (approximately 34/mm2) of the long survival
group were significantly higher than the M1 macrophage densities in the tumor islets (approximately 7/mm2) and
stroma (13/mm2) of the short survival group (P < 0.001 and P < 0.05, respectively). The M2 macrophage densities
were not associated with patient’s survival time. The M1 macrophage densities in the tumor islets, stroma, or islets
and stroma were positively associated with patient’s survival time in a univariate analysis (P < 0.01 or 0.001). In a
multivariate Cox proportional hazards analysis, the M1 macrophage density in the tumor islets was an independent
predictor of patient’s survival time.

Conclusions: The M1 macrophage density in the tumor islets is an independent predictor of survival time in
NSCLC patients.

* Correspondence: lunxu_liu@yahoo.com.cn; zyou@tulane.edu
1Department of Thoracic and Cardiovascular Surgery, West China Hospital,
Sichuan University, Chengdu 610041, China
4Departments of Structural & Cellular Biology and Orthopaedic Surgery,
Tulane Cancer Center, LCRC, Tulane Center for Aging, Tulane University
School of Medicine, New Orleans, LA 70112, USA

Ma et al. BMC Cancer 2010, 10:112
http://www.biomedcentral.com/1471-2407/10/112
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Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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Distribution of M1 and M2 macrophages
in tumor islets and stroma in relation to
prognosis of non-small cell lung cancer
Jurgita Jackute1*, Marius Zemaitis1, Darius Pranys2, Brigita Sitkauskiene3, Skaidrius Miliauskas1,
Simona Vaitkiene1 and Raimundas Sakalauskas1

Abstract

Background: Non-small cell lung cancer (NSCLC) remains the most common cause of cancer related death worldwide.
Tumor-infiltrating macrophages are believed to play an important role in growth, progression, and metastasis of tumors.
In NSCLC, the role of macrophages remains controversial; therefore, we aimed to evaluate the distribution of
macrophages (M1 and M2) in tumor islets and stroma and to analyze their relations to patients’ survival.

Methods: Lung tissue specimens from 80 NSCLC patients who underwent surgical resection for NSCLC
(pathological stage I-III) and 16 control group subjects who underwent surgery because of recurrent spontaneous
pneumothorax were analyzed. Immunohistochemical double staining of CD68/iNOS (markers for M1 macrophages)
and CD68/CD163 (markers for M2 macrophages) was performed and evaluated in a blinded manner. The numbers of
M1 and M2 macrophages in tumor islets and stroma were counted manually.

Results: Predominant infiltration of M1 and M2 macrophages was observed in the tumor stroma compared with the
tumor islets. M2 macrophages predominated over M1 macrophages in the tumor tissue. Tumor islets-infiltrating
M1 macrophages and the number of total tumor-infiltrating M2 macrophages were independent predictors
of patients survival: high infiltration of M1 macrophages in tumor islets was associated with increased overall
survival in NSCLC (P < 0.05); high infiltration of total M2 macrophages in tumor (islets and stroma) was associated with
reduced overall survival in NSCLC (P < 0.05).

Conclusions: This study demonstrated that high infiltration of M1 macrophages in the tumor islets and low infiltration
of total tumor-infiltrating M2 macrophages were associated with improved NSCLC patients’ survival.

Trial registration: ClinicalTrials.gov NCT01955343, registered on September 27, 2013

Background
Lung cancer remains the most common cancer type
worldwide and it is the leading cause of cancer death.
The tumor microenvironment comprises a wide variety
of cells including malignant and nonmalignant popu-
lations [1]. Crosstalk between tumor cells and other
tumor-associated cells may lead to either inhibition of
tumor formation or enhancement of tumor growth
and progression, and this double-edged sword charac-
teristic of many tumor-infiltrating immune cells, such

as macrophages, T cells, and dendritic cells, has been
recognized [2–4].
Macrophages are particularly abundant among tumor-

infiltrating innate and adaptive immune cells and are
present at all stages of tumor progression. The tumor
microenvironment determines the behavior of cancer. It
is known that the tumoricidal activity of macrophages
may vary in different tumor compartments. Experimen-
tal murine models and clinical studies indicate that
tumor-infiltrating macrophages generally play a pro-
tumorigenic role [5]. In early pre-invasive lesions, tumor
cells release chemokines to attract macrophages as well
as other inflammatory cells into the tumor stroma [6].
Many substances secreted by macrophages in the tumor
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Fig. 2. Mixed phenotype of NSCLC-associated macrophages. (A) Flow cytometric analysis of HLA-DR expression and macrophage markers on CD11b+CD14+ cells in 
tumor and peripheral blood mononuclear cells (PBMCs) of patients with LC. (B) The correlation between the proportions of CD14+ cells expressing HLA-DR and macrophage 
markers among all live CD11b+CD14+ cells in tumors. Spearman test (HLA-DRhiCD206, HLA-DRhiCD40, HLA-DRhiCD86, and HLA-DRhiCD163) and Pearson test (HLA-
DRhiCD80). (C) Cumulative flow cytometry results showing the frequency of cells coexpressing HLA-DR and macrophage markers among all live CD11b+CD14+ cells in 
tumors, distant lung tissue of patients with LC, and noncancerous lung transplant (LT). (D) Cumulative flow cytometry results showing TAM frequencies among all nucleated 
cells in tumors, distant lung tissue of patients with LC, and noncancerous lung transplant. TAMs were defined as CD11b+CD14+CD66b−HLA-DRhiCD206hiCD40hi cells. 
(E) Flow cytometric analysis of the expression of macrophage markers on TAMs and M1/M2 macrophages differentiated in vitro. Representative histograms from one of 
five experiments are shown. (F) Heat map of the proportions of tumor CD14+ cells expressing macrophage markers (rows) across studied patients (columns). Kruskal-Wallis 
with Dunn’s multiple comparisons test [C (HLA-DRhiCD206) and D], one-way ANOVA with Turkey’s multiple comparisons tests (C: HLA-DRhiCD40, HLA-DRhiCD80, HLA-
DRhiCD86). The red line represents mean ± SEM; ***P < 0.001, **P < 0.01, and *P < 0.05. The number of patients included in each analysis is indicated on the graphs.
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Fig. 2. Mixed phenotype of NSCLC-associated macrophages. (A) Flow cytometric analysis of HLA-DR expression and macrophage markers on CD11b+CD14+ cells in 
tumor and peripheral blood mononuclear cells (PBMCs) of patients with LC. (B) The correlation between the proportions of CD14+ cells expressing HLA-DR and macrophage 
markers among all live CD11b+CD14+ cells in tumors. Spearman test (HLA-DRhiCD206, HLA-DRhiCD40, HLA-DRhiCD86, and HLA-DRhiCD163) and Pearson test (HLA-
DRhiCD80). (C) Cumulative flow cytometry results showing the frequency of cells coexpressing HLA-DR and macrophage markers among all live CD11b+CD14+ cells in 
tumors, distant lung tissue of patients with LC, and noncancerous lung transplant (LT). (D) Cumulative flow cytometry results showing TAM frequencies among all nucleated 
cells in tumors, distant lung tissue of patients with LC, and noncancerous lung transplant. TAMs were defined as CD11b+CD14+CD66b−HLA-DRhiCD206hiCD40hi cells. 
(E) Flow cytometric analysis of the expression of macrophage markers on TAMs and M1/M2 macrophages differentiated in vitro. Representative histograms from one of 
five experiments are shown. (F) Heat map of the proportions of tumor CD14+ cells expressing macrophage markers (rows) across studied patients (columns). Kruskal-Wallis 
with Dunn’s multiple comparisons test [C (HLA-DRhiCD206) and D], one-way ANOVA with Turkey’s multiple comparisons tests (C: HLA-DRhiCD40, HLA-DRhiCD80, HLA-
DRhiCD86). The red line represents mean ± SEM; ***P < 0.001, **P < 0.01, and *P < 0.05. The number of patients included in each analysis is indicated on the graphs.

 by guest on February 13, 2019
http://stm

.sciencem
ag.org/

D
ow

nloaded from
 

Singhal et al., Sci. Transl. Med. 11, eaat1500 (2019)     13 February 2019

S C I E N C E  T R A N S L A T I O N A L  M E D I C I N E  |  R E S E A R C H  A R T I C L E

1 of 15

C A N C E R

Human tumor-associated monocytes/macrophages  
and their regulation of T cell responses in  
early-stage lung cancer
Sunil Singhal1, Jason Stadanlick1, Michael J. Annunziata1, Abhishek S. Rao1, 
Pratik S. Bhojnagarwala1, Shaun O’Brien2 , Edmund K. Moon2 , Edward Cantu3 , 
Gwenn Danet-Desnoyers4 , Hyun-Jeong Ra4 , Leslie Litzky5, Tatiana Akimova5,6 ,  
Ulf H. Beier7 , Wayne W. Hancock5,6 , Steven M. Albelda2 , Evgeniy B. Eruslanov1*

Data from mouse tumor models suggest that tumor-associated monocyte/macrophage lineage cells (MMLCs) 
dampen antitumor immune responses. However, given the fundamental differences between mice and humans 
in tumor evolution, genetic heterogeneity, and immunity, the function of MMLCs might be different in human 
tumors, especially during early stages of disease. Here, we studied MMLCs in early-stage human lung tumors and 
found that they consist of a mixture of classical tissue monocytes and tumor-associated macrophages (TAMs). The 
TAMs coexpressed M1/M2 markers, as well as T cell coinhibitory and costimulatory receptors. Functionally, TAMs 
did not primarily suppress tumor-specific effector T cell responses, whereas tumor monocytes tended to be more 
T cell inhibitory. TAMs expressing relevant MHC class I/tumor peptide complexes were able to activate cognate 
effector T cells. Mechanistically, programmed death-ligand 1 (PD-L1) expressed on bystander TAMs, as opposed 
to PD-L1 expressed on tumor cells, did not inhibit interactions between tumor-specific T cells and tumor targets. 
TAM-derived PD-L1 exerted a regulatory role only during the interaction of TAMs presenting relevant peptides 
with cognate effector T cells and thus may limit excessive activation of T cells and protect TAMs from killing by 
these T cells. These results suggest that the function of TAMs as primarily immunosuppressive cells might not 
fully apply to early-stage human lung cancer and might explain why some patients with strong PD-L1 positivity 
fail to respond to PD-L1 therapy.

INTRODUCTION
Immunotherapies directed toward boosting host antitumor immu-
nity are at the forefront of cancer therapeutics. However, despite re-
cent successes with checkpoint blockade and adoptive T cell transfer, 
these immunotherapies often fail to induce a durable antitumor 
response in solid tumors in a substantial percentage of patients with 
cancer (1, 2). This lack of efficacy suggests that a deeper understand-
ing of the interactions of tumor-specific T cells with other immune 
cells within human tumor microenvironment is necessary to improve 
cancer immunotherapy.

Monocyte/macrophage lineage cells (MMLCs) accumulate in many 
types of human and murine tumors and are thought to regulate nearly 
every step of tumor development, including antitumor T cell responses 
(3, 4). Our current understanding of tumor-associated MMLCs is 
based primarily on studies performed in murine transplantable tu-
mor models. In these murine studies, tumor-infiltrating MMLCs are 
largely comprised of macrophages and monocytic myeloid-derived 
suppressor cells (Mo-MDSCs) that exert a predominantly protumoral 
and immunosuppressive role in cancer development (5, 6). How-
ever, the antitumor function of MMLCs, including the augmenta-

tion of adaptive immune responses, has also been reported (7–10). 
Note that most of the transplantable mouse tumor models use tumor 
cell lines originally derived from advanced tumors that have already 
been subjected to immune selection and thus grow rapidly in vivo 
(11). Accordingly, these mouse models lack prolonged initial phases 
of multistage tumor evolution and, for the most part, reflect the im-
mune response as it exists during advanced stages of tumor devel-
opment at which time protumoral mechanisms already prevail. In 
contrast, human tumors evolve much more slowly, with prolonged 
early stages of development in which sustained selective pressure by 
the host antitumor immune response appear to occur (12). Despite 
these differences, the function of MMLCs within early-stage human 
tumors remains unexplored.

Correlations of macrophage counts in surgical specimens with 
clinical prognosis have shown conflicting results regarding the prog-
nostic role of tumor-associated macrophage (TAM) infiltration in 
different cancer types, including lung cancers (LCs) (13). Thus, there 
is still a general lack of consensus regarding the prognostic role of 
TAM density in patients with LC (14, 15), and these studies can only 
provide correlative, but not causative, links between TAMs and dis-
ease progression.

TAM functions now have direct clinical relevance with the suc-
cess of anti–programmed death-ligand 1 (anti–PD-L1) monoclonal 
antibody (mAb) therapy in a subset of patients with LC (1, 16). How-
ever, the precise mechanisms underlying the clinical response to 
this therapy are still not well understood. It appears that tumor- 
expressed PD-L1 plays a direct T cell inhibitory role, but the sig-
nificance of PD-L1 expressed by MMLCs in the regulation of the 
effector phase of tumor-specific T cells remains controversial in 
mouse models and is unclear in humans (17, 18).
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effector T cells. Mechanistically, programmed death-ligand 1 (PD-L1) expressed on bystander TAMs, as opposed 
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• Patients with stage I or II NSCLC
• Ex-vivo  phenotype of TAMs vs.
M1 & M2 macrophages differentiated in vitro



Macrophages heterogeneity

(Singhal et. al, Science Translational Medicine, 2019)

“Although monocyte-derived M1 and M2 macrophages showed clear
differences in expression of respective markers, TAMs simultaneously
expressed both M2 and M1 markers, and sometimes to an even higher
degree than in vitro-differentiated M2 and M1 macrophages (Fig.2E). Hence,
the phenotype of macrophages in early-stage tumours is “mixed" and
not predominantly biased toward either M1 or M2 classical macrophage
phenotypes".

... still many unknowns about the classification TAMs (based on markers) in NSCLC... and in many other cancers...

... and many unknowns about the role of mixed-phenotype macrophages on tumour progression...
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Macrophages heterogeneity

Goal...

Use modelling/computational approaches to investigate the effect of
macrophages heterogeneity on tumour dynamics:

distinct M1 & M2 phenotypes vs. mixed M1-M2 phenotypes

[Eftimie, Math. Biosci. 2020]

Model for the anti-tumour/pro-tumour roles of the 2 extreme
macrophage phenotypes: M1, M2

Model for the anti-tumour/pro-tumour roles of a phenotype-structured
population of macrophages
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Modelling tumour–macrophages interactions: a discrete-phenotype ODE model
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1− uT

KT

)
(1 + rmuM2)− dtuT uM1,

M1 cells:
duM1

dt
= pmuM1

(
1− uM1 + uM2

KM

)
− dmuM1 − αm1uM1

uT

K ∗T + uT
+ αm2uM2,

M2 cells:
duM2

dt
= pmuM2

(
1− uM1 + uM2

KM

)
− dmuM2 + αm1uM1

uT

K ∗T + uT
− αm2uM2,
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to divert macrophages to mediate anti-tumoural 
activities may prove more effective. 

6. TARGETING TAMS AS AN 
IMMUNOTHERAPEUTIC STRATEGY FOR 
CANCER

6.1. Blockade of macrophage recruitment 
to tumours 

In the large majority of tumours, TAMs 
are considered pro-tumourigenic, as they 
secrete growth and angiogenic factors as well as 
immunosuppressive factors (19). One approach 
therefore may be to deplete TAMs or to inhibit their 
recruitment in tumour lesions (Figure 1).

CCL2 (MCP-1) is a chemokine known 
to recruit macrophages to sites of inflammation. 

Evidence suggests that CCL2 is progressively 
overexpressed by solid tumours and may play 
a role in their clinical progression (28, 29). 
Antibodies against CCL2 or its receptor CCR2 
have therefore been investigated in preclinical 
models. There is evidence to support a role for 
anti-CCL2 therapy in prostate cancer (30, 31) and 
breast cancer (32). More recently, in mice with 
pancreatic cancer, CCR2 inhibition using a targeted 
agent (PF-04136309) as an adjunct to standard 
chemotherapy demonstrated blockade of monocyte 
recruitment to tumours resulting in enhanced anti-
tumour immunity, decreased tumour growth, and 
reduced metastases (29) (Table 1). Based on this 
data, a Phase IB clinical trial using PF-04136309 
combined with standard chemotherapy in pancreatic 
cancer patients is underway (http://clinicaltrials.gov/
show/NCT01413022).

Figure 1. Tumour-associated macrophage (TAM) -targeted therapeutic strategies for cancer. The pro-tumorigenic functions of TAMs depend 
on their accumulation and survival within tumours and their M2-like polarisation status. Current TAM-targeted treatment strategies include: 
(i) blockade of monocyte/macrophage recruitment; (ii) suppression of TAM survival; (iii) repolarisation of TAMs towards an M1-like phenotype; 
and (iv) antibody-mediated elimination of tumour cells by monocytes/macrophages. Cytokines listed are the key cytokines required for M1- or 
M2- skewing of macrophages.
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Test computationally some of these therapeutic strategies:

Tumour:
duT

dt
= ptuT

(
1− uT

KT

)
(1 + rmuM2)− dtuT uM1,

M1 cells:
duM1

dt
= pmuM1

(
1− uM1 + uM2

KM

)
− dmuM1 − αm1uM1

uT

K ∗T + uT
+ αm2uM2,

M2 cells:
duM2

dt
= pmuM2

(
1− uM1 + uM2

KM

)
− dmuM2 + αm1uM1

uT

K ∗T + uT
− αm2uM2,

• Antibody-mediated phagocytosis of tumour cells: increase dt

• Re-polarisation to an M1-like phenotype: increase αm2

• Blockade of monocyte recruitment to tumours: decrease pm

• Suppression of TAM survival: increase dm
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Short-term dynamics:

(a),(c): increase dt

(phagocytosis of tumour cells)

(b),(d): increase αm2

(re-polarisation towards M1)
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coexistence steady state

Long−term dynamics:

hysteresis phenomenon:

tumour−free steady state

d t

stable

α   =0.01m2

α   =0.05m2

α  =0.5m2

stable

unstable

T
u*

Increasing αm2 (while keeping dt fixed & large) pushes the system towards the stable tumour-free state



Macrophages heterogeneity

What is the effect of a continuous phenotype structure for the macrophages
population, in the context of persistence/elimination of tumour cells?

M2M1
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A phenotype-structured continuous model

M1 M2
------------------------------------>

pt

rm

dt

am2

pm pm

dm dm

Tumour

M1 > 
M2

M1 < 
M2

m=0                    m=Lm/2                   m=Lm

Phenotype domain: [0,Lm]

uT

uM

duT

dt
= pt uT

(
1−

uT

KT

)(
1 + rm

∫ Lm

0
K2(m)uM (m, t)dm

)
− dt uT

∫ Lm

0
K1(m)uM1(m, t)dm,

∂uM (m, t)

∂t
= −

∂
(
γ(t)uM F (uM , uT )

)
∂m

+ pmuM

(
1−

uM

KM

)
− dmuM ,

with F (uT , uM ) = αm1
uT

K∗
T + uT

− αm2

∫ Lm

0
K1(m)uM (m, t)dm, γ(t) = e−g0

∫ Lm
0 K2(m)uM (m,t)dm
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Examples of macrophages phenotype kernels
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Numerical results: increase the tumour elimination rate dt
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Numerical results: increase the M2→M1 re-polarisation rate am1
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Increasing the overlap between the M1 and M2 phenotypes
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Increasing the overlap between the M1 and M2 phenotypes...
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Long-term dynamics: phenotype-homogeneous steady states
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Long-term dynamics: phenotype-heterogeneous steady states

u∗
T =

KT

pt

[ pt
(
1 + rm

∫ Lm
0 K2(m)u∗

M (m)dm
)
− dt

∫ Lm
0 K1(m)u∗

M (m)dm

1 + rm
∫ Lm

0 K2(m)u∗
M (m)dm

]
,

du∗
M (m)

dm
=

u∗
M (m)

γ∗F (u∗
T , u∗

M )

[
(pm − dm)−

pm

KM
u∗

M (m)
]
,

where

γ
∗ = e−g0

∫ Lm
0 H2(m)u∗M (m)dm
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and
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Macrophages heterogeneity

Summary...

Tumour is eliminated/controlled in the presence of a large M1/M2 ratio &
large dt

Tumour can persist in the presence of
large M1/M2 ratio and small dt

large M2/M1 ratio

For these models: the long term behaviour of ODE system more
complex than for the PDE system

The type of phenotype kernel chosen for the PDE system can lead to
different predictions regarding tumour elimination (i.e., faster/slower)

The effect of M1-M2 overlap (i.e. mixed macrophages):
No M1-M2 overlap: relatively similar tumour dynamics for discrete
& continuous models
Increasing the overlap between M1 & M2 phenotype (i.e., more
macrophages with mixed M1-M2 markers) leads to a delay in
tumour reduction & subsequent relapse
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Macrophages heterogeneity

Macrophage phenotypic heterogeneity & tumour clonal
heterogeneity...

Dr. L. Gibelli (Univ. Edinburgh)

R. E., L. Gibelli, 2020. A kinetic theory approach for modelling macrophages
heterogeneity and plasticity during cancer progression. 
Mathematical Models and Methods in Applied Sciences (M3AS). In press
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Macroph. phenotypic heterogeneity + tumour clonal heterogeneity (E., Gibelli; M3AS, 2020)
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Macrophages heterogeneity

Macroph. phenotypic heterogeneity + tumour clonal heterogeneity (E., Gibelli; M3AS, 2020)
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Macrophages heterogeneity

Macrophage phenotypic heterogeneity + tumour clonal heterogeneity

(Eftimie, Gibelli; M3AS, 2020)
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Tumour infiltrated with 
macrophages

Tumour cells

Macrophages

M2
u=-1

M1
u=1

M2>M1
-1<u<0

M2<M1
0<u<1

M1=M2
u=0  

u=-1 <------ macrophages polarisation state u ------> u=1
pro-tumour                                                               anti-tumour

u=0.8

u=1
u=0.5u=0

u=0 <------------ tumour activation state u ----------> u=1
weakly aggressive                                          highly aggressive                                  

Fig. 2. Caricature description of the macrophages phenotypes as given by the polarisation state

u 2 [�1, 1], and of tumour activation state u 2 [0, 1] (which is a measure of their aggressiveness
and, possibly, proliferating ability). For u > 0 the M1 (anti-tumour) markers dominate, while for

u < 0 the M2 (pro-tumour) markers dominate. The tumour cells can influence the macrophages

polarisation activity (by increasing the transition from M1 to M2 phenotypes).

aggressive tumour cells, and u ⇡ 1 correspond to highly-aggressive tumour

cells.

Thus, the state of the two functional subsystems is described by the following

probability distribution functions:

macrophages: f1 = f1(t, u) : [0, T ] ⇥ [�1, 1] ! R+,

tumour cells: f2 = f2(t, u) : [0, T ] ⇥ [0, 1] ! R+.

Note that we choose finite domains for the variables u since we assume: (i) a
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@tf1(t, u) =�1

Z 1

�1

Z 1

0

B12(u⇤ ! u|u⇤, u
⇤)f1(t, u⇤)f2(t, u

⇤) du⇤ du⇤

� �1f1(t, u)

Z 1

0

f2(t, u
⇤)du⇤ � µdf1(t, u)

+ ↵f1(t, u)
⇣
1 �

R 1

�1
f1(t, u

⇤)du⇤

K1

⌘Z 1

0

f2(t, u
⇤) du⇤, (3.7a)

@tf2(t, u) =�2

Z 0

�1

Z 1

0

B21(u⇤ ! u|u⇤, u
⇤)f1(t, u

⇤)f2(t, u⇤) du⇤ du⇤

� �2f2(t, u)

Z 0

�1

f1(t, u
⇤)du⇤ � �f2(t, u)

Z 1

0

f1(t, u
⇤) du⇤

+ f2(t, u)
⇣
�n + �f

Z 0

�1

f1(t, u
⇤) du⇤

⌘⇣
1 �

R 1

0
f2(t, u

⇤)du⇤

K2

⌘
. (3.7b)

Remark 3.3. Note that the above kinetic system can be reduced to the following

equations for the averaged cell population densities:

dn1

dt
=↵n1

⇣
1 � n1

K1

⌘
n2 � µdn1, (3.8a)

dn2

dt
=n2(�

n + �fn�
1 )

⇣
1 � n2

K2

⌘
� �n2n

+
1 , (3.8b)

where n±
1 , n1 and n2 are defined by Eqs. (3.6). If we further separate Eqn. (3.8a)

into two separate equations for n+
1 and n�

1 (with n+
1 + n�

1 = n1) we have

dn+
1

dt
=↵n+

1

⇣
1 � n+

1 + n�
1

K1

⌘
n2 � µdn+

1 , (3.9a)

dn�
1

dt
=↵n�

1

⇣
1 � n+

1 + n�
1

K1

⌘
n2 � µdn�

1 , (3.9b)

dn2

dt
=n2(�

n + �fn�
1 )

⇣
1 � n2

K2

⌘
� �n2n

+
1 . (3.9c)

This model admits five fixed points: the trivial state (n+,⇤
1 , n�,⇤

1 , n2) = (0, 0, 0),

a semi-trivial tumour-only state (n+,⇤
1 , n�,⇤

1 , n2) = (0, 0, K2), a semi-trivial state

with M2 cells infiltrating the tumour (n+,⇤
1 , n�,⇤

1 , n2) = (0, K1(↵K2�µd)
↵ , K2)

that exists for ↵K2 > µd, a semi-trivial state with M1 cells infiltrating

the tumour (n+,⇤
1 , n�,⇤

1 , n2) = (N+,⇤
1 , 0,

(�n��N+,⇤
1 )K2

�n ) with N+,⇤
1 = �(K1� �

�n)/(2�n)+(1/2�n)
q

(1 � �2)2 + 4µd�nK1�
↵ , and a tumour-macrophages coexistent

state (n+,⇤
1 > 0, n�,⇤

1 > 0, n2 > 0). The existence of so many steady states suggests

that model (3.9) can exhibit more complex dynamics, with solutions approaching

or moving away from these states, depending on their stability (note that for the

parameter values discussed in this study – see Table 1 – the coexistence state is

stable while the other states are unstable).

B1,2 , B2,1 =
normalised
step functions
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Throughout this study, the numerical simulations are performed for two di↵erent

initial conditions:

• Homogeneous macrophages and tumour cells distributions across the phe-

notype space: f1(0, u) = f⇤
1 , f2(0, u) = f⇤

2 , with
R 1

�1
f⇤
1 du =

R 1

0
f⇤
2 du =

1, 8u. Thus, we start the simulations when the two populations are com-

posed of cells with all possible phenotypes; see Fig. 3(a).

• Heterogeneous macrophages and tumour cells distribution across the phe-

notype space: f1(0, u) = exp(�(u � 0.8)2/0.001), f2(0, u) = exp(�(u �
0.2)2/0.001). Thus, we start the simulations when the two populations are

composed of cells with similar phenotypes (i.e., centred around u = 0.8 for

the f1 M1-like cells, and around u = 0.2 for the f2 tumour clones); see Fig.

3(b).
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Fig. 3. Initial conditions for the numerical simulations: (a) homogeneous initial distributions for

f1 and f2 cell populations; (b) heterogeneous initial distributions for f1 and f2 cell populations.

The parameter values used for the numerical simulations are shown in Table 1.

To obtain some of these values we used the following mouse experimental knowledge:

• It was shown in Ref. 69 that mouse macrophage-like RAW264.7 cells

have a doubling time of approximately 35hrs when exposed to bacterial

lipopolysaccharide (LPS) or mouse recombinant interferon-� (IFN-�); and

thus acquire an M1-like phenotype (see also Fig. 1). This doubling time

translates into a proliferation rate ↵ = ln(2.0)/35hrs= 0.47/day. In con-

trast, the unstimulated cells have a doubling time between 18-22hrs, corre-

sponding to a proliferation rate of ↵ 2 (0.75, 0.924)/day. Therefore, in this

study we choose ↵ 2 (0.47, 0.924)/day.

• It was suggested in Ref. 33 that murine M1-like macrophages have a half-life

between 5-7 days, while M2-like macrophages have a half-life between 18-20

Initial conditions:
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Macrophage phenotypic heterogeneity + tumour clonal heterogeneity (E., Gibelli; M3AS, 2020):

n1=total macrophages, n2=total tumour => dormancy ...
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Macrophages heterogeneity

Summary...

dormant tumour dynamics is characterised by an increase in clonal
heterogeneity of tumours & phenotypic heterogeneity of
macrophages

dormant tumour behaviour was mediated by M1-like macrophages

tumour relapse was associated with a significant increase (from f1 ≤ 1
to f1 ≈ 10) in the density of macrophages with the extreme M2
phenotype (u ≈ −1)
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Work in progress: Multi-scale modelling of tumour-macrophage interactions
& spatial spread of tumour cells and macrophages...

S. Suveges, PhD student
(Univ. Dundee) Dr. D. Trucu

(Univ. Dundee)

S. Suveges, R. E., D. Trucu, 2020. Multi-scale modelling of cancer
invasion in the presence of M2 TAMs. Submitted.
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Multi-scale modelling of tumour-macrophage interactions (Süveges, E., Trucu; submitted, 2020)

Investigate the tumour-macrophages dynamics at 2 spatial scales:

• Macro-scale: movement of macrophages & tumour cells (& their interactions with ECM)
mid/late-stage cancer => focus on M2-like macrophages (migrate & degrade ECM)

• Micro-scale: degradation and re-arrangement of ECM fibres, and tumour-boundary movement during invasion

Figure 1: Schematic showing the interactions between the macro- and the proteolytic MDEs
micro- scale dynamics and the role this plays in boundary reallocation.

the peritumoural ECM, enabling further tumour expansion. Thus, adopting the
terminology and framework developed in [45], this tumour invasive edge molec-
ular micro-dynamics, which occurs within a cell-scale neighbourhood of the
tumour interface @⌦(t), can be explored on an appropriately constructed bun-
dle of ✏�size half-way overlapping micro-domains {✏Y }✏Y 2P(t) satisfying special
topological requirements that ensure that each ✏Y “sits on the interface” and
captures relevant parts of both inside and outside regions of the tumour (as
briefly detailed in Appendix D and illustrated in schematic Figure 17), where
the proteolytic activity takes place. This allows us to decouple this leading-edge
proteolytic activity in a bundle of corresponding MDE micro-processes occur-
ring on each ✏Y . In this context, a source of MDEs arises at each z 2 ✏Y \⌦(t0)
as a collective contribution of all the cells that (subject to macro-dynamics (1))
arrive within the outer proliferating rim at a spatial distance from z smaller
than a certain radius � > 0 (representing the maximal thickness of the outer
proliferating rim). Thus, the source of MDEs that is this way induced by the
macro-dynamics at the micro-scale on each ✏Y realises a significant top-down
link that can be mathematically expressed as

1. g✏Y (z, ⌧) =

R
B(z,�)\⌦(t0)

↵c(x, t0 + ⌧)dx

�(B(z, �) \ ⌦(t0))
, z 2 ✏Y \ ⌦(t0),

2. g✏Y (z, ⌧) = 0, z 2 ✏Y \
�
⌦(t0) + {z 2 Y | ||z||2 < ⇣}),

(2)

where B(z, �) := {⇠ 2 Y | k z�⇠ k1 ⇣} and ↵ is an MDE secreting rate for the
cancer cell population. In the presence of this source, a cross interface MDEs
transport takes place. As in this paper we only consider the micro-dynamics of
a single class of MDEs, such as MMPs, this simply results in a di↵usion type
transport over the entire ✏Y micro-domain, and so denoting the MDE molecular

6

From:
R. Shuttleworth, D. Trucu , (2019), Multiscale modelling of fibres dynamics and cell adhesion with moving

boundary cancer invasion, BMB,  81, 2176–2219.
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Current work: Multi-scale modelling of tumour-macrophage interactions (Süveges,

E., Trucu; submitted, 2020)

Macroscale:

𝜕𝑚
𝜕𝑡 = 𝐷!∇"𝑚 + h[c,M]• MDEs density over

each micro domain
on tumour interface: 

Microscale:

𝜕𝑐
𝜕𝑡 = ∇ / 𝐷 𝑀 ∇𝑐 − 𝑐Α 𝐮, Θ + 𝜇𝑐[1 − 𝜌(𝐮)][1 + 𝑓#(𝑀)]

u=(c(x,yt),F(x,t),l(x,t),M(x,t)) Θ = 𝑟𝑒𝑙𝑎𝑡𝑒𝑑 𝑡𝑜 𝑚𝑎𝑐𝑟𝑜𝑠𝑐𝑜𝑝𝑖𝑐
𝑓𝑖𝑏𝑟𝑒 𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛,𝑤ℎ𝑖𝑐ℎ 𝑓𝑢𝑟𝑡ℎ𝑒𝑟
𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑚𝑖𝑐𝑟𝑜 − 𝑑𝑦𝑛𝑎𝑚𝑖𝑐𝑠

𝑜𝑓 𝑓𝑖𝑏𝑟𝑒𝑠

• Cancer cells:

• ECM fibres: 𝜕𝐹
𝜕𝑡 = −𝐹𝑓"(𝑐,𝑀)

• ECM non-fibres: 𝜕𝑙
𝜕𝑡 = −𝑙𝑓$ 𝑐,𝑀 + 𝛼𝑀(1 − 𝜌(𝐮))

• M2 cells: 𝜕𝑀
𝜕𝑡 = 𝐷%∇"𝑀 + 𝑓&(𝑐,𝑀)
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Multi-scale modelling of tumour-macrophage interactions (Süveges, E., Trucu, 2020, submitted)

Example of Tumour - M2 
macrophages spatial 
co-migration 
(via ECM degradation)

space (x)

sp
ac

e 
(y

)"TAMs are mainly localized in the peripheral 
tumour stroma and decrease in number 
towards the center." 
(Makela et al., Scientific Reports, 2016) 
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Multi-scale modelling of tumour-macrophage interactions (Süveges, E., Trucu, 2020, submitted)

ECM 
Degradation:

space (x)

sp
ac

e 
(y

)

Work in progress:
• The role of M1 macrophages on slowing-down tumour spread
• The spatial distribution of M1 & M2 cells inside the tumour…?
• Role of mixed-phenotype macrophages on the spatial spread of tumours…?
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To conclude...

Mathematical/computational approaches can be used to generate (&
test) hypotheses regarding the role of mixed M1/M2 phenotype of
tumour dynamics

models need validation using murine/human data...still to do...

Mathematical models with discrete and continuous macrophage
phenotype (with no overlap!) show similar dynamics

The overlap in phenotype markers (i.e., macroph. with both M1&M2
markers) can delay the elimination/growth of tumours

Tumour dormancy is characterised by: (i) increase in tumour clonal
heterogeneity, and (ii) increase in macrophage phenotypic
heterogeneity

TAMs contribute to the spatial invasion of cancer cells: the effect of
mixed M1-M2 phenotype still unknown...
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